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ERRATA 


Kanatom. In the article ‘Direction of in vivo Degrada- 
tion of a Memenger RNA” by Robert F. Baker and 
Charles Yanofsky (Nature, 219, 26; 1968) 7 x 10° cells/ml. 
in the fifth line of the fourth paragraph should read 
7 x 1@ cells/ml, and in the last lme of the fifth paragraph 
on page 28, withm Q5 of the completion of messenger 
synthesis should read: withm 0-5 min of the completion 


of messenger synthesis. 


Esnarum. In the article ‘Transplantation and Cyto- 
toxicity Changes induced by Acid Mucopolysaccharides”’ 
by Muriel Lippman (Nature, 219, 38; 1968) the beginning 
of the second paragraph should read: “Both the histo- 
chemical observation that applied AMPS can ooet cell 
surfaces?* and the meoreased electrophoretic mobility 
produced in a variety of ascites tumour cells after exposure 
to the sodium salt of heparm? suggest that surface coating 
can explam the experimental observations”. In the first 
sentence of the sixth ph “100 teat substance” 
should be ‘“‘100y of teat substance’. The first sentence of 
the tenth h should read: “Collectively the m- 
creased tumour vo and the shortened survival time 
of animals with YAO ascites tumours shows that pre- 
incubation of the cells with AMPS facilitated the growth 
of these tumours in ic anrmals’’. The author's 
present addrees is the t of Pediatrics, not 


Zoology, at the University of Chicago. 


Hrnatum. In the article ‘Changing Duration of Glacial 
Cycles from Lower to Upper Plaistocene”’ by J. 

(Nature, 219, 36; 1968) ‘85 per cent” should read “‘0-85 per 
oent” in the twenty-second lme of the third paragraph 
on page 89, and three lines higher the wording should be: 
‘With winds blowing to the north”; not “from the north” 
as it says. 


EKanatom. In the article “Arrangement of the Contmenta 

during the Palaeoxoic Era” by K. M. Creer (Nature, 219, 

41; 1968) the first four tables should have been as follows: 
Table 1. SOUTH AMERIOAN KEAK POLES 


Pols Period Source i oe, Aes 
No 
SA3 Cambrian to Lower Mean of 

Devonian omoes ref. ji BN W ib Bb 
SA 6a Lower Carbon- Pole 2 

Heecus 2° 8 MWY -— 1 
Já wo Permo-Carbon- of 6m) 

tfarous () ref. 2 65° 8 1s Ww ~~) 8 
SA 10 Oretaceous Pals 10D ref, 2 5e HOU 1 


Bonth Pole 
ay Period Source Lat. Loni: Alpha x 
On 

AFS Cambrian-Ordcvi- Moan cf poles B1 

olan ref. 6 11° RN Pw — 2 
AF 6a Lower Carbon Pole B4 ref. 6 2°58 BH — 1 
AF @ U Carbon- Pole BS ref, 6 458 40° H — 1 
AF 7a Loweg Permian Pole B8 ref. 6 ze P ore — i 

Mean of poles BS and 
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Pole 
Pole Period Source Lat. oe en 
Mo, 
AU? ambraan Mean of poles C1 and 
OR ret, 6 35°85 2° — 2 
AU ts Lower Onrbontfer ae ct pees 3 
ous-~—-U pper OT ref. 
Devonian 76 8 rH 11° 4 
AU fe Middle-Upper Car- Pole CB ref. 6 
bontfarous 73°68 lrA — 1 
AUT Permo-Carbon- Mean of poles OD to 
ifarous dit ref. 6 is L'R 7 6 
AUQ Triamio to Crota Koan Ol JOE ee 
Š ceous cen ana a 140° H 6° 9p 
AU il Mean of poles 
aii B17 ref. 6 es 18° Bd — 2 
Table 4. NURASIAN MEAN POLES 
Pole Period Source Tat pone: Apia 
No. 
BU Cambrian Hestern USSR Rodio- 
nov ref. 7 SoN 41° W 15° 6 
BU38 Ordoviclan 5 - ms 7 N 561° W 9 
EU Silorten a G'N aw 3 
BU 5a Lower Devonian Midland Talley Lavas so fee : 
EU 6 Carboniferous Pole 6 rv ref. 8 38° 8. MW g* 25 
BUT Permian Pole 7 rv ref. 2 B IT W 4° 24 
BUS Triamie Pole 8 fy ref. 50° 8 33° 4° 17 
Pole 11 ty ref. 2 T88 SW oof 18 


CORRIGENDUM. In the review of the book Australian 
Inland Waters and iheir Fauna (Nature, 219, 99; 1968), 
A. H. Weatherley was incorrectly shown ag the author. 
Dr Weatherley was in fact the editor. 


EHreatum. In the communication “Matrix Property of 
Vibrational Overlap Integrals” by R. W. Nicholls (Nature, 
219, 151; 1968), the symbol 4, in the sixth line should 
read p; equation (lo) should read fes(r)pe(r)dr, and 
equation (2b) should read (I.n) = Z(1,m)(n,m). 

we 


CoRRIGENDUM. In the article “Formation of Dunner 
Cations of Aromatic H bons” by B. and 
B. Brocklehurst (Nature, 219, 263; 1968), values of K 
for excomers (the excimer omer fluorescence ratio) 
were mistaken for Ke ( equilibrium oonstant) in 
quoting from references 5, 6and 7. The order of magnitude 
of the values calculated for dimer cations and the qualita- 
tive conclusions are not affected. 


Kenatom. In the communication ‘Trace Element 
Identification of the Source of Obsidian in an Archaeolo- 
gical Site*in New Guinea” by O. A. Key (Nature, 219, 
$60; 1968) the reference n of the artefacta found m 
an archaeological ate in New Guinea wes omitted; it is 
ANU 876. The first sentence of the third paragraph 
should read: There are three known obsidian occurrences 
in New Guinea separated one from another by distances 
of 800 miles. 


Hararom. In the communication “Mdssbauer Absorption 
in Zmnwaldite Mica” by C. L. H , D. L. 

and R. Lamoreaux (Nature, 219, 864; 1968) the last aght 
lines of the second paragraph on pege 365 should be 


xd} 


xiii 


Ee Spectra from polycrystalline 
specimens do show much more nearly equal intenaty 
ratios, indicating that this is largely an orientation effect. 
It seams possible that paramagnetic relaxation pheno- 
mena!’ ag well as an anisotropic resonant fraction" may 
also contribute to the relative intensity ratios as well as 
to the somewhat non-Lorentaian bne shapes. 


CORRIGANDUM. In the communication “Charge Distn- 
butions of Conjugated Molecules” by H. A. Nash, 8. R. 
Grosaman and D. F. Bradley (Nature, 219, 370; 1968) 
1988 should read 1958 in ref. 5; 1964 should read 1946 in 
ref. 16; and 1684 should read 1689 in ref. 18. 


Hreatum. In the communication “Rhythmical Changes 
of the Electrophoretic Mobility of Erythrocytes after 
Irradiation with In X-ray Doses” by Bernhard 
Thibukait (Nature, 219, 882; 1968) the legend to Fig. 3 
should include the folowmg: (©), P>0-05; (@), P= 


0-05; (x), P=0-01+0-001. The author of this com- 
munication was Bernhard VTbibukat, not Bernhard 
Tribukatt as stated. 


Locust Outbreak” by Jeremy Roffey and George Popov 
(Nature, 219, 446; 1968) unfortunately faded to highhght 
the new concept which the authors mtroduced in the 
article. They feel that a more appropriate phrasing would 
have been: “The build-up of a desert locust outbreak is 
seen as a result of three concurrent interrelated Processes, 
concentration, multiplication and gregarization ’. 


Erratum. In the article ““Pulaation Periods of acted, 

White Dwarf Modals” by J. P. Ostmker and J.-L. Taso 

(Nature, 219, 577; 1968) the expressions? in the tenth 

line of the second paragraph on page 578 should read 
2 

- SR. 


Ennarum. In the article “Factor Fraction for 
the Synthesis of Bacteriophage QS-RNA” by M. T. 
Franze de Fernandes, Lilian Hoyang and J. T. August 
(Nature, 219, 588; 1968) the introductory p ph 
included a reference to “the last bacterium’; this should 
read ‘the host bacterium”. 


Ereatum. In the communication “Index of Solar Radio 
Burst Activity at 10-7 am” by D. Basu (Nature, 219, 
597; 1968) the expression 103x W-* in the second 
paragraph should read 10713 W m~. 


Exrearoum. The publisher of the book The Heart of the 
Earth (reviewod ın Nature, 219, 655; 1968) is Freeman, 
Cooper and Co., not Freeman as stated. 


Erratum. In the second ph of the article 
“Antarctic Ecology” (Nature, 219, 677; 1968) the third 
sentence should read “ .. . because water freezes above 
— 2° 0”. 


Eseatom. In the article ‘“‘Atlantic/Early Sub-Boread Glaci- 
ation in Norway” by Neil R. Page (Nature, 219, 694; 1968) 
the phrase as ee in the lst and i 
paragraphs should have a els “a 
eee a a a on page 
695 should have read “The pattern Fins dit ioe distribution is 
not complicated by any residual, t from an 
inland-ioe (continental ice sheet, of. ref. 18 et seq.corresp.)”’. 
The word ‘‘inland-ioe’” should have been a Spent 
throughout. The word “spectflo” in the fourth 
ph on page 695 should read “total” and 7,000 in the 

fast paragraph should read 8,000. The manuscript was 

originally received on May 24 and revised on July 2%. 
The author’s preeent addreas is Department of Geography, 
University of Exeter. 
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OConrnieaxpum. In the cammunication “New Method to 
Limit Abundance of Cosmic Ray Quarks” by L. Marshall 
libby and F. J. Thomas (Nature, 219, 11; 1968) the 
second equation in appendix 4 should read 1/2 = (4/8) 

2 3 a i a an = 
(eo"e"/h of) r? (8x10 6) ig tant Wiis from the bot 
tom of the same appendix should read ‘For Q4?, Qar, 
Q+/*,... the chains may be shorter”. 


EsparouM. dIrtthe article ‘Trace Elements in Carbonatites 
and Limestones” by P. Bowden (Nature, 219, 716; 1968) 
reference ð in the last paragraph should read referonoe 6. 


Keratom. In the article “The Molecular Basis of Visual 
Excitation” by George Wald (Nature, 219, 800; 1968) a 


reference to Fig. 7 in the third paragraph on page 803 
should be to Fig. 6. 


e 

CORRIGENDUM. In the article “Rosalind Franklm and 
the Discovery of the Structure of DNA” by A. Klug 
(Nature, 219, 8 808; 1968) the following corrections should be 
made: page 808, column 2, line 3, “helical” should read 
“helix”; page 809, column 1, lme 16, delete reference 1; 
page 809, column 1, under ‘Historical Outline”, line 5, 


ingert ‘Wilkins and” before “a research student”; p. 810, 
mtn 1, 8th line from end, delete “detailed”; page 844, 
oolumn 2, line 3, “and” should read ‘to’; 844, 
column 2, penultmate paragraph, hne 4, “solution” 


should reed “‘structure’’. 


CORRIGENDUM. In tha article “Rosalind Franklm and 
the of the Structure of DNA” by A. Klug 
(Nature, 219, 808; 1968) the following further corrections 
should be made: page 800, column 1, lmes 25-28 should 
read “, .. structure in which the omentation of the helical 
molecules in the unit ocell of the arystal is analysed and 
a detailed picture of the arrangement of the phosphate 


groups is proposed”; 843, column 1, line 66, ‘‘chains 
are’ should read “ & to be”; page 843, 
column 2, lines 17-18, should read ‘ . date made it 


possible to propose an orientation for the helical mole- 
cule ...’’; the last line of the legend to Fig. 2 should 
read “Drawing adapted from ref. 9 which 18 based on the 
1953 models”. 


Errarum. In the artiole “Molecular Biology Comes of 
Age” (Nature, 219, 825; 1968) reference 13 on page 829 
should refer to R. R. Traut, and not P. R. Traub. 


Hreatom. In the communication “Molecular Pathology 
of Human obin” by M. F. Perutz and H. 
Lehmann (Nature, 219, 902; 1968) the third sentence of 
the seventh paragraph on page 903 should read ‘This 
means that in a 0-65 per cent solution of haemoglobin 
Kansas half the molecules would be dissociated into dimers, 
compared with about ons-twenty-sixth in a similar solution 
of haemogiobm A.” The word “molecules’”’ at the end 
of the fifth line of the second paragraph should read 
“globin chains”. The footnote marked by an asteriek in 
Table 1 should read personal communication from J. 
Greer; that marked by a dagger should read Opfell, 
R. W., Lorkm, P. A, and Lehmann, H., J. Med. Genet., 
6, 257 (1968) (in the press). The asterisk by Santa Ana 
in column 2 of the table should, ın fact, be a 
Reference 57 should read Biocdnam. Biophys. Acta 
281; 1967). 


40, 


Ernarom, In Fig. 1 of the articole “Significance of Bex 
Chromosome Derived Heterochromatin in Maramals” by 
J. L. Hamerton (Nature, 219, 910; 1968) the words 
“oortical stimulation’ and “medullary stimulation” 
ee 
become transposed. Medullary ulation refers to 

XY gonad and cortjoal stimulation t8 the XX gonad 
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+ 
and not as shown. On page 913 the last sentence of 
ee ee ee 
es in the mouse“, it ahould be considered as a 
short chromosome region rather than as a single gene”. 


Keratum. The opening seutance of the communication, 
“Rosette Formin Pelle in Non-immunized Mice” by R. 
Laskov (Nature, T 973; SAAS should read “Antibody 
prodycing oells can be detected . . . 


$ 


COBRIGĦNDUM. The last h of the article “Surface 
Forces: Direct Measurament of Normal and Retarded van 
der Waals Foros” by D. Tabor and R. H. 8. Winterton 
(Nature, 219, 1120; 1968) should read: We thank Profes- 
sor F. P. Bowden for his constant mterest in this work, 
which *was carried out with the valuable sup of the 
Gas Oounall. One of us (R. H. 8. W.) thanka t e 8RO for 
his research studentahip. 


Exratrus. A mistake occurred in the article “Spectral 
Pro es of the X-Ray Objects GX 3+1, GX 354-5 and 
Boo A R-1” by G. Buselli etal: (Nature, 219, 1124; 1068), 
because of an inadvertent alteration made in the Nature 
office to the original typescri It was stated in the 
article that the spectra of GX 3+1, GX 354-6 and Boo 
AR-1 suggest that these three X-ray objects are similar 
to one another. The data are at variance with this 
statement, and in fact the authors’ conclusion is that 
GX 8+1, Cyg XR-1 and Tau X#-1 possess similar 
ia and are probably due to smmilar celestial objects. 
af the authors, K. G. MoCracken, has written to 
stress how this conclusion was reached: 
“Our measurementa of GX 8+1 above 20 keV show a 
| good fit to a power law photon number spectrum given by 


xlii! 
dN 
~ m $4 B+? photons am-* s- keV-! 


which, when extrapolated to lower energies, is in reason- 
able t with the results of Guraky et al. (Ap. J. 
150, L75; 1967) and Bradt eal. (Ap. J., 162, 1005; 1968). 
Furthermore, we note that other workers have obtained 
power law photon number spectra for Tau X#-1 and 


Cyg E-l; for example, Peterson e al. (Proc. Tenth 
Intern. Conf. Coamic Rays, Calgary; 1968) quote . 

dN _ (8502-4 Tau XR-1 

dE 8-58 E-113 e2 Cyg XR-1 
The exponents m the spectra of GX 3+1, Tau 
X R-1 and XR-1 are statstically identical, while there 


are other objecte known to exhibit markedly different 
spectral characteristics (our paper shows that Sco XR-1. 


for example, baa =~ Bie above 20 keV). This sug- 


gests that the three X-ray objects GX 3+1, Tau AR-1] 
and Cyg XR-1 are physically similar to one another. The 
fact that Tau XB-1] is known to be:a supernova remnant, 


the spectral shape itself that the X-ray emis- 
gion from Tau XR-1 may due to magnetic brems- 
strahlung, suggesta a similar explanation for GX 3+1 
and Cyg XR-1”. 


Erratum. Dr R. Pocklington, of the Institute of 
Oceanography, Dalhousie University, Nova Scotia, has 
written to point out that the Atlantic IL deep mentioned 
in the article, “Pleistocene Pteropods in Pelagio 8ed:- 
ments” (Nature, 219, 1145; 1968) should be Atlantis II 
deep, after the RV Atlantas I. 
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The Lost Accelerator 


It will be a long time before the British Government 
. can live down its decision (see Nature, 218, 1193; 1968) 
not to participate m the project to build a 300 GeV 
proton accelerator as part of the continuing programme 
of the CERN organization. At this stage, of course, the 
most galling feature of the decision is that the Govern- 
ment seams to havé brushed aside the advice of the 
committees which have been plagued by the issue for 
the best part of a year—the Council for Scientific Policy, 
the Science Research Council and the several sub-com- 
mittees which have had a finger in the pie at various 
stages. In the long run, however, this arbitrary decis- 
ion is likely to oast a longer shadow on other aspects of 
the administration of science policy. This is why the 
Government must expect that scientists other than 
nuclear physicists wil now be moved by discontent. 

In the circumstances, it is important to be clear just 
what the British Government has declmed to do. The 
origmal proposal for the 300 GeV accelerator was 
worked out by the European Committee on Future 
Accelerators under Professor E. Amaldi and was 
redefined almost exactly a year ago. There seams to be 
no argument about the inherent interest of the pro- 
gramme of work sketohed out for the machine. Finan- 
cially, the oost of the enterprise was reasonably well 
defined, and the costs involved were known to be large, 
although not entirely out of line with the costa of 
similar enterprises in the past. The cost of building 
the 300 GeV machine had been calculated ‘at £150 
million, spread out over a decade, but running costs are 
inevitably greater. The ECFA committee calculated 
that the annual cost of the 300 GeV laboratory would 
increase steadily from just over £20 million a year in 
the early seventies (when construction would be well 
under way under the old timetable) to £35 million a 
year in the early eighties, when the equipment would be 
operating. 

Not all of this would be paid by the United Kingdom, 
of course. In most calculations, it has been assumed 
that the British share would work out at roughly a 
quarter, compared. with the 22-7 per cent of the present 
CERN budget provided by the British Government. It is 
something of a marvel that the people who have been 
80 keen to save money by staying out of the new 
project seem not seriously to have investigated the 
possibility of paying a smaller share of the total budget 
now that the growth of the British GNP has been 
lagging behind that of the rest of Europe for the best 
part of a decade. It is also, however, important to 
compare the costs attendant on the new machine with 
those likely to be incurred at the Meyrin. laboratory in 
the years ahead—rofhly £10 million a year in the 
early eightiea—anfl with the costa af operating’ labora- 


tories like those at Harwell and Daresbury within 
strictly national programmes. Thus the Science 
Research Council has estimated that the oost of the 
national laboratories would amount to about £12 
million a year in the mid-seventies, and that British 
expenditure on high energy physics would work out at 
more than £34-17 million then if the £6-17 million 
required. for the 300 GeV proposal (not then complete) 
were included. In other words, the oontribution 
towards the 300 GeV accelerator, though large, would 
have been only some 30 per cent or even lees of what the” 
Science Research Council would be spending on high 
energy physics in the two decades ahead. 

Comparison with the inevitable cost of high energy 
physics is, however, only one part of the problem. 
Professional scientists, quite rightly, have been equally 
concerned with the balance between high energy 
physics and the rest of science. This point was made 
forcefully by Sir Ronald Nyholm and Sir Ewart Jones 
in their dissent from the majority report of the Science 
Research Council at the end of last year. Indeed, the 
question to be asked is not merely whether high energy 
physics can go on ing more than’ 40 per cent 
of what the Science Research Council has to spend, but 
how soon the proportion can be reduced to something 
much smaller—say 25 per cent or even leas. The 
trouble, unfortunately, is that the British Covern- 
ment seems to have been particularly obtuse in the 
search for ways of domg this. One possibility, which 
seems to have been suggested by the Saience Research 
Council itself, ia that the cost of the new machine at 
CERN could be offset, in part at least, by ranning down 
the work at the national laboratories in time with the 
increase of expenditure withm CERN. Another solution, 
preferable though possibly lees attainable, would be to 
seek some means by which the cost of the very large 
national programme in high energy physica which is 
being carried on in Britain could somehow be shared by 
making the equipment accessible to scientists else- 
where in Europe. This possibility seems to have been 
ignored almost entirely. So too has been the chance that 
the costs of the new programme at CERN could have 
been reduéed by a sufficiently careful and up-to-date 
atudy of the future of large accelerators. Throughout 
these negotiations, the Britiah Government seems to 
have been thoroughly. inappreciative of the ways in 
which old-fashioned diplomacy could have helped to 
find & solution to this European problem. It will bea 
fme thmg when Lord Fulton’s proposals for the Civil 
Service have gone far enough for the responsibility for 
this failure to be properly apportioned. It would have 
taken very little ingenuity to have degigned a formula 
for achieving the best of all worlds—a 800 GeV machine, 


2 


& progressively dıminishing share of the vake and a 
reputation for generosity as well. 

In the circumstances, the abruptness of the decision 
two weeks ago must obviously be counted a departure 
from reason, not simply a manifestation of incompe- 
tence. In the weeks ahead, it is only natural that 
people should aak whether other decisions about the 
spending of scientific money will be dealt with in a 
similarly arbitrary fashion. It is important, of course, 
that the scientific community should not slip into the 
false belief that the Government should entirely 
abdicate its present power to intervene in the details of 
expenditure on scientific projects. The fact that British 
governments since the war have usually been willing 
to let their advisory committees spend what money is 
available without much interference is not necessarily 
a precedent for these times when budgeta are much 
larger and when foreign expenditure is nvolved. The 

. trouble on this oocasion, however, is that the veto from 
on high has come like the proverbial thunderbolt out 
of the blue. One result is that it has done considerable 
damage—it remains to be seen whether the 300 GeV 
machine will ever see the light of day. In the long run, 
however, it is much more serious that the confidence 
of professional scientists im the machinery for the 
administration of the budget has now been deeply 
shaken. One result will almost oertamly be that the 
committees on which the British Government has 
traditionally relied for advioe will become more jealous 
of their rights. 


Cc 


Fewer Dollars for Research 


Tes recent American tax increase and anticipated 
budget cuts may do much to help the economy, but 
they sre causing American scientista to fear for their 
own economic future. In an attempt to avoid further 
budget cute for basic research, some 400 acientiste and 
educationists held a ‘‘crisis’”’ meeting in New York 
two weeks ago organized by the New York Academy 
of Sciences. While the total amount of government 
funds for research has not yet declined—$16-9 billion 
this year against $16-7 billion last year—this does not 
even cover the annual 4 per cent inflationary increase 
perp et nil de ae Vase Na 

wth rate achieved during the ten years since 

utnik. With three-quarters of university research 
sponsored by government granta and the proportion 
reaching e cent at such schools as Massachusetts 
Institute of ‘Technology and the University of Chicago, 
any reduction of funds will have long-term* conse- 
quences. Professor Linus Pauling summed up the scien- 
tiste’ view when. he said at the meeting, “IP these outs 
are made in the budget even for one year, the whole 
economy will duffer for years to corme.” 

No matter how giii forthcoming budget cuts are, 
ey Poo are y being disbanded. A survey 
carried out recently by the New York Times mdicated 
& general mood of pessimism and bewilderment in 
university researoh facilities throughout the country. 
Physics and astronomy are the areas hardest hit, and a 
major factor is the cutback in programmes of the 
National Aeronautica and Space Agency. The Pilgrim 
Explorer Satellite project at Harvard University has 


+ + 
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jast been cancelled after three years and expenditure of 
$1:25 milhon. NASA has been forced gradually to 
terminate its “ Ing university programme”, 
supporting graduate students ine flelds related to 

research. The programme has been reduced from 

100 million to $10 million’ in two years, and the 
number of grants from 1,300 to 50 since 1966, with no 
new grants expected for 1969. 

At the same dime as the NASA cutbacks, the Defense 
Department had had to reduce drastically the funds 
allocated to basic research because of budget cuts and 
the practical priorities of the Vietnam war, causing a 
drop of $30 million, or 9 per cent, m support of uni- 
versities in the last fiscal year. Sixtean per cent of 
physicists in a recent American Institute of Physica 
survey reported they had lost all government support 
last year, and the figure is e to rise to 2] per 
cent next year. Cuts inalude support from the Defense 
De ent for radio astronomy at California Institute 
of Technology, University of California, University of 
Michigan, and the Arecibo Observatory in Puerto Rioo. 

The going is likely to be especially tough for graduate 
and post-doctoral students. The total number of 
scientista has moreased by 20 per cent smoe 1965, and 
the competition for money and research is becom- 
ing increasingly severe. Federal pre-doctoral fellow- 
ships and trai Ips were down by 18 per oent this 
year, and as long-range projects become more and more 
uncertain, research workers are unwilling to take on 
more graduate students. This is the most immediate 
cause for alarm for many scientista—a flow of new 
talent into the system must be mamtamed even if 

iments are postponed for a few years. 

e biomedical fleld has not been as hard hit as the 
physical sciences, but is to feel the oomi 
squeeze. About 40 per cent of all university 
funds comes through the National Institutes of Health, 
but support has levelled off recently, at about $1,000 
million. There has always been a slight increase, but 
nothing to com with the 15-30 gee see 
rate before 1964. “For the first time year we had 
extensive shortages of funds as contrasted to approved 
projects,” Dr James 4. Shannon, head of the institute, 
told the New York Times. Many grants are being 
approved, but even high priority does not guarantee 
payment, and even when funds do arrive it is often only 
after long delays. Medical schools are farmg no better. 
At the usetta General Hospital, iated with 
the medical school of Harvard University, a $1 million 
study of computer use imn A has been cut by two- 

irds, & project to carry medical care into the slums is 
in jeopardy « and the renovation of the hospital’s research 
building has been deferred. ‘We may have our own 
type of poor people’s march—and be leading it,” 
commented Dr John H. Knowles, director of Massas- 
chusetts General Hospital. 


Training Mathematicians 


SHoULD mathematicians spend more time in labora- 
tories and lesa in their studies composing elegant 
proofs ? A oent Royal Society report on postgraduate 
training in applied mathematics, by a committee 
chaired by Peier M. J. Lighthill of Imperial College, 
thinks so. The committee concluded that all post- 
graduate studenta in this feld Shogld be e to 
some period of prastioal research in one field of applied 
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mathematics and, concurrently, that more universities 
should develop major research schools in at least one 
specialized branch of applied mathematics. 

The committee,-which appears to have reached its 
conclusions independently of any outside opinions or 
surveys of students or hers in the field, felt that 
far too many students and staff remained divoroed 
from practical work in their fields. While under- 
graduates should spend at least two ypars studying a 
mixed course in pure and applied mathematics, both 
to give them a firm grounding in mathematical reason- 
ing and to give them time to decide in what area they 
wish to concentrate, the committee emphasized that 
those studente interested in applied mathematics 
shoyld be aware of the practical of at least one 

ial field of appligation. To this end, there should be 
oger cooperation between the mathematica depart- 
ment and science, engineering and other departments 
at the university. Students should be encouraged to 
work on problems outaide their own department, pos- 
sibly in government or industrial laboratories, during 
the vacations. 

Two members of the council of tho Royal Society, 
Professor D. G. Kendall of Churchill College, Cam- 
bridge, and Professor O. A. Rogers of University Col- 
lege, London, dissented from the committee’s strong 
emphasis on practical work and put forward a more 
modest view in an appendix to the report. They point 
out that it is often not practical to draw a line between 
“pure” and “applied” mathematics and that repeated. 
interchanges between the two should be encouraged. 
With this in mind they stress that a general education 
in “pure” mathematics, even for those students who 
are ee interested in mathematical applications, 
should continue beyond the first two ergraduate 
years. They also believe that technical proficiency is 
not & necessary criterion and that many students 
are so incompetent at technical work they would be 
deterred from studying for a postgraduate degree if 
practical work was required. While they agreed that in 
many Instances ical research was useful, they con- 
cluded that experimental work for postgraduate appli 
mathematicians should never be compulsory. 

Parallel to its study of graduate training, the 
committee looked at the research schools m applied 
mathematics at British universities and colleges. A 
survey of fifty-one institutions Indicated that aie nine- 
teen had ad te “major” research sohéols in at least 
one branch of applied mathematics. The report con- 
cluded that every university should turn at iesst one 
minor school into a major one by conoentrating re- 
sources in that one field and strengthening links with 
research in other university departments. But the 
committee was happy to find that topics covered were 
not unduly unbalanced and.there were only two fields 
at present where the lack of a major research school 
was deemed harmful—oontrol theory and general 
statistical mechanics and physics. Both of these fields 
were covered by minor research schools at six institu- 
tions, but none were sufficiently developed, according 
to the standards of the report. . 

This report is the fourth in a Royal Society series 
coyering postgraduate training in the United Kingdom. 
Reports of the committees on chemistry, physics and 
biology have been published within the past year and 
engineering and earéh sciences are still to come, 
Interesting and informative though this present report 
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is, it is far too limited in its scope; it is unfortunate 
that the committee neglected to seek the opinions of 
ae ape in the field and failed to coordinate its work 

ith that of the other committees. A comprehensive 
study of postgraduate scientific training in Britam 
would have been more welcome; let us hope that the 
two remaining reports go some way to answering this 
need. 


Drug’s Loss, Health’s Gain 


Toa new Secretary of Health, Education and Welfare 
in Washi n has President Johnson’s blessing for 
dramatic in Ea memoirs of his sprawling 
department. Not that is to be split into three 
parts, which might be the best idea. (The US Govern- 
mental Manual of government organization needs four 
pages to list, in fine print, the names of the senior 
officials with responsibility for the federal government's 
p es in the widely scattered and barely related. 

elds of education, medical research and social benefits.) 
The department’s responsibilities will remain enor- 
mously, almost derisorily wide. But the two biggest 
changes to be noticed immediately are the demotion 
of that excellent agenoy, the Food and Drug Administra- 
tion, and the realization that policy-making, on 4 
national level, is what American health and welfare 
needs most. 

The man at the top, Mr Wilbur Cohen, has already 
been named by President Johnson as his leading adviser 
on health and welfare problems. That may sound like 
labelling the obvious but—assuming that the President 
listens to the advice—it means that America’s domestic 
social problems are now being weighed at the White 
House with something like the gravity of defence or 
science. Perhaps there is more to rejoice at in the news 
that Mr Cohen will lead a new Interdepartmental 
Health Policy Council. It is intended to have the 
status of the President’sa Council of Economio Advisers 
(which has just succeeded in persuading a most un- 
willing Congress to vote for a rise in taxes in an election 
year), The kind of issue which the council will take up 
is the maldistribution of doctors and hospitals among 
the American population, the Negro and the rural 
getting far leas than a fair share. á 

Whether the shake-up will be good for the crusading 
Food and Administration remains to be seen. 
The FDA, from which the director, Dr James Goddard, 
resigned a fow weeks ago, geta transferred to a new 
service which is to be created within the Public Health 
Service (which, led by the Surgeon General, is under 
the HEW department’s jurisdiction). The new entity 
is to have the clumsy title of Service for Consumer 
Protection and Environmental Health. As well as 
food and drug se er ik a pega at ak 
national gentres for radiological health, control of 
pollution in the air, ur and industrial health, and 
communicable diseases. the buregucratic jungle 
of HEW, therefore, the Consumer Protection Service 
will be on @ par with the National Institutes of Health: 
both are subordinate to the Publio Health Service. 
Until now, the FDA, which kept thalidomide from 
being approved for sale in the United States and which 
now is on & most relentless drive to force harmful or 
useless medicines off American shelves, had operated 
more or less independently. There is even talk that, for 
efficiency’s sake, FDA might someday be killed off 
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entirely, ite consumer protection role being taken over 
by the new service aal its research into the efficacy of 
medicimes to be handed over to branches of NIH. 

The past year has not been a happy one for either 
HEW or the FDA. Both heads have resigned, Mr John 
Gardner having left the secretaryship when the 
department was not given increased fonds i in the face 
of the most or social needs. (It is rumoured that he 
has been effaced Robert Kennedy’s Senate seat, which 
is still unfilled.) Yet Mr Cohen, the new , like 
Dr Herbert = jun., who succeeds Dr Goddard at the 
FDA, is expected to continue the crusading work of his 
predecessor, with perhaps more attention to tact. Yet 
those who expected Mr Cohen, promoted from HE W’s 
ranks, to be as mild in thought as his manner suggests 
have been rudely surprised. Already the new secretary 
has proposed. (in a speech at Brown University) some- 
thing which, in American political life, could hardly 
be more radical: a unified national welfare system of 
payments to the old, blind, disabled and to dependent 
children, the size of the oh e to be determined in 
Washington with little for the prevailing local 
attitudes towards race, laziness, illegitimacy, and other 
human. ills—attitudes which vary picturesquely and 
arbitrarily from one state to another. 


Opinions about Porton 


A wxuMBEE of eminent people have now publicly ex- 
Nise their ee about chemical and biological 

pug eae fellows of the Royal Society, 
hiria eight Nobel laureates, wrote personal letters 
to the Prime Minister on June 27 asking for all work 
carried out at the Microbiological Research Establiah- 
ment at Porton to be published. They are worried 
about research which leads to the development of 
offensive weapons. Many scientists apparently believe 
that this work is indirectly contributing to a stock- 
piling of offensive biological weapons. 

In general, the writers of theee letters agree with 
Mr Tam Dalyell, Labour MP for West Lothian, who 
considers that the work at MRE should be declassified 
and the responsibility for research transferred from 
the Ariss of Defence to a civilian authority. His 
abe ion to the Prime Mimister, askmg whether the 

vernment will consider transferring this respon- 
sibility to the Ministry of Health, has been postponed 
for three weeks. 

On the same day that the Prime Minister received 
the lettera from the fellows of the Royal Society, 
eleven members of the Biological Research Advisory 
Board, which advises MRE on all its activities, wrote 
to the Times saying that they have full access to all 
the work at the establishment and are satisfied that 
it has no military offensive objectives. These eleven 
scientists, who include Sir Charles Dodds, Sir Ashley 
Miles and Profeasor W. J. T. Morgan, are convinced 
that work is npt agree only if his involves a risk 
to national security. They streas that the work carried 
out at MRE, which as the director has said (Nature, 
218, 1114; 1968) is concerned with protection against 
microbiological attack, makes many contributions to 
medicine, public health and industry. The writers 
say that statements which contradict this are deplor- 
able and irresponsible. 

A similar defence of the Chemical Defence Experi- 
mental Establishment at Porton was made by twelve 


NATURE, YOL 219, JULY 6, 1968 


@ 

scientists, moluding Dr J. M. Barnes, Professor R. B. 
Fisher and Dr D. Tabor, who wrote to the Times on 
June 28 These scientists said that the establishment 
and its work, which they know well, is devoted to the 
protection of Britain from a real threat. They said 
that no disarmament plan that will work has yet been 
pene. and progress is 80 slow that it may be a very 
ong time before disarmament becomes a reality. Until 
there is effective disarmament there must be effective 
protection. agathst chemical attack. 

A plea for declassification was made by Dr J. H. 
Humphrey, who ia reli in & letter to the Times on 
June 29 that a good step towards an attempt to reach 
an international agreement not to use or manufacture 
chemical weapons would be for the United Kingdom to 
show that it does not make‘or stockpile weapors of 
this kind. Mr Dalyell has several questions on the 
House of Commons order paper concerning chemical 
and biological warfare, and doubtless many more 
p one can be expected before there are any signs 
of official changes. 


Change In Medicine 


SHouLD the medical profession ee a8 
a tool for detecting disease at an poi A 
World Health Organization publication cry ag and 
Practice of Screening for Disease suggests that 

is not without ita snags, and says that the highest 
rewards will no doubt come from screening of popu- 
lations in which certain conditions are prevalent 
and medical care facilities are minimal. Malaria 
carriers In poorly developed tropical areas are an 
obvious case. But screening also lends itself to the 
detection of diseases m devel countries. Anaemia, 
for one, is particularly suited to screening techniques 
as are pulmonary tuberculosis, canoer of the cervix and 
breast and diseases of the eye. 

For a disease to be suitable for screening it must be 
frequent in the population under study, of high mor- 
bidity, easily diagnosed. by a single sign and there must 
be a reasonable prospect of cure. Although screening 
could be carried out by suitably qualified technicians, 
thereby saving the time of highly tramed professional 
poene, in the short term it must add to the doctor’s 

urden as increased detection of disease will lead to 
greater demand for treatment. Balanomg this, how- 
ever, is the fKot that early diagnosis promises better 
hope of cure and lowers the death rate from malignant 
disease. In hospitals too, screening of patients could 
lead to a reduotion in length of stay, and fewer con- 
sultations might be called for. According to the report, 
the long-term economio aim of screening is to lengthen 
the productive life of the population, thereby improving 
the overall economy. But the immediate cost is 
going to be high and at the moment it looks as tho 
the total oost of screenmg in a community will 
higher than conventional medical care. Nevertheless, 
the arrival of automation both for out the 
testa and date processing should lead to uction m 
the oost of 

The repor points out that both the medical profession 
and the public will need to be educated om 
It suggests that preventive medicme should be taught 

out the medical curriculum and that members 
of the public should be enoo to come forward. 
The report suggests that women should be taught 
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self-examination of the breasts for signs of breast 
cancer. 

There are two trends in the development of screening 
facilities—the use of simpler techniques fer laboratory 
testa, and automation. A casciine e e ia Soden 
works with discrete admples and includes a small 
computsr, and can process some 500,000° samples 
a year with 20 analyses on each sample. 

The usefulness of mass screening ig illustrated in 
the current issue of Lancet, in which two prao- 
titioners, & London health department, and a 
university department of surgery cooperated in a 
survey to detect cancer of the breast in London practice. 
The resulte of the survey are: 


Total number of women invited . 1,721 
Number attended .. : 654. 
Abnormality 72 (11%) 
Clinical confirmation 28 (38%) 
Not re-oonfirmed 5 


Of the 18 confirmed oases, two refused further treat- 
ment, five had cancer of the breast and the other 
eleven had various benign lesions. (Lancet, i, 1419; 
1968.) 


Schools Commission Recommissioned 


TH Public Schools Commission has been equipped with 
eleven new members and a new shanna De D. V. 
Donnison, who is professor of social administration at 
the London School of EKoonomics. The commission 
began its rp aaa m February 1966 under the ohair- 
manship of Sir John Newsom. Ita first report, which 
will discuss how the public schools should be integrated 
with the state system, is to be published on July 28. 

The report is not expected to contain any particularly 
radioal p despite the menaces once detected 
in its constitution and terms of reference. The public 
schools have apparently tamed the zeal of even their 
most hostile inquisitors, who in any case faced a 
somewhat intractable issue. The choices before them 
were to abolish the publio schools altogether, to 
stipulate that the sch sols ahould oper A perantara of 
their places to Government supported pupils, and to 
leave them as they are. Some publio schools provide 
an excellent educational service, to those that can afford 
it, not least because of the high staff : stydent ratio the 
maintain. It would be a negative measure to abolish 
the schools entirely, yet there are severe problems in 
doing anything leas. Local education authorities 
invited to support students at public schools have 
nee anes otant to meet the higher fees and in 
the past the places offered to them by various publio 
sahools have not fully been taken up. 

The alternative to local authority support is that 
central government should eon a public school 
education for selected pup But to send the beat 
pupils to public schoo oa betoken a lack of 
confidence in the state system and provoke a predictably 
unsympathetic reaction from ite teachers; while to 
select students for public schools on any grounds other 
than merit jei raise cries of anguish from dis- 

appointed 
problem ae the publio schools is that, given 
the chance, man people would prefer to enrol their 
children there rather*than at state schools. To integrate 
the two systems would entail giving formal récognition 
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to the publio schools’ greater popularity. The Publio 
Schools Commission has apparently discovered no 
escape from this dilemma, and the objects of ite 


are expected to continue much as before. 
Tn i is in many ways a pity, because the kind of segre- 


gation perpetuated by the public schools system is 
doubtless a banning to its pupils and divisive to 
society at large. The people most eager to remedy this 
situation are probably the teachers and administrators 
at publio schoolg, but as independent critios of the 
Government’s educational policies they do not always 
see eye to eye with what are sometimes regarded as 
the doctrinaire ap eB to peal eps adopted by 
the Department of Education Science. 

The reconstituted commission is to consider its 
remaining terms of reference, which are to advise on 
the integration of day independent and direct grant 
grammar schools. 


Another A-Level 


Oxx of the proposals for sixth-form experiment now 
filtering its way through to the jomt working party of 
the Schools Council and the Standmg Conference on 
University Entrance is a scheme for teaching mathe- 
matios and physics in combination, chiefly for the 
benefit of inte biologists but also in the hope that 
such a course will provide non-scientista with an easy 
(and rewarding) way of learning a little science. The 
initiative for this p has come from Mr David 
Tomes, head of the physics department at Wellington 
College. He has enlisted the help of Mr John Osborne, 
senior science master at Westminster School, and both 
of them have been encouraged by the friendly recep- 
tion their proposals have received from other teachers 
and even from the Schools Council. Their next objective 
will be to interest half a dozen schools in teaching their 
course, ideally in the school year in Septem- 
ber 1969. To reach this goal, it be necessary for 
them to o the examinations boards to provide 
a suitable examination and also the universities to 
accept an. A-level in physics and mathematics combined 
a8 a suitable qualification for entry. 

Mr Tomes is particularly anxious to win the interest 
of the medical schools; he points out that the course he 
is designing is one of the few ways in which intending 
medical students oan come closely into contact with 
mathematioa in the sixth form. At present, in Britain, 
intending medical students tend to follow courses in 
physics, chemistry and as much biology as they oan 

stomach, with the result that they may finish up 
endl nothing of calculus or probability. There are 

reasons why a combination of physics and 
cst al te should seam preferable to the combina- 


tion of physica and chemistry now taught in 
some cools under the label of Nuffield physical 
Bcience-—for one thing, it,should be a deal easier 


to teach. The other side of that com, however, is that . 
the physical science course allows sixth-formers to 
a decision about the kind of science they 

will eventually settle for at least until they have 
finished their examination. The combination of physios 
and mathematics will necessarily from the 
between intending biologists and the rest. 

the long run, of course, the snoceas of this A-level 
course, like that of the other variations on the tradi- 
tional pattern of science education In British schools, 


6 


will depend to some extent on the pattern whioh is 
eventually recommended by the working -party of the 
schools and the universities. If the outcome is a 
pattern along the lines which many university educa- 
tionista have been advocating, A-level subjects as such 
may eventually disappear from the schools. Everybody 
seems to agree, however, that that will take a con- 
siderable time. 


How Engineers Do 
Træ College of Engineering at Ilinois University has 


compiled a report on the subsequent progress 
of ita alumni. In cial terms it appears that the 
brightest graduates do not invariably make out best, 


but it ie none the less, to have the letters PhD after 
one’s name. 

By 1967 the average monthly salary of those who 
graduated in 1957 was $1,227; holders of a doctorate 
earned an average of $1,444 a month, but those with 
no advanced degree and those with a master’s degree 
m busmess administration were alike in bri home 
a monthly $1,196. Ranking the 370 graduates who 
answered the questionnaire in ten groups by order of 
their class of degree, it em ia Gi 
is earning the highest mon salary ($1,347) and the 
sixth decile the lowest TA 125); a ee 
between worldly and academic success is present but 
not conspicuous. 

A quarter of the graduates are employed in manage- 
ment or administration; research, development, pro- 
duction and manufacturing account for another 

. Only 2 per cent are. in teaching and one 
individual has become.s psychiatrist. Only 40 per cent 
had remained in the same job since graduating and 
more than half of those who changed jobs had done so 
more than onos. 

A companion survey made of engineers who gradu- 
ated in 1962 produced similar resulte. With an average 
monthly salary of $968, only 10 pe cent of the younger 
alumni were in management and proportionstely more 
in research and development. To the alae of 
whether any persons known to them had jobs in 
industry because of the “unfavourable attitude of 
os people toward business and their dissatisfaction 

ionment with American industry”, a third 
of | both groupe replied in the affirmative. Between a 
quarter and a third read the Wall Street Journal, but 
Jess than 4 per cent admit to taking the New Yorker. 


New Booster 
Tum Goldfinch booster is half way through ite flight 
trials at Woomera and could come into service in 18 
monha It will provide a most useful addition fo the 
pacity and T of the Skylark sounding 
er the principal tool of the British space research 
pecorino ts r the past 10 years 
Pee is already one booster available for improving 
s performanoe, called Cuckoo. With the 
advent of the highly successful stabilized Skylark 
which enabled a start to be made on X-ray astronomy 
and has already made important contributions to 
solar physics, payload demands on Skylark have 
increased. The stabilization equipment in the nose 
cone accounts for a sizable proportion of the payload, 
reducing the weight available for experiments. A 
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Cuckoo-boosted Skylark is used for stabilized flights. 
The Goldfinch booster’s ormance is about double 
that of Cuckoo; ee Sr op E Ne toro haha 


vehicle length. The object is to a 600-pound 
load to 200 km or so. In terms of decane payinad 
weight, this is 30-40 km nis poe wilk toe 


Cuckoo-boosted Skylark. This will add a few seoends of 
experimental time. Alternatively a smaller payload 
could be carried to ter altitude or a larger one to, a 
leaser height. ° Individual t configurations are 
tailored to the requirements of the icular experi- 
ment. The addition of the Goldfinch facility will there- 
fore further stretch the basio Skylark vehicle and 
Increase its value for scientific work. 

The 14 Skylark flights from Woomera last year were 
all successful, and the rocket has proved a very reliable 
performer. It and ite boosters all employ plasticized 
solid pro t develo at- the Government’s Ex- 

losives h and Development Establishment at 
altham Abbey. The current proving testa of the 
Goldfinch booster at Woomera are in the-hands of the 
Royal Aircraft Establishment, and when they are 
complete the British Aircraft Corporation at Bristol 
will take over production. The Science Research 
Council is the commissioning authority. 


New Computer Man 


INTHRNATIONAL Computers, Limited, at last has a 
cee chairman. ICL, formed by the merger of 

ternational Computers and Tabulators with the 
computer interests of English Electric and Pleesey, has 
been looking for a chairman for some months. Last 
week it announced that the man is to be Sir John Wall, 
whose career includes periods in private industry and 
in the civil service. Colonel Terence Maxwell, who has 
been acting as chairman of ICL in a caretaker capacity 
and who made it clear that he was staying only until 
a successor could be found, moves down to deputy 
chairman. 

Sir John Wall began his career as & merchant 
banker but moved into the civil service in 1939, 
rem at the Ministry of Food for thirteen years. 
In 1952 he transferred to Unilever, and later became 
managing director of Electrical and Musical Industries, 
Ltd. Two years ago he was seconded to the General 
Post Office as a deputy chairman, and has been involved 
in the operatien of changing the Post Office from a 
government department to a public corporation. He 
will not now be re to atthe end of his second- 
ment, but will instead be gomg to ICL. His appoint- 
ment seems an admirable one; although not born and 
bred mto computers, Sir John is clearly an able manager 
with enormous experience. IOL, which seems likely 
to occupy & position somewhere between publio and 
private industry, might have been designed to take 
advantage of his experience. He is unlikely to be 
impressed (or depressed) by the complexities of running 
a business in harness wit h Whitehall —aa well as being 
a former civil servant hia he was a member of the 
Fulton Commission. 


Fishing Goes Flat 


Taa British trawling fleet has had a disastrous year 
according to the report of the White Fish Authority 
for the year ended March 31. It wasesven worse than. 
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the previous year, which was bad enough. The worst 
news was the loes within twelve days of the three 
distant water trawlers from Hull early in 1968. The 
losses of the trawlers highlighted the plight of the 
distant water fishing fleets. Yields and catches were 
on the whole good, byt average values fell sharply 
particularly for wet fish from distant waters, and gross 
returns were reduced below already depreased levels. 

One of the industry’s troubles seams to be importe. 
There are no quantitative restrictions on imports of fish 
into Britain. This in iteelf may not necessarily lead 
to an increase in the volume of importe, but they may 
well unsettle the market. Fish is now a much more 
easily tradable commodity, thanks to the freexmg 
facilities both on shore at sea. Increased mshore 
landings of high quality fish have also had their effect 
on the markets for deep sea fish. The authority admits, 
however, that the market for distant water fish would 
not have been so vulnerable if the quality of the fish 
were better. The report states the obvious when it says 
that if trends are to be reversed, it is easential to land 
fiah in fresher condition. The authority thinks that the 
best hope of doing this lies in boxing the catch at sea, 
with a view to shortening voyages drastically by 
fleeting operations. Some of the technical problems 
involved in such operations are being studied by the 
authority's a and development programme. 

diture in this section, £400,000, was slightly 
above last year’s, but as special arrangements were 
made with to the costs of the exploratory voyage 
by a freezer trawler to the South Atlantic, expenditure 
in other parte of the programme actually fell. The 
gramme covers all aspects of the fish industry om 
catching to marketing, and it includes research into 
er accra of marine fish farming. At the Port Erin 
hatchery in 1967, the production target of some 55,000 
plaice and 58,000 sole was achieved with good survival 
rates. At the loch enclosure at Ardtoe, the baby plaice 
introduced in 1965 reached a mean length of 24-6 om 
in 2-5 years; and the sole introduced to the warm 
water discharge at Hunterston power station m 1966 
reached minimum market size in 18 months, about 
half the time it normally takes. 

The main effort at the moment in the research and 
development programme, however, is in the develop- 
ment of fishing vessels and their equipment. To carry 
out this part of the programme the authority set u 
an industrial development unit. The year’s wo 
of this body in the fields of mechanization and man- 
power at sea, increasing productivity, cost effective- 
neas of vessels and machitiery, and quality, variety 
and acceptability of the fish is outlined m the report. 
The authority wishes that it had more money to 
the programme. The year under review was 
third successive year that it had a deficit. “It has 
become obvious that additional revenue must be made 
Dates to the authority if its services are not to 

out.” 


Infant Science 
“OQoBANOGRAPHY is still in ita earliest stages; to expect 
immediate returns is to expect Johnny to run before 
he can walk.” This statement was made by the 
minister responsible for most of the oceanographic 
research being done today in Britain, Mrs Shirley 
Williams, Secretary of State for Education and Science, 
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during a visit to the National Institute of Oceanography 
last Monday. She added that Britain must have more 
fundamental research in this field without sy eas 
immediate practical applications and that the Govern- 
ment planned to y increase the funds available. 

The institute was set up in 1949 primarily because 
of naval interest in wave research. This was the 
beginning of oceanographic research in this country; 
there are now 189 people working at this institute 
alone. In 1965 the responsibility for the institute was 
shifted from the National Oceanographic Oouncil to 
the Natural Environment Research Council. 

A new collecting net that can be opened and closed 
using an acoustic control was demonstrated to the 
minister. The net is o when an acoustic signal 
triggers the release of a bolt, thereby enabling scientists 
to collect samples from only one depth. Most of the 
biological work of the institute is concerned with the 
ecol of marine animals, though work is also being 
carried out on of animal migration, especially 
in the vertical plane. 

The evidence for continental drift in the eastern 
North Atlantic is now quite well established, but prob- 
lems still remain. One interesting theory is that the 
Bay of Biscay resulted from the anticlockwise rotation 
of Spain. These and similar theories are being investi- 
gated in conjunction with university departments. 


Defence Research 


Inpustey should play a much greater part in the 
penis and running of defence research. This recipo 
Or success WAS ted to the Select Committee on 
Saience and T logy by the body most likely to 
benefit from its adoption, the Confederation of British 
Industry. The witnesses from the CBI, headed by Sir 
Denning Pearson, the new chairman of Rolls-Royce, 
that research was carried on in government 
establishments under “grossly exaggerated i 
conditions”. Later, though, Sir Denning seemed to 
turn the argument on its head by oritioizing the way 
in which the work on carbon fibre remforced plastica 
at Farnborough had been published rapidly (in Nature). 
“Early publication undoubtedly alerted the world,” 
he declared, but that the was done 
not so much by the content of the paper as by the 
evidence it gave that Farnborough was hard at work 
on the new material. 
The present system of doing defence research, Sir 
img said, was oomplicated, and led to delays. 
In a bleasedly short memorandum, the CBI picked out 
the “interwoven committee structure” of the j 
of Defenoe for particular oritiaiam. Projects should be 
managed by a single man, with full financial respon- 
sibility, though the CBI ized that this might be 
difficult to organize m the Civil Service. Sir Denning 
thought * that the difficulties of recruiting talented 
project managers had been exaggerated—Rolls-Royce, 
he said, always to find them? He went on to 
suggest that, in Britain, an mdustry’s ability to com- 
pete internationally could be graded on the basis of the 
ratio of research work in the industry to that in govern- 
ment establishments. Too often, he said, outs in the 
strength of the armed services had not been matched 
by similar cuts in the establishments. “There must be 
room for substantial cuts,” he said. But establishments 
had a life of their own, and were very difficult to reduce 
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in size because all the staff ware permanent. Like other 
witnesses, the CBI was all m favour of making it 
easier to transfer from establishments to industry, and 
said that “a real effort should be made to simplify 
the transfer”. 

The CBI was also critical of the procurement of 
defence oa ment. The witnesses were particularly 
oritical of the specification written for a transport 
aircraft, under the code number 681. This had been 
so stiff that no British manufacturers had been able to 
produce a low price. As a result, according to the CBI, 
the RAF had then gone to the United States, and 
bought an aircraft which fulfilled none of the require- 
ments. But the burden of the argument was summed 
up by Sir Denning himself—‘‘Research is better done 
m Industry because it is done better there,” he said. 
Coming from the chairman of one of Britain’s most 
successful companies, the statement carried weight. 


Sloan on Sclence 


Sinon 1934 the Alfred P. Sloan Foundation has been a 
major supporter of projects in the fields of science 
research and science policy, engineering, education and 
cancer research. In the 1967 annual report, Mr Everett 
Case, president of the foundation, stresses that ‘the 
general-purpose foundation has asserted that ita role is 
not the alleviation of human suffering or want, but 
rather the support and acceleration of the search for 
new knowledge which may expose their root causes’. 
In spite of the general and increasing alarm, especially 
during the past year, over the growing racial and urban 
problems facing the United States, Mr Case considers 
that such organizations as the Sloan Foundation must 
not alter their programmes with every “‘change of the 
wind”. “In any stampede which threatened the healthy 
diversity of major foundation programs, the social 

ins would be minimal as compared to the probable 


But this is not to say that the foundation is 
oblivious to the present social problems; it is, in fact, 
supporting a number of ie asa designed to help 
Negro oolleges and studente. The foundation has 
already contributed one million dollars and has 
authorized another million for matched-grant offers to 
a number of southern Negro colleges—23 in 1965, 30 
in 1967—-which are members of the Cooperative College 
Development Program. The programme is an attempt 
to encourage the colleges’ fund-raising ability, both 
from alumni and the community, and from mdustry, 
foundations and government. Since the programme 
began, all twenty-three oolleges have designated 
development officers and “efforts are now under way to 
involve academio deans and faculty more closely in 
p'anning for the total development, academic as well as 

cial, of each institution”. The foundation is also 
helping to support the School of Business Administra- 
tion at Atlanta University, the only Negro te 
business school in the United States, and National 
Medical Fellowships, Ino., which assiste qualified Negro 
medical students. 

In more traditional areas, the foundation contmued 
ite mo support—$1-4 million a year—of basic research 
and the science and ineering departments in & 
number of universities. The foundation is becoming 
more interested in the social problems of science-—how 
citizens may be well enough informed to make, or at 
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least understand, science policy decisions, and “the 
social, economic and human oonsequences of the 
increasing domination of modern life by science and 
technology’. In this fleld money was allocated to the 
California Institute of Technology to develop a cross- 
departmental programme, to Harvard for a new 
elementary physics course, "and to the National 
Academy of Sciences, 


Parllament fh Britain 


Fulton Report l 

Msn Haroro Wuson, the Prime Minister, made a state- 
ment to the House of Commons on the recommenda- 
tions of the Fulton Committee (Nature, June 29, 1988). 
While the rt is still being studied by the Govern- 
ment, Mr ‘Wilson stated that, broadly speaking, it 
accepted the analysis and the main recommendations 
and was prepared to embark on the process of reform 
outlined by the committee. 

Mr Wilson noted that the Fulton Report was part 
of a larger attempt to modernize Britain’s basio 
institutions; the recommendations of the Donovan 
Report on Trade Unions and Employers’ Associations 
are still being discussed and the two commissions on 
local government—Lord Redcliffe-Mand’s on England 
and Wales and Lord Wheatley’s on Sootland—will 
provide long over-due reform in an aree that is little _ 
changed sinoe the late nineteenth century. 

The three main points accepted by the Government 
were the establishment of a new Civil Service De 
ment, the setting up of a Civil Service College and the 
abolition of classes withm the Civil Service so that 
movement throughout the service will be unimpeded. 
A subsidiary pomt applauded by the Prime Ministar 
was the committee’s wish for easy two-way movement 
between the service and other fields. noomitant 
with the establishment of a new Civil Service Depart- 
ment, the report recommended that the new depart- 
ment be under the control of the Prime Minister, who 
would delegate day-to-day responsibility to a ‘‘Non- 
de ental Minister. .. who is also a member of the 
Cabinet”. Mr Wilson announced that he was appointing 
Lord Shackleton, the Paymaster General, to take up 
this position and to supervise the setting up of the new 
de ent. 

the question period which followed, the Prime 
Minister elaborated on interchange between the Civil 
Service and people and positions outside the service. 
He anticipated that the training college would be open 
to a considerable number other than civil servants and 
inted out that the report also envisaged a regular 
ow of recruits on a temporary basis from private and 
public industry, the «universities, professions, local 
overnment, finance and commerce, and a bar 
ioe of career civil servants to industry and local 
government, bearing in mind the problems that will 
be raised oonoerning transferability of pensions. (State- 
ment, June 26.) 
Violence on Television 
Mrs Sureiay Wii14mMs, Secretary of State for Educa- 
tion and Science, stated that the Social Science 
Research Couficil would be prepared to congider any 
proposals for a research project on the long term behav- 
ioural effect on viewers of violence in television pro- 
es, but added that no such project waa being 
considered at present. (Written ankwer, June 27.) 
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NEWS AND VIEWS 


Practitiéners and their Centenaries 


La a great many other British journale—Nature 
inctuded—the Practitioner has ita roots in the booming 
1860s, when the Victorians were beginning to sense 
that they had the world at their feet “and when they 
had not yet learned how difficult it would be to keep 
it there. (It is not just a coincidence that the Prac- 
titioner, like Nature, waa first published by Macmillan 
and Company.) Much of this is apparent in the centen- 
aryeissne of the journal which appeared earlier this 
week. The squat pages are splendidly adorned with 
photographs of distinguished gentlemen in moustaches, 
with the occasional nursing sister for good measure. 
The hospitals are sometimes indistinguishable from 
prisons, although there is no mistaking Harley Street. 
But if the Victoriana stimulates nostalgia, it also 
provokes a pleasing cheerfulness at this tangible proof 
of the durability of profeesional journals and, at the 
same time, a tart reminder that in this field it is no 
longer possible to leave survival to chance. 

That said, it is pleasantly ironical that the centenary 
of the journal last week should have fallen almost 
exactly on the eve of the twentieth anniversary of the 
British Health Service, celebrated in the event by a 
great wealth of politicians and doctor-politicians. This, 
too, is a welcome chanoe for asking after the condition 
of medical practice in Britain. And what has been 
learned from the experience of the past twenty years ? 
The first thing to be said, of course, is that the Health 
Service has quickly shown itself to be mdispensable in 
some shape or form. The compsssionste motives of 
those who designed the system have been entirely 
justified, and it is unthinkable that there should in 
future be a system in which people lack free access to 
medical attention simply because they cannot pay for 
it. Unfortunately, however, it is also plam that the 
quality of medicme—and of service in the sense in 
which the consumers’ associations use the term—is 
deficient in several ways. Doctors are overburdened. 
Patients are kept waiting in waiting rooms. Curing 
the sick takes precedence over preventive medicine. 
And the whole system could break down quite sud- 
denly if, for some reason, immigrant doctors decided 
to stay at home or if nurses were able to win com- 
petitive salaries for themselves. What is to be done? 
In such a complicated situation, it is obvious that no 
single remedy is sufficient. But it will be a great 
scandal if those who are this week patting themselves 
and their colleagues on the back do not take this as 
a startmg point for a thorough examination of what is 
necessary to make the National Health Service function 
well, 


Use of Tracers 


A SYMPOSIUM on radiotoxicity and laboratory control 
of tritium and carbon-14 compounds—organized by 
@ e 


the Association of University Radiation Protection 
Officers (AURPO), on behalf of the British Radiological 
Protection Association (BRPA)}—took ears at the 
University of Birmingham on Friday, April 19. A 

attendance indicated the measure of concern about 
the possible hazards of low energy beta-emitters, and 

i tritium and carbon-l4, now that they are 
bemg m rated into a very wide range of oom- 
pounds of biochemical importance. The deliberate 
Introduction into the body of, or accidental contamina- 
tion by, such compounds may lead to oell damage either 
through radiolysis or as a direct consequence of the 
nuclear transformation of the compounds. In the case 
of tritium, the latest ICRP maximum permissible doses 
to internal radiation are based on either tritiated water 
or tritium gas, and in the case of carbon-14 are based on 
carbon dioxide, and there are no assessments for any 
other compounds of these two isotopes. 

Professor D. V. Parke, University of Surrey, gave a 
concise description of the metabolic pathways of some 
compounds in current use, and he indicated how the 
use of such labeled compounds had established the 
dynamio state of all tissues with a constant 
interconversion. of the fioonam ical components. As a 
consequence, almost any ingested compound would 
be incorporated sven taali into any tissue of the body. 
A number of metabolic pathways involving inter-oon- 
versions of both nutrient and anutrient compounds 
were as illustration. The tracer technique has 
also provided valuable information about the rates of 
turnover of various compounds; these vary widely 
from a half-life of a few minutes in the case of plasma 
fatty acids to 100 to 200 days for muscle protein and 
several years for collagen. The radiotoxioology of a 
number of com was then reviewed by Mr J. 
Vennart, MRC iological Protection Service. The 
lecturer first consi the ity factor for low 

beta radiation, and although the ICRP recom- 
mendation is for value of 1-7 for maximum energies of 
up to 30 KeV, the peepee evidence would appear 
to support a value closer to unity. It was estimated 
that a dose equivalent of 5 rems per annum to gonads 
and bone marrow would result from an annual intake 
of 30 mCi of tritiated water. A direct experimental 
comparison with tritiated water suggeeta that tritiated 
folic acid is about twice as toxio, tritiated thymidine 
three times as toxic, and tritiated corticosteroids much 
less hazardous than tritiated water. In the case of 
carbon-14 compounds, a comparison based on energies 
suggests that the annual intakes should be about one 
ninth of those estimated for tritium. 
ing proceduressfor tritium and carbon-14 are 
complicated by ths low energies of the beta rays and this 
is especially true for trittum; the relevant procedures 
were surveyed by Mr E. W. Jones, UK AKA, Aldermas- 
ton (airborne contamination), Mr W, F. Bland, MRC 
Radiological Protection Service (surface contamination), 
and Mr N. A. Taylor, UKAEA, Aldermaston (biological 
monitoring). It was suggested that there would be no 
requirements for air monitoring at the tracer level of 
use, but that acute exposures of short duration might 
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arise from tritium gas and would require an alert moni- 
tor such as a flow-through ionization chamber, strategic- 
ally sited. Chronic exposure problems could arise in 
water moderated reactors, luminizing workshops and 
certain. laboratories, and biological monitoring was then 
probably the best system. Certam sir sampling pro- 
cedures involving water bubblers for tritiated water, 
condensation traps for tritiated water and carbon di- 
oxide, and absorption on to molecular sieves could be 
used as the basis of fairly sensitive detectors for air 
contamination The measurement of surface oon- 
tamination caused by carbon-14 presented no technical 
problems, but there were grave problems in assessing 
accurately tritium contamination when it was necessary 
to rely either on smear sampling or on an ionization 
chamber held close to the surface to detect volatile 
surface contamination. 


Liquid Hellum 
from a Correspondent 


Tua Low-Temperature Group of the Institute of 

Physics and the Physical Society combined its annual 
eneral meeting on June 18 with a series of papers on 
iquid helium. 

A. J. Leggatt (University of Sussex) discussed 
the A transition in liquid helium. He reviewed the 
experimentally observed behaviour of the statio pro- 
perties in the oritical region and basic theoretical 
ideas about the nature of the superfluid phase. The 
temperature dependencies of the superfluid density, 
intrinsic critical velocity and specific heat could be 
plausibly related by considering the idea of a oor- 
relation length tending to mfinity at the A point. 
However, there is at present no satisfactory miaro- 
scopic explanation of this assumed temperature 
de ence. 

fessor W. 8. Vinen (University of Birmmgham) 
continued by reviewing what is known about oritical 
velocities in liquid helium Il. He described the forma- 
tion of vortices and discussed their role as nucleation 
centres. Subsequent discussion compared the oritical 
conditions in type 2 superconductors with those in 
superfluid helium. Comparisons were also made between 
the generation of vortices in superfiuids and the gener- 
tion of dislocations in solids. 

Dr J. Tilley (University of Sussex) gave the last 
morning paper on liquid helrum films. He discussed 
first the general properties of saturated films and 
established that several different flow rates can occur 
at the same temperature, generally falling from a high 
to a lower value. Evidence has been found that flow 
rates may be quantized although the magnitude of the 
rate “quantum” is such that only quantum numbers 
from 9 upwards have been detected. The mechanism 
limiting superfluid flow through a film is not under- 
stood. Quantization of rates strongly suggests that 
vortex production is involve. In pnsaturated films, 
effecta which arise purely from the smaliness of one 
dimension have not been uniquely identified. Atten- 
tion has been fixed rather on the surface and what 
happens near to the wall. Brewer's experiments indi- 
cate that surface excitations contribute significantly 
to the specific heat of unsaturated films, and their 
existence may also explain the difference between the 
superfluid onset temperature and the temperature of 
the specific heat anomaly. There is new theoretical 
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and experimental evidence for mobility of 
atoms adjacent to tho substrate challenging the idea 
that the layer of atoms next to the wall must be 
“aolid’’. 

The meeting continued after lun&h with papers by 
Drs L. J. Challis and R. A. Sherlock (University of 
Notti ) on Kapitza thermal boundary conduct- 
ance. Challis reviewed the present situation show- 
ing that the Kapitza conductance predicted by the 
Khalatnik ov theory of phonon transition is too small 
and has the wrong dependence on @p. He suggested 
that perhaps a further explanation would be the con- 
tinuous adsorption and de-adsorption of atoms on. the 
surface. In di mg the size of the electronic com- 
ponent arising through interaction between electron 
and surface waves, Dr Challis concluded that vehile 
the conductance is probably negligible for a free electron 
ay above 0:01° K, for a real metal it may be measur- 
able. 

Dr Sherlock described measurements of Kapitza 
thermal boundary conductance to lead in the normal 
and su nduoctive states in the temperature range 
1°-2° K. The normal state values were in essential 
agreement with those obtamed by other workers. The 
final paper was given by Dr D. J. Sandiford (University 
of Manchester) on superfluidity in helram*—helmm‘ 
mixtures. He described the basio properties of the 
heltum?-heliam‘ mixtures and discussed in detail the 
advanoes made in the understanding of the phase 
diagram during the past ten yoars. 


Serum Lipoproteins 
from a Correspondent 

AN International Workshop of Serum Lipoproteins 
was held on May 10-12 at tho University of Gnako. 
The meeting, attended by about forty participants, 
was intended to encourage exchange of ideas among 
investigators actively engaged in research on serum 
lipoproteins and related subjects. 

Interesting new data were presented on the analysis 
of very low and low density lipoprotems of human 
serum by density gradient ultracentrifugation tech- 
niques. Computer programmes can help to give a 
better definition of the various components within each 
lipoprotein class. A major emphasis was placed on 
methods of isolation and characterization of the protein 
moieties of human serum low and high density lipo- 
proteins (LDL or HDL). According to the results from 
various laboratories, these protems can be prepared in 
an essentially lipid-free form and solubilized in aqueous 
buffers in appropriate experimental conditions. Dats 
were presented to support the view that these proteins 
have a subunit structure, although size and chemical 
properties of each protein were not clearly defined. 

The discussion on the human serum HDL protein 
subunit was particularly extensive. Estimates of moleco- 
ular weight varying between 15,000 and 31,000 were 
presented and so was evidence for their heterogeneity, 
obtained by studies of their amino-acid composition, 
studies of C-terminal amino-acids and genetic studies. 
Some particularly interesting data indicated that HDL 
protein, deprived of ite lipid moiety by treatment with 
organic solvente, retains its capacity to bind lipids. This 
is readily demonstrated with ee a and to a 
lesser extent with free cholesterol gnd glycerides. The 
two techniques of relipidation taken into consideration, 
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one using aqueous dispersion of phospholipids and the 
other lipids lved in petroleum ether, did not allow 
for the complete reconstitution of the original lipo- 
protein complex. 

Various approaches to the study of the structure of 
serum lipoproteins or of lipid-protein oomplexes in 
general .were analysed in some detail from both the 
theoretical and experimental standpoints. Useful tech- 

include optical rotatory dispersion, circular 
adie, nuclear magnetic resonance, fluorescence 
py and electron microscopy. Complementary 
information was also provided by studies using mono- 
layer techniques. m the biolgteal standpoint, 
immunological evidence was presented for the existence 
in ciroulating blood of a lipid-free or a lipid-poor form 
of law density lipoprotein protein. The observation 
that lipoprotem-frep sera contain an 4 sips 
cue Unde coe rigid Heart when oir- 
ugh the liver was also interesting. Initial 

purification steps of this product were also reported. 

The problem of the biosynthesis of plasma lipo- 
proteins was discussed in detail and newer findings 
presented on the mode of formation of these maoro- 
molecules in. either cell-free systems obtained from rat 
liver or apparently intact liver cells. Although the 
~ results clearly indicated that synthesis of the lipo- 
protein occurred under the experimental conditions 
used, no definitive conclusions could be drawn oon- 
cerning the temporal relationship between the pro- 

ceases of protein and lipid biosynthesis. Thus the 
uenon as to whether circulating a ga are have 
intracellular counterparts remain largely un- 
answered. 


Classification of Bony Fish 


A waw detailed study of the classification of bony fish 
has recently appeared (Hvolution of Branchiostegals and 
aga of T'eleostome Fishes, National Museum of 
Bulletm 221 (Biol. Series 77 ), 1968). The 
author, Dr'M. E. McAllister, has based his study on 
the variation and evolution of two character complexes: 
the branchiostegal series (branchiostegals and, to a 
lesser extent, the related operculars and gulars) and 
the middle hyoid arch elements eroria epihyal, 
ceratohyal, and hypohyal) on which they may insert. 
Branchiostegal counta have been used in fish taxonomy 
for a long time, but vary few have been en a wide scale 
and similacly it it seems that very few broad comparative 
Studie have been made on the hyoid arch in fishes. 
MoAllister’s study is certainly wide ranging: thirty-six 
orders, more than 245 of the 402 living families, more 
than 335 species, and 700 ens were examined. 
ho a a a a UR oar e S 
families. In all, data are aocumulsted both from 
_MoAlister’s own work and from the literature on 514 of 
the total of 559 living and fossil teleostome families. 
The number and form of the elaments of the branshio- 
series and of the hyoid arch are defined, desaribed 
depicted. The phylogenetic implications of these 
character complexes were then tested against other 
taxonomic characters, and changes in the classification 
of teleostomes were made where n Tn other 
cases, the existing classification or previous classifica 
tioks were reinforced. 
Tt was found that the branchic series and hyoid 
cant. Forms with 


arch were systematically very 


11 


a large number of branchiostegals were found, with a 
few exceptions, to be primitive. Usually it is the 
anteriormost branchiostegals that are lost. Forms with 
R PREE lr etc E gt Er 

tive than those with gill membranes united 

from the isthmus or those with gill membranes joined 
to the isthmus. Primitive teleostomes have only «4 
single hypohyal; advanced ones have two (but some 
advanced ones lose one or both). The presence of 
median and lateral gulars or of gular folds is primitive. 
MoAllister also found that the interoperculum and 
apparently the epihyal are absent in primitive teleos- 
tomes, 

On the basis of the structure and arrangement of 
the two character complexes, McAllister that 
the Teleostomi should be divided into four subclasses: 
aren Ak Ge Crossopterygii, Dipneusti, and Brachio- 

ough the last is not aa distinct as the 
aa He also that the three cipal 
supraordinal grou ondrostei, Holostei and Teleos- 
tei—should be retained although with some modifica- 
tions of the included orders and of their definitions. 
The Teleostei themselves are divided into two groups, 
the Malacopterygii and the Avanthoptergn, and several 
changes in the constitution and characterization of 
these two groupe are made. 


Chromosome Replication 
from our Microblology Correspondent 


Tua study of DNA synthesis and ita relation to cell 
division in bacteria has been a fasainating development 
in microbiology over the past few years. Some of the 
most notable recent contributions in this field have been 
made by ©. E. Helmstetter and his associates in 
Buffalo. Using the inhibition of DNA synthesis and 
the capacity of mduced enzyme synthesis for his 
experimental roach, Helmstetter has illuminated 
further the Ae OEE between chromosome replica- 
tion and cell division in Hacherichia coli Bjr. 

Two features of DNA synthesis occurring between 
successive cell divisions in exponentially growing E. cols 
Bjr are a doubling in the number oi dino sen 
termini and a doubling of the DNA content (Cooper, S., 
and Helmstetter, C. E., J. Mol. Biol., 31, 519; 1968). 
Only very rarely do these two events coincide. In 
Helmstetter claims that rounds of chromosome replica- 
tion end at least 20 min before oell division, whereas 
DNA synthesis may proceed at existing or new 
replication points during this interdivisional stage. 
Helmstetter and Pieruoci (J. Bact., 95, 1627; 1968) 
have made a further test of this conclusion by inhibiting 
DNA synthesis with antibiotics (mitomycin O, nalidixic 
acid) or ultraviolet light and then following the sub- 
sequertt extent of division. They postulate that if the 
completion of a round of chromosome replication is 
both a recessary and sufficient condition of DNA 
a for cell divisiom, then inhibitmg DNA syn- 

egis before this eVent should block division. Inhibit- 
ing DNA synthesis after this event should, by contrast, 
have no effect on division. The resulta of this investi- 
eona were fully consistent with the hypothesis; when 

NA synthesis was inhibited in a culture, cell division 
continued until each cell contained a single nucleoid. 
Exposure to any of the three agents immediately 
stopped SH-th incorporation, whereas cell 
division continued for. about 20 min, 
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It has been accepted for many years that replication 
of the chromosome in Æ. coli proceeds from a single 
point sequentially around @ continuous genome. The 
replication origin is generally consid to be inde- 
pendent of the integrated F factor in Hfr strains and 
to be fixed in F- strains, A number of independent 
studies strongly suggest that the replication origin is 
frequently located in the 6 to 9 o’clook sector of the 
genetio map of E. colt. Helmstetter’s approach to this 
question has been to measure the initial rates of 
induced enzyme synthesis (tryptophanase, B-galactosi- 
dase, D-serine deaminase) in relation to the chromo- 
some replication cycle (J. Baci., 95, 1634; 1968). The 
rationale of this approach is based on the substantial 
claim that the rate of synthesis of an enzyme is related 
to the number of copies of ita structural gene in the 
cell The rates of induced synthesis of the three 
enzymes increased sharply 4, 20 and 34 min, respec- 
tively, after the start of a round of replication (the 
latter defined on the basis of *H-thymidine incorpora- 
tion to last for 40 min). When these data were matched 
with the ind, lac and Dad looi of the genetic map of 
strain K-12, an estimated position for the replication 
origm at about 8 o'clock was possible. Helmstetter 
noted also that new rounds of replication were initiated 
before the previous round was completed in rapidly 
growing populations, a phenomenon discovered pre- 
viously in Bacillus subtiss. Thus, in cella which have 
overlapping rounds of replication, the sequence of 
increased. ap ap inducibility will differ from the 
sequence on the genome. For example, since trypto- 
phanase maps 4 min from the origin and the deaminase 
7 mim from the terminus, the enzyme sequence is 
altered in cells in which replication rounds overlap by 
11 min or more. 

At the present time Helmstetter depicta the oo- 
ordination between chromosome replication and cell 
division in Ë. cols Bjr as: (1) replication initiated at & 
fixed point on the genome (8 o’clook); (2) replication 
time of 40 min or more; (8) at the end of replication 
a triggering of oell division (20 min or more). As & 
result, the rate of cell division is intimately linked to 
the frequency of initiation. 


Following Infections Chemically 
from our Medica! Blochemlstry Correspondent 


Taa usual diagnostic techniques of bacteriology and 
virology are slow and it would often be useful to have 
icker methods of ee the progreas of an infec- 
tion so that, when the intecting organisms become 
resistant to the drugs used, treatment can be o 
as quickly as ible. In patients with chronic bron- 
chitis, the DNA content and lactate ree eas aa 
(LDH) activity of the sputum have recently beer found 
to be reliable early indications of the presence of infec- 
tion. (Burgi, Wiesmann, Richterich, iand Medici, 
Brit. Med. J., ii, 654; 1968.) 

In chronio bronchitic patients, when there was in- 
flammation the DNA concentration of the sputum was 
high, between 2-9 and 8-7 mg per mi., whereas when 
there was no evidence of inflammation the DNA oon- 
centration varied. between 0 and 2-05 mg Nase rml. There 
was also a significant difference in H activity 
between the two groups, but there was also more over- 


lap between the groups. When Birgi e al. rien elie 
the isozymes of LDE by electrophoresis they found 


NATURE, YOL 219, JULY 6, 1968 
there was a great difference between the two groups. 
In the sputum from inflammatory secretions the 
isozymes were mainly types 4 and 5, suggesting that the 
activity came from leucocytes or possibly muocosal 
cells. When there was no inflammation there was 
often no LDH activity in the sputum, but if there was 
activity it was mainly i es 1-3, which ase those 
found in normal serum. en the infections were 
treated with antibiotics, both DNA and LDH in the 
sputum fell as¢he infection responded. LDH seemed 
to be the more sensitive mdicator, as the measured 
aotivity fell the day before a fall in DNA concentration 
could be detected. On relapee the LDH activity also 
proved to be the most sensitive mdicator of the 
emergence of drug-resistant bacteria. The LDH 
activity rose before the DNA concentration eand 
several days before any clinical signs of a return of 
infection. 

The work of Mitruka, Alexander and Carmichel 
(Sctence, 160, 309; 1968) on some viruses infecting dogs 

that it may soon be ible to O86 BB 
well aa to follow the progress of infections by detection 
of metabolites in the serum. They examined by gas 
chromatography the volatile components of the serum 
in 11 dogs before and after infection with canine 
infectious hepatitis virus. In 10 out of 11 dogs a now 
peak with a retention time of 420 seconds was prosont 
m the first sample taken after infection (the 
appeared in the second sample in the eleventh dog). 
eak was present in all the serum samples after 
infection in the dogs which died, but began to disappoar 
about the seventh day in the dogs which recovered. 
The dogs which died were also ed by the 
appearance of a second peak with a retention timo of 
1,380 seconds, which was never seen in any sample from 
the animals which recovered. 

To compare the effects of different viruses, they 
inoculated dog kidney oells in tissue culture with the 
hepatitis virus, stram F-205 of the canme herpes virus, 
the Rockborn strain of the canine distemper virus and a 
perainfluensze virus (resembling simian virus 5). They 
found nine new components in infected cultures which 
were not present in non-infected cultures but which did 
not appear to be specific. More interesting was the 
discovery that each virus gave rise to some new com- 
ponents which were unique to that virus. Cultures 
containing the hepatitis virus gave the same compounds 
with retention times of 420 and 1,380 seconds which 
were found in the whole animal experiments. Tho 
herpes virus gave 4 new peaks, the distemper virus 3 
and the parainfluenza virus 2, which seemed to be 

ique to the particular virus. Obviously much more 

to be known about how iflc these compounds 
are a8 indicators of infection, but, if they are unique, 
gas chromatography of serum metabolites could give 
very rapid diagnoses. Estimation of the quantities of 
metabolites t in the serum might also be a useful 
means of following the eres of infections and the 
results of therapy. 


Biological Macromolecules 


* from a Correspondent 


A symposium entitled ‘Interactions between Subunite 
of Biological Macromolecules” and sponsored by the 
Commission on Molecular Biophysics of the Interna- 
tional Union for Pure and Applied Biephysics was held 


è 
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from June 24-27 at Cambridge (England). The speakers 
dealt with three major topios: the structure of macro- 
molecular aggregates, the interactions responsible for 
their formation and the relationship of ther structure 
to their function. 

The meeting was opened by M. F. Perutz (MRO, 
ome who described the latest results on haemo- 
pe new 28 A Fourier synthesis of horse oxy- 

oglobm has led to the elucidation of the regions 
of subunit contact in the molecule. It appears that 
haem-haem interactions occur through these regions. 
Two other oxygen carrying proteins were discussed. 
Evidence was presented that in subunit 
clic is an all-or-none phenomenon (I. M. Klotz, 
orthweetern University). An electron microscopic 
confparison of haemocyanins from several species of 
both Mollusca and ‘Arthropoda was made by E. F. J. 
van Bruggen (University of Groningen). Within phyla 
the haemocyanins have clearly related quaternary 
structures; across the two phyla no such relationship 
ap to exist. 
ultienzyme complexes were the subject of the 
second seesion of the symposium. F. Lynen’s group 
(Max-Planck Institut, Munich) has crystallized the 
fatty acid synthetase complex from yeast. The Æ. colt 
ee synthetase complex is subject to an unusual 
orm of control. E. R. Stadtman (National Institutes 
of Health, USA) reported the existence of an enzyme 
system in Æ. cok whioh adenylates and deadenylates 
the complex, ing to marked alterations of its 
sensitivity to feed inhibition. 
Mesi ie rg of viral coat construction were sum- 
by A. Klug (MRC, Cambridge), who then 
described the Fourier techniques devised by this group 
for the three-dimensional interpretation of electron 
micrographs. An example of the application of these 
methods was provided by E. Kellenberger (University 
of Geneva), who used optical diffraction to analyse the 
different forms of eead which appear in oells 
infected with amber mutants of the phage T'i. The 
problem of phage head construction has advanced to the 
point where the roles of different genes in determining 
the final structure can be described. The main struo- 
Tn Bh in cannot form a proper head without the 
other gene products. ter in the symposium, 
M. y (Rockefeller University) presented an elegant 
series of micrographs showing T, phage tail in all stages 
af contraction between fully extended and fully oon- 
tracted. On the basis of these pictures, he proposed a 
model for the alterations in quaternary structure 
accompanying contraction. 

H. G. Pereira (National Institute for Medical 
Research, Mill Hill) has prepared of the 
hexagonal protein tes which are found in the 
coats of adenovirus. Upon further discussion of icosa- 
hedral viruses, three general points emerged. First, 
icosahedral viral coats will form spontaneously from 
subunit protein. Second, icosahedral shells will form 
around a wide variety of non-homologous nucleio acids 
as well as the normal species and also in the absence of 
RNA. Third, Schramm’s group has evidence for con- 
formational changes oocurring when viral shells are 
formed from subunits. . 

An entire session was devoted to TNV. A 10 Å 
Fourier of the intact virus has been produced by the 
MRO group at Cambridge (K. O. Holmes); a higher 
resolution map should be obtainable in the near future. 
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J. T. Finoh presented Fourier syntheses of a stacked 
disk structure formed by TMV protein in the absence 
of RNA and of a helical variant of this structure. 


M. A. Lauffer’s p (University of Pittsburgh) has 
evidence that protein aggregates by formmg 
hydrophobic bonds. Electron microgre of the 


striking tea formed by the coat protein of 
mutant strains of TMV were shown by A. Siegal 
(University of Arizona). 

The final day of the sympostum was devoted to 
muscle and other motile systems. Evidence from 8. 
Lowey and her colleagues (Children’s Cancer Research 
Foundation) and A. Stracher’s group (State University 
of New York Downstate Medical Center) strongly 
supports the view that myosin is basically a two cham 
structure of molecular weight 500,000. or three 
small chains (20,000 daltons) associate with the two 
major chains. The small chains are required for 
ATPase activity; they can be reversibly dissociated 
from the main eae P. Johnson and 8. V. Perry 
(Oxford) reported their chamioal evidenoe for believing 
that the a weight of the actin subunit is 45,000. 
During the discussion of the polymerization of bacterial 
flagellin to form flagella (H. Koftler, Purdne University; 
S. Asakura, Nagoya University), A. Klug showed with 
a model that if flagellae are stressed structures, amall 
perturbations at their proximal end would suffice to 
produce their observed motion. 


More lac Repressor 
from our Cell Blology Correspondent 


Oxa of the major obstacles which has hindered further 
characterization of the H. cols lao operon repressor 
molecule is the difficulty of isolating enough of the 
protein to use in experiments. The lac repreasor genes 
normally function at an extremely low rate and 
individual wild-type Æ. colt cells contain only about 
5-10 molecules of re r. Mfiller-Hill, Crapo and 
Gilbert (Proc. US Nat. Acad. Scs., 59, 1259; 1968), 
however, have now constructed mutant strains of 
E. cols which make much greater amounts of repressor. 
One such strain makes 0-5 per cent of its total protein 
as lac repreasor and as a result the way is open for 
isolation and complete characterization of this molecule. 

Mialler-Hill e al. used a combination of two genetic 
approaches to construct the over-producing mutants. 

irst they isolated mutants of the « gene itself (the + 
gene is the structural gene for the repressor) by forcing 
temperature sensitive repressor mutants, which are 
constitutive at 43° O, to revert to an inducible pheno- 

at 43° O. Binding experiments with prove 
t these revertant strains are in fact making about 
ten times more repressor than wild type. On the other 
hande complementation experiments tm vivo and 
binding experimenta in vitro with lac operon DNA 
indicate ‘that the made by these strains 
containing the mutated » gene (if, q for quantity) has 
five-fold lees affinfty for ie operator’ site of the lac 
operon DNA. As far as characterizing the structure and 
function of the repreasor is concerned, however, this 
is of little importance. 

What is the mechanism of the +7 mutation, why is 
the #7 gene more efficiently transcribed or translated ? 
The most likely, but not proveń, explanation is that the 
44 mutants have a more efficient promoter than wild 
type. Perhaps RNA polymerase binds more efficiently 
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to the +7 gene. This interpretation is supported by 
mating experiments which show that 19 ie ta off g 

idase thesis about seven times more 
effectively than does wild type. 

Having obtained i? mutants, Maller-Hill, Crapo and 
Gilbert imoorporated the s gene into an inducible 
derivative of prophage ¢80-2. This prophage łyso- 
pa cells and can be induced but it is lysis defective. 

by inducing the prophage the number of #7 gene 
copies per cell can. be increased several handed fold, 
and the net effect is a strain of Æ. colt which makes 
0-5 per cent of ita protein as lac repressor. 

Riggs and his collaborators (J J Mol Biol., 84, 361 and 
365; 1968) rene saree of Gilbert and Müller- 
Hill’s origin cedure for isolating lac repressor. 
They have ee ed two additional column chromato- 
graphy steps at the end of the procedure which they 
claim increases the purity of the repressor. They 
confirm with these repressor preparations that the 79 
repressor (molecular weight 150,000) is a polymerio 
molecule (their best estimate of the subunit molecular 

eeu is 40,000 to 50,000) and that the repressor 

to the operator region of lac operon DNA. 


More Tinkering with the Ribosome 
from our Molecular Blology Correspondent 

Nomura and his collaborators have now extended their 
earlier observations on the partial removal of proteins 
from both 50S and 308 particles and on the effects of 
depriving the ribosomes of selected groups of these 
proteins. It will be recalled that by centrifugation in 
a caesium chloride density gradient, the 308 and 508 
ribosomes of E. cols become transformed, through loss 
of protein, into 238 and 40S particles which are 
functionally inactive. Moreover, as also previously 
reported, the removable proteins from each subunit 
may be fractionated mto two groups, one acidic and 
the other basic, only one of which is mdispensable for 
restoration. of activity. 

Traub and Nomura (J. Mol. Biol., 34, 575; 1968) 
now describe these experimenta in greater detail. 
When the acidic proteins of the 505S particle are not 
replaced there is no poly-U dependent phen 
incorporation, whereas restoration of the Ee pa group 
alone leads to partial restoration of activity. For the 
small subunit of the ribosome, however, it is the basic 
proteins which are essential both for phenylalanine 
incorporation and binding of phenylalany]iRNA. The 
proteins from the 30S and 508. subunits are not 
interchangeable. This work thus demonstrates that 
particular proteins have specific functions, oe 
whether these consist of direct participation in t 
steps of protein synthesis or in defining the conforma- 
tion of the particle is not yet obvious. 

In a second paper (Traub, Söll and Nomura, ibid., 
595), further aspectes of the activity are Considered. 
Thus, the 235 particles with the bgsio protein fraction 
added back dre also partially active in polypeptide 
synthesis directed by a natural viral messenger, as well 
as in binding formylmethionyl-t-RNA in the presence 
of the initiation oodon. More particularly, Traub eż 
al. have investigated the nature of the stimulatmg 
effect of the other (acidic) group of proteins: it turns 
out that the total number of messenger-directed ‘RNA 
binding sites in a solution of the icles is Increased 
by addition of this fraction. use it may be 
supposed that no new types of binding sites are created, 
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it follows that in the absence of the acidio proteins, a 
proportion of the ribosomes are in an inactive conforma- 
tion. The authora infer the existence of several 
conformational states of the ribosome, but the simplest 
explanation is that the particles are in equilibriam 
between. the active (native) *state and one which is 
inactive (and probably partially disorganized), so that 
the acidic proteins serve to stabilize the native form. 

Another interesting observation is that the fidelity 
of translation of the code is unaffected in the less active 
particles. It seems to have been generally accepted 
that the several chemical agents which cause massive 
misreading, with incorporation of the ‘‘wrong’’ amino- 
acids, fanction by virtue of some insalubrious effect 
on the structure of the ribosome, though nothing has 
ever been directly observed. This effect, if it ex 
must evidently be highly localized for it is not re repro- 
duced in the much more altered particles depriv 
a substantial proportion of their proteins. 

A tbird paper (Nomura and Traub, ibid., 609) 
contains an im t stoichiometric study which 
shows that, by the addition of labelled proteins to 
Arar core icles, the sarre amount of protein 

specifically taken up as was initially lost to produce 
hee particles. Furthermore, if excess protein is added 
beyond the equivalence concentration, the activity of 
the ribosomes goes down, not up. This is a conse- 
quence of non-specific adsorption of the proteins, and 
is reversed by washing with 1 M ammonium chloride. 
This suggests that the recombination is quite specific, 
with each protein ae to its appointed place. 
The reassembly of the 508 particles is found to be 
instantaneous, as judged by the appearance of activity, 
but that of the 308 particles oocurs at a measurable 
rate (about 1 per minute), apparently with the forma- 
tion of an insoluble aggregated mtermediate. 

Two papers have simultaneously appeared on the 
role of protein thiol groupe in ribosome function. 
McAllister and Schweet (ii1d., 519) and Furano (Bto- 
chim. Biophys. Acta, 161, 255; 1968), using N-ethyl- 
maleimide and oxidized mercaptoethanol, respectively, 
as thiol reagenta, find that the ca 
directed binding of a specific transfer 
The binding of poly-U is unimpaired. The ribosomes 
are in no detectable way disorganized, and do not 
dissociate (in contrast to earlier observations on the 
action of p-chloromercuribenzoate). One suggestion is 
that some form of sterio obstruction of the #RNA site 
is involved, though a direct implication of the critical 
thiol group(s) in the binding site is also possible. 

Primary and Tertiary Structures. With regard to the 
report by Smith et al., which I discussed three weeks 
ago, on the seemingly astonishing differences in 
sequence between the subtilsins from two strains of 
B. subtsles,. Professor L. L. Campbell has written to 
draw attention to his work (J. Bact., 94, 1124, 1131; 
1967) on the BPN’ strain, in which he concludes that 
this is not a B. subtilis at all but a strain of a species 
which he has christened B. amyloltquefaciens, and 
genetically unrelated therefore to B. subtilis. He 
suggests that the two species have been confused by 
microbiolo and biochemists for more than twenty 

ers may now decide whether to remain in 
a state of astonishment, because these organisms are 
after all of the same genus, or to return to one of 
apathy because ett are from djfferent species. It is 
worth noting that the enzymes are functionally essen- 
tially the same, at*least in terms of specificity. 
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British Views on the CERN Accelerator 


` The British Government has decided not to participate In the 300 
° GeV project as sponsored by CERN. 


Professor B. H. Flowers s 


The following is ihs tert of a personal statement by Professor 
B. H. Flowers, chairman of the Soience Research Council, 
to the counod of CERN on Juns 20, after his announcement 
that the British Government would not participate in the 
3800 GeV project. 

4s a nuclear physicist myself, I deeply regret the 
decigion of which Js have just informed you. At earlier 
meetings of this council I have stated that British nuclear 
phyzicists considered the 300 GeV project their first pri 
ority and were prepared to endure considerable restrictions 
on their national programme in order to participate in the 
new laboratory. In our final strenuous efforts to secure par- 
ticipation we were to very considerably 
from the proposals which you have seen in our published 
documents. We were prepared, contrary to the recom- 
mendations of ECFA, actually to reduce the size of the 
British nuclear physios community. We assumed that our 
contmbution to the staff of the new laboratory would 
come primarily and voluntarily from the existing staff of 
our two national laboratories. This would have led 
automatically to a position in which one or other of our 
accelerators would have had to be closed down before the 
end of its scientifloally useful life. We were prepared for 
other unpalatable measures. In short, we were willing 
fully to enter into the 800 GeV project, while at the same 
time substantially reducing the rtion of funds 
devoted in total to nuclear physios. I hope this council 
will now understand what we meant when we said, as we 
have always said, that this project was our top priority. 
In the event we have been spared some of the consequences 
of our own proposala, but we wish it were otherwise. 

So, what of the future ? I firmly believe that European 
high energy physios is strong enough to survive one adverse 
decision. Scientafloally there is no doubt of the merit of the 
project, and technically it is well conceived. This is not 
in question, as you have already heard. At the risk of 
seeming impertinent, I must therefore say to you that I 
sincerely hope that some way will be found to go ahead 
without us, and without a long delay. It will not be the 
first time after all ! 

It will remain the policy of British nuclear physicists to 
continue to press our Government to enter the project if, 
as I hope, it proceeds. It may be that our circumstances 
will soon Improve; ib may be that attitudes will change. 
I cannot for myself believe that in the long run the UK 
will remam outside. In that profound belief our physiciste 
eee o PAT MEROV eee ey n to holp, ed 
will try to avoid taking any action whioh would make it 
more difficult for us to join in the future. 

Finally, may I say that although this has been entirely 
a personal statement it was shown to the members of the 
Science Research Council, of which I am chairman, at 
their meeting yesterday. Between them they represent & 
broad spectrum of science and technology. They wished to 
place on record, and they wished me to say so here, that 
my statement has their unanimous support, in every detail. 


Professor Sir Bernard Lovell 


As chairman of the Astronomy, Space and Radio Board of 
the Science Research Council, I have regarded the discus- 
sions on the 300 GeV accelerator with some anxiety. The 
Nuolear Physics Board share of the SRO resources has 


been nearly twice that of the ASR Board. My natural 
interest and approval of the accelerator had therefore to 
be tempered with a reservation that an t in 
this project must on no account jeopardize the limited 
projects in prospect for my own board. In the event I 
was entirely satisfied with the proposals finally submitted 
and lished in the official document (Cmd 3503, 
January 1968), and felt able to give uninhibited and 
enthusiastic support to my nuclear physics colleagues for 
this great project. 

In view of the present economic state of the United 
Kingdom there could be no violent complaint for Govern- 
ment reluctance to accept these recommendations, because 
they required special consideration in respect of the SRC 
growth rates in future years over and above those which the 
council might reasonably anticipate if there was to be no 
involvement in the project. That would have been a 
decision which all of us concerned with this could readily 
£ . However, the decision announced recently 
Was a modified proposal for nuclear phyaios in the 
Ue Yr ste Ge as cee Ce ned 
projects, the SRO would have been able to contain the 
expenditure on the 300 GeV machine within a reasonable 
growth rate. onder nea rte) ache di ag rate is 
at the lower limit of what must be regarded as an absolute 
minimom for the successful contmuation of scientific 
research inthe UK. If the Government had accepted these 
proposals, then the immediate diture on nuclear 
physics could have been lees than it will now have to be to 
continue the UK programmes m that subject. 

Therefore, I view the docision with the utmost dismay, 
for two reasons. First, an entire branch of research in 
physics of the greatest importance and significance will 
now mevitebly decay relative to world standards. 
Secondly, it seams to me that, on a Vital scientific iasue, the 
Government has taken a decision | the advice of the 
SRO, on political grounds and 
the economic consequences. If the argument is that the 
country can only engage in large scientific projecta which 
will show immediate bencfits to the economy, then this 
makes nonsense of the whole concept of the pursuit of 

ry scientific research. 

This decision, coming from a government which has 
placed so much emphasis on the future of science and 
technology, is quite bewil . Itis hard to retam faith 
In uncements about the desire for technical 

scientific collaboration. Worst of all, it raises for the 
first time a most vital issue of ciple as between the 
political bene me eee a 
many of us to give deep thought to our future action. 


Professor A. R. Bishop 


Tan decision to withdrs British participation in the 
building of @ Eurepoan 300 GeV aodlurptce for rosoarch 
In high energy physics will have consequences reaching far 
beyond the immediate threat to a great international 
project. It raises doubts in the minds of thoee scientasts 
who have contributed liberally of their intellectual 
energies to the exhaustive study of the project, of the 
utility of such an immense effort when their unanimous 
advice is ignored. The Councu for 8cientifle Policy, the 
Science Research Council and the Science Advisory Com- 
mittes to the Cabimet all favoured the schame. From 
whom else in the country is it reasonable to expect sound 
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advice on a coherent policy for the continuing finance of 
work m pure science? It could well be that future his- 
torians will single out such decisions as the markers of a 
new era of mental stagnation, the Dark Ages of the 
twentieth and twenty-first centuries. What is threatened 
with extmcotion when the needs of pure science are lost 
might of is the continuance of a human adventure in 
thought which in the pest century alone has wrought 
more change than happened in all previous times. The 
extraordinary technological expansion of recent history, 
which ironically with its topical emphasis on cost effective- 
ness in investment is the main reason for the disputed 
decision, took place only because of a fresh attitude of 
mind which was leas cultivated by previous civilizations, 
themselves in any case already adorned with valuable 
technologies. This revolutionary viewpoint was the 
pursuit of knowledge for its own sake, that is without 
immediately predictable tangible reward. The substance 
on which technology draws its inspiration for develop- 
ment is the body of knowledge constituted and enlarged 
by activity in pure science. Stop that enlargement and 
technology will ultimately stagnate. 

Of course the new project is an expensive one, which is 


why no single European nation can go it alone. But 
the British contribution was to be found ially by the 
phasing out of existing domestio faclities. Plans for 


improving these do exist, but the remarkable fact is that 
the majority of high energy physicists were agreed to 
substantial sacrifices in that direction m favour of the 
International project. Same reserve is felt, however, 
about the extent of that sacrifice by those nuclear physi- 
cists working in nuclear structure research. Nacioar 
structure physics is the study of the Ashe wader of nuclei, 
poe Pe ee e properties of sub- 
nuclear particles. It is fashionable to say in the preamble 
to proposals for sa high energy machine, to justify the 
expenditure of publio money, that understanding the 
sub-nuclear particles is & isite to understanding 
the structure of nuclei. tt is true that it might help, 
but in much the same way as knowledge of the 
Schrédinger equation helps the chemist to understand the 
structure of matter. He still needs his laboratories 
to solve the practical problems which in principle are 
“understood”. 

Nuclear structure research is oarried out principally by 
university teams with means that are modest in compari- 
son with high energy accelerators but expensive when 

with the apparatus of chemistry, biology, non- 
nuclear physics and other scientiflc disciplines. The 
machines invented by the nuclear structure physicist, how- 
ever, are, within a decade or two, the advanced tools of 
workers in those other sciences, and the same pattern can 
be expected in the future. In this country about 10 per cent 
of the budget for nuclear physics is devoted to nuclear 
structure work, compared with the proportion mamtained 
by the other nuclear powers of about 35 per cent. Here 
again the British effort is outstripped by the developments 
elsewhere, even when the return on investment is caloul- 
able with greater precision in furthering the ends of 
nuclear structure research and of other sciences. Thus the 
new electron linear accelerator at Glasgow takes its “place 
on & world scale after projects constructed or under con- 
struction in France, Italy, Germany, Japan, Cafiada and 
the United States. The proportion of 10 per cent of the 
nuclear physics b is too low tô permit even the 
planning of an accelerator for producing beams of pi- 
mesons for nuclear structure dies: and places in doubt 
the construction of the next generation of electrostatic 
generators for similar purposes. 


Professor C. C. Butler 

Tua construction of the 800 GeV machine was clearly 
recommended as first priority for Europe as long ago as 
1963 by a representative committee of European physicists 
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set up under the name of the European Committee for 
Future Accelerators. Since the first ECFA report, 
design work on the project has progressed steadily at 
CERN with the aid of experts from many countries. Time 
paed without a decision from r and, conse- 
quently, ECFA. was reconvened, in 1966 to reasseas the 
project. After a very thorough consideration, a second 
report was published m May 1967. Again the European 
physicists urged the existing member states of CERN and 
others, jf they wished to join, to undertake the building 
and operation of the machme as soon as possible. They 
envisaged that the earliest completion date would be 1976 
and that a realistic asseaament showed that the project 
would cost 1,776 million Swiss francs (at 1967 prices) 
between 1967 and 1976 inoluatve. This programme would 
complete the 300 GeV machine itself and provide basio 
laboratory facilities and essential equipment for hj 
energy research. Tentatively, it expected that 
annual operating budget would 400 million Swiss 
franos (at 1967 prices) by 1981. 

From its inception, the 800 GeV project has bean cere- 
folly studied and subsequently fully supported by British 
high energy Sena After exhaustive consideration, 
the Nuclear Physics Board recommended ita parent body, 
the Science Research Council, to advise the Government 
ie Peres Naturally it was not easy to moorporate 
the British contribution, estimated to be about 25 per cent 
per annum, into the existing , which mcludes the 
British contribution to at Geneva and the national 
programme. The latter consists of university work on 
particle physics together with the essential work of the 
Rutherford and Daresbury Laboratories. Despite serious 
budget problems in ite long-term ‘forward look”, the SRO 
eventually decided, with two abstentions, to back the 
project. 

y commentators assume the project will now wither 
and die without Britain. For a machine exactly as recom- 
mended by ECFA, this will probably but m my 
view most of the member states of CERN want to prees 
on with a somewhat smaller project, without British 
participation. With possibly 70 per cent of the 
resources, & smaller machine could be built, perhaps of 
200 GeV or a bit more, which would have a potential for 
“‘stretching’’ to a higher energy later in ite useful life. The 
alternative would be for several new and, inevitably, very 
small national machines to be built. Both French and 
German physicists have been thinkmg about new 
national 45 GeV machines as well ss the mternational 
800 GeV. Clearly they should now abandon the small 
machines; indeed, there are rumours that they have done 
so already. 

No doubt the European partacle pbysiciste are dig- 
couraged and digappomted by the British decision, but we 
contend there is no need for them to abandon ther 
aspirations entirely. While things look more gloomy st the 
moment for those inthis country, the new CERN convention 
provides for states to enter a new project some time after 
tt has started. So maybe we shall eventually join; of 
course, it will not be the well-conceived 800 GeV project, 
for which we have worked so long, and there is no possi- 
bility that ıt will be built on the Mundford site in Norfolk. 
Nevertheless it would be a machine of great power which 
would permit European physicists to continue investigs- 
tions of the fundamental nature of the nucleons and of the 
strong and week nuclear forces up to the end of this 


century. 


Professor E. H. S. Burhop 

Tum decision of the British Government against participa- 
tion. in the new 300 GeV high energy accelerator in Hurope 
has spread bewilderment and a sense of let-down among 
my younger colleagues working in high energy physics. 
Research students are ioning *the wisdom of ocon- 
tinuing inthe field whjle the malaise extends also to more 
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experienced physicists who are beginning to probe round 
in other directions. I believe the most urgent immediate 
need is for a getting together of physicists to discuss the 
possibility of reversing the deasion and the measures 
necessary to preven’ a disastrous decline in morale which, 
if allowed to develop, would make it difficult to utilize 
fully even our available facilities, and could lead eventually 
to the virtual disappearance of a serious UK contribution 
to research in high energy physica. 

To my mind, the decision represents another victory 
for the philistmes who evaluate the significance of scien- 
tiflo research im terms only of short-term returns. 
Admittedly we have had to face a daunting problem m 
this country m relation to the effective industrial applice- 
tion of scientific discovery. But sufficient people have got 
the message. Hverybody is saying it, from the President 
of the Royal Bociety downwards. ‘There is danger of an 
over-reaction. Jt is much easier to make the case with the 
general publio (and with the Government) for short-term 
miasion-oriented reeearch. The case for long-term basic 
research is never won but has to be fought for stubbornly 
and patiently the whole time. 

Many committees and sub-committees of scientists 
assessed and re-asseased the case for the 300 GeV accelera- 
tor. Rarely, if ever, before has a scientific project been 
worked over so thoroughly. In the end there was virtual 
unanimity in favour of UK participation and this covered 
scientists of all disciplmes. The overriding of their advice 
must make many of the scientista concerned conclude 
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their time would have been better spent m the more 
atmosphere of their laboratories. 

The Government claimed to have been concemed 
about an imbalance between high energy physics and other 
sciences. But high energy physics needs big facilities or 
cannot be pursued at all. The same argumente will be 
available to stop expansion in other fields of big science. 
Since more branches of science will increasingly in the 
future require very large facilities for their development, 
the present threat to high energy physics is ultimately a 
threat to all science. It is true that the Governmant has a 
clear nsibility to watch oarefully the rise of expendi- 

heres, but one would not have thought the 

t level of on basic research (0-3 per 

cent of the GNP) was yet at a level that could give cause 
for concern in a technologically oriented society. 

One must hope that the other western Europeen 
governthenta will show a better appreciation of priorities 
so that western E will get ita new accelerator labore- 
tory despite the Britiah decision on non-participation. 
British participation may then eventually become possible 
when more tened men are charged with the guidance 
of our destinies at Westminster. Our present Government 
has continually paid lip-service to the role of science and 
technology in modern Britain and especially to Europeen 
scientific and technological cooperation. Is 1t too much to 
hope that even at this late hour it may at last match ite 
words with appropriate action and reverse this misguided 
decision ? 


Cold Spring Harbor Symposium, 1968 


from our Special Correspondent 


New York, June 
THa subject of this year's Cold Spring Harbor Sym 


held between. June 5 and 12, was ‘The Replication of DNA- 


m Microorganisms”, with a short seasion on RNA phage 
replication for good measure. This, the largest sym- 
posium so far, began on the day that Senator Kennedy 

was assassinated but, cocooned at Cold Spring Harbor, 
Ga ee ee 
porarily, the repercussions of that event and the outaide 
world. Such seclusion is, after all, one of the greatest 
assets and attractions of Cold Spring Harbor. 

On Wednesdsy evening (June 5), after some suitably 
sentimental speeches to mark the dedioatioh of the lecture 
hall and genetics laboratory ‘to Vannever Busch and 
Milislay Demerec, and the o of directorsa—W atacn 
taking over from Cairrs—Mese gave the opening 
address. He described some of the essential features of 
what is variously known as the rolling circle or toilet paper 
model of DNA replication, which apparently had been 
elaborated Independently by Gilbert at Harvard and Jacob 
in Paris. This model was to become one of the climaxes, 
some no doubt would sey antialimaxes, of the meeting. 
Meselson also showed a slids of a schematic drawing of the 
replicating fork of a DNA molecule covered by a fig leaf. 
More than eighty papers were presented in the subeequent 
seven days, and they amply vindicated this piece of 
modesty. About the only that is known for certain 
about DNA replication in vwo is that it is semiconserva- 
tive. 


The sym began in earnest on the next morning 
a Gece a a Gan eee 
isolated from #. cof and DNA ligase. As Kornberg, 
Goulian and Sinshetnaer last year, these two 
enxymes together ean replicate sensible DNA in. vitro (it 


does not follow that they are the replication enzymes in 
vivo). As an shot Chargaff, the chairman, began 
the session with “Ladies, Gentlemen and Autobiographers’’, 
but this levity was followed by some solid enzymology. 
A paper from Kornberg’s group reviewed the properties 
of the E. colt DNA polymerase. It is a large molecule, a 
single pol tide chain of molecular weight 109,000 
daltons, with o single disulphide bond. It does not oon- 
tain lipids, carbohydrates or nucleotides and has no 
etic group. There is a single binding site for tem- 
plate DNA and ore for the four nucleoside triphosphates. 
Apert from acting as a polymerase the enzyme can depoly- 
merizo DNA, either as an exonuclease hydrolyaing DNA 
equally well from the 8’ or 8’ ends or, by an apparent 
reversal of synthesis, it can pyrophosphorylyse the 3’ enda 
of DNA chains. 

Initiation of synthesis depends on a free 8’ OH group as 
a starter. Goulian reported that the factor in boiled cell 
extracte which has to be added to the polymerase before 
it will replicate 9X174 single stranded DNA is a short 
oligonucleotide which presumably base pairs with some 
sequence on the 9X174 single stranded circular DNA 
and presente a 8’ QH group to the enzyme and allows 
it to initiate synthesis. Without the primer the enzyme 
will not replicate ọX DNA. This requirement for a 3’ OH 
group in addition to æ template strand explains why the 
Kornberg enzyme has little affinity for double stranded 
DNA until the chams have been nicked with DNase to 
ee 3’ OH gro Even with duplex DNA containing 
sei gee the enzyme does not sensibly 

a the DNA but produces branched molecules. 
DNA the other enzyme necessary to replicate 
p174 DNA in vitro, has now been characterized by several 
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ca i The enzyme catalyses the repair of on strand 
or the circularization of DNA, for example, during 
replication of 9X 174 or the circularization of A phage DNA, 
by the formation of a phosphodiester band between 3’ OH 
groups and 5’ monophosphate groups of successive nucleo- 
tides in the DNA chain Three groups, those of Gellert, 
Lehman and Hurwitz, have shown that the enzyme 
reacts with DPN to produce an enzyme-AMP complex 
and NMN. The enzyme-AMP complex then transfers the 
AMP to the 5’ phosphate group and subsequently the 
phosphodiester band forms, liberatmg free AMP and 
enzymes. As Richardson described it, ea nner S 
T, catalyses the same reaction but uses ATP instead of 
DPN to produce the enzyme-AMP complex. 

Although the ligase and polymerase system will repli- 
cate pă DNA im vitro it is far from clear that these two 
enzymes are used in vivo to replicate DNA. 

Three observations argue against it. First, the enzyme 
fails to replicate double stranded DNA in viro. Second, 
mutants of Æ. colt, isolated by Bonhoeffer, Gross and 
others, which are defective in DNA replication, apparently 
have normal Kornberg polymerase activity. Third, so 
far as is known the enzyme can only synthesize DNA 
chains in the 5’—8’ direction. On the other hand, it is the 
only enzyme so far isolated that might be the in vivo 
polymerase, and the idea that it is o i 
is steadily losing ground. Speyer and Rosenberg reported. 
that T', DNA polymerase is not solely an enzyme for DNA 
repair or recombmation. They see these resulta as an 
Indication that the polymerase has another function, 
namely replication. 

Tf the Hors bera pil is the in vivo DNA replica- 
tion enxyme, then at least one of the strands of a double 
stranded DNA molecule must be synthesized m short 
pieces, because as the strands run in antiparallel directions 
only one can be made continuously in the 5’-8’ direction. 
The other strand which runs in the 8’—6’ direction would 
have to be made in short pieces which would be joined 
by ligase (Fig. 1). 

Okazaki had previously reported that most of the label 
given to dividing BF. ee ee 
isolated in small pi of DNA—the so-called Okazaki 
fragments. At symposium he went further and 
claimed that all the newly synthesized DNA appears as 
fragmenta so that both 5’-8’ and 85’ strands are syn- 
thesized discontinuously. Others, however, reported 
that similar experiments showed anything from 50 per 
cent to 100 per cent of a pulse label m fragments and the 
rest in high molecular t material. This variation in 
the amount of labelled fragmenta and large pieces, and 
Richardson’s report that with ligase deficient mutants of 


phage 7 ee 
suggest that fragmenta are an artefact. Until two 
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crucial experimenta have been carried out—first a hybrid- 
ization experiment, which would have to be done with 
phage DNA, not E. coli, to test whether or not the frag- 
ments hybridize to one or both template strands; and 
second, an experiment to give proof tHat the fragments are 
synthesized in the 5’—8’ directign-—it is certainly an over- 
interpretation of the ex data to claim that they 
show discontinuous synthesis of both strands. And unless 
the fragments hybridize to only one of the template strands 
It is difloult to see how fragility of the growing point can 
be eliminated. At the symposium, repeating Okazalki’s 
experimenta tended to become curiously confused with 
confirming his theory. 

Ons fact which clear however, was that the 
in vivo polymerase, whatever it is, does play a part in 
selecting the right tautomeric form of the bases during 
DNA replication. Drake desambed mutants of gene 43 
of phage 7',, a gene which specifies some part of the in vivo 

Cae. that caused a decrease in mutation rates. 
The mutant polymerase was clearly better able to select 
the correct tautomeric form and reject base analogues 
than was wild type polymerase. For any given organism 
natural selection must have resulted m the selection of a 
polymerase with the right degree of selectivity to allow 
the most favourable rate of spontaneous mutagenesis for 
that organism. Mutations can be induced which either 
increase or decrease this selectivity of the enzyme. 

Whatever the mode cf synthesis of DNA may be there 
was agreement that in any given strain of bacteria the 
origin of chromosome replication is fixed at a particular 
site on the chromosome—uaually at between 7 and 8 
o’clook on the circular genetic map—and proceeds in a 
fixed direction—usually clockwise around the map. But 
in some strains DNA synthesis can begin at different 
origins around the genetic map d ing on the 
conditions. What induces the shift from one origin to 
another and what causes one origin to dominate over the 
others ? 

A. more fundamental question is: what is the structure 
of the replicating DNA molecule, and is it the same for 

i and bacterial chromosomes? The rollmg 
circle model which Gilbert forcefully expounded was an 
attempt to give a unitary and e testable 
description of pX174, T, and 4 phage and bacterial chro- 
mosome replication. Jacob, who was absent from the 
meeting—presumably because of the troubles in Paris—- 
had devised the same model and, as Meselson made very 
clear in his Introduction, it made sense to him, too. 

Gilbert and Dresler originally developed their model 
from considerations of how the single stranded circular 
DNA of phage 9X 174 replicates and produces the various 
replicative forms that Sinshetmer has discovered. The 
idea of a rolligg circle is not, of course, original. Frankel, 
for example, had proposed a similar model for T phage 
replication, but Gilbert and Dreasler’s contribution was to 
extend the idea to give a unitary description of phage and 
bacterial replication. Their speculative intrusion mto a 
feld not abounding with testable theories was not uni- 
versally welcomed by the old hands. 

In the simplest form of the rolling circle model (Fig. 2) 
replication is envisaged as starting with a covalently 
linked circular DNA duplex. (In the case of pX174 the 
minus strand would be synthesized by the Kornberg 
polymerase and ligase.) One strand of the circular duplex, 
the plus strand, is opened to expose 8’ OH and 5 mono- 

hosphate groupe. The 5’ phosphate end is then trans- 
erred to some attachment site, possibly on the cell mem- 
brane, and the chain elongates continuously from ite 3’ OH 
end to prodype new DNA covalently li to the parental 
plus strand; meanwhile the negative strand remams as a 
closed circular template. As the new plus strand is con- 
tinuously copied from the 3’ OH end with minus strands 
as template the parental plus strand and e 
progeny plus strands are peeled ‘off. This long tail of 
covalenfly linked plus strands oan Dé used as template 
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Fig. 2. The rolling arole modal of e174 DAA replication. 


for progeny minus strands, perhaps synthesized as Okaraki 

fragmenta, or cut and packaged into phages. 
The model is-s0 attractive because it readily accounts 
for asymmetric synthesis of the two DNA strands, the 
of circular or lmear daughter duplex molecules 


only four 
: the ol ir ems carter a trans- 
ferase to attach the 5’ of the or progeny plus 


to chop the lineer tail at the correct sites. 

The only firm evidence to support this model was that of 
Dreaaler and Gilbert. They have shown that during 
94.174 replication molecules longer than one genome are 

I as predicted by the model Sinahemer, who 
had been told about the model and this result a few weeks 
before the symposium, the i m time for 
tt and announced that he also fo these large DNA 


reported at the symposium, 
for le, Werners’ work on T, phage ination and 
les aa Rupp and Ohki and Tomizawa’s ind ent 
findmg that during bacterial mating only a single DNA 
strand with a 5’ erigin is transferred to the female, are 
consistent with the model but not testa of it. 
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Bub in another of the four papers that he gave, 
Tomizawa produced evidence that seriously questioned 
the validity of the rolling circle model for the replication of 
anything other than 9X174. Dtecusamng replication of A 
phage he showed most elegant electron micrographs of 
replicating chromosomes identical in form to the light 
microscope autoradiographs of the B. cols chromosome that 
Cairns produced several years ago (Fig. 3). The implication 
was that Cairns’s model of E. cok chromosome replication 
applied to 4 phage, whereas the rolling circle model did 
not. Tomizawa also said he found nothmg resembling the 
structures predicted by the model. The issue, however, is 
not yet over. For among other reasons, the ta 
of the rolling circle model were not convinoed the 
molecules Tomixawa was working with were most actively 
engaged in replication, and the structures he sees in the 
electron microscope might be generated from a rolling 
circle structure by recombmation. 
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By the sixth day, when the ìà phage workers took over, 
the audience had noticeably thinned and those who work 
with 4 phage enjoy their own special brand of obecurant- 
ism. But Signer lucidly described the latest work on the 
three distinct recombination int, red and reo, 
involved in recombination and lysogeny. And Eisen 
described Ingenious genetic experiments indicating that the 
à repressor which Ptashne isolated is not synthesized 
constituitively. A mutant A incapable of axcision but 


repressor 
again. The Paris group believe that the Cy gene and the 
polymerase genes have weak and strong promoters, 
respectively, and that the products of the 
genes Orr and Cr act as a switch for synthesis of the 
repressor and hence repreesion or i of 2. 


features. Both can grow vegetatively and lyse the hoet 
cell and can be incorporated by covalente bands into the 
host genome; both can be induced from the lysogenic 
Se ee ee 
state. The ideas and methods developed in work on 
bacterial lysogeny are obviously going to play an increas- 
ingly important part in the understanding of transforma- 
tion and cancer. 


The final seasion was devoted to the initiation of repli- 
cation of the bacterial chromosome and ita coordination 
with cell division. The exception was the final paper, 
which was the culmination of the symposium. Khorana 
described the great progress that his group has made in the 
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total synthesis of the gene for yeast alanine transfer RNA. 
So far four reactions have been used. First, chemical 
synthesis of oligonucleotides containing up to twenty bases 
m known and with 5’ and 3’ OH termimi. 
Second, phosphorylation of the 5’ OH termmi with poly- 
nucleotide kinase. Third, T, ligase used to link nucleotide 
chains with phosphodiester bands. Fourth, the Kornberg 
polymerase as a repair enzyme to copy short sequenoes. 
The key to the synthesis is to build up the DNA segment 
by segment, making use of 5° overlapping ends like the 
sticky ends of à phage. Ten nucleotide unitas are added at 
a time to the alternate chains so that each new unit over- 
lapa the previous and lemen unit by five bases. 
ee end the Kornberg 
polymerase can use the 5’ overlapping ends as template 
and add complementary bases to the shorter cham. 
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Once the gene has been made, and that cannot be far 
off now, Khorana intends to attach it to ane of the sticky 
ends of à DNA and resynthenize the A sticky end sequence, 
which was reported at the symposium by Kaiser, at the 
free end of the synthetic gene. The 4 DNA oan then 
carry the gene into a spheroplast where, hopefully, it 
will be transcribed. ono the techniques for syn- 
thesizing genes have been thoroughly mastered, what 
next ? In the event Meselson’s introductory predictions, 
that the symposium would raise more questions than it 
would answer by bringing to light the ambiguities and 
polarize the direction of much future work, were amply 
borne out. As Hotchkiss said in his concluding summary, 
the symposium should have inspired. everyone to go home 
and get violence and crime off the streets and back mto 
the laboratories. 


Pulsation Periods of Rotating White Dwarfs 


by 
B. R. DURNEY 


High Altitude Observatory, 
Boulder, Colorado 


J. FAULKNER 
J.R. GRIBBIN 


Institute of Theoretical Astronomy, 
Untversity of Cambridge 


I. W. ROXBURGH 


Department of Mathematics, 
Queen Mary College, University of London 


Tua discovery by Hewish e al.4* of pulsating radio 
sources with periods in the range of 0-25 to 1-34 s has 
stimulated renewed interest in the oscillation properties 
of highly condensed stars ın the search for objects with 
fundamental periods of this order. Such calculations 
were made by Roxburgh and Durney* m 1966 as part of an 
investigation into the stability of rotating white dwarfs 
and we recall their resulta in this paper. Their investiga- 
tdon was primarily concerned with determining at what 
point white dwarfs became dynamically unstable, and 
in particular in determining the effect of uniform rotation 
on the onset of instability. The calculations were done 
for pure helram white dwarfs with a Chandrasekhar 
equation of state and included the effecta of general 
relativity and uniform rotation. Calculations with more 
realistic equations of state, but without the effect of 
rotation, have recently bean undertaken by Meltzer and 
Thorne’ and corrected by Faulkner and Gribbin', but 
these authors have not found periods as short ap those 
observed. We remark that the calculations by Faulkner 
and Gribbin show that sumple degenerate models of pure 
helium have longer periodg than models with more 
sophisticated ap itions and equations of state, by a 
factor of up to 3/2, so that if we find sufficiently short 
periods for ammple helium rotating white dwarfs, we expect 
the situation to be even better for more realistic models. 

The equilibrrmm equations and the equations governing 
small pseudo-radial oscillations about equilibrium are 

iven by Roxburgh and Durney*, who give the oscillation 
buaa g ın terms of the dimensionless frequency %, 
defined by 
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When unlform rotation Is included, the periods of pulsation for white 
dwarfs can become as smal] as 0-9 s. 
periods as short as 0-1 s may be possible. 


With non-unlform rotation, 


where go M,/pH, A= 1rif,‘o'/34*, and G and o are the 
constant of gravitation and the velocity of light. The 
results for ©? as a function of pe, the central density, are 
expressed in the form 


2 = 2%, -4 Bx, 


where £, is the frequency in the absence of rotation and 
82", is the change dus to a uniform rotation Q, and 
Qa 
P= 326 
® Po 

The values of X, and %*, are given in Table 1 for a 
range of values of pe. 

To estimate the maximum change in frequency due to 
rotation, we need to calculate the maximum permitted 
value of 8. This is given by the condition that centrifugal 
force balances gravity at the equator of the star, and 
depends on the central condensation of the star; a 
suitable measure of which 18 p./p, where po is the central 
density and 6 is the mean density. This is given in Table 
1. A simple calculation demonstrates the dependence of 
Bon p/p. If Ra 18 the equatorial radius of the star of mass 
M, then for maximum rotation 


treating the masa distribution as spherically symmetrio. 
If R, ia the mean radius of the star, so that M=o4npF,*/8, 


then 
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Fig. 2. The rolling circle model of ọX174 DNA replication. 


for progeny minus strands, perhaps synthesized as Okazaki 
fragments, or cut and packaged into phages. 

The model is so attractive because it readily accounts 
for asymmetric synthesis of the two DNA strands, the 
generation of circular or linear daughter duplex molecules 
and linear and circular catenates and oligomers like those 
described by Vinograd and Thomas. It requires only four 

: the Kornberg polymerase and ligase, a trans- 
ferase to attach the 5’ end of the parental or progeny plus 
strands to the cell membrane and a specific endonuclease 
to chop the linear tail at the correct sites. 

The only firm evidence to support this model was that of 
Dressler and Gilbert. They have shown that during 
X174 replication molecules longer than one genome are 
synthesized as predicted by the model. Sinsheimer, who 
had been told about the model and this result a few weeks 
before the symposium, repeated the experiment in time for 
it and announced that he also found these large DNA 
molecules and also newly synthesized DNA in molecules 
shorter than one genome. These, according to the model, 
should not occur, and Gilbert, who spoke after Sinsheimer 
had pre-empted his pitch, had no hesitation in calling them 
artefacts. ys 

Several other experiments reported at the symposium, 
for example, Werners’ work on T, phage replication and 
Thler and Rupp and Ohki and Tomizawa’s independent 
finding that during bacterial mating only a single DNA 
strand with a 5’ erigin is transferred to the female, are 
consistent with the model but not tests of it. 


But in another of the four papers that he gave, 
Tomizawa produced evidence that seriously questioned 
the validity of the rolling circle model for the replication of 
anything other than 9X174. Discussing replication of A 
phage he showed most elegant electron micrographs of 
replicating chromosomes identical in form to the light 
microscope autoradiographs of the Æ. coli chromosome that 
Cairns produced several years ago (Fig. 3). The implication 
was that Cairns’s model of Æ. coli chromosome replication 
applied to ?, phage, whereas the rolling circle model did 
not. Tomizawa also said he found nothing resembling the 
structures predicted by the model. The issue, however, is 
not yet over. For among other reasons, the proponents 
of the rolling circle model were not convinced that the 
molecules Tomizawa was working with were most actively 
engaged in replication, and the structures he sees in the 
electron microscope might be generated from a rolling 
circle structure by recombination. 





Fig. 3. Electron micrograph of a replicating 4 phage DNA molecule, 
(By courtesy of Professor Tomizawa, 1968.) 


By the sixth day, when the 4 phage workers took over, 
the audience had noticeably thinned and those who work 
with 4 phage enjoy their own special brand of obscurant- 
ism. But Signer lucidly described the latest work on the 
three distinct recombination systems, int, red and rec, 
involved in recombination and lysogeny. And Eisen 
described ingenious genetic experiments indicating that the 
à repressor which Ptashne isolated is not synthesized 
constituitively. A mutant % incapable of excision but 
capable of lysogeny can be induced to produce DNA 
replication enzymes after inactivation of the repressor, 
and thereafter repressor synthesis cannot be switched on 
again. The Paris group believe that the Cr gene and the 
polymerase genes have weak and strong promoters, 
respectively, and that the products of the regulatory 
genes Cy; and Cry act as a switch for synthesis of the Og 
repressor and hence repression or vegetative growth of À. 

The striking analogy between the state of viral DNA in 
animal cells transformed by polyoma and SV40 virus 
and bacterial lysogeny is becoming increasingly clear. 
Dulbecco, in a paper delivered immediately after those on 
à and other lysogenic phage, reviewed the work carried 
out in his laboratory on transformation. The animal 
viruses or the lysogenic phage share three essential 
features. Both can grow vegetatively and lyse the host 
cell and can be incorporated by covalents bands into the 
host genome; both can be induced from the lysogenic 
state, and both specify some mRNA in the lysogenic 
state. The ideas and methods developed in work on 
bacterial lysogeny are obviously going to play an increas- 
ingly important part in the understanding of transforma- 
tion and cancer. 

The final session was devoted to the initiation of repli- 
cation of the bacterial chromosome and its coordination 
with cell division. The exception was the final paper, 
which was the culmination of the symposium. Khorana 
described the great progress that his group has made in the 
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total synthesis of the gene for yeast alanine transfer RNA. 
So far four reactions have been used, First, chemical 
synthesis of oligonucleotides containing up to twenty bases 
in known sequences and with 5’ and 3’ OH termini. 
Second, phosphorylation of the 5’ OH termini with poly- 
nucleotide kinase. Third, T, ligase used to link nucleotide 
chains with phosphodiester bands. Fourth, the Kornberg 
polymerase as a repair enzyme to copy short sequences. 
The key to the synthesis is to build up the DNA segment 
by segment, making use of 5’ overlapping ends like the 
sticky ends of à phage. Ten nucleotide units are added at 
a time to the alternate chains so that each new unit over- 
laps the previous and complementary unit by five bases. 
Ligase can seal the single chain breaks and the Kornberg 
polymerase can use the 5’ overlapping ends as template 
and add complementary bases to the shorter chain. 
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Once the gene has been made, and that cannot be far 
off now, Khorana intends to attach it to one of the sticky 
ends of A DNA and resynthesize the ìà sticky end sequence, 
which was reported at the symposium by Kaiser, at the 
free end of the synthetic gene. The ìà DNA can then 
carry the gene into a spheroplast where, hopefully, it 
will be transcribed. And once the techniques for syn- 
thesizing genes have been thoroughly mastered, what 
next ? In the event Meselson’s introductory predictions, 
that the symposium weuld raise more questions than it 
would answer by bringing to light the ambiguities and 
polarize the direction of much future work, were amply 
borne out. As Hotchkiss said in his concluding summary, 
the symposium should have inspired everyone to go home 
and get violence and crime off the streets and back into 
the laboratories. 


Pulsation Periods of Rotating White Dwarfs 


by 
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Tue discovery by Hewish ef al. of pulsating radio 
sources with periods in the range of 0-25 to 1-34 s has 
stimulated renewed interest in the oscillation properties 
of highly condensed stars in the search for objects with 
fundamental periods of this order. Such calculations 
were made by Roxburgh and Durney? in 1966 as part of an 
investigation into the stability of rotating white dwarfs 
and we recall their results in this paper. Their investiga- 
tion was primarily concerned with determining at what 
point white dwarfs became dynamically unstable, and 
in particular in determining the effect of uniform rotation 
on the onset of instability. The calculations were done 
for pure helium white dwarfs with a Chandrasekhar 
equation of state and included the effects of general 
relativity and uniform rotation. Calculations with more 
realistic equations of state, but without the effect of 
rotation, have recently been undertaken by Meltzer and 
Thorne! and corrected by Faulkner and Gribbin®, but 
these authors have not found periods as short as those 
observed. We remark that the calculations by Faulkner 
and Gribbin show that simple degenerate models of pure 
helium have longer periodg than models with more 
sophisticated cpmpositions and equations of state, by a 
factor of up to 3/2, so that if we find sufficiently short 
periods for simple helium rotating white dwarfs, we expect 
the situation to be even better for more realistic models. 

The equilibrium equations and the equations governing 
small pseudo-radial oscillations about equilibrium are 
given by Roxburgh and Durney*, who give the oscillation 
frequency o in terms of the dimensionless frequency È, 
defined by 
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When uniform rotation is included, the periods of pulsation for white 
dwarfs can become as small as 0-9 s. 
periods as short as 0-1 s may be possible. 


With non-uniform rotation, 


where g=M,/uH, A=nrM,'c'/3h’, and G and c are the 
constant of gravitation and the velocity of light. The 
results for ©? as a function of pọ the central density, are 
expressed in the form 


X: = 5 + BE, 


where E, is the frequency in the absence of rotation and 
3E is the change due to a uniform rotation Q, and 
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The values of E3, and E?, are given in Table 1 for a 
range of values of pe. 

To estimate the maximum change in frequency due to 
rotation, we need to calculate the maximum permitted 
value of 8. This is given by the condition that centrifugal 
force balances gravity at the equator of the star, and 
depends on the central condensation of the star; a 
suitable measure of which is pe/p, where pẹ is the central 
density and @ is the mean density. This is given in Table 
1. A simple calculation demonstrates the dependence of 
8 on pe/p. If Re is the equatorial radius of the star of mass 
M, then for maximum rotation 

` GM 
QRe ~% RE 





treating the mass distribution as spherically symmetric, 
If R, is the mean radius of the star, so that M = 4rp Rẹ'/3, 


then 
OF Aa 
i QnGo  3LRed ° 


* 
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Table 1. EVALUATION OF PULSATION PERIODS FOR UNIFORM ROTATION E 
Log @ Ye eolo E z=; Pmax La max (Period)g (Period) wea ret. 
9-0 8062 23-2 3-200 0-152 x 10° 9-23 x 107 4-89 2-24 ers 
9-45 11-36 23-0 4-638 0-453 7-58 8-07 1-76 230. 
9-9 16-03 © 32-5 5219 1-334 6-53 13:92 1-50 2°17 
10-35 22:65 37-0 0-562 3-922 5-74 22-89 1-04 6-82 
10-80 32-02 41-5 — 27°30 lii Sli 30-49 0:00 aoe 
11-25 45-27 45-0 ~ 144-9 32-5 4-72 8-50 1-79 oo 
11:70, 64-01 49-0 529-7 94-9 4-33 ~ 118-8 ~~ 


Note: The table uses information from Tables 1 and 2 of ref. 8; Y. is the central value of the degeneracy parameter used in that paper, 


. For a centrally condensed star (R,/Re) ig independent of 
the central condensation, the surface being just the simple 
Roche surface, so that 


Cy Ira P 
T ee ie G 
2 rG pe 3 Re Pe Pe 
. Calculations by Monaghan and Roxburgh! give the value 


of @ for the case (9/6) = 54 (a polytrope of index 3), 
as 3-95 x 10-3 so that the maximum values of § for other 





The values of K, Bmax, E’max and the period are given 
in Table 2. Extremely short periods of less than 0-1 s are 
obtained. Although these estimates for non-uniform 
rotation cannot be considered as exact, they do suggest 
that there should be no difficulty in obtaining very short 
periods from white dwarfs with a large amount of rotational 
energy. 


Table 2. EVALUATION OF PULSATION PERIODS FOR NON-UNIFORM ROTATION 


degrees of central condensation are readily calculated. Loge, eje K Bmax Stmax Period (s) 
The results of such calculations are given in Table 1. With 9-0 23 0-110 8-89 x 10 16-1 1-24 
these values of 8 the corresponding maximum value of ee ae ee tie oe a ee HEN 
Zx? for the rotating case can be determined and hence 10-35 7 0-091 6-31 x 10+ 247 0-82 
the corresponding periods. These are also given in Table O Tg aie ee 1.700 ae 
1, where we see that periods as short as 0-90 s can be 11-70 49 0-080 5-41 x 10-7 4,600 0-07 


obtained. This is less than the period of three of the four 
pulsed radio sources. 
C Non-uniform rotation with Q higher in the central 
regions than the equatorial regions permits a higher 
effective value of 8 and hence an even smaller period. A 
very crude estimate of this effect can be made as follows. 
The maximum rotation is given by considerations of 
dynamical stability and unpublished investigations by 
Roxburgh show that the ratio of kinetic to gravitational 
energy is at most 2/15. We shall define the mean angular 
velocity Q by writing the kinetic energy in rotation as 


os 2 3 GM? 
T = 4I Ql ea 
? i5 * Lin R 
where the last term in brackets is the gravitational energy 
of a polytrope of index n. Now the moment of inertia, J, 
can be expressed as 
i= KMR 
where K and n are known for a given pe/ọ from detailed 
integrations. A little rearranging now gives, for the models 
considered here, 


We also remark that the maximum value of 2/15 for the 
ratio of rotational and gravitational energy is just what 
one might expect from condensing a main sequence star 
of roughly the limiting mass. H white dwarfs with mean 
densities of order 10° g em~? form from stars with mean 
densities of order unity, the corresponding initial value 
of the energy ratio would only be ~ 10-*, corresponding 
to equatorial velocities of order 30 km s. From Allen’, 
main sequence stars of ~1:4 Mo are of spectral type FS 
and have mean rotational velocities Ve~ 25 km ah 
While not conclusive, the agreement is nevertheless most 
striking. 
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Accurate Positions of CP0950 and CPI 133 


by 

C. D. MACKAY 

B. ELSMORE 

J. A. BAILEY 

Mullard Radio Astronomy Observatory, 


Cavendish Laboratory, 
University of Cambridge 


FURTHER observations with the one mile radio telescope! 
have recently been made in order to improve the accuracy 


->of the positions of the four pulsed radio sources reported 


by Hewish et al.?. 
During the period* of observation (May 1-8, 1968), 
CP1919 and CP@834 were unfortunately weak, and no 


More accurate positions have been found for the pulsed radio sources 
CPO950 and CPI133. . ‘ 


improvement could be obtained for the positions already 
reported?:5; good positions were however obtained for 
C P0950 and CP1133. 

The observations were made at frequencies of 408 MHz 
and 1407 MHz with interferometer spacings of 750 m and 
1500 m. The recording technique was the same as thet 








22 


ry 


( 
a 


be- 





Fig. 1. Finding chart for C P0950. The position and errors previously 

gotea, are shown by the dotted rectangle; the solid rectangle indicates 

robable errors of the present position. The object in the top right- 

hand edge of the dotted nee is re object suggested earlier as the 
ntification‘. 


used earlier in the observation of CF'1919°. By comparing, 
during a 12 h period, the phase of tho interferometer 
signal with that appropriate to a source at an assumed 
position, it is possible to derive the true position of the 
source in the manner described by Elsmore, Kenderdine 
and Ryle’. 
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In the case of CP0950, the final position was derived 
from observations at both frequencies; the increased 
signal to noise ratio at 408 MHz allowed an improved 
measurement of the apparent position, but the corrections 
for ionospheric refraction lead to an uncertainty which is 
comparable with, but independent of, the uncertainty 
in the 1407 MHz determination. The position given in 
Table 1 is a weighted mean of observations at both 
frequencies. 

For CP1133, fhe source was not sufficiently intense at 
1407 MHz to allow a good determination, and the position 
given in Table 1 is that derived from the 408 MHz observa- 
tions alone. 

These positions have been examined on the prints of 
the National Geographic-Palomar Sky Survey. In the case 
of C P0950, the object previously suggested as an identifica- 
tion by Bailey and Mackay* can probably be excluded. 
A sketch of the field of this source is, given in Fig. 1; the 
error rectangle of the original observation is shown dotted; 
the new rectangle which falls just outside the old one 
contains no object visible on either red or blue prints. In 
addition, Luyten (private communication) has compared 
the Sky Survey plate taken in 1951.01 with another 
taken in 1963.16, and looked for proper motions of the 
objects in the field of the source. No object was found 
which could have moved into the error rectangle in the 
17-3 yr since the original Sky Survey plate was taken. 
There is therefore no optical object that might be associ- 
ated with CP0950 which is brighter than the limiting 
magnitude of the prints, Mpg ~ 21. 


Table 1, POSITIONS AND PERIODICITIES OF CP0950 AND CP1133 
Source Position (1950.0) Period (UT s) 
CP0950 09> 50™ 30.4» + 0-250 0-2530646 
08° 09" 47° +20° + 00000002 
CP1133 11b 33" 28-1» + 0-0. 1-187911 
16° 07’ 15” +307 + 000002 


In the case of CP1133, there is on the red print a very 
faint image at the print limit near the northern edge of 
the error rectungie; nothirg is visible on the blue print. 





Red 


Blue 


11 roduced from the national Pa Sky Survey prints ‘C). North is to tlg top, east to the 
Fig. 2. Finding charts for on ae Goopraphio- Talmar Oxy E~ 


probable errors of the present posi 


by the error rectangle, 
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The apparent magnitude of this object is about 20-5. 
There is no other optical object within twice the quoted 
error limits on either print. Finding charts for CP1133 
are given in Fig. 2, which has been reproduced from the 
Sky Survey prints. 

From the limiting magnitude mpy>20-5 which has 
been found for both C P0950 and C P1133, an upper limit 
may be set to the absolute optical luminosity of the object 
responsible for the radio pulses; for an assumed spectrum 
similar to that of the Sun 


L<6x 10-* Lo p? 


where Lo is the luminosity of the Sun, and Dis the distance 
of the object in parsecs. The distance of CP0950 has been 
estimated by Pilkington et al. and by Lyne and Rickett‘ 
to be ~30 pe, assuming the interstellar electron density 
to be ~ 0:1 cm-*, so that the optical luminosity of C P0950 
must be <5:4x10-* Lo. 

Allen’ gives the range of absolute magnitudes of white 
dwarfs of spectral types B, to Ky as 10< Mp <15; the 
absolute magnitude of CP0950, on the other hand, must 
be Mpg> 18. This result places an important limit on 
possible models of pulsating radio sources. 





Arp (private communication) has recently taken photos- 
graphs with the 200 inch Hale telescope of the field of 
CP1919, which reach down to a limiting magnitude — 
Mpg =~ 23. The improved accuracy of the present observa- 
tions justifies similar observations of C P0950 and CPN33; 
the results might either reveal the sources or set still” 
lower limits to their optical luminosity. 

In the course of these observations, improved periodi- 
cities were obtained for both sources in the manner des- 
cribed by Ryle and Bailey’. The new values are given 
in Table 1. 

We thank Professor Sir Martin Ryle for helpful dis- 
cussions, and Mr T. W. Cole for assisting in the computa- 
tion of the periodicities. 
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Radio Pulse Profiles from Pulsating White Dwarfs 


by Radii and relative rotation rates have been deduced for the four 


B. H. BLAND 


Department of Computer Science, 
University of Manchester 


Forztowine the publication of well resolved mean pulse 
profiles! for the four pulsating radio sources discovered 
by Hewish et al.*3, an attempt has been made to reproduce 
the profiles from simple models of pulsating white dwarfs. 
The caleulated profiles are developed from the observa- 
tion that the pulse length is comparable with the light 
time of the radius of a typical white dwarf, but include 
also the effects of a spatial and temporal distribution of 
emission over the surface. 

The excitation of the emission is assumed to be an 
impulse, which may, for example, be a pressure wave 
arising from the pulsation steepening ifito a shock as it 
reaches the surface. Radial harmonic modes are expected 
to be excited in preference to the fundamental because 
the pulsation is being driven from near the surface, and 
because dissipation in the degenerate core is less", The 
excitation does not, however, reach the whole surface 
simultaneously, for the star may be rotating sufficiently 
to give an appreciable gradient of surface gravity from 
pole to equator. Because the natural period depends on 
the surface gravity’ there will be a phase lag in the 
pulsation according to latitude. At colatitude 0 the pulse 
is assumed to reach the surface at a time te= t sin*0 after 
that for the poles, where ~ is the time taken for the wave 
of emission to travel from pole to equator. A phase lag 
of some kind is necessary to explain why the short period 
source C P0950 does not have a shorter pulse length than 
the other pulsars. - 

In the model the shape of the pulse is determined by: 
(i) the time (te) at which each surface element radiates; 
(ii) the relative strength (fe) of the emission from each 
element; (iii) the shape of the emitting surface, which 
determines theelight time to the observer; (iv) the 


known pulsating radio sources. 
come from a wide belt near latitude 20° in each hemisphere, a 
distribution very similar to that of solar magnetic activity. Rotation 
rates increase and radii decrease with decreasing period. 


Most of the emission appears to 


directional dependence (fa) of radiation from each element. 

The light time is calculated as for a sphere viewed at an 
angle g to the equatorial plane, so that radiation from a 
surface element at colatitude 9 and longitude 9 arrives 
at a time 


Rk. : 
t = te + te ~ — (sina cos? + cosa sinb cosy) 
c 


where te defines the leading edge of the pulse profile and 
R is the radius of the star. The flux received from this 
element is 


dF = fa fe R° sin dd do 


The exact forms of fa and f; appropriate to a single 
pulse may be quite complicated and variable, but their 
time averages are taken to be simple functions of «, 6, 
and ọ only, which may represent, for example, the average 
wayein which the magnetic field strength and direction 
vary with latitude. 


Models*of the Emission 

The objective was to earch for physically reasonable 
forms of fa and fe which reproduced all the observed pulse 
profiles, allowing only a variation in the delay 7, the 
inclination « and the radius R. The distribution of in- 
clinations derived from the known sources should also 
be consistent with a random orientation of sources in 
space. In the integration to obtain the pulse shape, time 
was expressed in units of Rje, with a parameter K = +t 
c/R representing the delay. If a match can be achieved 
between the computed and observed pulse shapes, then 
the radius of the source is ¢ times the observed pulse length 








24 





crin9 N 4P1133 Ta 
1 MHz C MHz 
? ms j aa 6 ms 
EN enacts carne S 
| A 
CPOB3A C P0950 \ 
4 MHz 4 MHz \ 
@ ms | i ms k 
Sa Da. na 
a 
/ ye 
i gent Sd $ 
2 a a 


Fig. i. Observed and computed pulse profiles for the four Cambridge 
sources, The observed profile is the upper curve of each pair. 


divided by the computed dimensionless pulse length. The 
mean pulse profile is observed to be constant in time? so 
that fefa must be axisymmetric, which rules out oblique 
rotator models. It was assumed that fe is likely to be 
proportional to the mean square of some component of 
the surface field. The forms of fe which were first tried 
corresponded to a dipole magnetic field along the polar 
axis: (1) fe=sin®Q for the horizontal component; (ii) fe 
=cos"G for the vertical component; (11) fe=1+3 cos* 
for the total field; (iv) a uniform distribution f,=1 was 
also tried. 

Fifteen forms of the angular function fa were tried: 
cos8, costi, cos?å, 1, sind, sint, sin®d costà, costo, costo, 
cos*@ cosð, coso cos?à, sinw, cos?g, sing, cos? (cos?g 
sin®?§ +-cos*3), where 8 is the angle between the line of 
sight and the normal to the surface, w is the angle between 
the line of sight and the dipole field line, and q is the 
azimuth of the line of sight with respect to the field line. 

The four emission functions fe were permuted in pairs 
with the fifteen angular functions fa, and for each pair 
pulse profiles were computed for eight values of a and 
seven values of K. In all, about 3,000 profiles were 
produced. Despite the variety of functions chosen, none of 
the sixty pairs yielded pulse shapes resembling the observed 
profiles. The profiles obtained suggested that the failure 
to match the observations was due to fe rather than fa. 

Setting the angular dependence to the simple form 
fa=cos8 corresponding to zero limb darkening, the form 
of emission variation f.=sin‘8 cos@ was found to yield 
reasonable profiles. Improvements were then made by 
an iterative process in which fe was defined as a numerical 
function of 6. The success of this matching process is 
shown in Fig. 1, which compares the computed profiles 
with the experimental profiles published by Lyne and 
Rickett!. Values of R, K and « for the four sourees are 
given in Table 1. The chosen function fe(0) is shown in 
Fig. 2. The computed profiles show all parts of the pulse 
for which the intensity is above 2 per cent of the maximum. 

Remaining discrepancies which appear to be significant 
are that in the model the separation of the double peak 
is too small for CP1133 and too great for CP0834. The 
separation of the double peaks arises from the light travel 





o 0° 
ý 9 


Fig. 2. The relative distribution of radio emissivity (f-) as a function of 
the polar angie 9. Symmetry about the equatorial plane is assumed. 
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Table 1 
Pulse 
Source p length R K a MIMO  FJF, 
(s) (ms) (km) 
CP1919 1:33 47 14,80041,200 0-18401 38843 0214005 085 
CPO834 1-27 59 13,30041,400 076201 4073 0234005 083 
CP1133 1:18 61  14,600£1,400 0-6740-1 3044 06-2040-05 0-90 
CP0950 0-25 58 6,90041,500 370411 18410 0854017 0-95 


time between the two aetive regions, so that a small 
adjustment of the latitude of these regions would improve 
the fit. A peak emission at latitude Bm = 24° for CP1133 
and at Bm= 11° for C P0834 provides a good match, as 
compared with a maximum at 18° for the model used for 
Fig. l. 


Interpulse from CP0950 


The weak pulse observed by Rickett and Lyne‘, 
occurring 100 ms before the main pulse of C P0990, 
provides striking confirmation of the model, for the large 
value of phase delay (K =3-7+1-1) shows that excitation 
first reaches the polar region 80+ 20 ms ahead of the main 
peak of the profile. Radiation from the polar region is 
emitted in a short pulse since the velocity of the wave of 
emission, ¢/d< sin®@ cos§, is high when 0 is small. The value 
of fe near the poles must be increased slightly to account 
for the strength of the prepulse, which is 1-8 per cent of 
that of the main pulse. An improved fit for the whole 
profile of C P0950 is now obtained by setting the maximum 
of emission at latitude 14°, with K=4-7 and a= 30°. 

The other three sources have smaller values of K, and 
no interpulse of this kind would be seen clearly distin- 
guished from the main pulse. The interpulse would be 
advanced on the main peak by 5 ms for CP1919, 20 ms 
for CP1133, and 40 ms for C P0834, where it forms part 
of the rising front of the pulse. 


Magnetic Field Structure 

It is remarkable that the variation of emissivity fe with 
latitude is very similar to the distribution of magnetic 
field on the Sun’. This is not to suggest that the radio 
emission mechanisms are related, but rather that the 
underlying magnetohydrodynamics responsible for the 
field structure is the same. The subpulses which build up 
the pulse profile may be a result of radiation from local 
regions of higher magnetic field, like those associated with 
sunspot groups. It is tempting to speculate that magnetic 
stars may also have this same field structure. 

The interpulse from CP0950 is very highly linearly 
polarized, and because this originates from the pole of the 
star it suggests that there may be a weak dipole field in 
addition to the field concentrated in the belt. 

The range of latitude at which the maximum occurs. 
from 11° to 24°, suggests that there might be a variation 
resembling that pf the sunspot cycle. If this occurs, it 
should become noticeable as a change of pulse shape or as 
a change in the radio polarization. Optically there may 
be changes in brightness and spectrum, as in magnetie 
stars. 


Source Size 


The most valuable parameter that can be derived from 
the analysis of the pulse is the star’s radius. The radius is 
proportional to the length of the pulse and it is first neces- 
sary to remove the broadening effects of the variable 
dispersion across the receiver bandwidth, the finite 
sampling interval of between 1 ms and 6 ms, and the error 
in estimating the pulse repetition period during the 
observation. Pulse lengths at the 2 per cent intensity 
level are given in Table 1. The profiles measured by Lyne 
and Rickett! arg averages over a large number of polariza- 
tion angles. This averaging is essential because different 
features within the pulse, corresponding to different areas 
on the source, have different polarizations. For the 
purpose of comparing pulse shapes the observed profiles 
are accurate to between 5 per cent arfd 10 per cent. 

The stantlard errors accompanying th@ radu in Table 1 
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Fig.3. Illustration of the variation of pulse shape with increasing rotation, K =6 to 5, and increasing inclination to the line of sight, a= 0° ta 72°, 
Although the pulse length and flux are functions of a and K, each profile has been scaled to the same length and width to facilitate comparison. 


represent the uncertainty involved in adjusting « and K 
to match the observed pulse shapes, together with the 
error in the pulse length. Errors arising from imperfec- 
. tions in fa and fe are probably of the same order. Solutions 
with fa = costò yield very similar results. 

When K>>1 the pulse shape is dominated by the phase 


| l = lag 7, so that the solution for C P0950 is not as strong as 
for the more slowly rotating sources. 


| The evolution of 
the pulse shape with increasing rotation and inclination 
is shown in Fig. 3. Inclinations of 0° to 53° have been 
chosen at intervals of equal probability of observation, 
while a= 72° illustrates the appearance at high melina- 
tion, the probability of finding a source with «> 72° 
being less than 5 per cent. The apparent radio luminosity 
of the source is a function of the inclination and the final 
column of Table 1 contains the flux reedived relative to 
that at a= 0. 

The fact that the derived radii fall comfortably within 
the range of known white dwarf radii? is independent 
evidence in support of the model. The radius of a white 
dwarf is not very sensitive to temperature or composition 
so that a good estimate of the mass can be obtained once 
the radius is known. The masses M in Table 1 and the 
central densities in Table 2 are from the series of helium 
models published by Skilling’. The mean density p and 
the surface gravity g follow from the mass and radius. It 
is perhaps worth noting that ppł is essentially constant. 
The overtone number n has been calculated from Faulkner 
and Gribbin’s models!*. It is encouraging to find that, 


- within the errors, all four sources are pulsating in the same 
harmonic. 
o p= 14 harmonic oscillations in an old nova" If the surface 

_ layers of the star are to keep in step with the pulsation, 


For comparison, there is some evidence of 


-then the peak to peak amplitude must not exceed the 
distance that material can fall in half the period, that is 
= < 1/8 g p°, which sets a limit of the order of 30 km for all 
four sources. Cgnsequently, any optical varjability is 


likely to consist of flashes generated by the shocks, with 
a negligible sinusoidal component. 


Rotation 

The second parameter in the solution, A, is directly 
related to the star’s angular velocity of rotation w. Provi- 
ded that the time lag is small compared with the period p 
it is reasonable to expect t/p to be proportional to the ratio 
of centrifugal acceleration to surface gravity: 


T QR ot 
p GM 


where Q is some dimensionless constant that depends on 
the degree of coupling between different parts of the star, 
and perhaps also on the harmonic n. The strength of 
coupling can only be derived from a detailed physical 
study of the pulsation cycle. The dissipative part of the 
coupling is know to be small? and Q is likely to be large. 
To show the order of magnitude involved one may put 
Q = 100 which leads to a rotation period of 2 h for C P1919 
and 4 min for C P0950. 
If the coupling factor is the same for two sources, then 
the ratio of their angular velocities is 
ON? pK AL, Ra? 
a, 
Angular velocities relative *o CP 1919 are given in Table 
2. The angular velocity increases as the radius decreases, 
as one would expect, although four sources is a small 


sample. The condition +<p is beginning to break 
Table 2 
2 - Har- 

ge g pa g z ie monie 
g em~ g em em gt ms CPING n 
CPi9i9 17x10 34x 10* 250 pa x 1? 9 i ii 
C P0834 2-7«x10° 46x 10% 27 1-6*% 10° 34 24 10 
CP1133 15x10" 30x 104 Z16 1-3 x 30" 32 pġ 33 
CP0950 11x10 12x10 270 2-4 x 108 85 dè 13 
* + 

* 
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down for CP0950 and the phase lag may no longer be 
linearly related to w*. If CP0950 is not to exceed the 
break-up limit, its rotation period must be longer than 
40 s, so that the rotation period of CP1919 is unlikely to 
be shorter than 30 min. 

The arrival time of an individual subpulse is (R/c) cosa 
sin® coset, and if such pulses arise from discrete quasi- 
stationary regions then the motion of these subpulses 
within the main pulse as the star rotates could be used to 
deduce the rotation period independently of any theory 
about the pulse shape. The most promising method of 
determining the period of rotation is from an auto- 
correlation of the radio flux. That nothing has been 
detected so far is probably a result of the strong super- 
imposed scintillation!?"*, 


Distance of the Sources 

If a source can be identified with a visible star, then the 
surface temperature can be combined with the apparent 
magnitude and the radius, as determined in this paper, 
to calculate the distance. We may expect the pulsars to 
have similar temperatures, especially the three which 
have closely similar radu. If CP0950 also has a similar 
surface temperature, its luminosity will be 1-5 magnitudes 
fainter, but because the measures of dispersion in the 
ionized interstellar medium suggest a much smaller 
distance then we can expect all four pulsars to be identifi- 
able at least as easily as CP1919. The fields of the three 
pulsars CP0950, CP0834, CP1133 contain nothing but 
faint objecta (personal communication from W. Sargent), 
so that the identification of CP1919 by Ryle and Bailey?’ 
must be left in doubt. 
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If CP0950 is at a distance of the order of 20 pe (ref. 3), 
then its surface temperature must be very low, which pro- 
vides a restriction on the type of energy source responsible 
for maintaining the pulsation. If CP1919 and C P0834 lie 
at distances of the order of 100 pc, then it may be possible 
to observe pulsars in the nearest globular clusters. This 
would provide a ealibration of the absolute radio flux 
as a function of period, a test of the uniformity as well as 
the actual value of the interstellar electron density, and 
some information as to their evolutionary history. 

I thank Professor F. D. Kahn, Professor F. G. Smith, 
and Mr E. Graham for stimulating discussions, and A. 
Lyne and B. Rickett for making their observations 
available before publication. 
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Direction of in vivo Degradation of a Messenger RNA 


by 
ROBERT F. BAKER 
CHARLES YANOFSKY 


Department of Biological Sciences, 
Stanford University, Stanford, California 


BACTERIAL messenger RNA (mRNA) is known to be 
degraded rapidly in vivo!?. The mode of degradation, 
however, has not been established. Degradation could 
conceivably start at either end of the messenger and pro- 
ceed sequentially to the other end, or it could start intern- 
ally at one or more sites and progress in either or both 
directions. We report here in vwo experiments which 
demonstrate that the tryptophan messenger RNA 
(trp mRNA) is degraded sequentially from the 3’ to the 5’ 
end of the molecule. 

The trp operon of Escherichia colt consists df five 
contiguous genes! (Fig. 1) with an operator region at the 
E gene end’, Transcription, initiated at the Hegene end, 
results in the production of aespolycistronic mRNA with 
sequences corresponding to all five genes of the operon®’, 
It is possible to synchronize the moment of derepression 
(transcription initiation) of the trp operons in the cells of a 
bacterial culture and to limit transcription of the operon to 
a single round of messenger production®. This is accom- 
plished by initiating transcription, and then terminating 
transcription initiations by adding a repressing level of 
tryptophan at any time up to 2-5 min. Transcription 
of the operon, once initiated, proceeds to the A gene end 
of the operon, even in the presence of a repressing level of 
tryptophan*®. 


» ə 


Degradation begins at the 3’ end of a trp mRNA molecule and 
progresses sequentially to the 5’ end. 


In the experiments described here, different regions of 
the trp mRNA were pulse-labelled with *H-uridine during 
a single round „of transcription. In vivo degradation of 
labelled regions of the messenger was then followed, with 
time, by hybridization of extracted regional labelled 
irp MRNA with the DNA from non-defective transducing 
phages (o80pts) carrying different segments of the trypto- 
phan operon (Fig. 1). (The 980 phages were supplied by 
A. Matsushiro (980), S. Deeb and B. Hall (¢80pt#-A and 
p80ptC-A), W. E. Doolittle (p80pt#H-C), and N. ©. 
Franklin (980ptB-A).) 

In all the experiments reported here, Æ. colt W3110, 
a prototrophic K12 strain, was grown at 37° C with 
vigorous shaking in a minimal medium containing 0-2 
per cent glucose and 0-25 mM L-tryptophan. When the 
cell density reached about 7x 10° cells/ml., the bacteria 
were chilled, sedimented, washed, and resuspended at 
5 x 10° cells/ml. in fresh, cold, minimal medium containing 
1-0 per cent glucose, 0-05 mM L-tryptophan, and the other 
nineteen amino-acids at 05 mM each. The culture was 
then vigorously shaken at 37° C for 10 min in a water bath. 
Trp mRNA synthesis was initiated by adding the trypto- 
phan analogue, indole-3-propionic acid (IP) (unpublished 
results of Doolittle, Yanofsky and Baker), to a final con- 
centration of 30 ug/ml.*. After 1 min, tfanseription of the 
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Fig. 1. The tryptophan operon and regions present in g&0pt phages. 


Genes are drawn to scale. 


trp operon was repressed by adding L-tryptophan to a 
final concentration of 0-5 mM. RNA was pulse- labelled by 
exposure of cells to *H-uridine (18 uCi/ml., 20 Ci/mmole) 
for various time periods after the addition of IP. The 
pulse was followed by a diluent of unlabelled uridine, 
added to a final concentration of 0-9 mg/ml. Samples of 
5 ml. each were then taken at various times and pipetted 
directly into 4 ml. of frozen-erushed medium containing 
20 per cent sucrose, 400 ug/ml. of chloramphenicol (CAP), 
0-02 M sodium azide and 0-005 M MgCl, in 0-02 M tris 
buffer at pH 73. The cells were sedimented by centri- 
fugation at 12,000g for 10 min and resuspended in 3 mil, 
of the same medium without sucrose. RNA was prepared 
from these cells by a modification’ of the procedure of 
Okamoto et al. Lysate preparation, DNA isolation, 
hybridization and counting were performed as described 
earlier™?11°, The results are reported as the e.p.m. of 
4Himy of total RNA hybridized with an excess of ẹ80pt 
DNA‘. The counts trapped by 980 DNA are subtracted 
in each case. The averages of duplicate assays are pre- 
sented. 


Table 1. ADDITION OF TRYPTOPHAN 1 MIN APTER INITIATION OF DEREPRES- 


SION ALLOWS ONLY ONE RODTND OF TRANSCRIPTION 


Period of Time of addition Specifie epm. 7H-RNA 
labeHing of repressing activity hybridized per mg 
after Initiation level of of total RNA total RNA to 
of derepression” tryptophan * (E pm O.D eg) Rüpp E-A DNA 
(min) (min) {x 10° 3) (x 10-4) 
A 0-3 0 2-51 12-1 
B 4-7 J 2-35 105-4 
17-10 ł 2-29 16-6 


* Addition of IP (30 sz/ml.) at 0 time and L-tryptophan (0-5 mM) at the 
time indicated, Each incubation was terminated at the end of the labelling 
period. Labelling was with *H-uridine. 


In our experimental conditions about 6-5 min are 
required to synthesize a complete trp mRNA molecule’. 
A pulse of *H-uridine given during any period before the 
seventh minute after the initiation of a single round of 
transeription should label trp mRNA, while pulse labelling 
after 7 min should not. Table 1 shows that in the condi- 
tions described there is appreciable labelling of trp mRNA 
between the fourth and seventh minutes while there is 
only slight labelling between the seventh and tenth minutes 
(about 15 per cent of the labelling observed from the 
fourth to the seventh minutes). It is also shown that the 
simultaneous addition of L-tryptophan, at the repressing 
level, and IP virtually eliminated trp mRNA labelling. 
The low level of hybridizable mRNA shown in lines 4 
and C of Table 1 may represent low-level messenger 
production in repression conditions, for approximately 
the same level of hybridization is seen with RNA from 
repressed cultures’, Alternatively, this low level of 
hybridization may represent labelled RNA which does not 
correspond to the érp operon but which is trapped by the 
bacterial chromosome region adjacent to the trp operon 
which is also present in pt DNA. 

The mode of mRNA degradation was ascertained 
by measuring the radioactivity remaining in different 
regions of the trp mRNA molecule as a function of the 
time permitted for degradation. The first method em- 
ployed involved folowing the kinetics of disappefirance of 


counts incorporated into different short regions of the 
full-length trp mRNA molecule. Because it takes about 
6-5 min to complete the synthesis of a irp mRNA mole- 
cule’, a short pulse with a small amount of high specific- 
activity ®H-uridine should label only that segment af the 
trp mRNA that is synthesized w hile the *H-uridine is 
available. The addition of unlabelled uridine l min after 
the time of addition of *H-uridine should dilute any 
residual labelled uridine and contribute to the dilution of 
the small amounts of *H-labelled uridine derivatives in 
the RNA precursor pools. If the °H- uridine labelling is 
performed during periods of a single round of synchronous 
transcription of the operon, then different regions of the 
irp mRNA should be labelled. 


Table 2, 
Period of labelling 
of RNA after 
initiation of 


REGIONAL LABELLING OF irp MRNA DURING 6 MIN OF SYN'MPESIS 

Specific — 
activity of 
totai RA A 


epi, H-RNA (10) 
hybridized/mg tuial RNA 


derepression*® (e pm O Doss l with EXCERS DNA of gs0: 
anin) x 107%) ple-A pLE-C ped pLAA 
9-1 93 t9 173 3:88 KE at 
2—3 85 ined 16-2 4-90} 3-23 
4-5 82 16-6 328 16-4 tied 
3—8 KI HPO 2.58 pel LER 
* TP was added at 0 time and a repressing ievel of tryptophan at 1 min, 


Labelling was with *H-uridine. U nlahelled uridine was added at the end of 
each 1 min pulse-labelling period to dilute any residual “H-aridine and to 
contribute to the dilution of labelled RNA precursors. ‘The time between the 
addition of the small amount of *H-uridine and the addition of unlabelled 
uridine will be considered to be the labelling period, Aliquots of all cultures 
were stopped at 6 min and ENA was isolated and hybridized with the pt 
DNA indicated, 


The data presented in Table 2 indicate that labelling is 
indeed restricted to particular regions of the irp mRNA 
molecule, when pulse labelling is performed for different 
brief periods during a single round of synchronized 
transeription. It can be seen, for exarnple, that, compared 


with the hag age z DN A hybridization value, oniy ; about 


is deiecwible by ie E w ihe 80ptB. 4 DN A and 
only about 16 per cent of the label from 5-6 min pulse- 
labelled trp mRNA is detectable by hybridization with 
es0pt#-C DNA. The other pulse periods and hybridiza- 
tion values for the different gSOpt DNAs show the same 
pattern of expected preferential and sequential labelling 
of different regions of the irp mRNA molecule. 

To determine the orientation of trp mRNA degradation 
in vivo, the cultures described in Table 2 (with r gional 
labelled RN/ A) were incubated after completion of inp 
mRNA synthesis and samples were removed at | min 
intervals and added to azide-CAP. RNA was then 
isolated from each sample of cells and hybridized with 
es80pth-A DNA. As can be seen in Fig. 2. the portion 
of the trp mRNA labelled during the latter part of the 
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Fig. 2, Degradation of different regions of frp mRNA. The cultures 

described in Table 2 were sampled aft i min intervals starting at the 

sixth minute, and the samples were added to the azide-CAP mixture, 

Excess cS80ptk-A DNA and o80 DNA were used to hybridize ENA 

extracted from cells pulsed during the 0-1 (C), 2-3 (@). 4-2 òx) and 

5-8 (W) minute periods, See text for possible explanations for the high 
base line, 
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6-5 min synthesis period (for example, 5-6 min pulse- 
labelled RNA) is degraded before messenger segments 
labelled during any earlier period of synthesis. Almost 
all of this “late” label is removed from the trp mRNA 
molecules by 11 min after the start of derepression. This 
indicates that degradation of all of the molecules is in 
progress at approximately the same time. From these 
data it is clear that degradation begins at the 3’ end of a 
irp mRNA molecule and progresses sequentially to the 
5° end. It can be seen that the 4-5 min and 2-3 min 
pulse-labelled RNAs have a greater apparent maximum 
rate of degradation than either the 5-6 min or 0-1 min 
pulse-labelled RNAs. This may indicate that the rate of 
degradation is slightly faster in the interior of the molecule 
than at the ends. 

From the curves in Fig. 2 it is possible to calculate the 
fraction of a trp mRNA molecule that remains undegraded 
at various times after the initiation of degradation. These 
values are shown in Fig. 3 in which the points on the 
curve are calculated from the times when the four curves 
shown in Fig. 2 are at their maximum rates. 

Fig. 4 presents the results of a different type of experi- 
ment which also shows that degradation of the messenger 
begins at the 3’ end. In this experiment a single round 
of transcription was allowed as described above, but 
labelling was performed from the fourth to the seventh 
minute. After the seventh minute incubation of the 
culture was continued and samples were transferred into 
azide-CAP at the times indicated and RNA was extracted. 
‘Thus label was incorporated into the operator distal 40 per 
cent (2:5/6-5 x 100) of the trp mRNA (corresponding to 
genes A, B and part of C), and degradation was per- 
mitted for increasing periods. The orientation of degrada- 
tion was determined by hybridizing the different RNA 
samples with DNA from 980pts carrying various segments 
of the operon (Fig. 1). The results in Fig. 4 indicate that 
by 9 min after the start of derepression RNA hybridizable 
with @80ptA DNA was degraded completely, while there 
was only a slight reduction in the labelled RNA that was 
hybridizable with 980ptBA DNA and ọ80ptE-A DNA. 
Because g80ptH-A DNA will hybridize with all regions 
of the irp mRNA, it can be concluded from the degradation 
data that by about the twelfth minute degradation has 
proceeded beyond the labelled region of the messenger. 
This time should correspond to the time at which 40 per 
cent of the trp mRNA molecule was degraded in the 
previous experiments. It can be seen in Fig. 3 that at 
the 12 min point about 40 per cent of the molecule was 
destroyed from the 3’ end. The disappearance of RNA 
hybridizable with ọ80ptA DNA at 9 min in Fig. 4 also 
correlates well with the degradation curve of Fig. 3. 
Because g80ptA carries about 12 per cent of the genome, 
88 per cent of the mRNA should remain at 9 min. Fig. 3 
shows about 85 per cent remaining at 9 min. It can also 
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Fig. 3. Degradation of trp mRNA. The values used for the degradation 

portion of the curve are calculated from the data in Fig. 2. The time 

needed to synthesize a complete (rp mRNA molecule is taken as $-5 min’. 
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be seen in Fig. 4 (all hybridization curves) that degradation 
is fairly linear with time. The average rate of degradation 
in the conditions employed can be calculated to be about 
560 nucleotides/min. (E. coli trp MENA is about 6,700 
nucleotides long?.) 

The data in Figs. 3 and 4 indicate that degradation 
begins at about 7 min or approximately 1/2 pin after 
trp mRNA synthesis is complete. Degradation of the 
messenger 1s complete at the nineteenth minute (Fig. 2), 
and so the life of the irp mRNA molecule is about 12 min. 
This corresponds closely to the lifetime reported previously 
for this messenger}, 

Enzymes which may be responsible for in vivo degrada- 
tion of mRNA are polynucleotide phosphorylase!!! and 
exonucleolytic phosphodiesterases!?-!, Both have been 
isolated from Æ. coli and have been shown to degrade 
RNA from the 3’ end. r 


RNA 


cpm. PH-RNA {> 107) hybridizedimeg total 





Time after start of derepression (min) 


Fig. 4. Degradation of vp mENA labelled during the fourth to seventh 
minute of a single round of transcription. Indole-3-propionic acid was 
added at time 0, and a repressing level of L-tryptophan 1 min there- 
after. *H-uridine was added at 4 min and unlabelled uridine at 7 min. 
The distribution of *H is probably not uniform over the portion of the 
trp MRNA labelled. Aliquots were pipetted into the azgide-CAP mixture 
at 7, 8,9, 10, ll and 12min. RNA was extracted and hybridized with 
DNA from: p80ptkH-A (©), p80ptBa CW), pS0ptd (x). 


Synthesis and translation of irp mRNA molecules are 
oriented 5’ to 3° (refs. 20, 21). Degradation, as shown 
here, occurs in the direction opposite to either of these 
processes. In order to obtain complete and stoichiometric 
synthesis of all the polypeptide chains coded by this 
polycistronic messenger it seems necessary that all of the 
ribosomes attached to the mRNA finish translation before 
degradation begins. Because degradation begins at a 
time relatively soon (of the order of 30 s) after the mes- 
senger is synthesized, ribosome loading (or ribosome 
subunit loading) should take place only during the period 
of messenger synthesis. On the basis of translation 
experiments to be presented elsewhere, this appears likely 
because it is probable that all the ribosomes that will 
translate a trp messenger molecule are loaded before half 
of that messenger is synthesized and finish translation 
within 0:5 of the completion of messenger synthesis. 

It has been shown that trp mRNA molecules isolated 
from cells carrying strong polar mutations in the trypto- 
phan operon are shorter than the corresponding trp mRNA 
molecules isolated from wild-type cells and lack the 3’ 
(operator distal) end’. Attempts to demonstrate that the 
missing segment of the messenger was synthesized, but 
was rapidly degraded, were unsuccessful, Because, as 
shown here, degradation normally proceeds from the 3’ 
end of the mRNA in wild type, we still must entertain 
the possibility”? that one of the consequences of a polar 
mutation is the rapid degradation of the portion of the 
mRNA molecule distal to the site corresponding to the 
polar mutation (3’ end). 

This work was supported by grants from the US National 
Science Foundation and US Public Health Service. 
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Three-dimensional Fourier Synthesis of Horse 
Oxyhaemoglobin at 2°8 A Resolution: (1) X-ray Analysis 
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X-ray analysis of haemoglobin at 55 Å resolution 
revealed the general course of the polypeptide chains, 
the positions of the haem groups, and the tetrahedral 
arrangement of the four subunits around a dyad axis}. 
The present electron density map at 2-8 A resolution 
shows the positions of most of the amino-acid residues, 
the orientations of their side chains and some details of 
the haem groups. These results form the basis for the 
construction of an atomic model which will be described 
next week. 


Experimental Methods 


Crystals of horse oxyhaemoglobin were grown in 1-9 M 
ammonium sulphate solution buffered to pH 7-0 (ref. 2). 
They belong to the monoclinic space group C2; the unit 
cell contains two molecules which he on dyad axes*. Three 
heavy atom derivatives were used: in one, cysteine 104% 
was substituted with mercuric acetate; in the second, 
cysteine 938 with paramercuribenzoate; and in the third, 
cysteine 104« and 938 with methylmercury and para- 
mercuribenzoate respectively. All three derivatives had 
unit cell dimensions which were the same as those of the 
native crystals within the limits of error of the angular 
measurements made on the diffractometer. 

The intensities of the reflexions of the native crystals 
and of six heavy atom derivatives contained in the 
limiting sphere of 5-5 Å- radius were already known from 
photographic measurements?. We have now measured 
each reflexion and its Friedel pair within a hemispherical 
shell of limiting radii 5-5 and 28 Å~ for the native 
protein and for each of the three heavy atom derivatives, 
making 58,400 reflexions altogether, on an automatic 
three-eircle diffractometer designed by È. W. Arndt. 

* Present address: Department of Physiology, Washington University, 
St Louis, USA. 


+ Present address: Department of Biochemistry and Nutrition, University 
of Pittsburgh, USA. 


tł Present. address: 


> epartment of Chemistry, Hiinois Institute of Tech- 
nology, Chicago, USA. a 


The phase angles of 8,000 reflexions were determined by the method 
of isomorphous replacement, using crystals of native haemoglobin 
and of three heavy atom derivatives. The electron density maps 
show the positions of nearly all the amino-acid residues and some 
details of the haem groups. Next week the second part of this 
article—the atomic model—will appear. 


For each reflexion the crystal was rotated by 80° in w im 
30 s, while the counter remained fixed, the background 
being measured for 15 s at the beginning and end of the 
scan. The diffractometer output was recorded on punched 
tape and corrected for Lorentz, polarization and absorp- 
tion! factors, using a computer programme by T. H. 
Yossling. The quality of the data recorded from a given 
erystal was then tested by a computer programme which 
calculated the differences in structure amplitude between 
Friedel pairs ({AF|) and subjected them to statistical 
analysis. If the overall agreement was close to that 
expected on the basis of counting statistics, only those 
reflexions were remeasured where | AF] was greater than 
1-3 times the sum of the standard deviations of the two 
individual structure amplitudes predicted from counting 
statistics. If the overall agreement was poor, all the 
reflexions were remeasured. In the final set of data, most 
of the differences were within the predicted limits; 
larger ones were found to be reproducible when measured 
on different crystals and were therefore attributed to 
anomalous scattering. 

The coherent reflexions from haemoglobin crystals are 
subject to a “temperature factor” of B= 35, which is much 
larger*than that found in other proteins, such as myo- 
globin (J. C. Kendrew and H. C. Watson, private corn- 
munication) or chymotrypsin (D. M. Blow, private com- 
munication). This factor ig not significantly redueed by 
lowering the temperature to 0° C or even to — 196° ©, 
nor by fixation with glutaraldehyde (P. A. Bretscher, 
unpublished results), and it aggravates the difficulties of 
phase determination not only by weakening the high 
order reflexions, but also by raising the background of 
incoherently scattered radiation between them. Further 
background is contributed by fluorescence from the iron 
atoms and scattering by the ammonium sulphate solu- 
tion which occupies more than half the erystal volume. 
By using very large crystals, by carefully collimating the 
incident and diffracted X-ray beams. and by measuring 
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even further by prolonged irradiation. Fig. 1 also shows. 
however, that despite the weakness of the reflexions and 
the high background counts, after averaging the Friedel 
pairs, nearly two-thirds cf the data have aratio ofo( FHF] 
of less than 0-1, 

Mean |F| and AFI having been calculated for each 
reflexion, the mean |F js obtained from different crystals 
were scaled together’ using a Fortran programmemodified 
from one by D. M. Blow. The mean standard deviation 
in |F] of the overlapping reflexions as a percentage of 
the mean strutture amplitude varied between 3-8 and 
54 for the data obtained from the four derivatives. The 
relative temperature factors of the four sets of data were 
neghgible compared with the large overall temperature 
factor. 
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Determination of Heavy Atom Parameters and Phase 
Angles s 


Approximate heavy atom parameters obtained from 
difference Patterson syntheses were refined using alternate 
cycles of phase determination and least squares refine- 
ment®?; this was applied to 2,000 strong to medium 
oe chosen: 80 tnet equal numbers covered a 


The om was nicloded: Bo. in Ale cule AROA of the 
final phase angles®*. Using these phase angles, difference 
Fourier syntheses were calculated for all three heavy 


FF: 


Fig. L Magnitudes and standard deviations of structure amplitudes 
measured from a crystal of native haemoglobin at spacings ranging from 
37 to 28 Av! (k= 17-22). The solid line is a histogram showing the 
distribution of LF} (left “ordinate), The broken line shows the mean 
fractional standard deviation o Fo) F of Fi tright ordinate) as a fune- 
tion of “Fi. The four reflexions are those listed in Table 1 and show 
typical counts obtained in different ranges of IF Note te relation- 
ship between the magnitudes of the |Fls shown here aud in Fig. 2 which 
refers to the complete set of data. 


not more than 1,600 reflexions from one crystal, errors 
caused by poor counting statistics and radiation damage 
were minimized. Even so, the high background resulted 
in an unfavourable ratio of signal to noise, especially for 
reflexions of high order. Table 1 and Fig. 1 illustrate the 
experimental results obtained for A worst case of struc- 
ture amplitudes in the range of 37-28 À~, Table 1 lists 
the actual counts for four reflexions in different intensity 
ranges; it shows that for reflexions with structure factors 
of the order of 300, which are among the most frequently 
occurring, the noise is more than seven times stronger 
than the signal, and even for the exceptionally strong 
0 22 0 reflexion the noise makes up half of the peak 
counts. The ratio of signal to noise could have been 

improved by scanning reflexions more slowly, but this was 
impracticable because the temperature factor is raised 


Table i. EXPERIMENTAL RESULTS OBTAINED FROM SCANS OF FOUR HIGH 


ORDER REFLENTONS 


Peakand _ 

. back- Baek- 00 Os eee 

Index ground ground Peak Lf dlos (6, +06,) iF) alp fae m 
count count 

0 22 0 3,495 1,222 2,273 1,620 xis " TEP Shs ete’ 
QO 28 0 3,543 1,355 2,190 1,580 ot 7 4b 1.E80 14. 90 O86 
921 1 1,924 993 a3 1 650 ze , me a2 ha nes 
4224 1,295 926 369 270 ,, a ean age aaa 
2 22 0 1,118 926 199 l4 , 3 ay e: we ag 

poon e : : x SEF, z 234, f . 
2 55 0 1043 ORs 61 40 4i 50 300 38 30 #38 


Peak and background counts were oftained as explained in the text. Z° is 
the difference between them, after correction fof Lorentz, polarization and 


absorption factors; Afobs is the average observed difference between Friedel 
pairs in the intensity range of the particular reflexion: o,+9,i8 the sum of the 
predicted standard deviations for the J's of the Friedel pairs calculated from 
counting statistics. Assuming a Gaussian distribution of errors, the mean 
ATobs should be 0- Sía, tah Note the increased background in the neighbour- 
pees of the strang re flexions: this is not due to the use of too narrow a 

scanning angle or to streaks of white radiation, ut represents diffuse seatter- 
ing. 

The right-hand side of the 
affect the phase determination. All numbers are on the absolute seale. 
F is the structure amplitude of the protein and olsi its standard devia- 
tion: fyi is the average of the calculated heavy atom contributions to the 
reflexions of the three cerns used; m is the figure of merit of the 
particular reflexion. 


table shows how the errors of measurement 


atom 
subsidiary heavy atom sites. For the original 5-5 A photo- 
sil Uae data both TaN y atom E and phase 


gramme, 


derivatives; these showed that there were 


using overlapping reflexions. 





no 


T he two ots ive, eee were then: sealed voueilier 


1-0 
O38 
Kja 400 0-6 
(4 
02 
300 
9 
200 
= 
100 
Q 
0 O-O1 O02 0-03 
sin) 32 
Fig. 2. Mean structure amyditudes of the native protein and of the 


heavy atoms, and accuracy of phase determination as a fune Hon of 
siéi22, The@meaning of ‘the curves from the top downwards is: om 
(ordinate at top right) average figure of merit of the phase angles’, 
iF is the average structure amplitude of the native protein. The peak 
in the iP curve is at 4-5 À~; the peak usually observed at 10-11 Act 
is obscured because the first point on the graph represents the average 
of the structure amplitades between œ and 6 Av’. The three curves for 
the ifls of the heavy atom derivatives refer to the average root mean 


squares of if sie E represents the av erage roq} mean square lack of 
4 closure error of the phase triangles". 
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Figs. 3-6. Contour maps showing the distribution of electron density in the mol@cule of horse oxyhaemoglobin. The first contour, shown as a 
broken line, was drawn at 0°30 electrons/A? above the average background; higher contours are drawn as solid lines at intervals of approximately 
0-30 electrons/A? above the first contour. Each figure shows a view through several sheets of ‘Perspex’ stacked on top of each other, representing 
a different part of the molecule. Underlined residues form part of the a-chains, plaim ones part of the 6-chains. The mark at the bottom of 
each picture corresponds to 5 A. 
a 
Fig. 3. The central cavity (CAV) with pane of the four subunits. The a-chains are on the lower left and upper right; D marks the molecular 
dyad. PT refers to proline 95a (left) and tryptophan 378 (right) at the contact afs. TA refers to tyrosine 42a (left) and the guahidinium group 
of arginine 408 (right) which form another part of the same contact (see Fig. 8 of ref. 18), Note lysine 99a (L) above and below the molecular 
dyad and tyrosine 35f (T) slightly above and to the right of tryptophan 378. Helix G runs horizontally from right to left just below the central 
cavity. The interstitial liquid appears at the bottom right. 


Fig. 4. The haem pocket of the a-chain. The haem group is seen edge-on, with helices E and F to the left and right. The haem-linked histidine 
is visible as a bridge connecting the iron atom to Melix F. Helix H traverses the picture from the top left to the middle right. The interstitial 
liquid appears at the bottom, 


Fig. 5. The haem pocket of the 8-chain. The haem group is seen edge-on, with helices F and E to the left and right. The haem-linked histidine 
(92) and the distal one (68) are both visible. On the left of helix F lies the reactive cysteine (93, marked 8) with the attached mercury atom 
shown as a black dot. The interstitial liquid is at the bottom of the figure. 


Fig. 6. The unreactive cysteine 104a, marked S, forming part of helix Ga is shown embedded between‘a variety of other residues, Note 
hefix G8 which runs from the top right to the middle left. M marks methionine 32a which forms part of helix B. 
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Fig. 2 compares the mean structure amplitudes of the 
complete set of data for the native protein with the 
structure amplitudes of the heavy atoms alone. The 
former are seen to be subject to a larger temperature 
factor than the latter, but even so the mean lack of 
closure error of the phase triangles EH approaches the 
magnitude of the heavy atom structure amplitudes 
at the limit of resolution. The mean figure of merit for 
the complete set of data varies from about 0-92 at 6 Å- 
to 0-67 at 2-8 Å, which is very satisfactory. The figures 
are comparable with those obtained in the Fourier synt rhesis 
of carboxypeptidase A at 2-8 A resolution where a much 
smaller temperature factor was observed. Perhaps 
the excellent isomorphism and the absence of subsidiary 
sites in the haemoglobin derivatives compensate to 
some extent for the high temperature factor of the 
protein. 

A best Fourier synthesis" was calculated using a Fort- 
ran programme by R. A. Crowther. Electron density 
maps were plotted by a computer-controlled electronic 
device which contours the densities read from a magnetic 
tape, displays them on an oscillograph screen and records 
them photographically (ref. 12 and unpublished results 
of J. F. W. Mallett and U. W. Arndt). 


The Electron Density Map 


In its overall shape the oxyhaemoglobin molecule 
resembles a spheroid with a length of 64 A, a width of 
55 A anda height of 50 A. The packing of the molecules 
in the erystal is pseudo-face-centred-cubic’. Neigh- 
bouring molecules are in contact at only a few points, 
and salt solution fills the wide interstices between them. 
It also fills an internal cavity surrounding the dyad 
symmetry axis. In the contour maps these liquid regions 
form a low undulating landscape from which the protein 
peaks stand out sharply (Figs. 3 and 4). The polypeptide 
backbone is visible as a continuous chain of high density 
from as side chains branch off in different directions 
(Fig. 4 

ae of the side chains are sufficiently characteristic in 
size and shape to enable one to identify them uniquely. 
These include tryptophan where the indole ring is un- 
mistakable (Fig. 3), cysteine and methionine, recognizable 
by their high sulphur peaks (Fig. 6), and some of the 
lysines (Figs. 3 and 5}, arginines, tyrosines and prolines. 
Nearly all phenylalanines and histidines are recognizable 
as rings (Fig. 6) but cannot be distinguished from each 
other. Leucines, valines, threonines, the acidic amino- 
acids and amides form bulges of various shapes, but 
not often of a recognizable kind. Serine is hard to tell 
from alanine, and alanine from glycine. 

Despite these ambiguities, nearly every amino-acid 

residue can be located by making use of the known 
chemical sequence of the 141 residues in the «-chains' 
and the 146 residues in the $-chain'*. Starting from a 
clearly recognizable side chain such as tryptophan l4x 
or 153, one can proceed along the polypeptide chain in 
steps of 3-6 A and identify each side chain in turn, check- 
ing one’s advance by the recognizable signposts which are 
passed on the way. The terminal residues are visible only 
faintly or not at all, presumably because they ane able 
to take up two or more alternative conformations. For 
the same reason some of the polar side chainseare either 
wholly or partly invisible. 

The haem groups stand out as disks surrounding a 
central peak, Enked. to the polypeptide ehain on one side 
by a continuous region of high density representing the 
proximal histidine (Figs. 4 and 5). The distal histidines 
are also distinct. The four pyrrolic rings form a cross of 
high density within each disk. At first ee: side-groups 
were thought to be indistinct, but careful correlation 
with a model later allowed some of them to be traced. 
Note that aecess to the haem groups and to cysteine 938 
from the interstitial liquid is not obstrueted by ‘neighbour. 
ing molecules. The unreactive cysteine 104%, on the other 
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e 
hand, is enelosed by other residues on all sides and is 
accessible only from the central cavity (Fig. 6). 
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Chemical Inhomogeneity 


The horse haemoglobin crystals used here contain up to 
four components which arise by substitution of glutamine 
for lysine at 60x and of tyrosine for phenylalanine at 
244. The two electrophoretically distinct components 
have been crystallized separately and were found to be 
isomorphous!*, There is no reason to believe that the 
substitution ate 24a, being internal, would affect the 
crystal structure. In the electron density maps both 
side chains are distinct, but the lysine is cut short and the 
tyrosine hydroxyl is less dense than that of the other 
tyrosines. 

Within the limitations set by the high “temperature 
factor” of the crystals and the scanning method employed, 
a resolution of 2-8 A was the best that could be achi@ved. 
This point is illustrated by Fig. 2 which shows that at 
higher resolution meaningful phase angles could only be 
obtained by a reduction of the lack of closure error E, 
in other words, by improvements in the accuracy of 
measurement. This may become possible by using the 
more accurate 4-circle diffractometers!? and novel com- 
puting methods'* to sean and analyse the profile of each 
py an 

The results which emerg 
"Although. nes else on 
ae Ae maps ee ames es w vaula not suffice to solve the 
structure, when combined with the chemical sequence 
and the known stereochemistry of the amino-acids they 
provide enough information for the construction of an 
atomie model (see ref. 18). (Copies of the list of structure 
amplitudes and of the electron density maps are available 
from this laboratory.) 

We particularly thank Dr U. W. Arndt and Mr J. F. W. 
Mallett for designing the diffractometer, supervising its 
construction, teac hing us how to use it and keeping it in 
running order day and night during the 15 months which 
it took to measure the intensities of some 100,000 reflexions. 
We thank Dr D. M. Blow, Dr R. A. Crowther and Mr T. H. 
Gossling for making computer programs available to 
us, and Miss Valerie eukon Miss Jean eee Mrs 
Valerie Winkless, Mr R. Phizackerley, Mr G. G. Grindley 
and Mr B. Ambrose for technical assistance. For compu: 
ing facilities we thank the director and staff of the Cam- 
bridge University Mathematics Laboratory, Professor 
S. Gill and the manager and staff of the Computer Unit 
at the Imperial College of Science and Technology, in 
London, and Dr J. Howlett and his staff at the Atlas 
Computer Laboratory, Chilton. 
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Transplantation and Cytotoxicity Changes induced by 


Acid Mucopolysaccharides 


by 
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Acip muccpolysaccharides (AMPS), heparin, keratan 
sulpAate, heparitin sulphate and chondroitin sulphate 
all inhibit in varying degrees the growth of mouse L-cells 
in suspension culture’. Hyalurcnic acid is not effective 
in inhibiting growth in the same experimental conditions. 
When the control L-cells from the suspension culture 
were inoculated into C3H and CFL mice there was no 
graft acceptance with inocula even greater than 10° cells, 
although cells which had been treated with either heparin 
or hyaluronic acid produced malignant, transplantable 
tumours with inocula as low as 10° cells. Heparin, a 
mitotic inhibitor in vitro and in vivo”, might be expected 
to prevent tumour growth, and hyaluronie acid which 1s 
not a mitotic inhibitor! might be expected to permit 
growth. The experiments showed, however, that the 
transplantation barrier, evidenced by the rejection 
of the control cells, could be abolished by pre-treat- 
ment of the cells in culture with heparin or hyaluronic 
acid. 

Histochemical evidence that applied AMPS can coat 
cell surfaces*4, and that electrophoretic mobility 1s 
increased with a variety of ascites tumour cells after 
exposure to the sodium salt of heparin (my unpublished 
work), suggests that surface coating can explain these 
observations. It is suggested that surface coating of the 
transplantation antigens would prevent their expres- 
sion. Examples of cell surface antigen being blocked 
by similar substances are the blocking of red cell group 
specifie antigens by the Vi polysaccharide® and Sanford’s 
report® that the sialomucin coat on TA3 ascites cells 
blocks their surface antigens. 

I therefore decided to test the ability of AMPS to inter- 
fere with the expression of the H-2 system and the Moloney 
specific transplantation antigens. 

The compounds studied were the sodium and calcium 
salts of heparin (from Professor Jorpes, Karolinska 
Institute), corneal keratan sulphate (from Dr Smith, 
Georgetown, University, Washington), Hyaluronic acid 
and chondroitin sulphate (from M. Matthews, University 
of Chicago). These polymers are composed of repeating 
units of hexomine and hexuronic acids, except for keratan 
sulphate which contains galactose instead of uronic acid. 
All but hyaluronic acid are sulphated. The anionic 
character of the molecules is derived from the uronic acid 
and/or sulphate groups. 
genie 
the latter are good antigens. Gum tragacanth is a plant 
polysaccharide which inhibits mitosis’, but the commercial 
preparation used in these experiments was not treated 
for antigenicity. 

Cells used were collected from donor animals and washed 
twice in BSS then incubated in 100 test substance/10® 
cells in approximately 0-3 ml. of BSS for 2@min at 37° C. 
Control cells were incubated in BSS. Viability at this 
time, as measured by the trypan blue exclusion test, 
was 85-98 per cent. 


* Present address: Department of Zoology, University of Chicago, Chicago, 
Hitnois. e P 


Treatment of Moloney induced tumour cells with heparin and other 
acid mucopolysaccharides blocks cell surface antigens thereby 
altering transplantation behaviour and cytotoxicity reactions. 


Transplantation Experiments 

Two different Moloney virus mduced tumours were 
used. The YAC tumour, syngeneic with A/Sn mice and 
maintained in this strain, with H-28 specificity, grows as 
an ascites tumour when injected intraperitoneally (with 
some solid tumour appearing in the advance phases of 
growth) and as a solid tumour when the moculum is 
given subcutaneously. The YLI tumour is syngeneic 
with C57 leaden mice and is maintained im this stram; 
it carries the H-2> specificity and grows as a solid tumour 
after cells have been injected subcutaneously. Cells 
were transplanted to allogeneic or syngeneic hosts and in 
one case to syngeneic hosts pre-immunized agaimst the 
Moloney tumour specific transplantation antigens. 

When 10* cells were injected into C3H and ABY mice 
allogeneic to YLI and YAC tumours, respectively, no 
tumour growth was apparent. When, however, the 
cells were treated with AMPS as described, there was 
transient tumour growth followed by regression. Solid 
tumours lasted for 2-15 days and their sizes ranged from 
a small palpable tumour to growths as large as 1,440 men’. 
The results are summarized in Table 1. 


Table 1. TUMOUR DEVELOPMENT IN ALLOGENEIC MICE FOLLOWING TREAT- 
MENT WITH AMPS 


(No. of animals developing tumours/total No. injected) 





Tumour: YACC YAac YLI 
_ Allogeneic strain: ABY ABY CoH 
Route of injection: Lp. 8.0, SE, 

Test substance Total Percent 
Na~heparin RIS 5th id 14/18 7s 
Keratan sulphate BIS alg 2/4 8 TH 
Hyaluronic acid 3/6 V4 3 
Tragacanth 4/6 Of4 ay 
BSS (controls) Oe GA afd Q 


Tumour growth was measured differentiy in syngeneic 
mice, according to the type of tumour. The survival time 
and volume of ascites tumours produced by intraperitoneal! 
injection of Y AC cells into A/Sn mice were used as criteria 
of tumour growth in these cases. 


Effects of AMPS on Tumours 

Table 2 shows that all polymers tested reduced survival 
time. Keratan sulphate was the most effective: it reduced 
the mean survival time by 5 days. Table 3 shows values 
for the rate of growth of YAC ascites obtained by determ- 
ination of tumour volume and the relative percentage of 
tumour cells. The volume of tumours resulting from 
inoculation of treated cells was always greater and by the 
fifteenth day was approximately double that of the con- 
trols. The best results were obtained with inocula of 
10° or fewer cells, hut with 10° cells the increase was less 
striking or not apparent. This observafion also applied 
to the growth of solid tumours (Figs. 1 and 2). A possibly 
explanation for this is that the relatively weak tumour 
specific rejection response can cope with a relatively small 
number of tumour cells and is readily overwhelmed by a 
larger cell dose. It is therefore conceivable that with a 
larger inoculum dose of 10* cells, protection of the cells by 
coating has a less perceptible effect. 

Collectively the increased tumour volume and the 
shortened survival of YAC ascites tumours show that 
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pre-incubation of the cells with AMPS facilitated the 
growth of these tumours in syngeneic animals. 

The kinetics of tumour growth were studied on solid 
tumours produced by subcutaneous injection of FAC 
cells. Figs. 1 and 2 show the effect of various AMPS on 
the growth of solid tumours using inocula of 10% and 105 
cells, respectively. Keratan sulphate markedly increased 
growth in both cases while heparin was effective with 
10° but not with 10° cells. Hyaluronic acid was somewhat 
less effective and the calcium salt of heparin was ineffec- 
tive. Chondroitin sulphate was effective with 10° cells, 
but was not studied with the larger inoculum. When 
growth rates were calculated (In tumour vol,—ln tumour 
vol,/24 h), it was found that with inocula of 10° cells the 


Table 2. SURVIVAL TIME OF A/Sn MICE FOLLOWING INTRAPERITONBAL 
INJECTION OF AMPS TREATED OR CONTROL FAC CELLS 
Mean Degrees 
Substance survival t of Ps 
time in days freedom 
BSS (control) _ 23°5 
Keratan sulphate 13-6 4-50 20 0-01 
Na~heparin 20-4 2-44 19 0-05 
Ca~heparin 21-2 2°23 15 0-05 
Hyaluronie acid 20-0 311 15 0-61 
Tragacanth 20-3 2:77 15 0-02 
Calculation of t by the Fisher ¢ distribution. 
Table 3. INFLUENCE OF NA~HEPARIN AND KERATAN SULPHATE ON GROWTH 


OF VAC TUMOURS IN A/Sn MICE 
(Measurements on the fifteenth day after inoculation) 


Combined 
rating 
Cell inoculum 19° 104 105 104 for eight 
animals 
(A) Ascites tumour rating 

Control 3 4 4 6 LT 
Keratan sulphate 5 8 9 9 31 
Na~heparin 8 8 10 7 33 

(B) Solid outgrowths in mm? 
Control 56 177 S4 225 F 542 
Keratan sulphate 196 220 207 i90 * 8138 
Na-heparin 235 198 344 103 880 

(C) Tumour volume recovered (ml) 
Control 1-1 
Keratan sulphate 23 
Na-heparin 2-1 
(D) Per cent lymphocytes aus nar cells 

Control 10 90 
Keratan sulphate 6 94 
Na~heparin 9 95 


Two animals were inoculated for each cell dase and the ratings are the 
total for the two animals at each inoculum dose. Tumour volume was 
measured directly by rating the ascites tumour growth from +1 (for small 
growth) to +5 (for very large tumours), and by measuring the solid out- 
growths, which appear in the later stages of development of these tumours, 
with callipers (6). In addition, one set of animals, those which had received 
10° cells as the initial inoculum, was killed on the fifteenth day and the tumour 
volume measured directly (C). Aliquots from these same tumours were 
used to measure cell volumes in the model B Coulter counter. Cells ranging 
from 120 to 160 are considered to be lymphocytes while the larger cells 
ranging in size from 200 to 1,000 are considered to be tumour cells, The 
distribution of tumour celis showed a peak at 480. The percentage of lympho- 
cytes and tumour cells can be caleulated from the recording of the cell 
volumes obtained from a given sample (D). The relative proportion of tumour 
cells in the population is slightly greater in the treated cells. The increased 
volume therefore actually represents more tumour. 


Tumour volume (em?) 





10 12 l4 16 18 
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Fig. 1. Effect of AMPS on solid YAC tumours; inocula of 10° cells. 
A, Control; 8, keratan sulphate; C, hyaluronic acid; D, Na~heparin. 
Each point is the mean for six animals. 
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maximal growth rate was reached 4 days earlier than in 
the controls with the keratan sulphate and chondroitin 
sulphate and 3 days earlier with the sodium salt of heparin. 

The results with the solid tumour therefore parallel 
those with the ascites growth showing facilitated growth 
with keratan sulphate, the sodium salt of heparin, chon- 
droitin sulphate and to some extent with hyaluronic acid. 
The calcium salt of heparin and tragacanth did not facili- 
tate growth. 

C57 leaden mice were pre-immunized against Moloney 
tumour specific antigens by injection of 5 x 10° irradiated 
(6,000 r.) YHA cells into 5-6 week old mice. When 
challenged with 10° YLI control cells, tumours do not grow 
in such pre-immunized mice. When, however, the 
challenge cells had been treated with AMPS there was 
some tumour growth. Table 4 shows the result of one 


experiment. 
Table 4. EFFECT OF AMPS ON GROWTH OF YLI TUMOURS IN PRE-IMMUNIZED 
MICE 
Non-immunized  Pre-immunized , , 

controls eontrols Pre-immunized AMPS 

6/6* 0/4 Na~-heparin 1/4 

0/6* Ca-heparin 1/4 

Keratan sulphate 1/4 

Tragacanth 0/4 


* Animals received 400 r. before injection of challenge celis. 

The three tumours which developed grew to about one-third of the animal 
size by the thirtieth day and the tumour mass appeared to have almost 
completely disappeared by the forty-second day, However, all three animals 
died on the forty-sixth day with enlarged peripheral lymph nodes. 


Permissive tumour growth in the allogeneic mice 
facilitated growth in syngeneic hosts, and successful takes 
in pre-immunized mice as a result of treatment with 
AMPS show that these compounds interfere with the 
rejection reaction directed against the H-2 antigens and 
Moloney tumour specific transplantation antigens. 
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Fig. 2. Effect of AMPS on solid YAC tumours: 


inocula of 10° cells. A, Control; B, keratan sulphate; 


C, hyaluronic acid; D, Na-heparin; 


E, Ca-heparin; F, chondroitin sulphate. Each point is the mean for eight animals. e 
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able 5. MEAN CYTOTOXIC INDICES OBPAINED WITH THE TRYPAN BLUR age inhibition of cytotoxicity is plotted as a function of. 

ep PREE E Ge Age naess ek onieoreai the cytotoxic index in twelve experiments where the same. 








da No. ae ADT Bas ge S of antiserum and the same C’ were used. J 

Treatment CI experi- CI experi- Heparin is known to be anti-complement. The mdireeb 

ss AMPS EEEN BSS AMPS ments —_ membrane fluorescence test*:? was performed to determine 

Na~heparin 069 082 (G7) 0-92 D7? whether the effect observed with the Moloney antigens — 
Keratan sulphate 0-32 0-60 was a result of the anti-complementary action of heparin. 
Ca~heyfirin O78 O62 (3) 0-67 83) No complement is used in this test, but membrane bound 
Hyaluronic acid oso 048 (9) aki antibody is visualized by the addition of a fluorescent 
Tragacanth 0-52 ~ 0-60 labelled antibody to the anti-Moloney antibody. Cells 
Cytotoxic index (CD) is calculated as: 2 which show positive membrane fluorescence and the totai 
Per cent living control — per cent living z number of cells observed are scored. The results of these 
Per cent living control tests are shown in Table 6. The inhibitory action of 


* Antisera to Moloney specific transplantation antigens were prepared heparin indicates that the action is not C’ dependent. 
jean Ax ae Senna sa sees mine cee A 5x w ees 

3,000 ro YDA oloney tumour cells. Serum taken from these mice 1 ,, ee Sabon : eae ee eo act eT 
month or more after the injection produces a cytotoxic reaction in FAC Table 6. INDIRECT aon ce ragga TEST ON FLD MOLONEY 
cells in the presence of guinea-pig complement as measured by the trypan ais ioiai 


blue test, Treatment of the YAC cells with heparin or keratan sulphate Fluorescence index* 
. ¥nhibted the cytotoxic reaction in all of the seventeen experiments. BSS (control) Na-heparm 
+t Antisera to H-2 i al were prepared by injection of liver, spleen and 0-27 0-02 
kidney ceils once a week for 4 weeks. After this the mice were injected every 0-3 5 O11 
fourth week and serum prepared between injections. 6-70 0-24 
aa : Mean 0-43 011 
Cytotoxicity Experiments * Fluorescence index calculated as: 
To detect blocking in an in vitro system, cytotoxicity Per cent negative control — per cent negative x 
and membrane fluorescence tests were carried out. The Per cent negative control 
- Moloney tumour specific transplantation antigens and | a 
H-2 were used again. Treatment of the cells with AMPS It seemed desirable to know whether the AMPS showed 


inhibited cytotoxicity in both of these systems (Table 5). any specificity in binding. The effect of heparin was 
~The effect of heparin is greatest when the cytotoxic studied using monospecific sera against the 3, 4 and 11 

reaction is weakest as is seen in Fig. 3, where the percent- components of the H-2 complex, individually and in 
combination with each other. The monospecific sera 
were prepared as shown below in Table 7. The results 
obtained with these sera are shown in Table 8. Heparin 
had no effect with each component alone or m paired 
eombination, but did inhibit cytotoxieity when the three 
components were combined. The explanation for this is 
not immediately obvious. 
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Blocking of Antigen Sites 

These cytotoxicity experiments indicated that there is 
some interference at the level of antibody-antigen inter- 
action when the cells are pretreated with AMPS. Both the 
cytotoxicity and the im vivo transplantation results are 
readily explained by direct blocking of the antigen sites. 
Of course, coating of the cells does not tell which one, or 
several, of the aspects of the immune process are involved 
in vivo. Coating of the cells with polysaccharide could 
modify the phagocytie uptake of the cells, the information 
transfer to sensitized cells and/or antibody producing 
cells, render the cells less susceptible to rejecting cells or 
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Inhibition of cytotoxic index (per cent) 





j cell products including antibody, or could have a com- 
ue Bo o 8 10 bination of these effects. 
Cytotoxic index Heparin and keratin sulphate produced almost the same 
Fig. 3. Inhibitory action of heparin as a function of cytotoxic index. responses in different experiments. Hyaluronic acid, the 


Table 7. PREPARATION OF MONOSPECIFIC SERA 


; : Average No. Against FAC celis in A/Sn 
Antiserum Mice used immunized against of challenges Antiserum contains anti- mice will be anti-* 
Anti- 3 C57 BLx A.CA A. Sw 21 3, 2, 8, 9, 14, 25, 27, 29, 33 3, 1, 8, 14, 27, 29 
Anti- 4 C57 Bl x C3H DBA 20 4,10, 13, 14, 32 4, 13, 14 
Anti-11 C57 Bl x DBA C3H 12 11, 1, 25, 32 tt, 1, 25 


* Although other components are present, the first component in each case is relatively the strongest. 


Table 8. EFFECT OF HEPARIN ON CYTOTOXIC INDEX USING VARIOUS MONOSPECIFIC ANTISERA AGAINST COMPONENTS OF THE 4-2 SYSTEM AND USING ANTI- 
MOLONEY ANTISERA 





Anti- . 
tumour 3 ae il 3+ 4 3411 *44+11 3+4+11 © Anti-Motoney 
pee, i BSS Hep BSS Hep BSS Hep BSS Hep BSS Hep BSS Hep BSS Hep BSS Hep 
4 0-15 0-10 0-70 0:67 0-99 0-99 0-34 0:43 10 0-99 10 10 rọ 052 47 0:33 
6 0-73 0-69 0-80 0-97 0-99 0-96 0-67 0-87 0-971 0-0 0:87 0-67 LO 0-79 M33 0-82 
6 0:68 0-25 0:27 0-50 O77 035 0-46 0-20 0-84 0-60 0-86 0-64 6-65 035 053 O24 
7 0-34 0-32 0-60 0-57 0-89 ats 0-28 0-13 0-39 0-22 0-23 6-30 O69 0-38 O68 O84 
7 021 0-47 0-85 0°67 0-74 0-99 0-87 1-0 054 0-10 O92 0:36 ORE O66 
8 10 6°54 0-95 0-98 0-94 0-90 0-92 0-46 0-78 0-92 0-79 077 O95 1-0 O-F2 O59 
10 OB1 0°55 0-92 0-95 0-88 0-82 O78 0-65 
Mean 049 042 073 076 0:89 0-78 0-59 0-52 0-75 0-64 0-63 066 0-87 6-60 O68 0-49 
n.8. n.s. n.8. n.8. n.8. n.8. t = 490 Eom 4-15 
N= 12 N = 12 ; 
° r Ps 0-01 PS 6061 ee 
* * 
* 
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calcium salt of heparin and gum tragacanth did not 
produce such uniformly consistent results, but consider- 
ably fewer data are available about their action. There is 
still insufficient information available to compare sul- 
phated and non-sulphated polymers or to make comparison 
of activity based on other molecular parameters. 

Heparin is used frequently for the collection and 
preparation of cells for cytotoxic assay. The data for 
the H-2 and Moloney antigens suggest that heparin should 

not be used without first ascertaining whether it interferes 

with the cytotoxic reaction on a given cell system. 
Furthermore, if the heparin coats part of the cell surface 
it may interfere with other reactions inv olving surface 
contacts, as has been found!® H, 

The in vivo experiments show that, as with the mouse 
L-cells, graft acceptance can be pr omoted by pretreatment 
of cells with AMPS. The usual methods used to facilitate 
homograft acceptance involve modification of the rejecting 
mechanisms of the host rather than modification of the 
graft. The findings reported here provide a new approach 
for inducing homograft acceptanee-—coating the trans- 
plantation antigens with non-antigenie mucopolysac- 
chanides, 
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Changing Duration of Glacial Cycles from Lower 


to Upper Pleistocene 


Isotopic dating suggests that four major glacial cycles have occurred 
within the past half-million years, whereas no more than two cycles 
by are generally recognized from the preceding one and a half million 
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years. This change of duration, which provides a test for theories of 
ice ages, cannot be directly explained by existing theories of oscillating 
geo-climatic systems without introducing tectonically induced 
physiographic changes: 


such changes seem to affect chiefly the 


oscillation period of Ewing and Donn's system incorporating alter- 
nate icing and de-icing of the Arctic ocean. 


RADIOMETRIC dates of Upper Caenozoic rocks from Cali- 
OU’ ani Zealand* a8 me ee il ate et the 


Scaling In accor Janee Ww AR F lint’ S ‘definition’ -=+ le len wW een 
2-5 x 168 and 38x 108 vr Be. These estimates, which are 
based direetly':4 or ‘indirectly on first pola of 
terrestrial glacial deposits w ithin U pper Caenozoie suc- 
cessions, suggest that the Pleistocene epoch commenced 
perhaps 1 millon yr earher than recently postulated by 
Glass, Ericson and others*, from positions of extinctions 
of certain microfossils relative to the Olduvai palaeo- 
magnetic event as recorded in deep sea cores. The appear- 
ance at the critical 2x 10° yr horizon of the cores of 
Globorotalia truncatulinoides ts thought by Glass et al. to 
afford direct correlation with the first strong codling in 
the Italian Calabrian™’, and hence with that horizon 
which is increasingly being regarded as the most satis- 
factory base of the Pleistocene**, The Pleistocene age 
estimate of Glass ef al. is in general agreement with 
the 1:75 x 10° yr age for the Upper Villaf ‘anchian in the 
Olduvai succession’, and hence there exists a discrepancy 
in the ages of the putative ‘‘Plio-Pleistocene boundaries” 
amounting to a million years or so, 

The apparent diachronism could be explained if the 
‘arious glacial deposits of the 2x 10° to 3x 10° yr period 
were indicative of icecap glaciation in high latitudes only 
and mountain glaciers in some mid-latitude areas, thereby 
contrasting wit th the succeeding 2 x 10° yr during part or 
all of which period the chef glaciations of the northern 


continents seem to have occurred. That Upper Caenozoie 
temperatures had fallen sufficiently for the Antarctic 
to be glaciated over 4x 10° yr ago is demonstrated by 
the occurrence of palasomagnetically ‘ ‘dated’ ice-rafted 
debris from circum-Antarctic cores!?; the explanation is 
corroborated by certain deductions based on palaeonto- 
logy and oxygen isctopes that the first detectable climatic 
fluctuations in the Upper Caenozoic were of lesser intensity 
than later events®:%. The issue cannot be resolved at this 
stage, however, for the following reasons. (1) The first 
n cooling in New Zealand is well dated at 25x 108 yr 
(ref. 2), and palaeontological and palynological evidence 
both suggest that the cooling was as severe throughout 
the country as any subsequent cooling) 5. Furthermore, 
the cooling seems to have been accompanied by a regres- 
sion of the sea of more than 200 ft18, (2) The deep- -SEA 
chronology of Ericson and his co- woe 7 suggests that 
the Gunz glaciation commenced about 2 million yr ago, 
which implies that the Donau phases are older still. This 
contradicts the 2x 10® yr age for the base of the Calabrian 
because the Donau are now generally regarded as being 
no older than cool Calabrian- t8, 

The foregging discussion illustrates the recognized 
dichotomy! between the time scales of Ericson et al. and 
of Emiliani?®. Although it seems premature to posit 
correlations between older portions of deep sea core 
records and earlier glaciations, certain results published 
recently tend to support Emiliani’s correlation of "O-based 
palaeotemperature fluctuations and @ontinental glacia- 
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tions. Because the Pleistocene time scale is central to the 
_ discussion of theories for ice ages later in this article, 
- certain evidence in support of Emihani’s scale is reviewed 
here. (ü) Lidz’s very detailed microfaunal-based palaeo- 
$- 
temperature analysis of Caribbean core P6304-8 corre- 
sponds closely with Emiliani’s curve*®; (n) lamination 
counts from Hoxnian beds in Essex indicate a duration 
of 3x 1-5 10t yr for this interglacial, thus arguing 
against Ericson’s'?. interpreted 5x 105 yr (ref. 21); Gn) four 
stadials in the Kansan Glaciation have now been recog- 
nized®*, which possibly correspond to Emiliani’s!* zones 8 
to 14; (iv) K-Ar dated terraces of the Rhine indicate 
that the Gunz I occurred about 4-2 x 10° yr BP, and this 
together with similarly dated younger terraces? give a 
sequence of ages for interglacials which agrees quite 
closely with Emuiliani’s seale. Discrepancies amounting to 
aboyt 8 per cent can be explained in terms of errors in 
dating and variations in the rates of deep sea sedimenta- 
tion?t; (v) uranium decay-series disequilibrium dating 
places two presumed interglacial terraces in the Bahamas 
at 8-5 x 104 yr and 1-3 x 10° yr respectively**®, thus agreeing 
with interpretation of core zones five and seven as last 
and penultimate interglacials’. 

Of certain remaining difficulties, that posed by the 
13x 10° yr age for supposed Sangamon marine terraces 
of California*?** could disappear if the dated regressive 
deposits on the “30 m surface” and its correlatives*® were 


lying Tahoe ¢ Glacial PE hicks are identified | as 
W isconsin?*:1, coupled with the fact that the terraces im 
question cannot be palaeontologically correlated with the 
continental Sangamon®**, seem to support this suggestion, 
If the terrace were assigned to the Yarmouthian this 
would bring its age into line with the K-Ar date on the 
Mindel--Riss Interglacial terrace m the Rhine sequence. 
Could it eventually be shown that the much less extensive 
lower terraces about the Californian coast™* are the repre- 
sentatives of the Last Interglacial (which, it must be 
noted, is usually’! but not always*® regarded by glacial 
geologists as having been only one third to one quarter 
the dur ation of the T Tntergiacah 2 ? 

various sources, Nowe ever, 
readily reconcile with the accurate aU. -SEP1ES ake s f three 
terraces at Barbados, at 8x 10% yr, 1-05™« 10° vr and 
1-25 x 10° yr, made by Broeker and others, who conelude 
that all these levels formed on the uplifting island yee 
the last interglacial’. The difficulty is with the 1-05 
10° yr terrace, the age of which cor responds with recession 
after the peak of the Penultimate Glaciation according to 
Emiliani’s scheme. Hf ôO maxima defintely reflect 
glacio-eustatically lowered sea levels as well as lower 
temperatures*’, then the middle Barbados terrace cannot 
be interpreted as a hypothetical mid-Riss interstadial 














found to be Penultimate Interglacial and not Sangamon. because the minor inflexion at about 1-05 10° yr in 
positions of 
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Fig. 1. The top curve shows changes of sea level relative to south-west Auckland, New 
Zealand, during the past 3 million yr. The lower curve shows climate, determined 


The numbers 








palaeontologically, palynologically and from Glacial stratigraphy?*-!#%, 
along the K-Ar dates refer to bibliographic references. 


* Personal communication from J. J. Stipp. 
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Emiliani’s generalized palaeotemperature curve? seems 
too small. Thus the detailed correlation of Upper Pleisto- 
cene records from land masses and deep sea cores does not 
appear to be finalized with data to hand. 

The foregoing arguments can be summarized as tending 
to substantiate the general form of Emiliani’s correlation 
scheme and, as a particular conclusion, the bulk of the 
Gunz and all subsequent glaciations probably occurred 
during the past 5x 105 yr. The important result is that 
pre-Gunz Pleistocene was between 1-5 x 10° and 2-5 x 10¢ 
yr, according to the Pleistocene-boundary dates discussed 
earlier. As Shotton™ pointed out, the early Pleistocene 
which contams few recognized major oscillations is much 
longer than the later Pleistocene, which contains four 
major glaciations. This segmentation of Quaternary time 
corresponds with the most recent chronology from New 
Zealand'*, which is based on well controlled cross cor- 
relations of coastal terraces, thick Upper Caenozoic marine 
sequences, and glacial deposits, together with K-Ar dates. 
Fig. 1 summarizes the New Zealand chronology and 
eustatic movements, together with Mid and Upper Pleisto- 
cene probable equivalents in Europe. Certain aspects of 
Fig. 1 have to be examined more closely—for example, 
correlation with deep sea cores where the inferred Gunz 
stage 18 at least two-thirds the depth of the supposed 
Pho-Pleistocene boundary. This is deferred, however, 
until the final discussion. 

Accepting for the moment the chronology of Fig. 1, it 
is now suggested that the difference in period of cycles 
from the earlier to later Pleistocene offers a test for theories 
of ice ages. To be successful, a theory should explain the 
change in period of oscillation from about 7x 10° yr 
in the Lower Pleistocene to about 1x 10° in the Upper 
Pleistocene (cycles being meant as glacial~interglacial 
cycles and not stadial fluctuations within a glaciation). 

Leaving aside those theories which invoke either 
fluctuations in the solar constant®*** or endogenic cycles 
such as repeated vulcanism*, there exists a general group 
of theories for which the proposed test seems significant-—- 
namely, theories which posit a geoclimatic system, oscil- 
lating—freely or foreedly—-between the extremes of 
glaciation and interglacial. Examples of essentially free- 
oscillating systems are: (i) Ewing and Donn’s Arctic Ocean- 
control theory!!##; (i) Wilson’s Antarctic icecap-control 
theory*®; or (Hi) Tanner’s theory of ice-age control by the 
North American icecap't. The most fully enunciated 
forced-oscillation theory seems to be Emiliani and 
Geiss’s*5, which postulates that the well known changes 
in insolation pattern resulting from orbital perturbations?’ 
are sufficient to force glaciations. Before proceeding to 
discuss in more detail these various theories, the argument 
can be summarized by saying that, in the case of free- 
oscillating systems, the period is related to the nmpedance 
in the system, and for the period to vary the effective 
impedance must vary. In these geoclimatic oscillating 
systems the impedance can be regarded as being com- 
posed of two parts--one part being the net rate of change 
of size of icecap resulting from precipitation-ablation 
budget at any time, and the other part being referable to 
as a “lag factor’. Examples of lag factor are isostatic 
hysteresis or inertia of flowing ice. By following’ Fig. 2 
the need for a lag factor is explained. 

The curve of accumulation on an icecap intersects the 
curve of wasting at two poims. Roughly speaking, this 
is because abowe a certain temperature the evaporation 
from oceans is so lowered that overall precipitation 1s 
insufficient to maintain positive regimen. Because of its 
inertia the icecap continues to spread after negative 
regimen is established throughout most of its interior, and 
not until the margins start to retreat will net albedo 
diminish and concomitant rises in temperature and pre- 
cipitation set in. In a freely oscillating system the 
amplitude of fluctuations in the size of the icecap will 
vary according to the magnitude of the inertia effect, but 
the icecap will not disappear unless a positive regimen 


$ 
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is not re-established during a waning phase (remembering 
that in sueh a system it is the ice itself which is effectively 
controlling world climate). This is possible only if the 
general elevation of the land has been reduced by isostatic 
or other means (thus taking it below the general snow 
line), or if net precipitation at all temperatures is lowered 
sufficiently to take the curve of accumulation entirely 
below the curve of wasting, as in Fig. 2a, curve U. Fol- 
lowing deglaciation, readjustment of conditions by iso- 
static movements or changes in high-latitude oceanic heat 
budgets during’ a suitable (interglacial) period again 
brings on the conditions for glaciation to recommence. 
The mechanism and lag factor invoked vary from theory 
to theory, and certain of these are now described. 

An isostatic hysteresis is invoked by Tanner", according 
to Fig. 3a. Glaciation of the northern continents is sug- 
gested to have been controlled by the state of affairs 
within the North American ice sheet which, when starved 
into negative regimen in its central and northern regions, 
thins at a rate much greater than upward isostatic re- 
adjustment can keep pace with, and hence the general 
surface of the rapidly thinning icecap falls below the 
effective snow line (point X in Fig. 3a). Cyclic changes 
in the mean elevation cf land surface are thus seen as 
critically controlling the balance between accumulation 
and wasting and, assuring there were no changes in 
general disposition of continents around the north Polar 
Circle during Quaternary times, one requires a rather 
special kind of orogeny to have operated so as to make 
early Pleistocene isostatic rebound very much slower 
than in the later Pleistocene if the changes in duration 
of cycles are to be explained. Because it is elevation 
above sea level which determines whether or not the land 
will intercept the snow line, however, the change in 
duration of cycles could theoretically be explained by 
invoking a net slow secular rise of sea level during the 
early Pleistocene, followed by a steady net fall during 
post-Gunz times. A general fall of at least 100 m since 
“Sicilian” interglacial is commonly postulated from 
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Fig. 8. Three geoclimatic-oscillator models of glaciation, expressed as 
their essential cycles. a, Tanner's model; b, Donn and Ewing’s model; 
ce, Wilson’s model. 


evidence of thalassostatic surfaces** 47, and it is inter- 
esting to note that the New Zealand record shows this 
later Pleistocene falling sea to be preceded by an early 
Pleistocene slow rise in sea level. That this “early 
Pleistocene rise’ is really a world-wide eustatic trend 
may be false because: (i) the Pliocene sea in Europe is 
classically regarded as having stood higher than early 
Pleistocene levels*?-**; and (ii) large tracts of New Zealand 
outside the terraced north demonstrably have been tec- 
tonically highly mobilet? throughout Upper Caenozoic 
times. The issue is open, however, because New Zealand 
terraces up to at least 115 m have for some time been 
regarded as correlating with European interglacial levels 
in terms of altitude and transgression—regression cycles*®, 
and in any case the assignation of an “‘absolute’’ Pliocene 
sea level in Europe is moot because of tectonism in that 
regioni}, 

Disregarding, therefore, the possibility of the overall 
secular changes in sea level, in Fig. 1, being tectonice in 
origin, the question arises—is the magRitude of the 
apparent opposed sea level trends of the early and later 
Pleistocene sufficient to affect the duration of the glacial 
cycles? If the geography in the early Pleistocene im- 
mediately following deglaciation were similar to the 
present day, ther according to Tanner the amount of 


freezing-down of the Arctic*. 
unfreezing of the Arctic would not occur until full inter- 
glacial conditions were re-established, Such a mechanism 
could exist only in geographic isolation, however, and an 
objection to the early theory is that once an ice sheet 
formed then an equilibrium would ensue between t#a ic 
and the North Atlantic waters (that is, the precipitation 
therefrom). Fig. 3b shows the situation, and indicates 
that if a lag mechanism existed such that the “threshold 
for glaciation” line D were moved up to D’ then the ice 
would entirely ablate. 

In their recent re-exposition of the theory*®, Donn and 
Ewing use the demonstrated delay between post-Wurm 
III thinning of the ice and significantly later warming of 
the adjacent ocean surfaces** as the necessary lag. If 
gross geography has been constant since later Phocene 
times then it would seem that the period of this hypo- 
thetical free-oscillating system would not vary greatly. 
If, however, portions of the circum-Arctic land have risen 
during Quaternary times then air masses moving into the 
Arctic from the land would tend to become progressively 
warmer and drier as uplift proceeded, as a result of the 
föhn effect. Widespread epeirogeny seems to have raised 
general land level by about 500 m since Lower Tertiary 
times*®, but owing to uncertainty of the magnitude of 
cireum-Arctic movements during the Quaternary the 
effect on advection into the Arctic is hard to estimate. 
Estimates of magnitude can, however, be made; for 
example, suppose the Alaskan mountains are the only 
significantly rising range, with winds blowing from the 
north for 100 days a year along perhaps a 1,000 krm front. 
The heat added could then be as much as 0-03 x 10% 
calories/yr/100 m of added altitude; that is, 35 per cent 
of the required advected heat®*. Hence 1 km rise of 
summit level could augment the heat budget by more 
than the contemporary ocean heat flux (0:16 10% 
calories/yr). Although a maximum féhn effect has been 
assumed for the foregoing estimate the conclusion is that 
Quaternary uplift could affect the rate at which the 
Arctic is de-iced during interglacia, and hence affect the 
period of oscillation deduced from Ewing and Donn’s 
hypothesis. 

Wilson’s Antaretic control theory**, outlned in Fig. 3e, 
seems to egenerate oscillations of fairly constant period. 
One can note that the rgte of build-up of the ice to 
“critical mass’? (which effectively controls the period) 
would probably not be significantly less if Antarctic 
were more asymmetric than present with respect to the 
pole. 

Regarding forced-oscillation theories, Emiliani and 
Geiss*® revitalize the suggestion of Milankovitch and 
others‘! that summer insolation minima at c. 65° N. at 
least trigger the onset of glaciation. Once initiated, the 
ice sheet is self-amplifying until the point of extensive 
negative regimen is reached. Decay of the sheet is total, 
Emiliani and Geiss hypothesize, because both isostatic 
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and ocean heat budget hystereses are involved. The 
triggering event is brought on by an approximate co- 
incidence of a minimum value of obliquity of the eeliptic 


present™, If Antarctica has been directly influential then 
mapt? northern hemisphere glaciations should date from 
before this time. 

Such gross epeirogenic changes of continental elevation 
as may have occurred during the Quaternary seem to be 
too small to have altered the propensity for glacial tri g- 
gering very much (for the reasons advanced against 
Tanner's hypothesis). If the solar constant has remained 
unchanged, then Emiliani and Geiss’s hypothesis does 
not easily account for the variation in glacial eycles. 
The very persuasive correlation between Milankovitch- 


initiate glaciation. 
summer insolation maximum sufficient to promote 
ablation of floating Arctic ice followed by a stretch of 
insolation minimum—such as occurred 1-2 x 10° yr ago*s, 
To sum up, interpretation of New Zealand Quaternary 
history indicates that two major glacial cycles occurred 
during the period from 2-5 x 108 yr to about 0-5 x 108 yr, 
whereas at least four occurred after that—a variation 
which has also been recognized from the general corpus 
of European Pleistocene datan, Additional corroboration 
is necessary before the New Zealand record can be 
accepted unreservedly because: (i) there is a non-@quiv- 
alence between the time scale of this chronology and that 
of the longer deep-sea cores; for example, that ifiterpreted 
by Olausson’; and (ii) some workers have suggested 
equal-duration oscillations extendiag back through 
(Juaternary time; for example, a series of more than ninety 
extensive beach ridges in southern Australia has been 
interpreted as recording more than twenty glacio-eustatie 
fluctuations®® although an unequivocal interpretation has 
not been made*’, partly because of tectonism in the area. 
Good evidence suggests that the Emiliani and Geiss 
forced oscillation type of theory for ice ages is substantially 


correct. If there has been a change during Pleistocene 
times from long to shorter oscillations, then the test 
which this offers to theories for ice ages suggests that a 
eo o 
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tectonic change has modified the oscillating geoclimatic 
system. It seems unlikely that changing epeirogeny has 
been sufficient to alter the rates of isostatic rebound in 
the glaciated areas enough to cause the change in oscilla- 
tion period, but cireum-Arctic tectonism could have 
critically affected the rate of adveetive heat input to the 
Arctic, thereby altering rate of floating ice brealgup and 
period of glacial—interglacial oscillation. 

I thank Dr I. McDougall for fertile discussion, and Mr 
J. J. tipp for permission to use the unpublished 0-52 x 
10° date of the Kaitake volcanics. 
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Arrangement of the Continents during the Palaeozoic Era 
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by 
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As a result of previous reviews of world-wide palaeo- 
magnetic data, I raised the following points for discussion 
and future investigation’. 

(1) In order to deduce a reconstruction from palaco- 
magnetic evidence which is in any way compatible with 
geological structure and palaeoclimatological evidence 
it was necessary to accept that the majority of Lower 
Palaeozoic rock formations of North America and Europe 
were very strongly magnetized in Upper Palaeozoic 
times, and consequently that the generally accepted 
Lower Palaeozoic poles for North America and Europe are 
invalid. I suggested the correct positions of these poles, 

(2) While analysis of the palaeomagnetic evidence led to 
the deduction of the existence in the Palaeozoic era of two 
supereontinents, namely, the Laurasia and Gondwanaland 
of the traditional theory of continental drift, these 
appeared to have been separated by a 1,000 km wide 
Tethys and translated relative to one another by about 
50 km along the length of the Tethys. In the traditional 
reconstruction—for example, Wegener’s*—Laurasia and 
Gondwanaland are joined along the eastern side of the 
USA and the north-west coast of Africa forming the single 
supercontinent Pangea. 
these continental edges is consistent with the latter idea. 


(3) There is some ambiguity* as regards the position of 


Australia relative to Africa and South America. 

(4) There were no useful Palaeozoic data for Antarctica 
or India. 

Nevertheless, the reconstruction based on palaeo- 
magnetic data was essentially similar to the traditional 
geologically based reconstructions, and it seemed to me 
then that the differences between them would, in future, 
be explained by inadequacies in the palaeomagnetic data 
available. The purpose of this communication is to 
show that this 1s so. 


Comparison of Euro-Asian and African Polar Wandering 

Curves 

Students of palaeomagnetism have, on the whole, 
been unwilling to accept that the suggested remagnetiza- 
tion of Lower Palaeozoic rocks could possibly have been 
so widespread, even though it is commonly accepted that 
secondary magnetization has been acquired by many rock 
formations in the Quaternary and Tertiary geomagnetic 
fields, especially in tropical countries. 


I recently presented additional evidence in support of 


my remagnetization hypothesis resulting from an examina- 
tion of Soviet palaeomagnetic literature’. Rock formations 
from the eastern parts of the USSR occupied high latitudes 
in the Upper Palaeozoic and consequently were not re- 
magnetized as were rock formations of similar age in 
Europe and North America, which occupied low latitudes 
in the Upper Palaeozoic. Palaeomagnetic poles computed 
from the Lower Palaeozoic formations of the eastern 
USSR lie on my modified European polar wandering 
(PW) curve®. Let us accept this as the polar wandering 


curve for the whole of Eurasia, because®for the Upper 


Palaeozoic, Mesozoic and Tertiary, the palaeomagnetic 
poles for Europe, Russia and the eastern USSR are m 
substantial agreement. 

Since the publication of my last analysis of data*, more 
palacomagnetic measurements have been made on African 


Recent analysist of the shape of 


Reconstruction of the arrangement of the continents during the 
Palaeozoic period deduced from palaeomagnetic data is virtually 
identical to the traditional geologically based reconstruction, 


rocks. From the Lower Carboniferous p ‘riod (represented 
by the Dwyka beds) to the Recent period, the principal 
addition to the poles which | used!:-* derives from recent 
studies on Permian formations. Briden* replaces my pole 
7ii from the Ecea beds by two poles: an Upper Carbon- 
iferous pole for the Galula red beds and a new Permian 
pole for the Songwe red beds (poles B5 and B6 of ref. 6). 
But note that the average of these is still the same as my 
pole 7ii through which I have drawn the African polar 
wander curve used in this comparison, although poles B5 
and B6 are also plotted because they are relevant in the 
comparison of African with Australian data. The position 
of the Dwyka pole as a result of new measurements has 
been modified by an insignificant amount from 23 E., 
17° S. (ref. 2) to 26° E., 26° S. (ref. 6). In the new curve 
presented here, the Triassic, Jurassic and Cretaceous 
poles (81, 911 and 10ii in ref. 2) have been represented by 
a single point for the Mesozoic (Fig. l) because they do 
not differ significantly from each other (see also ref. 6). 

As regards the comparison of the African curve wit h the 
European curve, however, the most Important modifica- 
tion results from the addition of new Lower Palaeozoic 
data. These are the poles for the Hook Intrusives (Upper 
Cambrian) and for the Ntonya Ring Structure (Lower 
Cambrian) (poles B2 and B1 of ref. 6) which must be 
considered more reliable than pole 4ii of ref. 2 (for the 
Lower Table Mountain Sandstone) which pole is based on 
measurements on a single bed only. All three Lower 
Palaeozoic poles lie to the north-west of Africa, in general 
agreement with each other, but taking note of the relia- 
bility of the data, the path of the polar wandering curve 1s 
modified to pass from pole 61 (AF 6a) between the two 
new poles (AF 2) instead of to pole 411. 





Fig. 1 
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I have shown how a polar wander curve common to 
Europe and the eastern USSR can be constructed’; an 
implication of this is that there has been no appreciable 
relative movement (greater, for example, than the crustal 
shortening involved in the building of the Urals) between 
the eastern and western parts of Eurasia in Phanerozoic 
time. This new curve for Eurasia is compared with the 
new African curve as described in the next paragraphs. 

The new south polar wandering curves have been 
traced on to spherical shells, and when these are placed 
one on top of the other, the Palaeozoic parts of the two 
curves are seen to match extremely well (Fig. 1). The 
pre-drift position of Eurasia relative to Africa so deduced 
now agrees well with the traditional continental drift 
theory, so the problem raised by point 2 of the intro- 
duction is resolved. 

In Fig. 1 poles have been labelled according to Tables 
2and 4. African poles can be distinguished from Eurasian 
ones because the African shell lies beneath the Eurasian. 
The Lower Palaeozoic poles form a group near the coast 
of north-west Africa. The three Eurasian poles are 
labelled HU 2, HU 3 and EU 4. The African poles AF 2 
are plotted as black dots. The pole lying away from the 
main group (that is, near Ireland) is that for the Table 
Mountain Sandstone (see earlier paragraph). The Euro- 
pean Lower Devonian pole EU 5a lies near the coast of 
Nigeria. The Lower Carboniferous African mean pole 
AF 6a lies just beneath the Eurasian pole (EU 6), 

The curves separate between the Carboniferous and 
Permian—note that poles A F 6c and EU 7 do not coincide. 

Before it can be said exactly when these two continents 
started to drift apart, it is necessary that the physical and 
magnetic ages of the formations which have been studied 
be correlated more precisely. The former is a geological 
problem, the latter a magnetic one. It seems reasonable 
to suppose, for the time being, however, that this drift 
episode started in the early Permian. 


Comparison of North American and Eurasian Curves 


I have previously'* argued that the vast majority of 
North American Lower Palaeozoic rock formations were 
strongly remagnetized in the Upper Palaeozoic in the same 
way that the European ones* were. Certain North 
American rock formations’, however, are considered to 
have retained a record of the Lower Palaeozoic field, and 
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SOUTH AMERIOAN MEAN POLES 
South Pole 


Table 1. 


Pole Period Source Lat. Long. Alpha N 
No. 95 
SA3 Cambrian to Lower Mean of Lower Palae- 


Devonian ozoic poles ref. 11 ¿00° N 00° W 0 5 
SA Ba Lower Carbon- Pole 6(i) ref, 2 
iferous 2e°S sows 1 
SA 6e Permo-Carbon- Mean of possi and 
iferous Zi) ref, 2 65°S IPW — 2 
SA 10 Cretaceous Pole 10(i) ref. 2 707S 54° RP — 1 
Table 2, AFRICAN MEAN POLES 
South Pole 
Pole Perio® Source t. Long. Alpha N 
No. 95 
AF2 Cambrian-Ordovi- 


Mean of poles B1 and 
B2 ref. 6 2 


cian 2 ref, 21° N 20° WwW OO 2 
AF 6a Lower Carbon- Pole B4 ref. 6 26°S 20E — i 
iferous 
AF 6b Upper Carbon- Pole B5 ref, 6 45°S 40° E — jj 
iterous 
AF 7a Lower Permian Pole B6 ref. 6 27°89 se E — 1 
AF 6e Permo-Carbon- Mean of poles B5 and 
iferous B6 equivalent to se 
pole 7(ii) ref. 2 38°S 76°E — $B 
AF 9 Triassic to Ore- fean of poles B7 to 
taceous B15 ref. 6 64°S 81° E p° 9 
AF 11 Tertiary Mean of poles B18 and 
B19 ref. 6 Ep if W— 2 
these are listed in the entry NA. 4 in Table 5. Lower 


Palaeozoic formations magnetized in the Middle to Upper 


Palaeozoic fields are listed in entry NA 4’, and in Fig. 2 
these poles (black dots on the upper shell) are in fact seen 
to lie near the mean Carboniferous pole position NA 6. 

The North American spherical shell is shown in Fig. 2, 
resting on top of the Eurasian shell. The Carboniferous 
poles were made to coincide and the shells then rotated 
relative to one another about this point so as to bring 
the Lower Palaeozoic poles into a compact group. The 
four North American poles comprising entry NA 4 are 
represented by black dots and the three Eurasian poles 
comprising entries HU 2, HU 3 and EU 4 in Table 4 are 
represented by white dots on larger black dots. All these 
lie to the south of Florida. ‘The European Lower Devonian 
pole EU 5a lies between the Lower Palaeozoic group and 
the Carboniferous poles. 

The two polar wandering curves separate after the 
Carboniferous, the Permian pole for North America, 
NA 7 lying to the left of NA 6 and the Permian pole for 
Eurasia, HU 7 lying to the right. Both these poles are 
represented by white dots on larger black dots. The 
Triassic poles, NA 8 and EU 8 are just visible at the 
bottom of the diagram. 

The palaeomagnetic reconstruction is again in good 
agreement with the traditional geologically based ones. 
The drift episode which marked the initial opening of 
the North Atlantic basin must have been pre-Permian 
and post-Carboniferous, although the validity of this 
suggested date depends on the correlation of the physical 
and magnetic afes of the North American and Eurasian 
rock formations studied. 


North America—Eurasia—Africa 

In the two previous sections the positions of Eurasia 
relative to Africa, and then of Eurasia relative to North 
America, have been derived. This fixes the position of 
North America relative to Africa. 

In Fig. 3, the three spherical shells are shown adjusted 
as in Figs. 1 and 2. To help identify the poles, note that 
the shells are arranged as follows: the Eurasian shell lies 
on top of the African shell and the North American shell 
lies on top of the Eurasian. The poles in Fig. 3 are not 
labelled because they can be recognized from Figs. 1 and 2. 


Comparison of African and South American Curves 
These two @ntinents are shown in their traditionally 
accepted pre-drift relative positions. The South American 
poles can be distinguished from the African because the 
former poles are plotted on the outermost shell. Lower 
Palaeozoic poles for individual formations are shown. 
These form a group in north-west Afgica. The three 
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African poles lie off the north-west African coast and the 
one near the top of the picture is that for the Table 
Mountain sandstone (see section on Africa—Eurasia). The 
South American poles", reading from left to right, are for 
Ordovician and Pevonian sediments respectively, both 
from Bolivia (situated in the Guianas): Devonian sedi- 


ments from north-east Brazil (situated at the mouth of 


the Afnazon): Cambrian and Ordovician sediments 
respectively both from north-west Argentina (situated at 
the end of the South American curve): and from the 
Urucum formation from near the BraAl—Bolivia border 
(situated near Tunis). The latter formation may be 
Pre-Cambrian rather than Lower Palaeozoic and this 
may explain its position near the edge of the group. 
The middle Palaeozoic poles SA 6a and AF 6a (see 
Tables 1 and 2) are in the southern part of Africa, while 
the Upper Palaeozoic poles (Permo-Carboniferous) SA 6e 
and AF 6c are situated south-east of Africa. The curves 
are drawn through both of these poles. The African 
eurve—if drawn in more detail—should possibly pass 
through poles AF 6b, AF 6c and AF Ta. The African 


Triassic to Cretaceous pole AF 9 is situated at the edge 
of the visible part of the globe. There is as yet no pole 
of equivalent age for South America and for this reason, 
the South American curve is shown as a broken line 
between the Upper Carboniferous to Lower Permian 
pole SA 6b and the Cretaceous pole SA 10, The South 
American curve should possibly run along the African 
one as far as AF 9 and then branch off in the direction 
of SA 10. 

Note that although the Triassic, Jurassic and Cretaceous 
poles for Africa (and also for Australia) do not differ 
significantly from each other, this cannot be so for the 
South American poles for the same periods unless drift 
started before the Triassic. In this case, the common 

le for the three periods would be at SA 10. It 1s more 
likely that the South American Triassic and Jurassic 
poles when they are obtained will be found not to be 
situated near SA 10 but rather near AF 9. The out- 
pourings of the Serra Geral basalts were probably con- 
nected with the separation of South America from Africa, 
so that while poles SA 10 and AF 10 should not be 
expected to coincide when plotted relative to the pre-drift 
continental arrangement, the Jurassic (period 9) and 
Triassic (period 8) poles should be expected to coincide. 
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Fig. 4 


Comparison of African and Australian Curves 


In Fig. 5, the Australian shell has been photographed 
sitting on top of the African shell. The two shells have 
been adjusted to match the Upper Palaeozoic parts of 
the polar wandering curves. Thus, the Lower Carboni- 
ferous poles AF 6a and AU 6a (see Tables 2 and 3) were 
made to coincide and then, by rotating the shells relative 
to one another, it was found that the Upper Carbon 
iferous poles AF 6c and AU 6c could also be made to 
coincide. Note also, how African pole AF Ta coincides 
with Australian pole AU 7: this coincidence may be 
illustrative of the application of palaeomagnetism to 
inter-continental stratigraphic correlation if it could be 
shown that the magnetic and physical ages are identical 
for each of these formations. There appears to be no 
Australian pole corresponding to African pole AF 66. 


Table 3. AUSTRALIAN MEAN POLES 


South Pole 


Pole Period Source Lat. Long. Alpha N 
No. 95 
AU 2 Cambrian Mean of poles Cl and 
C2 $5°S 21° E 2 
AU 5b Lower Carbonifer- Mean of poles C4 to 
ous— Upper C7 
Devonian 70° 5 Fe LF -& 
AU 6b Middle-Upper Car- Pole C8 
boniferous in D 147° E — l 
AU 6c Permo-Carbon- Mean of poles CY to 
iferous Cl4 46°S 183° I 7 6 
AU QO Triassic to Creta- Mean of poles C15 to 
ceous C23 50° 5 149° E g” B) 
AU 11 Tertiary Mean of poles B16 and 
B17 33° 5 139°] - 2 
Table 4, EURASIAN MEAN POLES 
e South Pole 
Pole Period Source Lat. Long. Alpha N 
No, 95 
EU 2 Cafıbrian Eastern USSR Rodio- 
nov ref, 7 30° N 41° W 15 
EU 3 Ordovician i m D 97° N 61° W fT 9 
EU 4 Silurian . S + ala 23° N 42° W 3 
EU 5a Lower Devonian Midland Valley Lavas {0 N 38° W 1 
EU 6 Carboniferous Pole 6 iv 35° 8 4° W 0” 25 
EU 7 Permian Pole 7 iv e BS: 17° W 4° 24 
EUS Triassic Pole 8 iv 50° 8 3° W e i 
EU 10 Cretaceous ve 
EU 11 Tertiary Pole 11 iv 78° S 31° W 6° 13 


The Australian Lower Palaeozoic poles are not so reliable 
as the Upper Palaeozoic, and this probably explains why 
they fall in Central Africa (they are represented by the 
three white dots near the end of the white broken line in 
Fig. 5), outside the group formed by the Lower Palaeozoic 


4A 
Table 5. N. AMERICAN MEAN POLES 
, south Pole 
Pole Period Source Lat. Long. Alpha N 
No. 05 
NA4 Ordovician, Silur- Mean of poles 3-07, 
ian, Lower S'US, 5-38, ref. S and 
Devonian Bloomsburg ref.9 16°N 75° W 10 t 
N\A 4 Lower Palacozoic Mean of poles 3-06, 
remagnetized in 4-1), 4°12. ref &, 

, Upper Palacozoic Bloomsburg ref. 0 27°S 387° W 10 3 
NAG Carboniferous Pole 6 v ref, 2 a7, 8 «642° W 14 6 
NA TZ Permian Pole 7 v ref. 2 357S 74° W 17 6 
NAS Triassic Mean of poles in Table 

G ret. 10 66° S 75° W e Bo 
NA 10 Cretaceous See footnote BOFS 16° E 11 7 
NA 11 Tertiary Pole 11 vref, 2 86° S 29° EF B° 4 


poles of the other continents considered. It is preferable 


to resolve the ambiguity in the pre-drift position of 


Australia within Gondwanaland in this way rather than 
to invoke, prematurely, a mid-Palaeozoic drift episode 
especially because there is no evidence of any significant 
relative movement on this scale in the palacomagnetic 
data for the other continents. 


Drift and Polar Shift 


When remagnetization of many Lower Palaeozoic rock 
formations from continents which occupied low latitudes 
in the Middle to Upper Palaeozoic is allowed forè’, the 
arrangement of the continents during the Palaeozoic era 
can be deduced by analysing palaecomagnetic data. 

The reconstruction so deduced is virtually identical to 
the traditional geologically based reconstruction® and, for 
the continents now bordering the Atlantic, to the recon- 
struction fitting the continental shelf edges 
together’. There are insufficient palaeomagnetic data for 
Antarctica and India to include these continents in the 
analysis. Nevertheless, in the palaeomagnetic recon- 
struction there is just sufficient room for Antarctica 
between Australia and Africa as illustrated by Fig. 6. 

Drift seems to have occurred in different places at 
different times. Thus North America have 
drifted away from Gondwanaland and from Eurasia near 
the end of the Palaeozoic, and Eurasia also started to drift 
relative to Gondwanaland at about the same time. pos- 
sibly a little later. The break-up of Gondwanaland 
appears to have started with the separation of Australia 
in the Permo-Triassic and to have ended with the opening 
of the South Atlantic basin, probably when the Serra 


based on 


Seems to 
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Geral lavas and dykes were formed, 120 to 140 million 
years ago, 

[It is not necessary to invoke drift episodes during the 
Palaeozoic, certainly not on the Wegnerian 
Mesozoic drift. While inconsistencies between data from 
different continents can always be accounted for by the 
ad hoc suggestion of drift, these inconsistencies are more 
likely only apparent, being a result of insufficiencies in 
the data themselves. Such possibilities must always be 
ruled out before an attempt is made at a geophysical 
interpretation of palaeomagnetie data. 

In the Palaeozoic there was a large polar shift relative 
to the whole of Pangea along a great circle path stretching 
from a region approximately centred on Dakar to a region 
approximately centred on Johannesburg. While it is 
possible to visualize this as continental drift of Pangea 
as a whole relative to the larger part of the crust forming 
the ocean floor, it also seems reasonable to regard it as 
resulting from polar wander, that is, a movement of a 
whole outer shell of the Earth relative to the rotation 
axis which must, of course, remain fixed in space. The 
difference between the two descriptions of the observed 
phenomenon arises from a (perhaps unconscious) appeal 
to two differenėè types of driving mechanism. Palaeo- 
magnetism which is largely an observational science does 
not, at present, seem to hold the key to the problem of 
what caused this large Palaeozoic polar shift. Neverthe- 
less, such a shift clearly seems to have occurred, and the 
evidence for it is almost entirely palaeomagnetic. Observa- 
tion appears, at the moment, to be a step ahead of theory 
in this field. 
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LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 


Proper Motion Search for Pulsars 


AN attempt has been made to identify optically three 
pulsars by proper motion surveys in the vicinity of the 
radio positions. An object at a distance of 100 pe having 
a velocity of 200 km s~ perpendicular to the line of sight 
would have a proper motion of 0-4 are s yr-' and should 
therefore, if bright enough, be identifiable from a pair of 
photographs taken 10 or 20 yr apart. 

The results have been completely negative. If we 
assume this is because pulsars are fainter than our limit 
of detection, then we can set upper limits to their lumino- 
sity. Adopting the distances given by Lyne and Rickett! 
and the detection limits in column 4 of our table, we 
have derived the absolute magnitudes given in the final 
column. These are expressed on the B scale of the UBV 
system. CP 0950 has already been discussed by Bailey 
and Mackay?, who derived My=16™-5. Our absolute 
magnitudes place CP 0834 and CP 1133 also im the ex- 
treme dwarf range or beyond, in conformity with current 
ideas’. 


Nant 


r.m.s. relative proper motion components obtained from 
the field stars. Considering that each proper motion is 
derived from only two measurements over a baseline of 
13 to 17 yr, these r.m.s. values are satisfactorily low. 


Table 1. LIMITS OF SURVEY, STANDARD DEVIATION IN PROPER MOTION 
COMPONENTS AND LUMENOSITIES 
. Limiting 
Area No.of apparent < Hatos é> <u> Absolute 


Field (R.A. x stars magnitude (are $ yr?) magnitude 


Deg.) (B) m Mp 


O834 PE x 37’ 108 19 O27 0-G28 > 13-6 
0950 BESTI 6 7 tozi G3 = 
1133 TI x38 49 19 OZS 0-040 > 15-6 


Our second epoch photographs were taken with the 
Cambridge 43/61 cm f3-8 Schmidt telescope using blue 
sensitive (Ilford SRO) plates without filter. The limiting 
apparent magnitudes in column 4 were derived from 
estimates of image diameter on the Palomar prints using 
a graticule and the calibration published by Perek*. 
These limits may be m error by +0m-5. They are 
the faintest we were able to achieve in a relatively bright 
evening sky under not very good conditions of trans- 
parency. 

The areas searched had the dimensions given in column 
2, These exceed the radio error rectangle dimensions 
by factors of about 2. The radio posigions on which 
the areas were centred were taken from Bailey and 
Mackay? for CP 0950, and from Lyne and Rickett! for 
the other two. The numbers of stars measured are in 
column 3. 

In not a single case did we find a significantly large 
relative proper motion. If pulsars are not more than 100 


AS 


pe distant, they must either have remarka‘ly low trans- 
verse velocities or their intrinsic luminosity in optical 
wavelengths (averaged in time) must be very small. 

We thank Mr C. D. Mackay for the loan of film positives 
made from the Palomar Sky Survey prints. 
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The Observatories, 
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Radio Sources opposite Quasars 
as a Cosmological Test 


Ix a previous communication! I discussed the possibility 
of having a closed universe model with the pole at a red- 
shift z~ 1-7. One possible observation in such a universe 
would be images in opposite or near opposite directions 
to the original object, if the object is not too far from the 
pole. I showed that this may happen for a few radio 
sources listed in the 4C radio catalogues*, Another 
possible observation is to look for radio sources opposite 
known quasars. To illustrate such an investigation I 
will refer to a cosmological model with a pole at red-shift 
1-7, deceleration parameter q,= ~ 1-4 and a density para- 
meter ¢,=0-085. In this model objects must have life- 
times of the order of 1-10 10° yr to be seen in two direc- 
tions, because of the difference in light travel time. This 
lifetime is too long for a quasar, but it may be possible to 
observe the object in a pre-quasar or post-quasar stage 
as a radio source or even as a faint optical object. 

A comparison of the optical positions of 103 quasars, 
from the list of Barbieri ef a/.°, with radio sources in oppo- 
site directions was made. For this test radio sources m 
the 4C? and the Parkes! radio catalogues within 1° from 
the position opposite the quasar were considered. The 
frequency distribution of pairs is shown in Fig. 1, where 
the number of radio sources is given as a function of the 
separation a of the radio position and the opposite quasar 
position. Compared with what we expect from a random 
distribution of the objects (dashed line) we find an excess 
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Fig. lL The number of pairs as a function of the separation a between 
the radio position and the position of the nearest opposite quasar. 
«wo, Expected from random distribution. 
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Fig. 2. Radio sources opposite quasars as a function of the red-shift z 
of the quasar, --—~, N umber of quasars; -~~-—, number of quasars 
with a radio source opposite within 1°. (Also cross-hatched.) 
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Fig. 3. Radio sources opposite quasars in percentage of the number 

of quasars. — ~ — —, Expected percentage from the distribution of radio 
sources. --—-, Percentage found. 


of opposite pairs with separations in the range 25’ to 55’. 
The main component of the excess is between 25’ and 35’. 

If we study the number of pairs as a function of the 
red-shift of the quasar involved, we find that the excess 
of opposite pairs is concentrated in the red-shift range 
1-2 to 2-0. This is demonstrated in Table 1 and in Figs. 2 
and 3. Al the pairs in this red-shift yange are listed in 
Table 2. The timé given is the difference in time between 
the emission of the radio signal and the optical (quasar) 
signal which we may pick up in the opposite direction. 
If double images of quasars are found for quasars with 
red-shift 1-2 to 2-0 only, this may be interpreted as a 
result of the radio source existing in a pre-quasar stage 
for up to 12 x 10° yr and a post-quasar stage of maximum 
duration 7 x 10° yr. 

We can also study the distribution of separation a 
versus red-shift (Fig. 4). If the distribution of separations 
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QUASARS WITH RADIO SOURCES OPPOSITE 
No. pairs No. pairs 


Table 1. 


Red-shift Na, expected found FIE Age differences* 
O88 E F 
> 1-2 7i 28-6 28 0698 —L2t 
1-2to1-7 12 50 9 1:80 ~1-2 to 0 
1-7 to 2-0 12 58 10 1-67 0 to 0-7 
>20 8 3-€ 1 0-27 0-7 
Total 103 43-7 48 1-12 meee 


* The age difference is in units H,-', which corresponds to about 10! yr 
when Ha= 100 km s~ Mpe, and is calculated from the model with qa ~ 1-4 
and o,= 0-085, 

t This age difference refers to z= 1-327, where the closest probable candi- 
date, 0859-14, is foun, 


Table 2. DOUBLE IMAGE CANDIDATES WITH SEPARATION <1° AND 12 
< Züss < 2-0 
Separa- 
Quasar* Red-shift Oppasite tion Predicted Remarks 
QSS radio source a red-shift 

3C 454 1-757 1045-18 54’ 1-64 1 
1640-18 12 1-64 é 
(1045-19) 

2146-13 1-R00 4012.36 44 1-61 

PHL 3424 1-847 4€7-05.58 43 1-55 2 

4029.50 1-927 0503-28 55 167 3 

PHL 938 1-93 40-01.27 39 1-51 

3C 191 1-346 2005-10 47 1-50 

0119-04 1-955 4C04.45 Van) 1-50 4 

PHI 5200 1-981 4C'05 42 45 1-50 
4005.48 52 1-80 

0952 +18 1-471 2154-18 43 2-05 

PHEAU377 1439 4703.30 43 2-10 

3C 298 1-436 40-0511 56 2-09 

3C 446 1-404 $005.42 27 2-18 

3C 268.4 1-400 0007-44 4} 2-19 

0859—14 1-327 4013.79 6-5 2-38 
4C'13.80 22 2°38 

1454-06 1-249 4C06.15 16 2-57 5 
6C06.14 26 2:57 5 


Remarks on identification: 

(1) Interesting configuration, shown in Fig. 7. 

(2) Blue object with jet 4° N. of radio position (Palomar Chart). 

(3) Radio source believed to be associated with galaxy. 

(4) Faint blue object 1° N. of radio source (Palomar Chart}. 

(5) Railo source 3C 75 which is believed to be associated with galaxy 
eluster. 

* Unlettered numbers are Parkes numbers. 


up to 60 is due to chance only, we would expect half the 
sources to be within a= (60’/4/2’)=42"5. The data agree 
with this for z< 0-8 and z> 1-6, but between these values 
we find a possibly significant depression in the 10-point 
running means curve (solid curve in Fig. 4). 

If we now use the result from Fig. 3 that all the excess 
of pairs is in the range 1-2<2z< 2-0, and that in this range 
only 58 per cent of the pairs arise from random co- 
incidences, we can subtract this random component and 
study the distribution of separations of the non-random 
component. ‘This is shown by the crosses in Fig. 5 which 
are 10-point running means of the corrected mean separa- 
tions. 





40° 
= 
30" 
20° 
109° 
0 0-4 0-8 1-2 1-6 20 2-4 
z 
Fig. 4. Radio sources opposite quasars, The distribution of separation 
@ versus the red-shift of the quasar. ~—~—~, Expected from a random 
distribution. —~—, 10-pcint running mean*eparation. 
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_ The separations of the images may be caused by the 
«gpace velocity of the object. Even a small transverse 


© velocity may cause a sizable displacement of the images 
<.. because of the long time intervals involved. The displace- 


- ments due to plausible transverse velocities of 400 km s~ 
m the pre-quasar stage and 1,800 km s- in the post- 
quasar stage and computed for the cosmological model 
described are shown in Fig. 6. With these velocities in 


pæ 


the range L2<z<20 and a mean separation 42%5 for 


o other red-shifts we compute the solid line shown in Fig. 5 


which seems to give a good fit to theeobserved values 
(crosses). 

Observations of optical images of the pre-quasar or 
post-quasar radio source may be very difficult. In the 
pre-quasar stage the object may not be brighter than an 
ordinary galaxy nucleus. In the post-quasar stage nothing 
but the radio source may be left. Optical observations 
should be attempted with the largest telescopes if accurate 
radio positions can be obtained. Measurements of the 
red-shifts of some of these objects could provide an 
unequivocal test of the interpretation. 

The nineteen pairs with 1-2<2< 2-0 are listed in Table 
2, with the red-shift for the opposite radio source predicted 
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Fig. 5. Radio sources opposite quasars. Separation of the non-random 

component. Crosses show the distribution (10-point mean) when a 58 

per cant random component is excluded. The curve shows the distribu- 

tion expected with the model and velocities as in Fig. 6—using the 
game running mean, 
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Fig. 6, Angular separation of opposite images in a model with gy = 
— 1-4 and o, =9-085 if t, = 400 km stand v,= 1,800 km s-t, 
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Fig. 7. The field opposite 3C 454. AQ is the position opposite the 
quasar. The crosses represent the position of the following radio sources: 
1, 1049-19; 2, 1045-18; 3, 1045-19. 


from the model. In some cases finding charts were made 
from the Palomar Sky Survey and identification attempted. 
The most interesting case is that opposite the quasar 
0952 + 18 we find a possible quasar identification 2154— 18 
with unknown red-shift and magnitude. Another mterest- 
ing configuration is the field opposite 3C 454. Within 1° 
from the position opposite this quasar we find two radio 
sources and the line between these passes through the 
anti-quasar position. 

This work was done while I was McDonald Postdoctoral 
Fellow at the University of Texas, and with a fellowship 
from the Norwegian Research Council for Science and 
the Humanities. 

JAN-ERIK SOLHEIM” 
Department of Astronomy, 
University of Texas at Austin. 


Received May 9, 1968. 


* Present address: Institute for Theoretical Astrophysics, Bindern, Oslo 

3, Norway. 

: Solheim, J.-E., Nature, 217, 41 (1968). 

? Pilkington, J, D. H., and Scott, P, F., Mem. Roy. Astro. Soe., 88, 183 (1080) 
Gower, J. F. R., Scott, P. F., and Wills, D., Mem. Astro, See, TL 49 
(1967). 

3? Barbieri, C., Battistini, P., and Nasi, E., Publ. Osserv, Astro. Padova, N 141 
(1987). 

t Bolton, J. G., Gardner, F. F., and Mackey, M. B., Austral. J. Phys. V7, 340 
(1964). Price, R. M,, and Milne, D. K., Austral. J, Phys., U8, 320 (1085). 
Day, G. A., Shimmins, A. J., Ekers, R. D., and Cole, D. da, Ausirai J. 
Phys., 19, 35 (1966); ibid., 19, 537 (1966). 


Perihelion Precession of Mercury 


THE equality of the gravitational mass and the inertial 
mass for all kinds of matter and energy-—the equivalence 
principle—was assumed to be a universally valid principle 
by Einstein in building his relativistic theory of gravita- 
tion. This equality has been experimentally verified with 
great accuracy for single neutrons', for samples of various 
materials? and for the planets”. Because Einatein’s theory 
predicts the correct advance of the perihelion of Mercury, 
it is usually believed that the equivalence principle is 
therefore also confirmed for large bodies like the Sun, or 
the stars, for which no other experimental verifications 
are at present known. In fact, as will be shown, the 
astronomical obseyvations cannot exclide a relatively 
large failure of the principle for the Sun’ The hypothesis 
that such a failure may eventually explain the small non- 
Newtonian effects observed in the solar system will also 
be examined. 

Let the number y, expressing the fractional difference 
between the gravitational mass and the inertial mass of 
a body, be defined by the formula 
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The system sun-Jupiter-Mereury. S and S’ are the positions of 
the Sun in the cases ys =O and 18360 respectively. 


in which g is the gravitational charge, that is, the gravita- 
tional analogue of an electric charge, m is the inertial mass, 
and y is the Newtonian gravitational constant. The 
quantity yig has the dimensions of mass and could be 
called gravitational mass. We have ņn=0 when the 
equivalence principle is obeyed. From gravimetric data 
on Earth tidest the values of n for the whole Earth and 
for a small body at its surface must differ by less than 
15x 10% It is well known that the n of the other planets 
must also be less than a few parts per million’, but nothing 
so precise can be said for the Sun. In fact, as the planets 
are very small compared with the Sun, their individual 
orbital motions depend almost solely on the Sun’s gravita- 
tional charge and are almost independent of its inertial 
mass. This means that once gg is given, the effects of an 
ys different from zero must be very small. If only one 
planet is present there are small changes in the para- 
meters of its motion, but the orbit is still elliptical and 


without any precession. When two or more planets are 
considered, however, an g0 can indirectly produce 


appreciable variations of their mutual perturbations. An 
analogous effect exists for the electronic motions in atoms 
with two or more electrons’. 

For an approximate calculation of the effects of ns on 
the motion of a planet, consider the system Sun—Jupiter— 
Mercury. Suppose the orbit of Jupiter is circular with 
radhus ry around the baricentre G of the system, and that. 
its angular velocity wy, is constant (Fig. 1). If ns=0 the 
distance rs of the Sun from G is 


ny a 
re = fry = ™ 74x 10 om 
Nis 


Once the motion of Jupiter has been established, the 
orbit described by the Sun is valid for any other body 
with q=0. Thus the fact that the Sun is not fixed in 
space, but is orbiting around G, does not add any perturba- 
tion to the motion of other nearby planets. This means 
that to caleulate the planetary perturbations we can 
assume the Sun fixed and consider only the motion of the 
planets relative to it. If ys 40, however, this simplification 
is no longer possible. To see more clearly the differences 
between the two cases ns=0 and ns#0 we may keep 
Jupiter and its motion unchanged. From the equations 
of Keplerian motion we have for the Sun, assuming 


Ns! <S 1, 
ga` 
ce = ol i + 24s rE = Ys 
N Ys 
y His 
F} g ~ ANA EN ASA 
= J + qs 
Fe © Fo (1 a qs) 
* o 
* 


NATIRE. VOL. 219, ee i 1968 


The perturbation caused directly by Jupiter will be 
the same in both cases. If ys40 we see that the Sun S’ 
circles at a distance S’S= ngs around its unperturbed 
position S, which we take as the origin of the co-ordinate 
system in calculating the additional perturbations caused 
by ys. This motion will produce small additional periodical 
perturbations of the position of the inner planets, of 


aimphtude ° 
, A © 2——~ Nsfs 
Wi 
which, being all in phase with those caused direetly by 
Jupiter, will not be easily observable. Their detection 


should be possible by radar astronomical observations 
covering a period of at least one revolution of Jupiter. 
In particular, the distance Earth-Mercury must show an 
additional oscillation of amplitude gp — py = 7. Xel 19 
cm. The observed errors in this distance are at present 


about 100 km (ref. 6). Thus 
ie Sle 
Although this upper limit can increase somewhat when 


data over 12 yr are available, it is a significant improve- 
ment en what could be said without the radar data. 
Notice, for example, that in ref. 3 no criticism was made 
to an ns= —6 per cent, Larger effects should appear 
in the motion of comets and asteroids, especially the 
Sun-grazing comets? and the Trojan group of asteroids’. 
The motion of the Sun S’ around S will also produce a 
long-term advance of the perihelia of the planets. For 
Mercury this precession is, in fraction of orbit per orbit, 


3 


in which ay is the major semi-axis of the orbit of Mereu ry. 

Its value is about ng x 14” century, too small to 
explain the observed effect®. It is possible, however, that 
a more detailed analysis along these lines would lead to 
its explanation. An astronomical experiment to determine 
the value of ys with a very high sensitivity has been 
proposed by Nordtvedt®. 

If cur hypothesis is correct, the precision of the calcula- 
tion of all the planetary motions and masses should be 
greatly improved by taking account of ys. In any case 
our value of ys is a first upper limit for a possible failure 
of the equivalence principle for the Sun. 

Donato BRAMANTI 
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Palaeoclimatic Data from 
Speleothems 


DEVELOPMENT of the technique for obtaining palaeo- 
temperature data by measuring the ratio of 10/160 (refs. 
1 and 2) in the calcium carbonate of foraminifera from 
deep sea sediftents? has led to the confirmation of geo- 
logical and biological evidence that the Pleistocene 
glacial cycles were accompanied by fluctuations in global 
temperatures. Unfortunately, because of the slow rate 
of deposition of deep sea sediments, the time resolution 
of the #¥O/!O data from these deposits does not enable 


e 
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detailed temperature profiles throughout a glacial cycle. 

Another important consideration of palaeoclimate 
curves available at present is that much of the terrestrial 
biclogical evidence for past temperature fluctuations has 
originated in regifns of the world which would have been 
in close proximity to the large Pleistocene ice sheets. The 
temperature fluctuations of these regions may not be 
represéntative of the Earth as a whole. For example, it 
might be expected that these large ice sheets may have 
undergone periodic fluctuations and catastrophic advances 
resulting from inherent instabilities of the ice sheet itself. 
Such instabilities are not an uncommon phenomenon in 
ice masses of glacier size*:®. If this were so, glacial advances 
in Europe and North America may have had no relation- 
ship to global temperatures and yet they may have caused 
considerable local temperature changes. For this reason 
it is desirable to seek an independent record for high 
regolution temperatures, which would yield data for a 
region remote from the large Pleistocene ice sheets to see 
which of the recorded temperature fluctuations were 
caused by changes in global temperature and which were 
caused by surges in the ice sheets. 

Detailed high resolution temperature profiles of the 
entry into, or the emergence from, an “ice age’ would be 
a crucial test for any theory of the origin and mechanism 
of “ice ages”, Detailed temperature profiles will also be 
necessary for an understanding of the recent retreat from 
the “climatic optimum” and “other short term climatic 
fluctuations which are of enormous economic importance 
to regions the climates of which are only marginally 
suitable for agriculture. 

It is possible that temperature dependent fluctuations 
in the %O/!6O composition of calcite deposited on speleo- 
thems could be used to fill this gap in the present under- 
standing of past climates. This communication examines 
the facters which will control the O/O composition 
of calcite deposited on speleothems and discusses the 
results of an analysis of the ONO composition of calcite 
deposited on New Zealand speleothems during the last 
glacial cycle. 

The rate of deposition of calcium carbonate/em* on 
speleothems can be considerably faster than its accumula- 
tion in deep sea sediments and hence can, in principle, 
provide considerably better resolution in time. The 
speleothems have a complicated internal stratigraphy 
which appears on a cross-section as a series of concentric 
growth rings. This stratigraphy enables calcite laid down 
at the same time to be identified and thus large samples 
of material are readily available. 

Assuming that the calcite deposited on speleothems is 
laid down in isotopic equilibrium with the solution passing 


over it, the oxygen isotopic ratio is determined by two 
factors. (a) The 180/10 composition of the water passing 


over the speleothem: this is turn determined by the 
ONO composition of the average atmospheric precipita- 
tion to the region in which the speleothem is growing. 
(6) The temperature at which the calcite is deposited on 
the speleothem: the problem of estimating the changes in 
the isotopic composition of rain water with a change in 
the global climate is difficult®. Two factors will influence 
the oe eas oa of the aia rain water, 


oceanic surface 
of the ram ae Tg 

BOXO ratio of the ocean E pon the pie 
periods through the preferential removal of the lighter 
isotope to the great ice sheets. Estimates?-! of the extent 
of the change in the O/O composition of the oceanic 
water vary from 0°5°/o9 to 1-4-1-6%o9. The second factor 
which will influence the 80/0 composition of the 
average rain water will be the deponi in 10 of the water 
vapour in the air mass as it moves from the tropical 
regions towards the poles, Dansgaard!! has shown that 
for marine climates at medium to high latitudes, the 180/10 
composition of Mun, averaged over a whole year, varies 


Ao 


linearly with the mean annual temperature difference 
between the place of evaporation (the tropical ocean) 
and the place of deposition. The BOO composition of 
averaged rain decreases by 0-69°/.) as the temperature 
difference decreases by 1° C. 

There is an equilibrium fractionation of the oxygen 
isotopes between calcite and water which will increase 
by 0:24°/55 as the temperature of deposition decreases by 
1° C?. Because speleothems grow in environments where 
the temperature is buffered by a large mass of rock, the 
temperature of deposition will closely reflect the mean 
annual temperature of the region in which they grow. 

If the mean annual temperature of the tropical OCEANIC 
surface water is decreased by T° C, and its POPO ratio 
is increased by Y°/y9, and the mean annual temperature at 
some other region, x, is decreased by F° ©, we can 
estimate the changes (A¥O)} in the 18) /18() composition 
of calcite deposited on a speleothem at region x. 

AHO = Y%,, — 0-69 (T-T) + 0-247, 
¥%oo + 0-247 — 045 (Tr — T) (1) 


H 


It will be seen from equation (1) that speleothems from 
a tropical region (7,=7T) with a maritime climate will 
give fluctuations in O/O composition of the same 
magnitude as those found in foraminifera deposited from 
the tropical ocean surface water. If some assumption 
could be made about the changes in the PONO composi- 
tion of the oceanic surface water, pa laeotemperat ure 
curves could be obtained. 

Speleothems from a non-tropical region with a mari- 
time climate will give fluctuations in the *O/'5O 
composition, the magnitude of which will be equal to the 
magnitude of the fluctuations in the tropical speleothems, 
less 0:45 times the difference in temperature change 
between the two regions. Thus, provided that the change 
in 180/0 composition of the calcite deposited from the 
bopieal ocean surface water is known, the change in 
temperature difference can be calculated. 

In order to relate climatographic changes recorded in 
speleothems to other geological events, if is necessary to 
have some method of dating. This can be acneved for the 
last 35,000 yr with carbon-14 dating: a difficulty arises 
here, however, as the carbon laid down as carbonate 
on speleothems contains a mixture of ancient carbon 
from the limestone carbonate which contains no MC and 
modern carbon respired by plant roots!®-'*. The calcia 
in solution has been dissolved from the limest one accord- 
ing to the following equations: 


H,O + 00,- +CaCOyeCa* + HCO 


Assuming that saturation with calcite is reached, and 
that there is no subsequent exchange between the bicar- 
bonate in solution and the undissolved lnmestone. it would 
be oe wen that Toe half Ha ca rbon, in 
aad hale acre a ee he ee al e measure- 
ments of the fraction of ancient carbon range from 30 
per co to 50 oe cent (my a observations). 


the ‘true age. If ee ae is av sine le, an age 
difference could be estimated with greater accuracy?’. 
Although we have not investigated other methods of 
dating, it would be possible to extend the Limits of dating 
using other techniques, for example, thermoluminescence, 
for which calcite is particularly suitablet’. 

The best area in which to test whether the O/O 
composition of speleothems ean be used for obtaining 
palaeoclimatiec data is one with a maritime climate, far 
enough from the polar regions so as not to be affected by 
permafrost. 

If it is changes of global climate that are of interest, it is 
probably wise to avoid areas the proximity of w hich to 
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Fig. 1. 
stalagmite from Gardner’s Gut Cave, Waitomo. 


the ocean, arid areas, or an ice sheet is likely to alter 
significantly during a glacial cycle. A suitable area is 
Waitomo™, 16 km north-west of Te Kuiti. This area is an 
extensive limestone plateau’, 200-250 m above sea level, 
25 to 35 km from the west coast of the North Island, New 
Zealand. 

Before it was possible to use the 180/10 profile through 
speleothems to obtain palaeoclimatic data, it was neces- 
sary to make a thorough investigation of the depositions 
of calcite on the speleothems in the caves of interest. It 
was necessary to establish that the calcite deposited 
was in isotopic equilibrium with the water passing over it. 
This was shown to be true for the present by direct 
measurement of the OPO composition of the ground 
water (personal communication from M. K. Stewart) and 
of the calcite at present being deposited from this. To 
show that this was also true in the past, the C/C ratios 
were measured and compared with the O/O ratios 
through the same profile. If a non-equilibrium situation 
existed, the isotopic composition would be controlled by 
kinetic factors and the same fluctuations would be found 





















The oxygen isotopic ratio of caleite from three prominent growth lines in a 
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for carbon and oxygen isotopes. This was 
not found in the speleothems investigated, 
Tt was also necessary to establish that 
there was no depletion of the 10/180 com- 
position of the calcite being deposited as 
the solution descends the speleothem. 
This was tested by taking samples at 
intervals of 2 em down three well Aefined 
growth lines in a stalagmite from Gard- 
ners Gut Cave, Waitomo. The 10/80 
råtio of these samples is plotted in Fig. 1, 
which shows constant isotopic composi- 
tion along a given growth line, which gave 
respectively  —2-66%/ )  S.D.=0-06°/59; 
— 323/59 SD. = 010/0; — 3°48%/5q SD. 
= 0: 10/50. 

In order to obtain preliminary palaeo- 
climatic data, samples were collecfed 
from cross-sections of two large stalac- 
tites from two caves in the Waitomo region, Gardner's Gut 
Cave and Waipuna Cave, 10 km apart. 

The samples were drilled out of the two cross-sections 
using a 1/32 in. steel drill on a drill press. Twenty to 
thirty milligrams of each sample was reacted with 100 
per cent phosphoric acid at 25-0+0-1° C in evacuated 
glass reaction vessels. Samples which gave yields of 
carbon dioxide differing by more than 2 per cent from the 
theoretical yield were rejected. The carbon dioxide was 
purified? and the ratios of mass 45 to (mass 44+ mass 46) 
and mass 46 to (mass 44+mass 45) were compared with 
a sample of carbon dioxide prepared from Te Kuiti 
limestone*! on a Nuclides Analysis Associates 60° double 
collector mass spectrometer. The 380/10 ratio is reported 
as tO with respect to the international standard P.D.B.*, 
where 


SO(n) = — 


3G 


32 


34 


x 1,000 


Three samples of 30 g of CaCO, from each of the stalac- 
tites were carbon-14 dated using the standard proce- 
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dure**:**, In order to allow for the presence of limestone 
carbonate, 5,000 yr was subtracted from each carbon-14 
date. 

A comparison of the oxygen isotopic composition of two 
stalactites for their period of overlap is given in Fig. 2. 
The time scale of the Waipuna stalactite was adjusted to 
fit the carbon-14 time scale of the Gardner's Gut stalactite, 
and a temarkably close fit has resulted. The Waipuna 
stalactite extended well beyond the limits of carbon-14 
dating, and the data from beyond 40,000 yr have been 
presented in the curve of estimated temperatures at 
Waitomo, New Zealand (Fig. 3), on an arbitrary time 
scale. Although it is not at present possible to assign an 
absolute temperature scale to this palaeoclimate curve for 
reasons mentioned earlier, a difference of 6° C between the 
present and the climax of the last glaciation has been 
assumed. For comparison the palaeotemperature curves 
of Emiliani? and Van de Hammen et al.** are included 
m Fig. 3. 

The difference in the O/O composition of pelagic 
foraminifera deposited in the Caribbean between the 
present and the climax of the last glaciation is 1-40°/a 
(ref. 7). The difference in 10/0 composition in New 
Zealand speleothems during the same period 1s 0-95°/9, 
(Fig. 2), and hence the temperature difference between 
New Zealand and the tropics must have increased by 1° C. 
Willet’s** estimate of a decrease in New Zealand’s tempera- 
tures of 5° C to 6° C implies a decrease in the temperature 
of the tropical ocean of 4° C to 5° C, This is in good 
agreement with Emiliani’, who claimed a decrease in the 
temperature of the tropical ocean surface water of 5° C, 
and with Lidz et al.*, who imphed a decrease of greater 
than 35° C. The results of this study are not in agree- 
ment with the fluctuations in temperature for the tropical 
ocean surface water implied by Shackleton’? and Olaus- 
son’, however. 

Because this is a preliminary report, and the work has so 
far been concerned with showing that palaeoclimatic 
data are obtainable from speleothems, the ultimate resolu- 
tion and accuracy has not been attempted. Even the 
preliminary data presented in Fig. 2 have an average of 
one point/1,000 yr, a time resolution approximately three 
times better than that obtained from 10/10 measure- 
ments of foraminifera from deep sea cores. With a suit- 
able selection of speleothems and perseverance, a resolution 
of up to 100 times better might be expected. 


Temperature (° ©) 


0 10 20 30 40 
Time (= 1,090 yr B.P.) 


Fig. 3, Palaeotemperature curves for the past 100,000 yr. A, The generalized temperature 
curve for the surface water of the central Caribbean, as determined by Emiliani’. B, The 
estimated July mean temperatures for the Netherlands, as determined by Van de Hammen 
et al. C, The meag annual temperatures for Waitomo, New Zealand, estimated from 
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Working along growth lines and taking multiple 
samples it might be possible to detect temperature changes 
as small at 0-2° C. Such a technique should enable past 
climatic fluctuations, such as the “‘climatic optimam”, 
to be studied in detail. 

C. H. HENDY 
Institute of Nuclear Sciences, DSIR, 
and Victoria University of Wellington, 
New Zealand. 
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New Zealand. 
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Isotopic Dating Evidence for the Age 
of Climatic Deterioration and 
the Pliocene-Pleistocene Boundary 


In a review on the Pliocene-Pleistocene boundary, Flint? 
clearly distinguishes between the two types of definition 
at present in use. One definition is strati- 
graphic and based on evolutionary changes 
in organisms, while the other is related to 
climatic changes and based on recognition of 
marked cooling in the late Caenozoic. It is 
clearly important to establish whether these 
two definitions are equivalent, and here we 
summarize the available evidence, using 
quantitative data obtained chiefly by the 
potassium—argon dating method, Many of 
these results have been published since the 
comprehensive review by Shotton’, 

At the International Geological Congress of 
1948 (ref. 3) it was recommended that the 
begmning of the Pleistocene period be defined 
as the base of the marine Calabrian Stage of 
southern Italy, together with what is thought 
to be its térrestrial time equivalent-——the 
“cool”? Upper Willafranchian of northern 
Italv. More detailed studies by Venzo? and 
Grichuk et al.* lend support to this tune 
equivalence. Marked faunal changes are 
recognized in both sections compared with 
a0 the faunas of the underlying Phocene 
sequences, and these changes are thought to 
be related to the general cooling of the 
climate in the late Caenozoic. As with other 
stratigraphic definitions of boundaries in 
the Phanerozoic, the fossils and ther 
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evolutionary changes provide the means by which the 
boundary is identified and traced to regions outside the 
type area. Because of the provincial nature of many 
floras and faunas, however, considerable difficulties have 
been encountered in using this stratigraphic definition 
around the world. The recognition of the Pliocene- 
Pleistocene boundary in many regions has therefore been 
based on evidence of general climatic cooling as deduced 
from fossils, from the type of sedimentary deposits and 
from fluctuations in sea level, as well as other factors. 

Flint! thought that the eriterion related to cooling wa 

possibly more useful for recognizing the boundary fhai 
the biological changes in organisms that occurred in this 
relatively short interval of geological time. Although it is 


explicitly stated that the stratigraphically defined 
Pliocene-Pleistocene boundary is associated with de- 
terioration of climate, the actual definition places 


the boundary at essentially a point in geological time. 
In contrast, a boundary based on climate cooling 
alone may be somewhat less precise in that cooling 
may have occurred over a relatively long period of 
time. 

Most of the relevant isotopic data concerning the 
duration of the Pleistocene have been obtained using the 
potassium-argon dating technique, because it is v irtually 
the only physical method so far developed that can be 
satisfactorily used in the age range being considered. 
This method, based on the known rate of decay of Kh 
to Ar, is usually applied to igneous rocks. The applic- 
ability and re liability of the potasstum-—argon method 
have been discussed in several recent publications*-8, 
Palaeomagnetic polarity measurements on deep sea s sedi- 
mentary cores’"!, which have become so significant for 
correlation purposes. are dependent on the geomagnetic 
polarity time scale for age determination. This time 
scale has been developed by combined palaeomagnetic 
polarity and potassium—argon dating on surface samples 
of igneous rocks??:13, 

We shall first discuss the data bearing on the duration 
of the climatically defined Pleistocene, followed by 
evidence of the length of the stratigraphically defined 
Pleistocene. 

The Pleistocene is recognized in New Zealand (lat. 
38°-45° S.) on the basis of climatic factors, the presence 
of glacial tills, the appearance of cool climate floras and 
faunas, and changes in sea level. The oldest late Caenozoic 
glacial deposits known in New Zealand are tillites con- 
formably overlying marine beds of the Waitotoran Stage 
in the Ross area of the west coast of the South Island", 
A lignite bed at the base of the tillites contains a cool 
climate flora identified'® as belonging to the Hautawan 
Stage. Fleming? suggested that the climatie cooling 
recognized near the close of Waitotoran time in the thick 
late Caenozoic marine sedimentary succession around 
Wanganui, in the south-west of North Island, provided 
reasonable grounds for drawing the Pliocene—Pleistocene 
boundary between the Waitotoran and Hautawan Stages. 

Two independent studies'’'* have been made in the 
past few years in an attempt to date the beginning of the 
New Zealand Pleistocene by potassium-argon measure- 
ments on voleanic rocks. Stipp et al? worked on basalts 
from the west coast of North Island thought to lie at 
approximately the Pliocene-Pleistocene boundary from 
palaeontological, stratigrapht® and sea level variation 
evidencel??6, At Taranaki Point thé Manuaitu Basalts 
give consistent dates of 2535+01 muillion years and 
provide a good minimum age for the Pliocene- -Pleistocene 
boundary. Lavas from Marumaruaitu Stream in the 
same general area are thought to have been erupted during 
the marine regression marking the onset of glaciation. 
Dates on these lavas suggest a minimum age of 2-4+0-1 
milhon years and 23 +02 million years for the beginning 
of the Pleistocene. 

In the Wanganui Basin marine sequence described by 
Fleming!*, hypersthene-andesite pebbles derived from 
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contemporaneous volcanic activity were dated at 1-9+ 0-3 
million years by Mathews and Curtis'*. These pebbles 
were obtained from a sandstone 230 m above the Pliocene- 
Pleistocene boundary as recognized in, this section, and 
by assuming a constant sedimentation rate an age for 
the boundary of about 2:15+0-3 million years was in- 
ferred. At Timaru in South Island a basalt sheet overlying 
sedimentary rocks of earhest Pleistocene and Pliocene 
age, described by Gair”, was dated at 2-5+0-4 million 
years. 

These two independent studies are in good agreement 
and vindicate the often expressed view of New Zealand 
geologists*?° that the Pleistocene as defined in that 
country is considerably longer than the 1 million years so 
commonly quoted for the duration of this period. 

In the Sierra Nevada of western USA, Curry** mapped 
the Deadman Pass till of the Mammoth Lakes area at 
latitude 38° N. An andesite flow dated? at 3-1 FOI 
million years oecurs below the till, and overlying the till 
is the Two Teats latite which has a potassium—argon age 
of 2:-7+0-1 millon years. These measurements clearly 
establish that glaciation commenced in the Sierra Nevada 
between 2-7 and 3-1 million years ago. 

Iceland, at latitude about 65° N., experienced extensive 
glaciation in the late Caenozoic as evidenced by the occur- 
rence of tillites intercalated with the volcanic sequence, 
In the Jokuldalur area of north-eastern Iceland. Rutten 
and Wensink™® and Wensink” studied the volcanic 
sequences and interbedded glacial deposits and also the 
magnetic stratigraphy of the lavas. McDougall and 
Wensink? showed that a basalt immediately below the 
earliest tillite, which can be mapped over a considerable 
area, yields a potassrum—argon date of 3-14 0-1 million 
years. The tillite is in turn overlain by three reversely 
magnetized lavas confidently correlated with the Mam- 
moth polarity event of Cox ef al." and dated at 3-05+ 0-1 
million years. Thus. in the Jokuldalur area of Iceland, 
glaciation commenced about 3074+005 million years 
ago. 

Further evidence of the date of the commencement of 
glaciation in the late Caenozoic is provided by the first 
appearance of ice rafted material in bore cores in sedi- 
ments of the deep ocean basins. Opdyke et al. found 
that in cores obtained from about latitude 60°S. the 
first ice rafted material occurs at about the Matuyama— 
Gauss magnetic polarity boundary, which has been dated 
from surface samples at approximately 2:35 to 2-5 million 
years (refs. 12 and 13). Subsequently Hays and Opdyke?’ 
recognized ice rafted material in a core from latitude 
65° S. at a level they believe corresponds to an age 
exceeding 4 million years from the magnetic stratigraphy. 
which imphes that glaciation on the adjacent Antarctic 
continent began at least this long ago. They point out, 
however, that palaeontological evidence of cooling in the 
cores is most marked at levels corresponding to about 
2-5 million years ago, Armstrong: et al.*” recently reported 
potassium—argon ages of about 2-7 million years on basalts 
from the Taylor Valley, Antarctica. From stratigraphic 
evidence, these authors show that glaciation commenced 
earher than this. in agreement with the bore core results. 

These combined data indicate that marked cooling, 
resulting in glaciation, commenced at about 2-5 to 3-0 
milion years ago in mid-latitudes m both north and south 
hemispher es and somewhat earlier in the high latitudes of 
Antarctica. It seems that, as one might intuitively expect, 
general cooling can be recognized earlier in higher latitudes 
and later in lower latitudes. These results highlight the 
difficulties involved in defining an isochronous Plocene- 
Pleistocene beundary on the basis of climatic deteriora- 
tion which can be satisfactorily applied to successions 
around the world. 

The earliest data regarding the physical age of the 
stratigraphically and faunally defined Pleistocene w ere 
provided by Leakey ef alt and in greater detail by 
Evernden and Curtis®®. They showe@l that the fauna 
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occurring in sediments of Bed I at Olduvai Gorge, Tan- 
ganvika, was about 1:75 million years old. Leakey 
regarded this fauna as Upper Villafranchian, and therefore 
in the Pleistocene. These results clearly implied that the 
base of the Pleistocene was indeed more than a million 
years old. Evernden et al.”? and Frechen and Lippolt*4 
reported dates of 1-6 million years and 1-4 million years 
for lavas of early Pleistocene stratigraphic age in France. 
A time equivalence of late Blancan faunas of North 
America and Villafranchian faunas of Europe was sug- 
gested by Durham et al., The potass*um—argon results 
of Evernden et al. on voleanic rocks associated with 
sediments containing late Blancan faunas yielded ages 
lying in the range 1-5-3-3 million years. As Flint! noted, 
however, although the late Blancan and Villafranchian 
faunas are certainly approximately equivalent, further 
detailed studies are necessary to determine whether there 
is bxact equivalence in age. Thus the palaeontological 
correlations may not be sufficiently precise to be of great 
value in estimating the duration of the Pleistocene. 
Detailed palaeontological studies of deep sea sediment- 
ary cores together with magnetic stratigraphy of these 
same cores have provided an indirect means of dating the 
duration of the stratigraphically defined Pleistocene. 
Ericson et al.°6.37 established a number of faunal criteria 
for defining a Plocene-Pleistocene boundary in deep sea 
sediments. Their proposed boundary was based on 


extinction of discoasters, extinction and appearance of 


certain foraminifera and changes in their coiling direction, 
size and wall thickness. As a common reference point they 
chose their boundary to be at that level where the Globero- 
talia menardii complex changes in coiling direction, and 
by extrapolation they suggested an age of about 1-5 million 
years for this boundary. Their boundary, however, could 
not be directly correlated with the Italian type section. 
The magnetic stratigraphy of these same sedimentary 
cores was examined by Glass et al.** and, by comparison 
and correlation with the land-based polarity time scale. 
they established an age of about 2-1 million years for the 
Pleistocene boundary chosen by Ericson et al? One 
of the key fossils used by Ericson et al., G loborotalia trun- 
eatulinoides, first appears just above their Pleistocene 
boundary. 

Banner and Blow**:* use the appearance of Globorotalia 
truncatulinordes, the immediate descendant of Globorotalia 
tosaensis, in the definition of their zone N.22, and state 
that this zone occurs in the lower part of the stratotype 
Calabrian in Italy. Thus a correlation between the deep 
sea sediments and the Italian Pleistocene sequence now 
seems to be established**, and from the magnetic strati- 
graphy an age for the stratigraphically defined Pleistocene 
is inferred™ to be close to 2-0 million years. This date 
must be regarded as the best available. estimate of the 
duration of the Pleistocene, and is consistent with the 
data obtained from the sections in T anganyika and France. 


The isotopic dating evidence concerning the length of 


the Pleistocene period as defined by climatic versus faunal 
and stratigraphic criteria strongly suggests that the two 
definitions are not equivalent. It now seems clear that 
marked climatic cooling, with concomitant onset of 
glaciation, commenced in the late Caenozoie at 25-30 
million years ago in mid-latitudes and possibly earlier 
than 4 million years ago in the Antarctic continent. 
Thus a Pleistocene boundary based on the criterion of 
climatic deterioration is apparently diachronous. and 
therefore of restricted value for making correlations 
around the world. The stratigraphically and faunally 
defined base of the Pleistocene in the type section in 
Italy seems to be reasonably well dated at about 2-0 
million years—considerably younger than the time at 
which general cooling commenced, at least in other 
regions. 

We thank J. M. A. Chappell for his advice. This article 
contains the substance of a paper presented to Section € 
of the Australian and New Zealand Association for the 
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Discovery of a New Fossil in the 
Nama System, South West Africa 


Wuite studying the Nama System im the field in South 
West Africa, I found some fossils in an orthoquartaite 
of the Nwibis Series, which is the lowest. unit of this pack 
of sediments. These fossiks were igre in several places 
in an area extending northwards from Aus-Buchholz- 
brunn to north of Helmeringhausen. 

Of the forms which I found, Errieta and Pieridinium 
have ey bao obese from this eae but an 


a oe outer ernie aes: wW as Ca m arly large Ee 
In many cases this fossil was discovered in colonies of up 
to thirty individuals. Gener ally, the individuals le 
perpendicular to the bedding plane of the rock, but 
some are oblique to that plane, and in a few cases they 
he in the bedding plane. 








Outer structure 
Scale in em. 


Fig. 1. Namalia villiersiensis, n.g., n.8., holotype, 
showing a conical form and longitudinal ridges 





Note signs of possible articula- 
Seale in em, 


Fig. 2. Namalia villiersiensis, n.g., 0.8. 
tion at the base of the longitudinal ridges. 


The outer structure of the fossil is conical, with an oval 
or round cross-section, and has several longitudinal ridges 
(see Figs. 1 and 2). The length of the fossil is 5:2-9 cm, 
the greatest diameter 1-5-7 em, and there are 27—40 ridges. 

Determination of any internal structure of the fossil has 
not proved possible, although in a few sections there are 

vague groups of what may be oriented, rectangular 
cells. It is therefore not certain whether the ridges are 
the outer expressions of radial walls of the internal body 
such as, for example, of parieties of Archaeocyatha. 
Very possibly, as some specimens suggest, the ridges 
continue a little way into the internal body. The specimen 
in Fig. 2 vaguely suggests articulation. 

The lack of an internal structure makes it impossible 
to decide to which group of animals this fossil belongs. 
Judging by the external appearance of the remnants, and 

accepting that corals did not develop before the Ordovi- 
cian, it is likely that they may be relicts of either sponges 
or archaeocyathids. The problem, however, is’ that 
neither the characteristic spicules of sponges nor the 
caleareous bodies of Archaeocyatha have been préserved. 

It is proposed at this stage*to call this fossil Namalia 
villiersiensis, n.g., n.s. The holotype is*the fossil of Fig. 1. 
For the time being this fossil is ranged under the body 
fossils until better preserved specimens have been found 
and more details can be discerned and deseribed. 

This animal lived in the neritic zone, perhaps in the 
littoral zone, of a shallow sea transgressing over a rather 
plain surface. As reported, the new fossil was found in an 

orthoquartzite of the Kuibis Series of the Nama System, 
which is thought to be of a late-Pre-Cambrian or Eocam- 
brian age. The discovery of this fossil is of great impor- 
tance because should further research prove it to be an 
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archaeocyathid, then the Nama System can be considered 
to be Lower Cambrian. 


I thank Dr J. de Villiers for assistance in preparing this 


article. 
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Mercury Content of Deep-sea 
Manganese Nodules 


A MAJOR problem confronting marine geochemists is to 
determine the origin of manganese nodules which cover 
large areas of the sea floor. As part of a continuing study 
of the sources and distribution of heavy metals in deep sea 
materials, the abundance of mercury has been determined 
in manganese nodules from a variety of geological environ- 
ments within the Atlantic, Pacific and Indian Oceans. 

The samples were analysed at Barringer Research, 
Toronto, Canada, using the mercury vapour discharge 
technique. The minimum precision of the technique as 
determined by multiple analyses of individual samples 
was +12 per cent of the amount present. The analytical 
results are presented in Table 1. 


Table 1. MERCURY CONTENTS OF SOME MARINE MANGANESE NODULES (ALL 


VALUES IN FARTS PER BILLION) 
Sample location Hg (p.p.b.) 
Pacific Ocean 


N 62° 47", W 150° 05° 470 
N 21° 31°.. W. 115° 12° <1 
n Be die ie W 152° 15° 515 
§ 7° 43", W 94e 06’ s6 
S 43° a1", W 74° 40° 355 
5S 39° 41", W 131° 23’ we) 


S 61° 00°, W 99° 50° os 
Indian Ocean 
S 2° 46’, E 59° 53’ <1 
§ 2° 46’, E 59° 53° <l 
S 2° 48’, E 59° 52’ <] 
S 2° 66°, E 60° 03’ 3 
Atlantic Ocean 
N 25° 45’, W 20° 14’ S10 
N 33° 56’, W 65° 47° < 
N 31° OV, W 78° 18 < 
N 31° 03’, W 78° 37 1 
S 58° 06’, W 50° 28’ < 


The mereury content of the deep-sea manganese nodules 
analysed is very variable, ranging from less than | part 
per billion to 810 parts per billion. There are distinct 
regional differences in the mercury content of the aria: 
analysed. The samples from the Pacific Ocean and : 
single sample from the vicinity of the Canary Islands in 
the Atlantic have much higher mercury contents than 
nodules from the Blake Plateau and Antarctic regions 
in the Atlantic and Carlsberg Ridge in the Indian Ocean. 
One Pacific sample from the vicinity of the Gulf of Cali- 
fornia contains less than | part per billion mercury. 

The origin of the constituents in manganese nodules 
has been attributed to three general sources: direct 
precipitation from seawater of elements originally 
derived from weathering of continental materials, pre- 
cipitation fran interstitial solutions during diffusion 
across the sediment—water interface from the reducing 
sediment environment to the oxidizing oceanic environ- 
ment, and submarine voleanic exhalations'*. The 
observed regional patterns®? of trace element variation 
in manganese nodules from the Pacific, high concentra- 
tions of trace metals in interstitial ewater of marine 
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sediments, and petrological association of 
some nodules with voleanic rocks’? provide 
indirect evidence in support of the sources 
of metals propgsed by the workers cited. 
All the manganese nodules reported in Table 1 

with mereury contents greater than 58 parts 
per bilhon are from regions in the ocean basins 
which® are characterized by volcanic and 
hydrothermal features. In contrast, samples 


from regions not associated with Po | 





voleanic activity such as the Blake Plateau 
have relatively low mercury contents ranging 
from less than 1 part per billion to 24 parts per 
billion. These results suggest that a major 
source of mercury to deep-sea manganese 
nodules is submarine voleanic and hydro- 
thermal emanations. 

The mercury content of deep ocean water 
has been found to vary from 0:15 to 0-27 
parts per billion’. The manganese nodules 
trom non-volcanic regions are not notably 
enriched in mercury relative to seawater as 
is the case with other trace elements such as 
cobalt, nickel and copper, for example. It 
is possible to infer that the chemical structure 
of dissolved mercury in ocean water derived 
from continental w eathering is unfavourable 
for uptake by marine ferromanganese pre- 
cipitates. Mercury released into the oceanic 
environment by volcanic and hydrothermal processes 
may precipitate and be incorporated into manganese 
nodules as particulate material, possibly sulphides. 

This work was supported by the National Research 
Council of Canada and the Ontario Department of Univer- 
sity Affairs. I thank G. Arrhenius, J. Hanor, G. Goodell, 
J. L. Mero, G. P. Glasby and F. T. Manheim for samples of 
manganese nodules. 
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Sedimentary Basin in the 
South Irish Sea 


Recent interest in the exploration of the continental 
shelf around the British Isles prompts us to report briefly 
on the findings of detailed geophysical surveys across 
Cardigan Bay and St George’s Channel, made by the 
University of Birmingham between 1965 and 1967. A 
full account of this work is being prepared. The surveys 
have included 2,000 km of traverse with a shipborne 
gravimeter, 2,000 km with a seismic reflexion profiler 
and a number of seismic refraction lmes with ranges up 
to 8 km. 

Study of the seismic profiler records has revealed an 
unconformity below the sea bed, traceable across the 
whole area of survey, separating beds of negligible dip 
above from folded strata below. Beneath Cardigan Bay 
the unconformity is at a depth of 30 to 60 m below sea 
level. The matefial above it displays no regular structure 
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Fig. 1. Arcas delimited by seismic observations, with simplified geology on land. 


but contains some irregular boundaries which suggest: 
that lenses or buried channels may be locally developed. 
The unconformity deepens towards St George's Channel 
where it is found at depths between 100 and 300 m and 
with well bedded, horizontally stratified sediments above 
it. The reflexions are numerous but not strong and can 
be traced individually along a record for up to 10 kra. 
Refraction observations have indicated a top layer of 
1-8 km s~? seismic velocity with its base coincident with 
the unconformity. The region has been divided into 
areas (Fig. 1) in which the folded strata beneath the 
unconformity have characteristics which differ markedly 
from one area to another. In areas A and C penetration 
of the seismic waves from the profiler into these rocks was 
generally less than 100 m, but where structures were 
observed they are complex, and the strata are tightly 
folded with steep dips and much faulting. The seismic 
velocities of the rocks are between 4-4 and 54 km s, 
In area B, however, numerous clear reflexions are o bserved 
to a depth of about 400 m which dip up to 5° and are 
folded into gentle anticlines and synclines with wave- 
lengths of several kilometres. Fold axes align approxi- 
mately N.E.-S.W., consistent with the Caledonian trend 
of Wales, except in the south where they are turned more 
E.-W. In general the reflecting layers are relatively thin 
( about 10 het but in pane there may pes more ei re T 


that the : succession POF these aes is at least 1 000 m 
thick. Seismic refraction data suggest the presence of two 
ayers with velocities of 2-3 and 35kms. The base of the 

2-3 km s~ layer reaches depths of 1,000 m. The 3-5 
kmi s-t layer mostly underlies the other and in the centre 
of the area it has a thickness exceeding 2,000 m. The 
north-west and south-east boundaries of area B are 
distinguished by „Strong “diffraction patterns, indicating 
faults which downthrow the sediments relative to the 
rocks of areas A and C. In area D the reflexions are less 
numerous than in area B. They are mostly gently dipping 
but they are strongly faulted. 

Sufficient gravity observations have been made to 
contour the Bouguer anomahes as shown in Fig. 2. The 
data have been linked with the gravity surveys of Wales! 
and Ireland? and are consistent with an underwater 
gravity traverse by Bott®. Across both Wales and Ireland 
the Bouguer anomaly rises to values of about +40 mgal 
around the coasts of the South Irish Sea. Between these 
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highs there is a gravity low covering Cardigan Bay 
with a minimum value of ~—32 mgal. Steep gravity 
gradients on either side of this anomaly coincide with the 
north: west and south-east fault boundaries of area B. 
This major negative anomaly in Cardigan Bay is greatly 
reduced south ‘of St George's Channel where it bifurcates, 
one trough paralleling the south coast of Ireland and the 
other trending south-west past Pembrokeshire. In addi- 
tion a subsidiary low of —7 mgal covers part of Tremadoc 
Bay. Assuming a regional field of +40 mgal and that the 
Cardigan Bay anomaly is entirely due to a sedimentary 
basin, a simple model has been calculated for a range of 
density contrasts. The seismic velocities imply? that the 
sediments should have an ave rage density between 2-2 
and 2-4 g em so that if the surrounding rocks have a 
density of 2-7 g em~ , the maximum depth of the basin 
should be between ae and 6,700 m. 

The combined geophysical information thus establishes 
the presence of a sedimentary basin 30 km wide, 120 km 
long and of considerable depth, beneath Cardigan Bay. 
The basin is structurally controlled along Caledonian 
trend directions and its south-east boundary is probably 
associated with the Bala fault system, The gravity “low” 
in Tremadoc Bay probably represents a smal! subsidiary 
basin controlled by the same major structures. Area A 
seems to form an extension of the Lower Palaeozoic 
succession of Wales. In area C the geophysical results are 
consistent with the presence of a Pre-Cambrian ridge link- 
ing the outcrops of Rosslare with those of Anglesey and 
Lleyn. The Palaeozoic succession of Ireland seems to 
extend uninterrupted across area D. The top 1,000 m 
or so of the folded sediments in the Cardigan Bay basin 
appear to be well stratified marine deposits with clays 
predominating but with layers of sandstone or limestone 
that possibly become more massive in places. The age 
of these sediments is a matter for speculation. The 
folding and associated faulting can hardly be younger 
than Alpine and the physical properties of the sediments 
suggest they should be Mesozoic or Early Tertiary. 
Within this range, they seem more likely to be Jurassic 
with perhaps some chalk, although a Tertiary age is 
nearly as plausible. Above the uncon formity, across 
Cardigan Bay the material seems to be mainly of glacial 
origin. In St George's Channel the horizontally stratified 
sediments could be Upper Tertiary or even a marine 
facies of the Pleistocene, 
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The situation of the Cardigan Bav basin and the 
nature of the structures and sediments within it suggest 
that the area merits intensive investigation in the ‘hope 
of discovering oil or gas bearing structyres. 
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Neglected Plasma Instability involving 
Bounce Resonance 


A RECENT theoretical study (unpublished) of amplification 
of hydromagnetic waves in the magnetosphere concerns 
a mechanism which may need attention by designers of 
laboratory plasma containment devices such as fusion 
reactors. The instability is driven by a spatial gradient, 
which is of course the inescapable feature of contain- 
ment, but the present study is applicable only to mirror 
geometry with axial symmetry, and it is not clear how 
serious the analogous modes in less symmetrical geo- 
metries would be. The instability belongs to the electro- 
magnetic micro-instability species and seems to have 
been neglected hitherto!. The conditions for the in- 
variance of the magnetic moment are assumed to be 
satisfied, the frequency being much less than the gyro- 
frequency. 

The waves generated are described by the linearized 
hydromagnetie equations. In meridian planes they are 
standing waves, but their phase varies rapidly with 
longitude. It is convenient to represent this phase 
PS by ama, wan . is beens and paid 


ro 32 PAE =s pe B.Y rrepa B.Y) rE, (1) 


The important property of equation (1) is that the 
spatial derivatives enter only through 
(B.A) as for transverse waves. The 
frequencies should be eigenvalues of equa- 
tion (1) and are independent of m. It 
also follows that the east-west group 
velocity—-0 as m=. 

eThe actual mechanisms of bounce reson- 
ance are rich m variety, involving any 
component of the electric and magnetic 
disturbance. The resonance condition 
involves only the number of the harmonic 
seen by the particle, however, and here 
attention is restricted to the fundamental. 
The resonance condition is then 


i + mfa = fo (2) 


where f is the frequeney of the wave, fa the 
drift frequency of the particle, and fẹ the 
bounce frequency of the particle, approxi- 
mately for a particle speed v, fè x v and 
Ja x x. Then equation (2) is a quadratic 
for v, and typically there is a low energy 
with f= fp and a high energy with mfa fe. 
The latter 1s more favourable for amplifica- 
tion by the kind of particle distribution 
known toexist. Typically the high energy for 
electrons is relativistic and here attention 
is given to the high energy*proton resonance. 
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The great simplification resulting from axial symmetry 


is that a rotating frame can be used in which the wave - 


field is static. For large m, the angular velocity ofm of 
the frame is small, and Etherington (rept orted m ref. 3) 
has shown that 4 good approximation is obtained by 
treating the rotating frame as an inertial frame. The 
rotation of the frame introduces a potential electrie field 
in the findisturbed state with potential F constant on 
& Ripe shell ae hence a function of the shell = ra- 


ae ke 


to sa TEA i in its ael i a 


dW nl (3) 
dL © aL j 


and Etherington showed that this equation 1s still a good 
approximation in the non-rotating frame. Once given 
equation (3) the sign of the energy exchange between the 
wave and the particles can be discussed in a w av rather 
similar to Taylor’st discussion of the interchange mode, 
In terms of quasilinear theory resonant particles diffuse 
along a curve e in a (W, L) diagram determined by 
equation (3) and down the gradient of distribution func- 
tion f. The waves gain energy for positive values of 


(Of/aWw). = es a di, = 


for resonant particles. This shows how instability can be 
caused by a gradient (8f/0L)u, y and, because the modes 
under discussion can be fairly local in terms of L, the 
present picture suggests that instability can easily oceur. 
For protons dW /dZl is positive for eastward travelling 
waves. If there is a steep gradient in the high energy 
protons, so that the term involving (¢f/éL), w dominate. 
the order of magnitude of the growth rate y can be simply 
expressed by y~ AG/IR, where A is the Alfvén speed, 
B=fMv pB.: with M = proton mass and fv? refers to the 
resonant speed and (éf/éL), w ~fi so that UR, is the scale 
of the gradient. 

One of the most powerful mechanisms involves the 
radial component of the wave magnetic field at the 
equator (and hence north-south antisymmetry) and pro- 
vides a plausible explanation of the strong regular dis- 
turbances found by Cummings et al.° on the geostationary 
satellite ATS | 
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Dynamic Similarity and Drag 
Reduction in Flow of Elastic Liquids 
through Curved Pipes 


We have described earlier! some of the features which 
arise when slightly elastic liquids are made to flow under 
a pressure gradient through curved pipes of circular 
cross-section. Omer remarks were chiefly concerned 
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with the flow characteristics just before and just after 
the region which marks the transition from laminar 
to turbulent flow, and with the transition region 
itself. 

We have now examined regions of very low and very 
high Reynolds numbers and wish to report certain 
features of interest. 

The experimental arrangement was as deseribed m 
ref. 1; it consisted of a plastic tube of radius a whieh was 
coiled into an anchor ring of radius Æ. The observable 
quantities were the pressure gradient P (measured by 
means ee RE and the Por rate Q fobtained by 

g A peristaltic 
pump \ was use a to create ‘the a ae “reservoir was 
emploved to ensure the flow was bee ae and steady. 
All the experiments were carr ied out at 20° C. 

The interpretation of experimental results obtained at 
low Reynolds numbers is assisted by certain theoretical 
work. In 1928 Dean? showed that, for viscous liquids, 
the equations governing flow through curved pipes could 
be non-dimensionalized by means of a parameter L, 
given by n*(a/R), where n is a suitable Reynolds number; 
he obtained an expression for Q./Qs as a power series in L. 
Q, and Q, denote the flux of fluid through a curved pipe 
and a straight pipe, respectively, m the same dynamical 
conditions. The practical inportance of Dean's work 
lies in the prediction that for Newtonian viscous hquids 
a plot Q./Qs against L should lead to a master curve 
which is independent of such variables as the viscosity of 
the liquid, the radii a and P, and so on. That this predic- 
tion is valid is illustrated in Fig. | which contains data 
for three Newtoruan liquids. 

In the case of elastic hquids, it is in general impossible 
to non-dimensionalize the relevant equations by means of 
the one parameter L, and it is necessary to introduce 
two parameters which may be taken as n* and ajk 
or equivalently L and a/R (ref. 3). This implies that a 
master curve should not be expected when Q./Qs is plotted 
against L im the case of elastic liquids but same depend- 
ence on a/R should be expected. 

Fig. 2 Sone Q./@s against L curves for an aqueous 
solution of polyacrylamide. The Newtonian curve is 
included for comparison. The Reynolds number » which 
is used in the computation. of Lin the case of the polymer 
solution was taken as P 9a*/r2, where o is the density and 
fo is the zero-shear viscosity. To convey an estimate 
of the non-Newtonian properties of the solution, we remark 
that its “viscosity” (defined loosely in this connexion as 
an integrated viscosity obtained from the straight-pipe 
experiments) varied from 17 cP to 7 eP over the range of 
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Fig, 3. P against Q curves for water. a@=0-25 em, 


the straight-pipe experiments. Two important conclusions 
can be deduced from this figure. In the first place it is 
evident that there is a marked a/R dependence, which is in 
agreement with the theoretical predictions. 

Second, in all eases (that is, for all a/R values), the 
ratio Q./Qs is significantly higher than in the Newtonian 
case. This is not unexpected, for the elastic liquids under 
consideration are shear thinning and the vortex-type 
circulation associated with flow in a curved pipe has the 
effect of increasing the shear rate, which in turn implies a 
decrease in viscosity and hence an increase ue flow rate. 
The observed trend with degreasing E for fixed a is also 
consistent with this interpretation, e 

We eonclude that the use of conventional viscous-flow 
correlations for elastic liquids can lead to gross errors. 

Quite substantial ‘drag reduction” can occur in the 
fiow of shghtly elastic liquids through curved pipest. 
This conclusion arose from work which was confined to a 
range of Reynolds numbers just above the transition 
region from laminar to turbulent flow. By decreasing 
the radius a of the pipe we have been able to extend 


the Reynolds number range with rather surprising 
results. 

* 6 

a 


P (dynes/cm?) 
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Fig. 3 shows P against Q data for a Newtonian liquid 
(water). It is of interest that the increased resistance due 
to curvature in turbulent flow is very small, in contrast 
to the situation in laminar flow4*, Fig. 4 contains corres- 
ponding data for an aqueous solution of polyacrylamide. 
In this case there is a significant increase in resistance with 
curvature. Representative curves from Figs. 3 and 4 are 
also given in Fig. 5 for comparison. It will be seen that 
there is significant drag reduction in the case of the 
straight pipe, but that this is diminished in the curved 
pipe. As the bend in the pipe sharpens, the drag reduction 
may disappear altogether. 

We conclude that whereas curvature may enhance 
drag reduction in the transition region, it can have an 
adverse effect at high Reynolds numbers. 
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Fig. 4. P against Q curves for a 0-03 per cent aqueous solution of 
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Fig. 5. Drag reduction in a straight anga curved pipe. 
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Observation of Melting by 
Nuclear Magnetic Resonance 


We have developed a new method of observing melting 
and of measuring melting points which exploits the 
motional narrowing of the nuclear magnetic resonance 
line at the phase transition. Impurity premelting? allows 
the observation of a spin echo signal immediately below 
the melting point. A plot of the signal amplitude versus 
temperature determines both the impurity depressed or 
apparent melting point and the correction to this melting 
point due to impurities. These then provide the true 
melting point. Knowledge of the freezing point depres- 
sion constant also gives the impurity concentration of the 
sample. 

Impurity premelting takes place during the melting 
process in any real substance. Impurity premelting. also 
known as two phase premelting or Raoult premelting, 
arises from the presence of impurity centres distributed 
throughout the solid sample. In the immediate vicinity 
of these impurity centres the melting temperature 1s 
lower than that for the pure substance, the minimum 
melting temperature being determined by the eutectic 
temperature for the sample and impurity. As the tem- 
perature is increased, more of the substance melts until 
the apparent melting point (Tm)a is reached. At this 
point the entire sample is liquid. 

According to the Raoult theory of impurity premelting. 
the fraction of the sample which 1s hquid, A(T), at any 
temperature T below the apparent melting point follows 
the equation 





A 


(T mja — A (1) 


A(T) = i! 4 


In this expression, A is the difference between the true 
melting point Tm and the apparent melting point (Tm) a. 
This difference is equal to the product of the mole fraction 
of liquid soluble/solid insoluble impurity present, X, and 
the freezing point depression constant K. Thus 


A = Ta (Tm) A = KX (2) 


These equations are valid only for small concentrations 
of impurities and are independent of the special kind of 
impurity. Note that a knowledge of A(T} allows one to 
determine both Tm and X. 

Other methods of melting pomt determimation measure 
the liquid fraction of the sample only indirectly. If a 
correction A is indeed required, these methods depend on 
the measurement of an excess in some property as the 
melting point is reached. The most common example of 
this is the determination of the melting point during an 
experiment which measures the specifie h@at. Impurity 
premelting gives rise to an excess specific heat, 3Cex, 
related to the liquid fraction, A(T) by 


Cox = —Hy ay (3) 
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where H; is the latent heat of fusion, From the measured 
value of ŝCex and this equation, the liquid fraction A T) 
is found and, hence, the melting point correction A is 
determined. 

With the aid of pulsed nuclear magnetic resonance, we 
have directly measured the liquid fraction of a sample as 
a function of temperature in the premelting region. This 
new method of melting point determination is apphcable 
in principle to any substance containing nuclei with spin 
greater than zero. To measure this liquid fraction, a spin 
echo? is produced by placing the sample in a magnetic 
field and irradiating it with two radio frequency pulses a 
time + apart at the Larmor frequency. The echo, of 
amplitude A, appears at a time 27 after the first pulse. 
The echo amplitude depends on n, the number of spins 
contributing to the signal, and T, the phase memory 
time?, through the relation 


Aa nexp (—27/7',) (4) 


For a partly liquid and partly solid sample, as exists 
immediately below the melting point, the proportionality 
for A becomes 


A oc npexp (—27/Ta1) + ns exp (~27/T ys) (5) 


with ng the number of spins in a liquid environment and 
ns the number of spins in a solid environment. The 
effective phase memory time for solids, Tss, is almost 
always short enough that one can choose “>T,s. No 
contribution is then made by the spins in a solid environ- 
ment. It is best to choose t such that 27<¢7,7, so that 
the damping term becomes unity and relation (5) becomes 


Ag ny (6) 


The spin echo amplitude, A, is therefore directly propor- 
tional to the liquid fraction, A(T}. If the liquid phase 
memory time due to the spin-spin interaction Tz is too 
short to allow the choice 27<7T,,r, or if other damping 
mechanisms such as diffusion* or boundary effects‘ are 
significant, simple application of our method requires 
only that the damping terms remain constant over the 
melting range, generally a few tenths of a degree. LY, in 
fact, the damping terms are temperature dependent over 
the melting range, the temperature dependence can be 
measured and the appropriate correction applied to the 
melting curve. For our data on ethane, relation (6) holds 
and no corrections are needed, 

We used two samples of ethane to demonstrate these 
melting curves. The first, sample I, was prepared from 
Phillips Petroleum Company research grade ethane with 
a stated purity of not less than 99-96 per cent. The 
second, sample II, was prepared from Olin Matheson 
Company C.P. grade ethane with a stated purity of not 
less than 99 per cent. The spin echo arnplitude (iquid 
fraction) for sample II was measured as a funetion of 
temperature between 88-8° K and 90-2° K (Fig. 1). The 
solid line through the experimental points is equation (1) 
fitted by adjusting the two parameters A and (Tm). 
The data for sample I are also shown in Fig. 1. Sample I 
is considerably purer than sample IT and this is reflected 
in the fit of the solid curve, equation (1). 


dpble i 


Sample (Tma CR$ ACK) Measured purity Tm CR) 
(per cent} 
I RIRI 0-007 99°97 BORD 
if RGGI 0-19 99-20 BORA 


The results from these samples (Table 1) demonstrate 
the worth of the method for melting pomt measurement. 
Although the impurity concentration is twenty-five times 
greater in sample IT than in sample I, the two determina- 
tions of the true melting point made by applying equation 
(2) agree very well. 
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Fig, I. Melting curves for pure and impure samples of ethane. 


d, sample J; f, sample JI. 


The value 23-5° K/mole was used for the freezing point 
depression constant and the measured purity of these 
samples is given in Table 1. The purity values obtained 
by our method are consistent with the minimum purity 
values quoted by the manufacturers. 

For a sample as pure as sample I, the fit of the theoretical 
curve is very sensitive to data at temperatures in the 
vicinity of (Tm)a. With a sufficiently pure sample, the 
fit of equation (1) approaches a step function and T m may 
be determined with great precision limited only by the 
sensitivity and stability of the temperature system. The 
problem of temperature control and measurement, though 
difficult, is common to all methods of melting point 
determination. 

For our measurements, a liquid oxygen bath was used 
to control the sample temperature, the melting point of 
ethane being close to the boiling point of oxygen. A 
platinum resistance thermometer calibrated by the 
National Bureau of Standards was put next to the 
sample tube and both were placed in a copper case to 
minimize temperature gradients. The vapour pressure 
over the bath was controlled to +01 mm of mercury by 
a Cartesian Manostat. Particular care was taken to reduce 
both absolute and relative error in the temperature 
system and this will be discussed elsewhere. The two 
commonly quoted values for the melting point of ethane 
are 89-89° K (ref. 5) and 90-:35° K (ref. 6). Our value 
of 89-82° K is consistent with the former and not with 
the latter. 
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Investigation of the Calcium Sulphate- 
Water System by Infrared Spectroscopy 


The N-ray diffraction patterns for these are 
similar, but on the basis of minor differences between the 
two patterns, hemihydrate and dehydrated hemihydrate 
have been established as different chemical 


hemuhydrate and soluble anhydrite. 


spectroscopy has recently been used to 
investigate this problem’, In this work the infrared curve 
given for gypsum is actually that of hemi hydrate and 
vice versa; furthermore, both these spectra (in KBr disk 
media) are found to contain some bands in the region 
2,700-3,000 cm~ which cannot be ascribed to any form of 
calcium sulphate and appear to be due to hydrocarbon 
unpurities. Earlier workers" have given information 
on the infrared spectrum of gypsum, but only one of these 
papers has shown the spectrum of dehydrated gypsum‘, 
Pain et al.* have given the spectra of gypsum, hemihydrate 
and anhydrite and their deuterated products in the region 
2,000-3,800 em-!. 

We have re-investigated the CaSO,-H,O system using 
infrared spectroscopy, and have also used the help of 
thermogravimetric analysis (TGA) and X-ray diffraction 
techniques where necessary. 

AR CaSO,,2H,0 (from B.D.H. Ltd, Poole, Dorset) 
was used as the starting material. The products of its 
thermal dehydration were prepared by methods described 
in the literature’? at temperatures ranging from 97%- 
700° C and checked, where required, by TGA and X-ray 
diffraction methods. The infrared spectroscopie studies 
were performed with a Unicam SP 200G spectrophotometer 
in the range 650-4,000 cm-t; the samples were examined 
in both Nujol mulls and KBr disks. 

The wave numbers of the bands together with their 
approximate intensities are shown in Table 1. Because 
the spectra were studied on a higher resolution instrument 
than before, many new bands, not reported in the earlier 
hterature have been established. The spectra for the 
x and § forms of hemihydrate are identical; so are those 
of x- and §-soluble anhydrite; therefore they have not 
been quoted individually in Table 1. 

The spectrum of gypsum shows four vibration bands in 
the H--O-—-H_ stretehing region at 3.245, 3,410, 3,500 
and 3,555 cm-t; the band at 3,245 cm~! mav also have a 
contribution from the overtone at 1,623 cm- In the 
present study it proved difficult to assign correctly the 
above vibrations to the various modes; however, a tenta- 
The two vibrations 


Aa 


em m hemihydrate can be used for analytical purposes. 


Sirolarly, in the H--O--H bending region the vibrational 
band at 1,688 cm {va H,O) will also serve the same 


purpose, for it is absent in hemibydra@e. The vibration 


+ 
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at 1,623 cm~ is present in both gypsum and hemihydrate 
and is assigned to the v, mode of H,O. These frequencies 
are absent in both soluble and insoluble anhydrite. 

The frequencies due to the SO, group are again different 
and are important in distinguishing gypsum and all three 
types of dehydration products. The v, frequency is found 
at 1,004 em— in gypsum, which is very weak in intensity, 
whereas’it is stronger in hemihydrate and shifts to 1,008 
em; again this frequeney is very weak in both the 
soluble and insoluble forms of anhydrite and moves 
further to 1,012 cm~? in insoluble anhydrife. The vy vibra- 
tions expected at about 1,120 em? show different struc- 
tures in the different compounds. The v, vibration at 
667 em- in gypsum, 660 cm~ in hemihydrate, 665 
em in soluble anhydrite and 673 em? in insoluble 
anhydrite could also prove of use in analytical work. 
Table 1. MODIFICATIONS OF 


DATA GN INFRARED BANDS OF VARIOUS 


CASO, 2H WO 


a . Soluble Insoluble 
Gypsum Hermihydrate anhydrite anhydrite Assignment 


687 s 860 s 665 8 666 sh ry, SO, 


672 sh 670 sh 672 sh 673 8 Hy, SO, 
1004 vw 00S m 1008 vw ry. SO, 
1612 vw 1Q1i2 vw Fy, SO, 


ai 10904 8 1092 a 1995 sin) ra SO, 
1120 vs 11158 Tiss #3, SO, 
1145 vs 1135 sh 1135 sh 11308 fd) vs, SO, 
1155 sh 1155 vs 1155 vs 1153 vs ts, SO4 

1168 sh 1185 sh va SO, 


1617 sh 


{1617 sh 
1623 s 


i 1623 8 
1688 m 


tiii 


Ps, H, O 
Pg, B.O 


2030 vw 
2090 vw 
2130 w 


2 xr SO, 
mot ra, SO; 
Py t Pa SO, 
notra SO, 

2 Py, sO, 


2130 w 2130 vw 2130 vw 
So 2150 vw 
2230 w 2220 vw 2230 vw 2230 vw 


3220 Vw 2x re. HO 
2x re, Hat); 
Fis H,0 
Py, HO 
ra HO 


3245 sh 
8410 8 
3500 w 


8455 m 


ra HO 
Bo680 r 
3615 š 


n, Only obtained with Nujol mull; d, only obtained with KBr disk; vw, 
very weak: w, weak: m, mediums: s, strange: vs, very strong: sh, shoulder. 


These studies have confirmed the existence of only three 
different products on thermal dehydration of CaSOQ,,2H,O. 
No spectral differences have been obtained between the so- 
called x and 8 forms of hemihydrate or soluble anhydrite. 
The latter compound is very susceptible to moisture and 
quickly converts to hemihydrate when exposed to the 
atmosphere. The insoluble anhydrite is a stable form, 
and the total conversion from gypsum and its other 
dehydration products to this form only seems to take 
place at temperatures above 400° C. 

We thank Mr T. Smallwood for performing the TGA 
and Mr G. Dance for the X-ray diffraction measurements. 


JOUN BENSTED 
SATYA PRAKASH 


Associated Portland Cement Manufacturers Ltd, 
Research Laboratories, 

Greenhithe, 

Kent. 


Received April 23. 196s. 


Weiser, H. B., Milligan, W. 0., and Ekholm, W, C., J. Amer. Chem, Snt, 

§8, 1261 (1936), 

* Kelley, K. K., Southard, J. C., and Anderson, C T., US Bureau of Mines 
Tech, Paper, 625 (1941). 

* Gilliland, J. L., Proc. Amer. Concrete Inat., 47, 809 (1951). 

+ Fiörke, O. W., Neues Jahrbuch für Miner, Abh., 84 (2),989 (1952). 

$ Mtschedlow-Petrossian, O. P.. and Berschadski, F. G.. Si thattechinik, 18 (5), 
147 (1967). 

* Hunt, J. M., Wisherd, M. P.. and Bonham, L. €., Anal. Chem., 22. 147s 
(1850), 

* Miller, E. A. and Wilkins, C. H., Anal. Chem., 24, 1253 (1952). 

§ Hass, M., and Sutherland, G. B. B. M., Proc. Roy, Soe., A, 286, 427 (1956). 

? Pain, C, Duval, C., afl Lecompte, J.. CH Acad. Sei., 237, 238 (1953). 


Gi 


How Inaccurate is Pauling’s 
Bond Energy Equation? 


Pearson! recently pointed out that Pauling s bond energy 
equation does not give reasonable values of the enthalpy 
changes for a series of reactions, and he has also stressed 
a number of pitfalls of Pauling’s clectronegativities. The 
principle of soft and hard acids and bases (SHAB), on the 
other hand, predicts the correct sign of AH for those 
reactions and the general chemical patteras mishandled 
by the simple electronegativity concept. | 

It is well known that Pauling’s equation is only moder- 
ately successful. For forty-two bonds listed by Pauling’, 
the average overall agreement is +20 per cent; for five 
of these bonds (P—H, H--F, Si—O, C-—-E CF), it is 
only +40 per cent. A detailed analysis’ of Pauling’s 
electronegativity scale shows that it has no rigorous 
quantum mechanical basis and that it must be con- 
sidered as a useful empirical generalization, I wish to 
point out, however, that Pearson’s exam zes focus on 
the most serious limitations of Pauling’s equation First, 
Pauling has stated! that his equation gives very poor 
results if (X4—Xe2)> L5, and no ionic bonds are included 
in his list. This is confirmed by the exarnination of its 
valence bond or molecular orbital basis? *-*. 


5 be, 
Bag=(1/n) 








a particular bond or bonds in polvatomic molecules are 
being broken and/or formed. Third, errors of 20 per cent 
in bond energies will be much greater in reactions such as 


A~ B+C- D--A-—-D+B-C 


where differences are taken (personal communication). 
As a result, it is not surprising that Pauing’s equation 
fails signally for the chosen examples. 

Indeed, it is impossible to expect that any bond energy 
equation based on atomic parameters, be they electro- 
negativities or soft-hardness, can work well in all or even 
most cases. Interatomic terms are alwars present anc 
are the dominant factors in all bonding theories. In 


(important in essentially covalent bonds) and the inter- 
atomic electrostatic terms (Madelung-—Jorgensen energies) 


of the Coulomb integrals (important in highly tonic com- 
pounds). If these terms are introduced in a simple 
approximation involving electronegativities’, the correct 
values for the enthalpy changes of processes like reaction 


(4) of the paper by Pearson 





are obtained, as well as the correct behaviour in the case 


of many of the pitfalls mentioned by Pearson. 
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Spiral Growth of Calcitostracum 


SPIRAL growth hills built up of many tabular calcite micro- 
crystals can be seen in definite regions of the growing 
surface of the left shell valve of the calcitostracum of 
Anomia lischkei under a reflexion microscope (Fig. 1). 
The spiral growth hill of calcitostracum contrasts inter- 
estingly with that of nacre’; the former is composed of 
many microcrystals of calcite distributed radially out- 
wards*, whereas the latter is formed by many micro- 
erystals of aragonite in nearly parallel orientation®* as 
Laue photographs and microscopes show. 

The spiral patterns of the calcitostracum are formed 
by the emergence of the edges of mineral lamellae on the 
growing surface of the layer, the central point being the 
highest. A circular spiral is common. A group of many 
step lines usually starts from the centre of a spiral. Steps 
are usually as high as one lamella is thieck—less than about 
3500 A. As in nacre, spiral growth hills are concentrated 
in one or more small defined areas in the central zone of a 
shell. New microcrystals grow chiefly in re-entrant 
corners between parallel imbricated microcrystals lying 
on the growth fronts of lamellae. Their three-dimensional 
orientation is variable. The growing surface of calcito- 
stracum is the (0001) plane of calcite microcrystals which 
grow nearly parallel to each other except for the parts 
in which growth hills are found. Growth fronts of 
mineral lamellae may move forward from the postero- 
dorsal to the antero-dorsal and through the ventral region 
in the pallial zone of the shell of Anomia, and the direction 
of advance of lamellae coincides closely with the rhombo- 
hedral axes of microcrystals. 

Fig. 2 is a schematic illustration of the development of a 
spiral growth hill of calcitostracum for Anomia lischkei. 
If two groups of microcrystals, oriented differently, inter- 
fere with each other at some angles, there may be eleva- 
tion, depression or misfit on the sides. Many mineral 
lamellae in the deformed part develop into a spiral growth 
pyramid which resembles a spherulite. On the other 
hand, growth hills of the calcitostracum of Crassostrea 
gigas consist of dendritic spherical aggregates of foliated 
calcite microcrystals‘, and appear to differ in their develop- 
ment from those of Anomia lischkei. The spiral growth 
hills of the ealcitostracum of Anomia lischkei are further 
characterized by left-handed spirals, which predominate 
regardless of their position on the shell valve or the 
materials of which they are made. The formation seems 
to depend on the specialized directions of growth of the 
calcitostracum between pallial and central zones during 
the morphogenesis of the shell. 

These observations probably indicate that the spiral 
growth of calcitostracum of Anomia lischkei originates 





Fig. 1. <A spiral growth hill & — in Anomia lischkei. 
x . 
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Fig. 2. 

growth hill of calcitostracum in Anomia lischkei. The arrows represent 

the rhombohedral axes of calcite microcrystals. Note the relationship 

between the orientation of microcrystals and the rotation of ledges of 

mineral lamellae started from the deformed portion between two groups 
of microcrystals of different orientations. 


Schemati? drawing of the process of development of spiral 


in portions of the growing surface which are deformed by 
internal and external stresses in and near the boundary 
between two groups of microcrystals, differently oriented, 
during the growth and morphogenesis of the shell. Tf 
dislocations occurred or if the boundary of microcrystals 
moved, stress fields could be cancelled in calcitostracum. 
It is, of course, necessary to take into account the nature, 
amount and distribution of organic matrix, which can 
perhaps be regarded as impurity, when considering the 
precipitation of the calcium carbonate contained in shells. 
These considerations suggest that the mechanism of forma- 
tion of spiral growth of polycrystalline material such as 
nacre and caleitostracum may be very accurately ex- 
plained by modification of Frank’s serew dislocation 
theory® of the spiral growth of single erystals taking into 
account the theories of orientation and aggregation of 
microcrystals during crystallization from a colloidal 
solution, 

I thank Professor T. Sudou for his guidance and for 
revising the manuscript. 
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Electrochemical Properties of Human 
Dental Enamel 


DersPITE numerous findings that intact enamel is perme- 
able in certain circumstances to various dyes, radioactive 
tracers and other chemically identifiable substances', the 
ionic-sieve behaviour of enamel demonstrated as long ago 
as 1929 by Klein and Amberson® has been largely ignored. 
Their work could have an important bearing on the whole 
problem of ionic transport through enamel in vivo, and 
its chemical stability, so a more systematic study of 
membrane phenomena associated with enamel has been 
undertaken. The selectivity to ionic transport of enamel 
caps of sound human teeth, enamel sections and mem- 
branes prepared from a synthetic hydroxyapatite powder 
in a poly(methyl methacrylate) matrix has been investi- 
gated by e.m.f. measurements of concentration cells 
using KCI, NaCl and CaCl, solutions at pH 7-4 and 
25° + 1° C. The technique for mounting the teeth and 
measuring the cell e.m.f. has been described in the litera- 
ture, The concentration of the electrolyte was maintained 
at 0-100 M on one side of the cell and on the other side 
varied in steps from 0-100 M to 0-002 M. All cell e.m.f.s 
were measured under equilibrium conditeons as assessed by 
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the activity ratio of the salt solutions. @, KCI; A, NaCl; W, Cah). 


Variation of the membrane potential across an enamel cap (q) and across a synthetic hydroxyapatite membrane (6) as a fonction of 
The maximum theoretical potential gradients for ideal cation and anion 


exchange membranes are shown by dashed lines having positive and negative slopes, respectively. 


the constancy of the e.m.f. over a period of days. The 
establishment of equilibrium conditions on changing 
from one salt solution to another was protracted; following 
the replacement of CaCl, solutions by KCI solutions, for 
example, the average time to re-establish equilibrium 
was of the order of 8 weeks. 

Typical sets of results for an enamel cap and for a 
synthetic hydroxyapatite membrane are shown in Figs. 
la and b. With the two univalent electrolytes both 
materials exhibited the behaviour typical of a cation- 
exchange membrane, the selectivity increasing as the 
concentration gradient was increased. For any given 
concentration gradient the selectivity of enamel for Nat 
was always lower than that for K+. Using CaCl, in the 
cells, both enamel and the hydroxyapatite membrane 
seemed to behave as anion-exchange membranes, the 
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Fig. 2. Membrane potential as a function of the salt activity ratio 

according to the Teorell-Meyer_‘‘fixed-charge” theory, X=0-2 equiv/l.; 

A=0-02 equiv. @, KCI (Di =5 x 10-8 em/s: D.=3x 10-% ems). 
A, Naci (Di% 3-5 5x10 em/s; D-=3 x 10-* cm/s). 


latter approaching perfect selectivity. On the basis of 
the ion-exchange membrane theory now held, the differ- 
ence in the membrane behaviour of enamel with KGI and 
CaCl, may be ascribed to a net negative charge on the 
surface of the hydroxyapatite crystallites in the former 
case, and a net positive charge in the latter, This mter- 
pretation is supported by the observation by Leach! that 
the { potential of synthetic hydroxyapatite particles was 
negative in KCI solutions of jonic strength 0-165 and pH 

7-4, becoming positive in the presence of Cat as a result 
of association of this ion with the crystal surface. 

Insufficient data are available for the Teorell-Meyer 
theory? to be applied directly to the results obtained. 
For the univalent salts, however, using physically reason- 
able values for the constants involved, the “‘fixed- charge” 
theory predicts a dependence of cell e.m.f. on concentra- 
tion gradient similar to that observed, as shown in Fig. 2 
The parameters for the lower curve are identical to those 
of the upper curve with the exception that the coefficient 
of diffusion of the cation has been reduced in the same 
ratio as the mobilities of K* to Nat in free water at 
25° C. 

These results suggest that enamel is an ion-exchange 
membrane, the electrochemical properties of which are 
determined by the ionic environment. The similarity 
between the behaviour of the enamel and the synthetic 
hydroxyapatite membranes indicates that the membrane 
charge is mainly caused by the ion-exchange potentialities 
of the mineral fraction which are well established”. 


N. E. WATERS 


Royal Dental Hospital Schoðb of Dental Surgery, 
Leicester Square, ° 
London. 
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BIOLOGICAL SCIENCES 


Some Physical Considerations relevant 
to the Dimensions of Lung Alveoli 


SPECULATION about alveolar size usually centres on the 
provision of a diffusing surface area adequate for meta- 
bolie needs. Tenney and Remmers', from a survey of 
lungs in mammals of many different sizes from the bat 
upwards, concluded that 


l ; resting metabolic rate- 67 | 
alveolar diameter cc | ————-E a } (1) 


where m= body mass. The resting metabolic rate is ae 
portional to m™?: when animals such as the dugong and 
manatee which have a sluggish metabolism are exclided?, 
We deduce that 


alveolar diameter oc 7% 185 (2) 


which indicates that variation of alveolar diameter with 
body mass for the appropriate animals is gradual. This 
is supported by data which were collected to determine 
directly the relationship between alveolar size and body 
mass. 

The necessity to accommodate the required diffusing 
area in a compact space should not restrict closely the 
range of variation of alveolar size. Assuming that the 
alveoli, number N, are roughly equal in diameter, d, in 
a given animal, area for gas exchange a Nd?. This area 
was found! to correlate “linearly and directly” with 
resting metabolic rate, which with reservations is pro- 
portional to m7, For a given mass Nd?= constant. 
Assuming 


lung volume a Nd? (3) 


to maintain the area for gas exchange constant while 
varying the alveolar diameter, the conditions lung 
volume œ Nd or lung linear dimension œ d! must be 
satisfied. For example, accommodation of a 33 per cent 
increase in alveolar diameter should require only a 10 per 
cent increase in lung linear dimensions. There must be 
scope for adjustment of alveolar size to comply with 
requirements other than area. 

Considering variations of alveolar size with body mass, 
Rashevsky* took the actual diffusion process through the 
alveolar wall into account. He predicted that alveolar 
volume should be approximately proportional to the mass 
of the animal, implying greater variation than is con- 
sistent with equation (2), and that the total number of 
alveoli in the lung should be similar for all mammals. 
This follows from his first prediction assuming equation 
(3) and that lung volume and body mass are proportional. 
His second prediction is stated! to be contrary to obser- 
vation, 

The following argument has features in common with 
Rashevsky’s, but because the effect of scale is important 
there is a bias towards the dimensional method. This 
approach has helped to suggest a reconciliation of theory 
with observation. 

Tt would be wasteful if an alveolus were so big that 
only a small proportion of its available charge of oxygen 
could be absorbed during the respiratory cycle. If the 
alveolus were too small, there would be too rapid an 
equilibrium between blood and alveolar gas, and the 
reserve of alveolar oxygen would be inadequate to meet 
further demands until the next inspiration. There is there- 
fore probably a relationship between alveolar size and 
respiratory frequency; and because the latter varies 
approximately inversely as the cube root of body mass?, 
alveolar size should be related to body mass. The recipro- 
cal time constant for the diffusion process is assumed to 
depend on the resting respiratory frequency, while the con- 
siderations already mentioned suggest that. simple propor- 
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tionality should be adopted as the appropriate form for 
this dependence. This assumption provides the basis 
from which the argument relating alveolar size to body 
mass is developed. First it is necessary to discuss the 
relationship between the time constafit and more funda- 
mental quantities. 

The quantities involved in the diffusion of oxygen from 
alveolus to blood are the alveolar radius a, the*diffusion 
coefficient x of oxygen in air (about 0-25 cm?/s) and h, 
which is called? the permeability of the alveolar wall 
plus the capill&ry wall. h is related to the pulmonary 
diffusing capacity D by 

D (760-47) | 
Pitts. ene, jects Gace emis 
lung diffusing area ` 

where D is measured in ce (standard temperature and 
pressure with all water vapour removed, or dry, STPD)/ 
s mm Hg and the area in em?, If the pulmonary diffusing 
capacity for oxygen in man at rest is 0-35 (or 21 em?/min 
mm Hg)’, and if the diffusing area for fresh adult human 

lung® is 76-2 x 10% em?, k= 3-28 x 10-1 em/s. 

If the diffusion process from a single alveolus is assumed 
to be from a closed sphere with permeable walls, the 
equation for the concentration C of oxygen at instant ¢ 
at any point within the alveolus distant r from the 
centre will be 


the boundary (r=a) condition being 


0C Rh l 
a +-C=0 
r x 


and the initial (¢= 0) condition C=C, for O<r<a, while 
C and C, are measured with reference to the mean con- 
centration in equilibrium with the blood. 

The solution of this differential equation is in the form 
of a series’, which, however, converges so rapidly that 
terms after the first may be neglected for any ah/z values 
when the ¢ values are not neghgible compared with the 
time for one respiration. 


a 3h ‘ 


E sige i aa AR aisle eee F a 
C = C, exp e088 (1s Oya t (4) 
if Q is the ratio of the voliunes of non-alveolar to alveolar 
air in the lung, and the alveoli are incomplete (5/6) 
spheres’. For Q@=0-53 when all the dead space is con- 
sidered, the time constant would be about 1-7 times the 
closed sphere value a/3h. This equation does not involve 
x and is comparable with the well known equation of 
Krogh in the measurement of D. 

This calculation rests on some artificial assumptions, 
notably the imstantaneous renewal of the charge of 
alveolar air, so that diffusion proceeds without change of 
dimensions on the part of the (assumed) spherical alveoli; 
but it does suggest that the assumed proportionality 
between the respiratory frequency n and the reciprocal of 
the time constant should reduce to the simple form 


hi h 
ax- Q- (5) 
tl d 
If the value of A for man at rest is substituted with 


a=0-0069 em (‘smoothed™ value for man from Fig. 1), 
the time constant @/3h is 70s. This is not very different 
from the time for one respiration (about 5-1 s)*. 

The structural unit involved may be considerably 
larger than a single alveolus. In man the unit may com- 
prise that which is ventilated through a terminal bron- 
chiole*® and which contains therefore many alveoli. For 
various reasons the number 3 in the exponential term of 
equation (4) should probably be replaced by some other 
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small dimensionless factor. This factor should be fairly 
constant between species, provided there is not too great 
a variation in alveolar shape or in the proportion of lung 
volume which is oecupied by alveoli. To the extent that 
this proportion exéeeds that oceupied by conducting air- 
ways, diffusion rates should stall be controlled mainly by 
the dimensions and properties of the individual alveolus. 

Rashewsky started by neglecting the concentration 
gradient of oxygen in the alveolus, but in contrast to the 

“quick gasp” type of respiration assumed here, he 
attempted to introduce a more natural bPeathing pattern 
by assuming that alveolar volume varies periodically, 
with a linear volume-—time relationship during inspiration 
and expiration. Assuming that the alveoli are spherical, 
and that oxygen concentrations in the alveolus and blood 
at the end of expiration do not vary much from animal 
to animal, he obtained a result equivalent to equation (5). 
Then, taking k as a constant and introducing n oc m? 
he deduced that alveolar volume is proportional to body 
Mass. 

The assumption that fA is independent of animal size 
may require further consideration. If the rate of diffusion 
across the barrier consisting of alveolar capillary mem- 
brane, plasma and red cell membrane depends on a single 
thickness dimension, it should be inversely proportional 
to that dimension. That is h l/d if rough geometrical 
similarity obtains between the alveolar structures of 
different sized animals. Equation (5) now becomes 


P/d? on (6) 
or 
roe mi (7) 


But difficulties are involved in the acceptance of the 
assumption of proportionality between A and d~ in view 
of the complex nature of the diffusion barrier. 

In terms of simple dimensional analysis the four quan- 
tities concerned, which involve only the two fundamental 
dimensions length and time, are 


7 lengths “length? 
d (length), ¢ (time), Rh | -A aad oe ee ^ 
~ ~ tire \ time / 


According to the H theorem, the relationship between 
the quantities is sufficiently expressed in terms of two 
dimensionless groups which may conveniently be taken 
as hi/d, and either xt/d* or hd/z. Using the constaney of 
these as criteria for similarity, and if ¢ is proportional to 
z? and x is a constant, equations (5) and (6) are recovered. 

The inclusion in this anal ysis of a group containing x 
may be open to criticism because its influence is weak when 
associated with values of A and d of this order of mag- 
nitude. The requirement for similarity does, however, 
impose some restriction on the value of hd/zx. Mechanical 
requirernents ray be a factor tending to preserve the 
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Fig. 1. Logarithmic plot showing the variation of alveolar diameter 
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balance between wall thickness and alveolar diameter, 
and, with reservations, the inverse proportion between A 
and d. 

The effect of lung surface tension has so far been 
ignored. If constant, its tendeney to close the alveoli 
would grow in proportion to their contraction durmg 
expiration. But it is now recognized!" that the surface 
Enon of the mucous lining Pero to very small 
ative I just aed the scale are at hei ir most 
susceptible to closure. While it is not possible to deduce 
a precise lower limit to alveolar size imposed by surface 
tension, these considerations help to explain why the 
scope for variation between species is not more restricted 
at the lower end of the alveolar size range. 

A first comparison between theory and observation ts 
provided by equation (2), but this depends on the relation- 
ship taken (with the exceptions mentioned) for the 
dependence of metabolic rate on body mass. To test 
equation (7) the alveolar diameter measurements for six 
species made by Tenney and Remmers?! and additional 
measurements were collected (Table 1). 

Table 1 


DIAMETERS OF ALVEOLI 


Species and No, of Mean body Alveolar diameter 
reference specimens mass (ke) + SEA tic} 
Man® 3 70 250 ~ 300 
Mant ł 54-5 166-1 435-0 
Sheep * 7 40 Os F4 
Goat? 2 32” (OR 2 21-9 
Dog's 6 1-7 Tit LB 4 
Dog 3 146 23-04 14-1 
Baboon’ 1 $61 66-9 + 13-0 
{Č at 14 2 3:48 133-2 2 + aay E 
Cart? T aU 148-G + 42+ 
Cat} 21 2e 116-9 4 144 
Monkey ** 2 2-8 BO-E+ 17-1 
Woodchuck? 5 213 t BS-3 mf 
Rabbitt 1 1-$1 94-04 22-8 
(sninea-pig' 1 ORIF SS-4+17-1 
Guinea-pig! 14 0-34 rtt BG 
Guinea-pig'* 25 G30 HKU Rl 
Rat“ i (485 59-2 + 13-1 
Rat} 17 H-7 O24 66 
Mousel# 1 0-033 BRT FF 
Mouse! 8 {039 46-64 2-4 


* One specimen minus lungs and stomach. 
+ Mean of values for inflated and deflated lungs. 
? Body mass assumed as for marmot. 


Techniques used in the preparation of the specimens for 
measurement varied. Tenney and Remmers':'* inflated 
the lings at constant excess air pressure (20 em HO) 
until dry fixation occurred; Storey and Staub’? used the 
rapid freezing principle so that volume changes of the 
lung could be stopped in the living animal in a few 
seconds ; Weibel’, for his measurements on man, used 
“fixation by means of concentrated formalin steam applied 
to the lung via the airways... at about } of its maximum 
inflation’: and Macklin and Hartroft'? apphed fixative 
to animals with an intact thorax by intravascular per- 
fusion, the state of the lungs resembling ‘ ‘that of full 
expiration more than any other’. For man, the lungs 
were ee acme ee in the state of see ari by none a! 
to be ‘ Somewhat Kiah in compari ison w adr le pres a- 
vascularly fixed lungs”. 

The body masses in Table 1 have been estimated from 
the published graphs in Tenney and Remmers’s earher 
work!, In.their work?? on sheep and guinea-pigs, and in 
Weibel’s® on man, no body,masses were given, so if was 
necessary to assume,typical values. The other authors!5:44 
recorded specimen body masses. 

For the logarithmic plot (Fig. 
the oye of the Dest fit ee line a l 37. 


1) of the coilected data, 
oka value 


mass is — 0+ 98” feeb 15), viene: w oal dene through 
equation (6) to alveolar diameter being proportional to 
me instead of mt’. These data appear to be closer to 
the m®l relationship; but a more extensive field of 
accurate observation is necessary because Tenney and 
Remmers deduced that animals which did not obey the 
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metabolic rate-(body mass)*:74 law were exceptions to any 


general relationship between alveolar diameter and body 
mass. 


I thank Miss H. M. Ferres for statistical advice, and 
Squadron Leaders D. H. Glaister and D. M. Denison for 
valuable discussion. 

K. E. SPELLS 
RAF Institute of Aviation Medicine, 
Farnborough, Hampshire. 
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Isoelectric Focusing in Polyacrylamide 
Gel and its Application to Immuno- 
globulins 


THE principle of isoelectric fractionation was applied to 
the separation of amino-acids as early as 1912 by Ikeda 
and Suzuki (Japanese patent quoted in ref. 8), but the 
technique did not become practical for the fractionation of 
macromolecular ampholytes such as proteins until the 
introduction of natural pH gradients! and suitable carrier 
ampholytes*-*. Svensson described an apparatus for 
isoelectric focusing in shallow pH gradients formed by low 
molecular weight ampholytes and stabilized by sucrose 
density gradients’. In this form the technique has been 
successfully applied to studies on the heterogeneity of 
myoglobins?®, cytochrome cê, lactoperoxidase? and a 
number of other proteins (see review by Haglund’). 





Fig. 1. Apparatus for isoelectrie focusing in thin laver polyacrylamide 

gels. a, Polyacrylamide gel 1 mm thick; b, glass plate; c, carbon elec- 

trodes Zo cm apart; d, site of sample application, each sample, 100-400 

veg of protein in less than 50 “i, was pipetted onto the surface of the gel 
and spread over a rectangular area (about 1 x 2 em). 


(Year Book Medieal Publishers Ine., 
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Isoelectric focusing in liquid media, however, presents 
many of the difficulties encountered in free moving 
boundary electrophoresis with the additional limitation 
that it is not applicable to proteins which denature or 
precipitate at their isoelectric point. e 


pH (25° €) 








t i e a 


Fig. 2. Isoelectric focusing in 5 per cent polyacrylamice gel, 2 per cent 


‘Ampholine’ carrier ampholytes, pH range 3-0-10-0. æ, Sperm whale 
myoglobin; b, mouse haemoglobin; e, rabbit haemoglobin; d, myeloma 


globulin-( (5563). 


This communication describes a procedure for isoelectric 
focusing in pH gradients of carrier ampholyte formed in 
thin layers of polyacrylamide gel. This method not only 
overcomes the general problems of liquid media (for 
example, convection and rapid diffusion) but also the 
special problem of isoelectric precipitation and requires 
much smaller amounts of protein. The most striking 
feature of this method is that the high resolution of 
isoelectric focusing can now be apphed to complex 
protein mixtures, and for the first time the resolution of 
heterogeneous serum immunoglobulin-G has been made 
possible, 

Thin layer plates of polyacrylamide gel, 23x 15 em, 
were prepared by the polymerization of 5 per eent (w/v) 
acrvlamide containing 2 per cent (w/v) ‘Ampholine’ 
carrier ampholytes between two glass plates 1 mm 
apart. (‘Amphohne’ was from LKB-Production, Ab 
Fack, Stockholm.) Polymerization of the gel was in- 
duced by riboflavine’ À few hours after polymerization 
of the gel, one “glass plate was carefully removed leaving 
the thin layer of gel adhering to the other plate. Up to 
eight samples were run cn a single gel. Eleetrofocusing 
was carried out by inverting the gel so that each end 
rested on one of the carbon electrodes (Fig. 1). Before each 
new run the cathode was wetted with 5 per cent (v/v) 
ethylenediamine solution and the anode with 5 per cent 
(v/v) phosphoric acid. The run was carried out in a 
humidified chamber at 4° C with a potential difference of 
400 V between the two electrodes and for at least 16 h. 
At the start of the run, the gel carried about 15 mA 
which steadily fell to 2 mA as the pH gradient of carrier 
ampholytes was established in the gel. The pH gradient 
was determined at the end of the run by cutting 5 mm 
disks of gel with a sharp cork borer at intervals along the 
gel. Each piece was suspended in 1 ml. of water for 2 h, 
and the pH was measured with a microelectrode. Staining 
of the gel was carried out using Comassi blue dye in 
10 per cent TCA?! followed by extensive washing with 
10 per cent TCA. 

Isoelectric focusing of several “pure” 
layer polyacrylamide gel is illustrated in Fig. 2. 


proteins in thin 
The 
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Fig. 3. a, Zone electrophoresis on 5 per cent polyacrylamide gel, 0-1 M tris-glycine buffer, 
pu 8-6, of rabbit IgG (purified by twice precipitating with 33 per cent saturated ammon- 
ium sulphate and chromatography on DEAE-cellulose in 0-02 M phosphate buffer, pH 7-0). 
b, Isoelectric focusing on 5 per cent polyacrylamide gel with 2 per cent ‘Ampholine’ carrier 
ii, ii and iv, rabbit 
The antigen-antibody 
precipitates were prepared at equivalence, washed twice with normal saline, dissolved in 
3 M urea and applied on the gel; v, pooled mouse antihaemocyanin prepared as in ii; 
vi, rabbit antiribonuclease prepared as in ii; vii, rabbit anti-DNP hapten (purified by 
hapten elution). The rabbits and mice were hyperimmunized with antigen in complete 
Freund's adjuvant, followed by a course of three booster injections after 6-8 weeks. 


ampholytes, pH range 3-0-10-0, 6 M urea. i, IgG purified as in a; 


antihaemocyanin from three individual Sandy-Lop rabbits. 


extremely sharp banding of the proteins is immediately 
apparent and is a consequence of the fact that the method 
is an equilibrium separation with protein components 
focused at their pI values. The known heterogeneity of 
myoglobin“, haemoglobin and myeloma  globulin-G 
5563 (ref. 12) is clearly shown by this isofocusing proce- 
dure. Such heterogeneity has been explained as single 
charge differences caused by loss of amide groups and this 
has been shown to be so directly in the case of sperm whale 
myoglobin, Studies on seal and horse? myoglobins 
have shown that the pI values of the major components 
vary from each other by steps of about 0-4-0-5 pH units. 
The difference between the pI values of the major bands 
of sperm whale myoglobin measured here is 0-5 pH 
units. The separation between adjacent bands of the 
higher molecular weight myeloma globulin-G molecules 
is equivalent to 0-06 pH units. 

For the determination of absolute pI values isoelectric 
focusing in polyacrylamide gel has the advantage that the 
pH gradient can be internally calibrated against standard 
proteins or other ampholyte markers of known pl. 

Immunoglobulin-G as normally found in serum has a 
very high degree of electrophoretic heterogeneity, which 
on starch or polyacrylamide gel electrophoresis at pH 8-6 
shows a continuous spectrum of protein extending from 
the origin to the 8-globulin region. A typical pattern for 
rabbit IgG is shown in Fig. 3a. Vig. 36 i shows the 
isoelectric focusing pattern of the same IgG. The hetero- 
geneous spectrum of rabbit IgG is resolved into a complex 
but finite series of bands focusing at isoelectric points 
in the range pH 5-0-8-0. The method of isolation of the 
IgG from pooled sera will have excluded son of the IgG 
molecules, and this picture does not represent the entire 
range of molecules. 

The resolution of pooled IgG by this method made it 
interesting to look at the composition of antibodies raised 
against different antigens by preparing antibody/antigen 
precipitates and dissociating them in urea. The isoelec- 
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tric focusing patterns of anti-haemocyanin 
from the sera of three individual Sandy- 
Lop rabbits and from pooled serum of six 
C57Bl mice are compared in Fig. 3b u-v. 
Antibody to haemocyanin gives a strikingly 
complex pattern, but the patterns from the 
three different rabbits show considerable 


similarity. Mouse anti-haemocyanin covers 
C a more limited př range (Fig. 3b v). Rabbit 
is antibody to ribonuclease (Fig. 3b vi) focuses 
= over a more acidic pl range than the anti- 
E haemocyanin; this difference probably re- 


lates to the very basic nature of ribonuclease. 
Anti-DNP hapten from pooled rabbit sera 


shows a somewhat less complex pattern 
which indicates that to some extent the 


complexity of each antibody pattern reflects 
the possible complexity of the antigenic 
determinants eliciting the antibody. The 
specifie antibodies show, if anything, a wider 
range of pI than the purified IgG. This 
may be attributed to the selection for a 
limited part of the total IgG spectrum by 
the purification procedure used for IgG, 
whereas precipitation with antigen would 
include all of the antibody molecules. 

We must ask to what extent the num- 
ber of discrete bands reflects the number 
of molecular species of IgG. The isoelectric 
point chiefly reflects total composition of 
charged amino-acids, but the exact distri- 
bution of these charged residues also affects 
the focusing position; this has been demon- 
strated with myoglobin where molecular 
species with apparently the same number 
of amide groups have pf values differing 
by 006-009 pH units solely because of 
the distribution of the glutamine-glutamie acid regi- 
dues’. Because considerable variation of uncharged 
amino-acid residues could be envisaged without affect- 
ing pl, the number of bands might be construed as a 
minimum estimate of the molecular heterogeneity of 
IgG. These findings show that isoelectric foeusing in 
thin layer polyacrylamide gel with its strikingly high 
resolving power permits the study of heterogeneous 
immunoglobulin and has potential for other complex 
protein mixtures. 

We thank Dr M. J. Crumpton and Dr N. M. Green for 
helpful discussions and for gifts of some proteins. We 
also thank Mr R. P. L. Bowlby for the photography. 
One of us (Z. L. A.) thanks the National Council for 
Scientific Research, Beirut, Lebanon, for financial 
support. 
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In vitro Acetylation of Plasma Proteins, 
Enzymes and DNA by Aspirin 


HumMan serum albumin (HSA) is permanently altered 
after exposure to therapeutic concentrations of acetyl- 
salicylic acid (ASA, aspirin) either im vitro or in vivo, 
Recently we showed that this structural alteration was 
the result of the acetylation of the HSA molecule by 
aspirin?>, Because the acetylation of HSA by aspirin 
could occur by aminolysis resulting in an N-acetyl-HSA 
derivative, we decided to determine whether aspirin 
could acetylate other biological materials. We now report 
that aspirin acetylates a variety of body constituents on 
euro, 


Table I 


Human Assumed Reaction Moles of acetyl-1-C-14 
protein molecular concentra- Mole of protein 
weight tion After After 
{mg/m} dialysis SM urea 
Albumin 70,000 6-13 1-32 1:36 
IgG 160,000 6-20 36 0-43 
G-Myeloma. 160,000 3°00 2-04 PRS 
Fab 50,000 346 0-64 Od 
Ig 160,000 2-10 2-03 2-53 
A-Mveloma 160,000 0-919 549 3: 5R 
IgM 900,000 1-96 V1 14:8 
Transferrin 90.000 2°43 (29 0-28 
Haemopexin 80,000 197 12-0 9-1 
ay-Macroglobulin 820,000 0-328 90-7 5-8 
Fibrinogen 341,000 0-985 sac | 2-92 
Thrroglobulin 650,000 §-21 0-58 0-60 


Table 2 





Reaction meMoles of acetyl-1-C-14 
Sample Source concentra mg sample 
tion After After 
(mg/ml) dialysis 3 M urea 
Prolactin Ovine 297 134-6 12-5 
Growth Bovine 1-28 209-5 29-7 
hormone 
RNase* Bovine 6:56 11-9 11-3 
pancreatic 
DNase Bovine 1:05 BR-s 38-5 
pancreatic 
Pepsin Bovine 2:11. 17-5 wie 
Lysozyme* Hen egg 1-90 26-7 25-8 
Hvaiuronid- Bovine 2-356 20:7 24-5 
ase testicular 
Histones Calf thymus 1:96 15°23 21-4 
Hyaluronic Human 0-50 58-0 — 
acid umbilical 
cord 
RNA Yeast 1:3 36-0 = 
DNA Calf thymus 0-563 ABQ 
H-DNA Calf thymus 0-294 97-2 -= 
S-DNA Calf thymus 0-103 231-0 no 


* Snecificity of acetylation verified by autoradiography. 
H-DNA, heat denatured, single-strand DNA; 
double-strand DNA sub-units. 


The biological materials listed in Tables 1 and 2 


S-DNA. 


sonicated, small, 


2 were 


dialysed at room temperature against 020 M sodium 
phosphate buffer, pH 7:30, for 24 h. 


each sample were added to 1-0 inl. 


One mil. 


amounts of 
of 1:00 10-3 M 


solutions of either ASA labelled on the carboxyl group 


with |C or on the acetyl group with “C. 
earboxyl-C-14 acid; 
radiochemical purity > 99 per cent, Lot No. 


Arar en 


(Acetylisalicy lie- 
specific activity 0-69 mCi/mmole, 
199 from 


the New England Nuclear Corporation, Boston, Massa- 
specifie 


chusetts. 


cent: 


Laboratory, Rahway, New 


Acetylsalicylic-acetyl-1-C-14 
activity 2:38 mCi/mmole, radiochemical purity > 
provided by Merck Sharp and Dohme Research 
Jersey.) The concentration of 


acid : 


>9 


9 per 


aspirm was chosen to approximate therapeutic blood 
levels and the final pH of the reaction mixtuse was 7-4. 
The mixtures were incubatedeat 37° C for 24 h and were 
exhaustively dialysed against 0-15 M NaCl containing 
0-01 M sodium salicylate as a carrier to remove labelled 


salicylates which were ionically bound. 


was detected in the final dialysates. 
(0-10 ml.) of each sample were counted for “C activity in 
a Packard ‘Tri-Carb’ hquid seimtillation counter. 
concentrations of protein were determined by the micro- 


Kjeldahl techmque. 


No HC activity 


Duplicate amounts 


The 


To determine the percentage of MC 


activity which was covalently bound, each sample was 
dialysed for 24 h at room “tempera ature against three 
changes of 8-0 M urea in 0-16 M sodium phosphate buffer, 


pH 550. 


The samples were then exhaustively dialysed 
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agamst 0-10 M sodium phosphate buffer, pH 6-0, for 48 h 
and against 0-15 M NaCl for 48 h. Duplicate amount 
(0-10 mil.) of each sample treated with urea were counted 
for MC activity, and nitrogen contents of the protein 
samples were determined. 

Carboxyl-C-14 activity was negligible in all of the 
materials tested after dialysis against 0-15 M NaC[-0-01 M 
sodium salicylate with the exception of HSA. As in 
previous experiments, one mole of urea-resistant carboxyl- 
C-14 was bound/100 moles of HSA, indicating that a 
small amount of a salicylamide derivative may have been 
formed’. In striking contrast, considerable acetyl-1-C-14 
activity was retained by all of the materials tested before 
and after dialysis against 8-O M urea. Every plasma pro- 
tein exposed to aspirin under physiological conditions was 
acetylated (Table 1). The degree of acetylation was 
determined by assuming that the acetyl-1- Cla activity 
was associated with each purified plasma protein and not 
with trace serum contaminants. This assumption was 
verified by autoradiography of immunoelectrophoretic 
patterns of the acetyl-1-C-14 acetylated plasma proteins. 
Detectable C-14 activity was associated only with each 
purified plasma protein and not with contaminants even 
when the samples were electrophoresed with normal 
human serum as carrier. The immunoelectrophoretic 
patterns revealed that some of the preparations did 
contain minute amounts of contaminating protem, pre- 
sumably acetylated, but their low concentrations pre- 
cluded detection by autoradiography. 

Table 2 shows the degree of acetylation of various 
hormones, enzymes and cellular constituents. The data 
are expressed on a weight basis because the molecular 
weights of many of the samples are not known. Also, 
autoradiography was generally not feasible and therefore 
at this time we cannot exclude the possibility of minor 
contaminants entering into the reaction. Despite these 
reservations, RNase and lysozyme were shown to be 
acetylated by autoradiography and the remaining sub- 
stances were highly purified and were almost certainly 
acetylated. 

The results of these experiments using carboxyl-C-14- 
ASA and acetyl-1-C-14-ASA show that: (1) with the 
exception of HSA, no carboxyl-C-14 activity was bound 
to the materials, (2) substantial amounts of acetyl-1-C-14 
activity were bound, showing that only the acetyl portion 
of the aspirin molecule was retained, (3) no VC activity 
could be detected in the final dialysates indicating a very 
strong acetyl bond, and (4) after treatment with 8-0 M 
urea the acetyl-1-C-14 activity was retained. These 
experimental data provide conclusive evidence that aspirin 
acetylates in vitro a wide variety of biological materials. 
The variations observed between the materials with 
respect to the degree of acetylation could be attributed to 
differences in the molecular weights, surface areas, the 
molar coneentrations of the materials at the time of 
exposure to aspirin and the number and/or types cf 
groups reactive to aspirin. 

Previously we concluded that the ingestion of aspirin 
results in the in vivo acetylation of HSAS, In view of 
the present findings, it may be that other body con- 
stituents are also acetylated im vivo. Should this prove 
to be the ease, a wide variety of physiological or patho- 
logical consequences or both might be expected. There 
are many biological reactions which are attributed directly 
to aspirin rather than to other salicylates. For example, 
aspirin is a more effective analgesic than sodium salicylate. 

“Aspirin intolerance’, a syndrome characterized by 
asthma, rhinitis and nasal poly ps. has been recognized 
for some yeafs and is induced by the ingestion of aspirin, 
but not sodium salicylate’. The IgG class of immuno- 
globulins in the sera from normal subjects and patients 
with a variety of disease states has the capacity to bind 
131T-labelled HSA previously treated with aspirin’. The 
incidence of occult gastrointestinal bleeding is greater 
following the ingestion of aspirin than sodium salicylate®. 
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Prothrombin activity is reduced in vivo by aspirin inges- 
tion but is not significantly altered by sodium salicyl- 
amide*. It will be interesting if these reactions which 
appear to be uniqwe to aspirin are related to the capacity 
of aspirin to acetylate body constituents. 
Numerous other reactions such as abnormal renal func- 
tion in, rheumatoid arthritis, analgesic nephropathy, 
massive gastric haemorrhage, abnormal haemostasis 
caused by hypoprothrombinaemia and impaired platelet 
function, pancytopenia and encephalopathy have been 
ascribed to the ingestion of aspirin. It is, however, difficult 
to ascertain whether these reactions are induced specific- 
ally by aspirin or if they are caused by salicylates in 
general. It is apparent that future studies on the bio- 
logical effects of salicylates must compare aspirin with 
other salicylates. 
In view of our finding that aspirin has the capacity to 
acetylate body constituents, we believe that the possible 
long term as well as immediate biological consequences of 
ingesting aspirin warrant further investigation. 
We thank Drs C. G. Cochrane, H. H. Fudenberg, H. M. 
Grey, U. J. Lewis, U. Muller-Eberhard, R. Nakamura, 
J. Shuster and R. T. Wold for supplying some of the 
biological materials used in these experiments. We also 
thank Drs E. C. Lasser, G. T. Rodnan, T. W. Garver, 
R. T. Reid, P. Minden and P. K. Hench for their past 
and present collaborative efforts. 
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Separation of the « and 8-Chains of 
Human Haemoglobin i 


We have described a high-resolution chromatographic 
method for the fractionation of the « and §8-chains of 
human haemoglobins'* which has been used extensively 
in various laboratories. 

We describe here experiments which show that as well 
as globin, haemoglobin can be used as starting material, 
the end products being in each case haem-free « and 
S-chains. Some practical points concerning the general 
technique as applied to both globin and haemoglobin 
are also discussed. 

The chromatographic technique was that ae aloe 
before'*, with the following modifications. M urea 
was prepared fresh each day instead of in a batches; 
AR urea was dissolved in water without heating and 
the solution was filtered through a flute@ No. 3 filter 
paper and used directly for making buffers. The de- 
ionization step, necessary when old solutions of 8 M urea 
were used, was omitted. Whatman C4723 proved to be the 
most satisfactory CM-cellulose for general use. (In the 
conditions employed, the resolution with CM23 was good, 
only CM32 and M52 bemg shghtly better. Both the 
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latter types, however, required extensive settling and 
decantation steps to remove enough fines to give an 
adequate flow rate.) The ion-exchanger is supplied in the 
Na* form and the slurry for pouring the eolunm. was 
made simply by suspending the resin in starting buffer, 
omitting the pH adjustment step". After a few minutes’ 
equilibration with starting buffer the column was ready 
for use, 

Buffers of pH 6-8 were used throughout and the optimum 
linear Na*-ion gradient for a 1x 10 em column of C23 
was obtained by mixing 150 ml. of starting buffer, 0-006 
M Na HPO, 0-05 M w e 8 M urea, pii 6-8, 
with 150 ml. of limit buffer 0-04 M Na HPO, O05 M 
2-mereaptoethanol, 8 M urea, pH 68. These conditions 
can be varied within reasonable limits to suit particular 
situations and requirements)’. 

For separations using haemoglobin as starting material, 
a lx 10 em column of CM23 was employed for quantities 
up to 30 mg. Haemolysates were made as describedl*, 
care being taken to remove as much saline as possible 
from the packed cells before lysis. A sample (0-1-03 nal.) 
of the stroma-free haemoglobin solution (about 10 mex/nal.) 
was applied to the column and washed in with 2 mi. of 
starting buffer. (Very dilute aqueous haemoglobin 
solutions are best dialy sed against starting buffer for 2h 
before application to the ¢ olumn. ) The column was then 
washed with starting buffer for 30-60 min, durmg which 
the haemoglobin bound at the top of the column turned 
brown and the haem was washed slowly away down the 
column. When no more colour was eluted (as judged by 
eye, or the stabilization of the baseline on a 250 my 
monitor) the haem-free g and 8-chains were eluted oy the 
application of the Na*-ion oa on 

The separation of the « and §-chains obtained is identi- 
eal, whether globin or haemoglobin is used as starting 
material (Fig. 1). Furthermore, the resolution of ab»: Orma? 
globin chains U normal chains is not impaired, as Ulus- 
trated by Fig. 2, showing the separation of globin chains 
from a haemolysate containing HbA, HbE and HbF, 
prepared from the red cells of a person heterozygous for 
HbE and §-thalassaemia. 

Because of the insolubility of haem and its derivatives 
in aqueous buffers the dissociated pigments were removed 
only slowly from the column. A short column of the order 
of 10 cm high was thus preferable, and there was no 
advantage in terms of resolution gained by using longer 
columns. Addition of small quantities (10-20 per cent) 
of n-butanol or methanol to the buffers increased the 
solubility of the haem derivatives but slightly impaired 
the resolution of the globin chains. Tf the gradient was 
started before all the haem had been washed from the 
column, the remaining pigment was eluted as the salt 
concentration began to increase, and appeared on the 
effluent just before the 6-chain emerged. 
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Fig. 1. Separation of the a and -chains of HbA, using 10 mg haemouio- 

bin (upper trace, 5 mm diameter flow-cell) and 10 mg globin Gower trace, 

3mm diam. flow-cell) as starting material. The two columns were run 

in parallel and eluted with the same gradient by dividing the eutput 
from the gradient mixer into two parts. 
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Fig. 2. Separation of the a and 8-chains of a mixture (total 30 mg) of 

HbA, HbE and HbF using haemoglobin (upper trace) and globin as 

starting material. The small peaks found before the y and #*-chains 

appeared in variable amounts and gave fingerprints which appeared 
identical to the y and 6E-chains, respectively. 


The state of the haemoglobin used seems to be impor- 
tant. Carbonmonoxvhaemoglobin did not dissociate 
readily into haem and globin once bound to the column 
until the Na*-ion concentration began to rise. This 
occasionally resulted in the 8-chain being eluted together 
with small amounts of dissociated pigment. Oxyhaemo- 
globin solutions were therefore used wherever possible, 
but methaemoglobin and cyanhaemoglobin can also be 
satisfactorily fractionated. 

The ability to use haemoglobin or globin as starting 
material widens the scope of the method previously 
described!)*. When only small amounts of haemoglobin 
are available and losses during globin preparation would 
be serious, or when cold centrifuging facilities for globin 
preparation are limited, the haemoglobin method is at a 
distinct advantage. 
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lonic Mechanism of the Action 
Potentials of Giant Neurones of 
Helix aspersa 


GIANT neurones of a number of molluses are known to be 
able to maintain their action potentials when exposed to 
solutions free of sodium!-*, and in some cases to be 
unaffected by the poison tetrodotoxin®*, It has been 
suggested that these cells mfay depend wholly or partly 
on ealeium ions to carry the inward component of their 
action current. In particular, this type of behaviour is 
observed in many of the giant neurones of the common 
snail, Helix aspersa. Recent evidence has suggested, 
however, that in the case of Helix aspersa the behaviour 
of the neurones could be better explained in terms of a 
reservoir of sodium ions, in or close to the cell membranes’. 
The experiments described here were designed to investi- 
gate the effect on these neurones of prolonged exposure to 
sodium-free Ringer, and of tetrodotoxin at concentrations 
up to 5x 10-6 g/ml. 
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Giant neurones in the abdominal ganglia of the snail 
were impaled on pairs of glass microelectrodes, placed 
in an adjustable holder to allow simultaneous insertion 
of both electrodes. Action potentials were evoked by 
passing a 10 ms rectangular pulse of current down one 
electrode. The Ringer used was made up according to 
the formula given by Kerkut and Thomas’; sodjum-free 
Ringer was made by replacing sodium chloride with tris 
chloride or sucrose, the effect on the cells being the same 
whichever of these was used. 

When normal (80 mM sodium) Ringer was replaced 
with sodium-free Ringer, the behaviour of the cells at 
first agreed with that observed by Kerkut and Gardner’; 
many cells continued to give action potentials, the over- 
shoot being reduced by an average of about half. During 
prolonged exposure to sodium-free Ringer, however, a 
gradual decline of the action potential was observed, with 
a slowing of the rising phase, and eventually, after 1-3 h. 
almost complete disappearance of the spike. Returning 
to normal Ringer caused a rapid and complete recovery 
(Fig. 1). The behaviour of the resting potential was 
variable; changes observed were usually small, and did 
not correspond with those expected from the constant- 
field theory’. 

The effect of tetrodotoxin was tested at two concen- 
trations in normal Ringer. At 10 g/ml. the toxin was 
without effect on the neurones even after prolonged 
(40 min) exposure. At the higher concentration of 5 x 10-8 
g/ml., however, three effects were observed: a typical 
result is illustrated in Fig. 2. During the period indicated 
on the graph, a concentrated solution of tetrodotoxin 
was added to the experimental chamber to bring the 
concentration gradually up to 5x10- g/ml. An initial 
slight increase in the overshoot was followed by rapid 
abolition of the action potential. This in turn was fol- 
lowed by depolarization of the cell with a drop in mem- 
brane resistance, and the disappearance of all trace of 
response to the stimulus pulse. Washing out the toxin 
caused a more gradual recovery of both resting and 
action potential. 

The behaviour of the action potentials of the neurones 
during prolonged exposure to sodium-free solution lends 
further support to the idea that they may be maintained 
by a store of sodium ions, near to the cell-membrane; the 
gradual decline in overshoot would then be ascribed to 
the slow washing out of these stored sodium ions, The 
decline is not apparently caused by deterioration in the 
condition of the cell-emembrane, because it is extremely 
rapidly reversed, when the external sodium concentration 
is restored to normal. 

The effect of tetrodotoxin also suggests that the cells 
are using sodium ions to carry their action currents, 
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Fig.1, Behaviour of the resting and action potentials of a giant neurone, 
during prolonged exposure to sodiunefree solution. 
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Fig. 2. Effect of tetrodotoxin on the resting and action potentials of a 
giant neurone. 


because it does not normally affect other types of current- 
carrying mechanism!® 1, The concentration used was, 
however, much higher than that which is normally required 
to inhibit neurones, and the effect on the resting potential 
suggests that, at this concentration, the toxin may not 
be acting in the same way as it does in systems previously 
investigated. Junge®, however, reports that a concentra- 
tion of 3 x 10 g/ml. is necessary to affect giant neurones 
of Aplysia, and that the action of the toxin is then 


“conventional”. My results are in conflict with those of 


Chamberlain and Kerkut’, who state that the neurones 
of Helix aspersa are unaffected by tetrodotoxin. It is 
possible that the discrepancy could be caused by the 
differences in experimental conditions, or in the potency 
of the samples of toxin used. The concentration used 
here, of 5 x 10-* g/ml., is only just sufficient to affeet the 
cells. 

The behaviour of Helix aspersa neurones is different 
from that of the neurones of Helia pomatia'-*, which can 
maintain their action potentials undiminished for several 
hours in sodium-free solution. It shows some features of 
the behaviour of nerves in the fresh water Lamellibranch 
Anodenta (unpublished results of Treherne, Mellon and 
Carlson); preliminary electron micrographs have shown 
that the structure of the Helix nervous system is in some 
ways like that of Anodonta'* and also has features in 
common with the nerve-cord of Carausius®, in which 
ionic regulation is known to occur!:}5, 
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EEG Alpha Rhythms and Susceptibility 
to Hypnosis 


DEsPITE a rich literature of anecdotal and clinical material 
on the relationship of hypnosis to physiological functions, 
especially to events in the central nervous system, the 
research findings are highly equivocal. Most relevant 
studies have been concerned with shifts in brain wave 
patterns, as measured by the electroencephalogram (EEG). 
The studies have attempted to identify the underlymg 
processes which accompany the observed or reported 
events characteristic of passage between waking and 
hypnotic states of consciousness. With some exceptions, 
however, most studies have failed to demonstrate EEG 
correlations of the hypnotic state'*. Similarly, most 
studies of physiological functioning have failed to find 
clear-cut changes in the autonomic nervous system 
resulting from “hypnosis per se, that is, without further 
verbal instructions”. 

So far, most studies of hypnosis, including most physio- 
logical studies, have concentrated entirely on the identi- 
fication of state differences, and have failed to take 
adequate account of subject differences which might be 
critically important to the experimental phenomena. The 
most important subject variable in this connexion is 
susceptibility to hypnosis. A large number of reliabie 
instruments exist for measuring this very stable trait 
both in children and adults*. Few experimenters have, 
however, troubled to sort subjects systematically according 
to susceptibility, nor have they used both high and low- 
susceptible subjects in the experimental manipulations. 
This means, in effect, that most hypnotic experiments use 
only subjects who are very highly susceptible to hypnosis. 

A considerable number of experiments on performance 
differences have shown, however, that high and low- 
hypnotic susceptibles often differ considerably in operant 
performance measures of strength, endurance, psycho- 
motor coordination, and rote memory. These differences 
are sometimes further widened or obscured by the 
application of hypnosis or other experimental instructions 
to both kinds of subjects. London and MeDevitt® found, 
moreover, that high and low-susceptibles differed sig- 
nificantly on a number of base-rate measures of autonomic 
nervous system functions, as well as differing under 
experimental training conditions. The present experiment. 
applied the same methodology to the examination of 
EEG alpha rhythms. It is part of a larger study on 
training in the autoregulation of brain funections® and the 
behavioural and physiological correlations of imagery 
(unpublished observations of Leibovitz). The present 
report concerns only the observation of differences in the 
duration of operant alpha rhythm between high and low- 
susceptibles in two test conditions. 

Volunteers for an experiment on “‘brain waves and 
hypnosis” requiring 3 h over two different sessions were 
recruited from college employment offices and through 
press releases to local newspapers. Of the 154 women-~~ 
ranging in age from 16 to 61—-who volunteered for the 
experiment, 125 completed the full test battery. 

The test battery included: group and individual tests 
of visual and other imagery; the Harvard group scale of 
hypnotic susceptibility (HGSS)’, administered by tape 
recording: and an individually administered EEG. The 
group tests were always given first, usually one week 
before the individual session. The basic pieces of equip- 
ment used for the EEG recording were: a Grass model 7, 
4-channel polygraph, equipped with 7PI preamplifiers; 
a Kronhite model 3304 bandpass filter tuned to 8-13 Hz. 
The filter was connected to the polygraph by a lead from 
JT of channel 1; a Tektronix model 5024 oscilloscope 
was used for display of the output signal; the amplified 
output of the oscilloscope was connected to an amplitude- 
sensitive trigger. The triggering level was established by 
adjusting the height of the oscilloscope signals to activate 
the trigger for unattenuated alpha signals, but not for the 
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filter attenuated signals outside the alpha band. From 
the trigger, outputs went to a Gra-lab model 172 timer 
for tuning the alpha duration and to a signal marker on 
the polygraph which permitted the polygraph operator to 
visually check the accuracy of the trigger. 

The EEG recording session was divided into ten trials 
of 2 mm in which the subject was told only to relax 
with eyes closed, followed by a single EEG sample taken 
over 2 min during a visual imagery task with eves closed. 
During the recording session the subject was seated in a 
comfortable reclining chair inside a large Faraday .cage 
(2:44 m?) in a quiet. darkened room. 

EEGs were recorded from four sites: channel 1, left 
occipital to left ear; channel 2, right frontal to right ear; 
channel 3, left oceipital to left frontal; and channel 4, 
left frontal to left ear. Silver flat disk electrodes by Grass 
were used; the occipital placement was 2 em up and 
2 across from the inion, the frontal 2 cm up and 2 across 
from the nasion. Only channel 1 was monitored on-line 
through the filter-trigger-tumer to obtain alpha scores. 
These scores were read directly in s/sample period of 
120 s; these quanta were used as the alpha indices. 

For purposes of analysis, HGSS scores were grouped in 
four categories representing the tenth, twenty-fifth, 
seventy-fifth and ninetieth percentiles, respectively. of 
ne score dEi ontoNy Beores ae 0-4 reproser ted low 


aaa 12, which iS o SCi cale’ S caline. represented hih sus- 
ceptibihty. Mean EEG alpha durations among the groups 
(Table 1) were compared by analysis of variance, whieh 
showed that the alpha rhythm durations differed sig- 
nificantly both under operant conditions where no special 
instructions were imposed (F = 4-89, P < 0-005, two-tailed 
test) and in conditions where the subjects were instructed 
to engage in active visual imagery throughout the period 
of measurement (F=3-30. P<6-05, two-tailed test). 


Table 1, MEAN EEG ALPHA DURATIONS (8/1208) BY HYPNOTIC SUSCEPTIBILITY 


SCORES 


Hypnotic susceptibility EEG alpha duration 


Score N Operant Visual imagery 
Q-4 25 44-5 48-0 
5-7 25 63-9 65-1 
8-H] 67 50-2 a6) 

12 8 84-6 B4-6 


Simple effects tests, as expected from Table 1, further 
indicated that the most significant differences are a 
function of the highest and lowest susceptibility groups; 
the two middle groups do not differ significantly from 
each other. 

Despite the differences in the numbers of trials and 
instructions, the relationship of alpha duration to scores 
of susceptibility to hypnosis is almost identical on both the 
operant and visual imagery conditions. This finding may 
be of independent interest in its bearing on the contro- 
versy about whether deliberate mental activity interferes 
with the alpha productivity of untrained subjects. 

The prinerpal finding, however, that very susceptible 
people have high alpha durations, gives an important 
clue about why previous studies have failed to find alpha 
differences between waking and hypnotic states. Because 
most experiments use highly susceptible subjects, and 
because the highly susceptible may routinely produce 
high alpha under waking conditions, then no change may 
be observed under hypnosis merely because a ceiling effect 
is inherent in the subject selection process. In any case, 
the finding supports the idea that hypnotic susceptibility 
is a stable personality trait with measurable physiological 
substrates. (And it is m accord with recent findings about 
the importance of individual differences in responsiveness 
to the conditioning of sleep and wakefulness*.) Future 
experiments on differences in state should take these 
findings into account. 
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Mechanism of 5-Hydroxytryptamine 
Penetration through the Cerebrospinal 
Fluid—Brain Barrier 


5-HYDROXYTRYPTAMINE {(5-HT) injected into cisterna 
magna penetrates into brain and is converted to 5-hydroxy- 
indeleacetic acid (5-HIAA) which can easily leave the 
brain tissue? We have tried to elucidate the mechanism 
of the passage of 5-HT from the subarachnoid space into 
the brain. 

Albino male rats (110-130 g) were divided into three 
groups and given: reserpine (5 mg/kg intraperitoneally 
24 and 2 h before 5-HT), ouabain (2 mg/kg 15 and 2 h 
before 5-HT) or saline (control, 15 and 2 h before 5-HT). 
The animals were then given an intracisternal’ injection 
of isotome 5-HT solution and were treated as deseribed 
earlier', The rats were killed 15 min after injection of 
5-HT because at about that time the penetration of 5-HT 
from cerebrospinal fluid into the brain is known to be 
maximal’, Total brain 5-OR indoles were estimated by 
the method of Ashcroft and Sharman‘, 

Changes in 5-OR indoles represent the sum of changes 
in brain 5-HT and 5-HIAA (refs. 1, 2 and 4). We assumed 
that the increase in brain 5-OR indoles is a measure of 
the amount of 5-HT that penetrates into the brain regard- 
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Fig. 1. Relationship between the dose of 5-HT injected intracisternally 
and the inerease in the total brain POR indoles in saline (control), 
reserpine and ouabain- pretreated animals, Each point represents the 
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less of whether exogenous 5-HT is unmetabolized or 
partly metabolized to 5-HIAA, There is a linear relation- 
ship (Fig. 1) between the dose of 5-HT injected and the 
increase in total $-OR indoles in the brain in control 
(correlation coefficient r= 0-998; P< 0-01), in reserpinized 
animals (r= 0-985; P<0-01) and in ouabain-pretreated 
(r= 0-996; P<0-01) animals. Fig. 1 also shows that the 
absolute increase in brain 5-OR indoles is very similar in 
all three groups. There was no significant difference in 
total 5-OR indoles in brain betweer? the variously 
pretreated groups of animals (vide supra) intracisternally 
injected with saline. Our results show (Fig. 1) that the 
passage of 5-HT from the subarachnoid space into the 
brain is directly proportional to the dose of 5-HT injected. 
This process does not show the characteristics of satur- 
ability. Ouabain and reserpine which are inhibitors of 
active transport of 5-HT in blood platelets®* do not 
influence the penetration of 5-HT into the brain. The 
absence of both saturability and ouabain—reserpine 
blockade indicates that the passage of 5-HT through the 
cerebrospinal fluid—brain barrier is a passive diffusional 
process. The same is true of the penetration of 5-HT 
through the blood-brain barrier’. 

We thank Dr R. A. Davidoff for reading and making 
useful comments on this paper and Mrs Ivanka Fresl for 
technical assistance. 
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Inhibition of the Nucleotidase 
Effect of Alkaline Phosphatase by 
6-Glycerophosphate 


THE co-existence of more than one enzyme which hydro- 
lyses the same substrate creates considerable difficulties 
when it is important to distinguish between them. Many 
attempts have been made to assess the hydrolysis of 
adenosine 5° monophosphate (5° AMP) by non-specific 
alkaline phosphatase (APase, EC 3.1.3.1) when measuring 
the activity of 4’ nucleotidase (EC 3.1.3.5). These include 
the use of 5’ AMP and 6-glycercphosphate in independent 
assays for true nucleotidase and nucleotidase + APase'; 
inhibition of APase by EDTA? and by tL-histidine?; 
and inhibition of nucleotidase by Nit+ (ref. 4). These 
techniques measure the phosphorus liberated by enzyme 
activity, at least two assays each in different sets of 
conditions being required. To the imprecision result- 
ing from the summation of random errors in each assay 
is added uncertainty regarding the validity of the 
assumptions adopted, as the extent to which Ni++ par- 
tially inhibits APase is in dispute**®, and the conditions 
for EDTA inhibition are difficult to define’. 

As the first step towards overcoming these problems, 
we measured the adenosine liberated from 5’ AMP in the 
presence of adenosine deaminase in 300-fold excess 
relative to the highest nucleotidase activity expected. 
Deamination of adenosine resulted in a fall m Es, which 
was linear with time and with the adenosine produced, 
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or the volume of test material added within the range 
0-0-025 O.D. units/min and 0-30 per cent consumption 
of substrate. The following reactions are involved 


y nucleotidase 


erie Veena AAAA PAA AA MAA seen nm ated Egon WIS e 


or A Pase 


5 AMP+H,0 Adenosine + Pi 


Adenosine 


Bapes. eet ennn ATE s oatatytes weet ate cnet ie 


Deaminase 


Adenosine + H,O Tnosine + NH, 


To a silica cuvette with a 1 em light path were added 
10-500 ul. of test solution, 30 umoles of magnesium chlor- 
ide, 150 umoles of tris-HCl, pH 7-9, 1-2 rv of calf intestinal 
adenosine deaminase (Boehringer Corporation, Ltd) in a 
total volume of 27 ml, The rate of fall of Epe, at 37-5° C 


expander (Unicam Instruments, Ltd, Cambridge). 
reaction was started after the contents had reached a 
constant O.D., by adding 300 ul. of 1 mM 5 AMP. The 
back-off control was varied to bring each solution to 
about the same point on the scale before monitoring the 
reaction and allowing for the inerease in O.D. consequent 
on addition of the substrate. While this work was in 
progress a method using the same principle was described® 
but differed from the above in that no Mgt’ was added 
and the reaction was carried out at pH 7-4. Mgt? is 
essential for optimal nucleotidase activity of most 
tissues? 19 and with a concentration of 10 mM we 
obtained maximal activity at pH 7-9 without increased 
APase activity compared with that observed at pH 7-5. 
Above a final Mg** concentration of 10 mM as used in 
this work the reaction deviated from zero-order kinetics 
and was no longer proportional to enzyme concentration, 
although limited enhancement of nucleotidase activity 
occurred. 

When 8-glycerophosphate was present in the reaction 
mixture, the hydrolysis of 5° AMP by calf intestinal 
phosphatase (Boehringer Corporation. Ltd} was reduced, 
the inhibition being dependent on the concentration of 
8-glycerophosphate (Fig. 1). A parallel inhibition of 
p-nitrophenylphosphate hydrolysis was also observed. 
Further evidence for this effect was obtained by sub- 
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Fig. 1. Effeet of concentration of §-civcerophosphate on hydrolysis of 
5y AMP (©O) and p-nitrophenyl phosphate (@)} by calf intestinal A Pasg, 
and of 5° AMP by a mixture of equal parts of snake venom sacleotidase 
and calf intestinal APase (Di) Incubation mixture as in text, final con- 
centration of each substrate being i mM. 
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was the only nucleotide of the three to be hydrolysed; 
this reaction was unaffected by (-glycerophosphate, 
16-7 mM being the highest concentration tested (Fig. 2B). 

An extract of human aorta rich in 5’ nucleotidase and 
virtually free of APase'! behaved in an analogous manner. 
Purified rat liver nuclei!® ruptured by ultrasound at 
20 kHz for 90 S (Model 60 W, Measuring and Scientific 
Equipment, Ltd) hydrolysed all three nucleotides. 
Whereas the hydrolysis of 2° AMP and 3’ AMP was 
inhibited by 6-glycerophosphate, that of 5’ AMP was 
only slightly affected (Fig. 2C). The ratio of 5’ nucleo- 
tidase activity in the presence of 6-glycerophosphate to 
APase activity measured under optimal conditions”, 
when both were expressed as rU, was 10-0: 1-0. We have 
not yet succeeded in purifying rat liver APase free of 
nucleotidase, because the latter is present in much higher 
activity in all cell fractions used as the starting point for 
the preparation. 

Phosphomonoesterase of human bone was prepared 
according to Volkin'! from the fibulae of cadavers. The 
hydrolysis of 5’ AMP was much more rapid than that of 
2’? AMP or 3’ AMP and was not appreciably inhibited by 
8-glycerophosphate (Table 1). The characteristics of the 
preparation were those of a 5’ nucleotidase. A similar 
pattern was evident m the bone autolysate before puri- 
fication, thus confirming an earlier observation of Reist: 

The diagnostic value of 5’ nucleotidase activity of 
human blood serum in distinguishing bone from liver 
disease as the cause of elevated serum APase activity, 
even with previous imperfect techniques, has been 
emphasized by many investigators!® 15-17, The inhibition 
of the nucleotidase activity of serum APase by 8-glycero- 
phosphate should prove valuable in this context. The 
low 5’ nucleotidase activity of normal serum is unaffected 
by §-glycerophosphate (Fig. 34). The high rate of hydro- 
lysis of 5’ AMP by serum from patients with bone disease 
is reduced by 8-glycerophosphate to normal concentrations 
while the hydrolysis of 2’ AMP and of 3’ AMP is virtually 
abolished (Fig. 3B); the hydrolysis of 5’ AMP is thus 
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Fig. 2. Effeet of @-glycerophosphate on rate of hydrolysis of 5 AMP 
(CD, 2° AMP (O) and 3’ AMP (@) by calf intestinal APase, 005 yl. 
original suspension (4), snake venom. 5’ nucleotidase, 2 ug powder (B), 
and rat liver nuclei, 20 ag protein (C). Incubation mixture as in text, 
50 zmoles of 8-glycerophosphate added as indicated by arrow. Time on 
horizontal axis in order right to left, the interval between two bars being 
10min. Ees on vertical axis, the interval between two bars correspond- 
ing to 0-075 O.D. 
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Fig. 3. Effect of £-glycerophosphate on rate of hydrolysis of 5’ AMP 
(CD, Z AMP (©) and 3’ AMP (@) by normal human serum, 30 zl. 
A}, serum from patient with bone disease, 20 al. (B) and patient with 
obstructive jaundice, 20 wl. (Ch. Other details as in legend for Fig. 1. 


largely attributable to APase. This is surprising in the light 
of the findings with the enzyme from normal human bone 
already described, and further investigations are aimed 
at clarifying this phenomenon. The high rate of hydro- 
lysis of 5’ AMP by serum from patients with liver disease 
is but slightly reduced by §8-glycerophosphate; in contrast 
to the previous group, the rates of hydrolysis of Y AMP 
and 3’ AMP are small in these cases (Fig. 3C). 


Table 1. EFFECT OF £-GLYCEROPHOSPHATE ON HYDROLYSIS OF NUCLEOTIDES 
BY HUMAN BONE ALKALINE PHOSPHATASE 
_ Without 
glycerophosphate With 6-glycerophosphate 
3 AMP 2° AMP 5 AMP 3’ AMP 2’ AMP 
Autolysate 20 29 8&4 10 10 
Purified enzyme 7 45 65 0 0 


Data represent rates of hydrolysis of adenosine monophosphates by auto- 
lysate of human fibulae and purified bone “alkaline phosphatase” with and 
without §-glycerophosphate (16-7 mM) expressed as a percentage of the rate 
of hydrolysis of 5’ AMP by the respective preparation without #-glycero- 
phosphate. Reaction mixture asin text, 500 zl. of enzyme preparation used. 


The mechanism of the inhibition of nucleotidase activity 
of APase by §-glycerophosphate seems to involve diversion 
of the enzyme by an alternative substrate present in large 
excess. This principle should be applicable to other 
enzymological problems. In particular, interference by 
APase in the estimation of specific sugar phosphatases 
should be eliminated where assay is based on measure- 
ment of the sugar liberated. The technique presented in 
this report represents a rapid, sensitive specific micro- 
method for the measurement of true 5’ nucleotidase 
activity which should enable the relationship between 
true 5’ nucleotidase and APase to be elucidated in tissues 
and cell fractions. 

We thank Dr A. Jordan and Professor W. Bartley for 
their advice and encouragement. 
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Effect of Epidermal Chalone on Human 
Epidermal Mitotic Activity in vitro 


Exrracts of vertebrate epidermis contain an antimitotic 
chemical messenger, called the epidermal chalone, which 
seems to be important in the control of epidermal mitosis’. 
Although the epidermal chalone is known to be tissue- 
specific, it is neither species nor class-specific. Chalone 
extracted from human skin has been found to be active 
on mouse epidermis!, but no experiments have yet tested 
the effects of skin extracts on human epidermis. 

Pieces of human skin, about 10-15 em long and l- 
1-5 em wide, were obtained during abdominal operations, 
and immediately immersed in cold sterile salme. The 
subcutaneous adipose tissue was cut away, and the 
epidermis with the upper part of the corium was removed 
from the skin with a Castrovieijo keratotome. These 
slices (0-6 mm thick) were floated on the surface of Hanks 
balanced salt solution, and a piece of sterile paper to which 
the skin easily adhered was placed underneath. The 
paper was then laid on “black paraffin” (50 per cent 
earbo medicinale and 50 per cent paraffin, melted together 
in a Petri dish and heat sterilized) and cut into small 
pieces, about 4x 4mm. When floated on Hanks solution 
onee more, the paper sank and the skin floated. The 
pieces of skin were placed on a stainless steel grid in 
plastic culture dishes filled with sufficient nutrient medium 
to cover the grids, but not the skin. 

The nutrient medium consisted of Parker’s solution 
199, human AB serum, and chicken embryo extract 
(6:2:2). Neomycm was used as an antibiotic. The 
dishes were placed in an airtight box which was gassed 
with a mixture of 5 per cent carbon dioxide and 95 per 
cent oxygen. The pieces of skin were incubated for 4 days 
at 37° C; the medium was changed after 2 days. This 
procedure was found to be necessary, for only after 4 
days did the epidermal mitotic rate recover sufficiently for 
reliable counts to be made. By this time, in almost all 
pieces of skin, the epidermis had moved round to encapsu- 
late the dermis*, while at the edges there was a thick rim 
of degenerate (parakeratotic) epithelial cells. 

The pieces of skin were divided into two groups, A and 
B, the latter being the control group. Both groups were 
given ‘Colcemid’ (0-01 ml. of a 1 per cent solution/2-5 ml. 
of medium). We carried out some preliminary experiments 
to determine whether the epidermal chalone could exert 
any effect without pretreatment with adrenaline. We 
found no difference between cultures treated with “liver 
chalone’’ (discussed later) or with epidermal chalone. 
This confirmed the observation that epidermal chalone 
has no specific antimitotic effect when adrenaline is not 
presenti. One hour after the start of ‘Colcemid’ treatment, 
all pieces of skin were therefore given a 5 min wash 
in a Petri dish containing 0:5 ug of adrenaline/ml., 
and in experimente$ hydrocortisone (2-5 ug/ml.) was added 
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with the adrenaline. Then the pieces of skin were returned 
to their culture dishes containing the same medium with 
‘Coleemid’. To group A skins, skin extracts from either 
mice or pigs were added. In the first three experiments 
group B skins were given one drop of saline, while in the 
last six experiments with group B skins extracts of pig 
liver (prepared exactly like the mouse skin extracts) 
were added. The epidermal chalone was extracted 
from pig skin by N., V. Organon (Oss, The Netherlands) 
and was partly purified after precipitation with 70-80 
per cent alcohol. Chalone from mouse skin was prepared 
in our laboratory and was not purified, but only lyophil- 
ized. Each culture was given a dose of chalone (from skin 
or from liver) corresponding to a protein content of 
5 mg/ml. Four hours after the initial addition of ‘Colce- 
mid’, that is, after 3 h of chalone action, all the pieces of 
skin were fixed in Bouin’s solution for at least 4 h. After 
embedding in paraffin, sections 5u thick were cut. Twenty- 
four explants were used in each experiment, twelve in 
group A and twelve in group B. In each group 16 x 40 
vision fields were counted. In each experiment the 
numbers of mitoses have thus been scored among 48,000 
cells in the chalone treated groups, and 48,000 cells in the 
control groups. 


Table 1. EFFECY OF CHALONE ON HUMAN SKIN in pifro 


Mitotic count per 1,000 cells after i h 
‘Colcemid’, 5 min adrenaline and then 


Source Experi- 3 h ‘Colcernid’ and chalone Percentage 
of ment . Liver Epidermal depression of 
chalone No. Saline extract chalone mitotic rate 
added* added* added* 
Pig l 7440-70 a 
> 7-8 + 1-00 me 4540-60 581, z 
3  101ŁL?? ae 5140-66 sox Mean 54 
4 me 8020-77 B74£0-57 20 Lane, , 
5 = 42074 2720-43 507 meen ey 
Mouse 6 — 4130-44 22+ a 46, 
7 -— T7408) 354662 45 ar, = 
8 ~ 6310-78 3450-88 50 (Mean 5] 
9f — 54059 2640-24 62 


* Values are mean mitotie counts from a total of 48,000 cells scored 
+standard errors of the mean using the number of explania (n= 12) for 
calculation. 

+In this experiment hydrocortisone was added together with the 5 min 
adrenaline wash. 


Results are shown in Table 1. Extracts of liver de- 
pressed the human epidermal mitotic rate shghtly, but 
not significantly. Compared with the control groups, 
chalone extracted from pig and mouse skin depressed 
the human mitotic rate by about 50 per cent, These 
observations confirm previous observations that watery 
extracts of epidermal tissue contain a mitotic mhibitor, 
or chalone, which is not species-specific in its action, 

I thank Dr Hondius Boldingh for the pig skin chaione, 
Professor B. Fretheim for the pieces of human skin, 
Professor W. S. Bullough for advice and help, and Miss 
Kirsten Huser for technical assistance. 
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Survival after Fractionated Doses of 
Radiation: Modification by Anoxia of 
the Response of Chlamydomonas 


Ir ionizing radiation is delivered in fractions, cells usually 
recover from “‘sub-lethal damage” inflicted by one dose 
during the time which elapses before the next dose is 
given. This phenomenon has been observed with many 
types of cell, ranging from micro-organisms to higher 
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cells in organized tissues'-+, In many experimental 
systems, this phenomenon has been studied by comparing 
the effects of two doses, separated by varying intervals 
of time, with those of the more damaging single total 
dose of equal magnitude. The dose required to produce a 
given effect must be increased if oxygen is excluded from 
the irradiated system; but the extent of recovery after 
a given amount. of damage has in several instances been 
the same, whether or not oxygen was present during 
irradiation (refs. 5 and 6 and unpublished results of A. 
Howard). Some results have, however, been recorded in 
which the absence of oxygen during irradiation resulted 
in less recovery from sub-lethal damage?:?, 

Unless very high dose rates are used, the time required 
for delivery of a first dose may be of the same order as 
that during which a significant amount of recovery from 
sub-lethal damage can oceur, for in some systerns, at least, 
the latter may be a rapid process. It is therefore desirable 
to resolve the mechanisms of the protective action of 
anoxia during irradiation from its possible effect on the 
recovery process. For this purpose I have carried out 
experiments with Chlamydomonas, which has the advant- 
age that recovery effects are very large. The difference 
in cell survival between single and fractionated doses in 
aerobic conditions is about 1,000 at its maximum, a ten- 
fold increase in cell survival taking place during the first 
10 min between doses. 

Į was able to give total doses within a few minutes by 
using the electron beam from the MRC linear accelerator. 
Radiation was delivered with air present, and present or 
absent during the interval between doses; similarly, 
oxygen was excluded during irradiation, and either the 
state of anoxia was maintained during the interval 
between doses, or else oxygen was admitted during that 
interval. 

Vegetative cells of Chlamydomonas reinhardi (strain 
137 C+) were used. They were cultured in the motile 
condition in a medium based on Beijerinck’s solution’ 
with the addition of trace elements? and sodium acetate!, 
The medium was buffered with phosphate to pH 6-8. 
Cells were continuously agitated in 500 ml. conical flasks 
during incubation. The flasks were illuminated by 20 W 
“daylight” fluorescent tubes. to an incident intensity of 
500 ft-eandles, on a 12 h light and 12 h dark regimen, to 
induce division synchrony}. Incubation was at room 
temperature. 

Cells were collected after 3 days, during the early part 
of the light phase. They were plated on 30 mm membrane 
filters (‘Oxoid’) resting on 1-5 per cent yeast extract 
agar (‘Oxoid’), made up with the medium used for liquid 
culture. During intervals between radiation doses, plates 
were kept at room temperature in the dark. After the 
total dose had been given, plates were incubated at room 
temperature and illuminated continuously at 1.600 ft- 
candles. Colonies were scored after 3 days of incubation, 
at which time survivors had undergone about fifteen 
divisions. 

The electron dose rate used was 25 krads/min. Doses 
were monitored by an ionization chamber which had been 
calibrated against a Baldwin-Farmer sub-standard 
dosimeter. 

For irradiation, the membrane filters carrying cells 
were transferred to a 1:5 per cent yeast extract agar 
surface (containing growth rf&edium) in a large ‘Perspex’ 
dish, forming part of an applicator which was airtight 
when closed'?, For 10 min before, and during, irradiation 
applicators were gassed with humidified air or nitrogen 
at a rate of 4 l/min. The nitrogen used was of British 
Oxygen ‘White Spot’ grade, containing between 5 and 7 
p-p-m. of oxygen. The oxygen contamination in the exit 
gas did not exceed 10 p.p.m. as measured by an Englehard 
mark IT Hersch oxygen meter. 

The pooled results of three experiments, to test the 
response to single doses under air and nitrogen, are shown 
in Fig. 1. The survival curve parameters were derived by 
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fitting lines to the exponential regions of the survival 
curves, by the method of Pike and Alper". A satisfactory 
fit was obtamed to a common extrapolation number for 
the two curves. The parameters fitted to the individual 
lines and to the pair of lines are listed in Table 1. 


Table 1, SINGLE DOSE SURVIVAL CURVE PARAMETERS 


95 per cent 
confidence limits 


Lines fitted with different extrapolation numbers: 


N (aerobic) = 1,6253 463 9-5, 694-4 
N (anoxic) = 1,3802 2837 9-8,005 5 
D, (aerobic) = 1-15 krads 1-06-1-25 
Da (anoxic) = 2-89 krads 259-325 


Lines fitted with common extrapolation number:* 


AV = 1,551-3 SAt- 060-5 
Da (aerobic) = 1:15 krads 1-O8-1-23 
D, (anoxic) = 2-86 krads 2-69-3206 
Oxygen ratio = 2-45 242-255 


(F ratio =0-024 on 1 and 27 degrees of freedom) 


* Used in Fig. 1. 


Survival curves were also constructed for the overall 
response to two doses separated by intervals of 10 min 
to 4h (Fig. 2). The size of the shoulder increased with 
time between doses up to 2 h, after which the shape 
of the curve remained constant up to 4 h between doses. 
The inset shows surviving fraction, taken from the survival 
curves, after a total dose of 20 krads, as a function of time 
between doses. There was a rapid increase in the first 
half hour between doses, after which the rate of recovery 
decreased and the curve flattened off to a plateau between 
2 and 4h. In further experiments the effects of single 
doses were compared with those of equal total doses, 
divided into two fractions by varying intervals of time. 
The procedures were as follows. (1) 21 krads were de- 
livered as a single dose, or in two doses of 10+ 11 krads, 
to aerobie cells: in one series cells were kept aerobic 
between doses, and in another air was removed from the 
applicator as soon as possible after the first dose. (2) 55 
krads were delivered as a single dose or in two doses of 
30 +25 krads, to anoxic cells: in one series cells were kept 
anoxic between doses, and in another the applicators were 
flushed with air immediately after the first dose. 
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Dose (Krads) 
Survival curves fitted to the pooled data obtained in three experi- 
ments in which cells were given single doses of electrons (25 krads/min) 
in aerobic conditions (©) and anoxic conditiong (4) (see Table 1 for 
curve parameters with limits). 


Fig. 1. 
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The results of these experiments are presented in Fig. 3 
in which survival after two doses is expressed as a multiple 
of the survival after a single equal dose. When cells were 
aerobic throughoyt, the pattern and extent of recovery 
were the same as those deduced from survival curves 
shown in Fig. 2; and the recovery after the matched doses 
given to anoxie cells was likewise the same if air was 
present “during the period in which recovery oceurred. 
When air was excluded during that period, however, the 
extent of recovery was greatly decreased. This is seen 
most clearly from the experiments in which the cells were 
anoxic during and between irradiations. There was an 
initial lag lasting 10 min, followed by a rapid increase in 
survival, but the overall “recovery ratio” was only about 
0-01 of that observed when cells were aerobie between. 


doses. The 4h period of anoxia did not affect the survival 
of unirradiated cells. When cells were irradiated in 


but held anoxic between doses, the 

“recovery ratio” was higher, but only about one-tenth as 
great as when the cells were : aerobic throughout. It is 
likely that much of the recovery took place within the 
first few minutes of the first dose, for it takes 10 min to 
reduce the oxygen coneentration in the applheators to 
about 10 p.p.m. 

The results show that oxygen is required for repair of 
sub-lethal damage in C ‘hlamydomonas; and also that this 
repair occurs even if oxygen is excluded during the actual! 
irradiation. If, however, the irradiation took long enough 
for significant repair to occur during its course, its extent 
would be considerably reduced in anoxie conditions. In 
such conditions it might be expected that oxygen would 
fail to act as a dose-modifying agent, in contrast to experi- 
ments reported here, in which a high dose rate was used, 
and, as shown by Table 1, oxygen was dose-modifving for 
the response to single doses. 

The dependence on oxygen of repair of sub-lethal 
damage in Chlamydomonas may be analogous with that 
observed in other systems, for example, for the rejoining 
of chromosomes!*+45, It seems likely that the concentra- 
tion of oxygen required for comple ‘te effectiveness of 
repair processes may be considerably less than that 
required to confer full radiosensitivity duri img irradiation, 
For example, Wolff and Luippold™ found that chromo- 
somes in irradiated bean roots failed to rejoin if they 
were held èn vacuo between doses, and treated with 
sodium hydrosulphite, which presumably removed traces 
of contaminating oxygen. Treatment by nitrogen passed 
over pyrogallol ‘did not prevent rejoining. Elkind et al. 
(ref. 16 and personal communication} observed full re- 


aerobic conditions, 


I 


10> |. 


Surviving fraction 
= 
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OSNO s 


Dose (krada) 
Fig, 2. Survival curves obtained by giving a series of second doses after 
different time intervals, following a first dose of 10 krads (aerobic). 
These are compared with the survival response after single doses (@). 
Second doses were given after 10 min (©), 30 min (A), LhCA), 25 CD, 
Sh(C).and4h(+). $heinset curve was drawn from points, taken from 
survival curves, after a total dose of 20 krads. 
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Fig. 38. Relative survival obtained by comparing the effect of single 

doses with the same total dose, divided into twe fractions, separated by 

a time interval. _ trradiations in air, cells held in air between doses 

(10+ 11 krads); å, ‘irradiations in nitrogen, cells in air between doses 

(30+25 krads); A, irradiations in air, cells in nitrogen between doses 

(10+11 krads); $., irradiations in nitrogen, cells kept in nitrogen 
between doses (304+ 25 krada). 


covery from sub-lethal canara to Chinese hamster celis 
wW ith OxYBOn at 355 “ail m, 1 the gas a eee a. 


that a w car air was ean, rp 
however, that with concentrations as ee ax “100. or “18 
p.p.m. in the gas phase (equivalent respectively to 0-13 
umoles/l. and 0-019 umoles/l. oxygen in liquid phase at 
24° C) there may have been some diminution in the 
effectiveness of the repair process. Howard (personal 
communication) has found that repair of sub-lethal 
damage in the alga Oedogoniwm is inhibited at 10 p.p.m. 
in the gas phase (0-013 umoles/l. of oxygen in the liquid 
phase at 25° C, but can occur at 100 p.p.m. in the gas 
phase (0-13 wmoles/l. in the liquid phase at 25° C). 

It may be that the oxygen concentration needed for 
the maximum extent of repair of sub-lethal darnage is 
comparable with that at which the respiration rate is 
affected, but more data are needed to test this possibility. 

I thank Miss Tikvah Alper and Mrs Shirley Hornsey 
for their advice, and Dr Alma Howard for permission to 
quote her unpublished data. 
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Greater Specificity of 19S than 7S 
Antibodies on Haemagglutination- 
Inhibition Tests with Closely Related 
Group B Arboviruses 


ATTEMPTS to demonstrate differences in specificity of 198 
and 75 antibodies have produced conflicting results. For 
example, recent reports refer to (i) greater specificity of 
7S than 195 rabbit antibodies in agglutination tests with 
strains of Shigella flexneri; (ii) similar specificities with 
these two antibodies in complement-fixation tests with 
rabbit antibody fractions to Southern bean mosaic virus?; 
(141) specific 198 antibody, in haemagglutination-inhibition 
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electrophoresis: the early 7S antibodies were electro- 
phoretically fast IgG". Conditions of HI tests have been 
described before; duplicate tests showed that a four-fold 
or greater difference by the microgitre method was 
reproducible and thus significant. 

Table 1 shows that 198 antibodies clearly differentiate 
the seven group B viruses (homologous titres are signi- 
ficantly greater than heterologous titres) except for the 
reaction of MVE 19S antibody with Alfuy virus (a two- 
fold difference anly). In contrast, heterologous 7S anti- 
body titres often equalled or exceeded the homologous 
titres (Table 1). HI titres of acetone-extracted whole sera 
(not tabled) gave a measure of only the more active anti- 
body component in each reaction. 


Table 1. CROSS-REACTIVITY OF 19S AND 7S ANTIBODIES IN RABBIT SERA AT 7 DAYS AFTER IMMUNIZATION WITH GROUP B ARBOVIRUSES 


198 antibodies* 
WN 


7S antibodies* 


Antigen MVE Kunjin JBE Alfuy SLE Kokobers MVE Kunjin JBE WN  Alfuy SLE Kokobera 
MVE 6407 160 20 20 10 80 5,1207 1,280 1669 160 320 640 80 
Kunjin 160 640 < 20 20 10 160 <10 smd 640 80 160 160 640 80 
Pi BE RO 40 160 < 20 < 10 40 <10 160 46 160 20 20 80 < 20 
WN 160 80 < 20 160 <10 40 <16 1,280 320 40 160 80 640 20 
Alfuy 320 80 40 40 BO 160 10 10,240 640 160 160 320 1,280 80 
SLE 80 40 < 20 < 20 <10 640 <10 1,280 160 40 80 80 640 20 
Kokobera 80 20 < 20 < 20 <10 20 80 640 80 20 80 40 160 20 


*19S and 75 antibodies were separated by centrifugation in sucrose density gradients. Antiserum to Alfay virus was collected 10 days after immu- 


nization, 


+ HI antibody titre versus 4 units of haemagglutinin, after incubation for 1 h at room temperature. 


in duplicate. All tests were repeated at least once, with similar results. 


(HI) tests, against mumps virus in monkeys previously 
immune to the antigenically related DA virus, in the 
presence of 7S antibody equally reactive with both 
viruses*; and (iv) 19S rabbit antibodies to SW influenza 
virus which showed high cross-reactivity with related 
viruses compared with relatively specific early 7S anti- 
body, both in HI and neutralization tests*. Because of 
the strong serological cross-reactivity of group B arbo- 
viruses, especially in HI tests, efforts to improve group B 
antibody specificity have employed rather tedious antigen 
absorptions®®, an indirect HI test using erythrocytes 
presensitized with each antigen of interest’, or Casals’s® 
kinetic HI test®-1° which uses a checker-board arrangement 
for each antigen-antibody reaction and hence becomes 
rather cumbersome. 

The recent observation" that 19S rabbit antibody to 
the group B arbovirus Kunjin was more specifie than 7S 
antibody in HI tests has now been extended to provide a 
rapid diagnostic test for closely related group B arbo- 
viruses. This proves particularly useful for the sub- 
group which includes Murray Valley encephalitis (M VE), 
Kunjin, St Louis encephalitis (SLE), Japanese B en- 
cephalitis (J BE) and West Nile viruses!?:13, These viruses 
are not easily differentiated, even by plaque neutralization 
tests!1>14, Also included in this study were (i) Alfuy virus 
(strain MRM3929), a new group B virus recently isolated 
in Queensland! and shown by neutralization tests to be 
closely related to but distinct from the above members of 
the “MVE subgroup”, and (ii) Kokobera virus, in order 
to compare specificity outside the subgroup. 

Sources of the virus strains (other than Alfuy) have 
been described'*, except that the MVE strain used for 
haemagglutinin was MRM66 (ref. 16). Haemagglutinins 
were prepared from infected suckling mouse brain by 
sucrose—acetone extraction!’. Serum was * collected 
separately from adult rabbits week after immunization". 
After absorption of antiserum with géose erythrocytes to 
remove goose cell agglutinins, 19S and 7S antibody 
components were separated by ultracentrifugation'*. In 
both normal and immune sera the non-specific haemag- 
glutination-inhibitors did not move beyond the top of the 
sucrose gradients during centrifugation, and therefore 
sera were not routinely extracted with acetone”, All 
rabbits immunized with the viruses being studied pro- 
duced 19S and 75 antibodies in 7 days. The 19S antibodies 
were found previously to be susceptible to inactivation by 
2-mercaptoethanol and were identified as IgM by immuno- 


+ 


All homologous antibody titrations were performed 


HI titres of 19S antibodies in serum collected daily 
from a rabbit immunized with MVE (strain MRM 66) 
virus increased from 1/20 on day 3 to 1/160~1/320 for 
days 5-10, declining to 1/20 by day 28. Homologous titres 
were always significantly greater than heterologous titres 
(except for a reproducible difference of only two to four- 
fold with Alfuy virus), and these differences were main- 
tained in the same proportions until day 28 (Table 2). As 
observed previously, 78 antibody was more cross-reactive, 
even when first detected (on day 6, titre 1/160) and re- 
mained so at day 28 (Table 2). 

Similarly, 19S antibodies produced by a guinea-pig 7 
days after immunization with Kunjin virus clearly dif- 
ferentiated Kunjin from the six other group B viruses. 
This specificity was maintained at 10 days, in contrast 
to the lack of differentiation by 7S antibodies, which first 
appeared on the same dav (Table 2). 

These results show clearly that rabbit antisera to group 
B arboviruses collected 7 days after immunization contain 
7S antibody of poor specificity and 19S antibody of 
sufficient specificity to differentiate closely related sub- 
group members. Sera collected earlier (3-5 days) contained 
only this specific 19S antibody. The uniformity of this 
type of response, its persistence and its extension to 
guinea-pig antisera indicate that a fundamental immuno- 
logical mechanism is involved. These data seem to be 
compatible with the idea that 19S antibodies react pre- 
dominantly with a “virus specific” antigen and early 7S 
antibodies with a “virus group” antigen (see especially 
results with Kokobera virus antibodies, Table 1); a 
previous study“ showed that an apparently minor com- 
ponent of early 7S antibody which reacted specifically 


PERSISTENCE OF 19S ANTIBODY SPECIFICITY COMPARED WITH 
CROSS-REACTIVITY OF CONCURRENT 7S ANTIBODY 


Table 2. 


Rabbit antiserum to MVE Guinea-pig antiserum to 


Antigen virus at 28 days Kunjin virus at 10 days 

198* 78* 198+ 7af 
MVE 20% 1,280 < 20 20 
Kunjin <5 640 80 10 
JBE <5 320 < 20 <10 
WN <5 160 < 20 <10 
Alfuy a 5 1,280 < 20 20 
SLE <5 320 < 26 <10 
Kokobera <5 160 < 20 10 


* 19S rabbit antibody was first detected on day 3 and 75 antibody on day 6, 
+ 19S guinea-pig antibody was first detected on day 7 and 7S antibody on 
day 10. 


t HI antibody titre versus 4 units of haemagglutinin, after incubation for 
Lh at room temperature. 


a 
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with Kunjin virus was detected only by the neutralization 
test. Alternatively, these reactivities may be associated 
with different abilities of 19S and 7S antibody molecules 
of similar specificipy to react with the same antigens. 
Definitive studies are obviously required to resolve the 
mechanisms involved in the apparent differences in 
specificities. 
= E. G. WESTAWAY 
Queensland Institute of Medical Research, 
Brisbane, Australia. 
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Particulate Nature of Vibriocin: 
a Bacteriocin from Vibrio comma 


Visriocin, a bacteriocin isolated from V. comma', has 
been obtained only in small quantities and in special 
growth conditions. Other attempts to detect vibriocin 
have failed’. Wahbat, however, confirmed our findings 
with a number of V. cholerae and V. El-Tor strains by 
using techniques developed by us and stated that “‘the 
success in detecting the production of vibriocin . . . may 
be due to the fact that a cold shock was applied to the 
vibriocin producing strains (Farkas-Himsley and Seyfried, 
1962)...” 

The purified concentrations required to elucidate the 
mode of action of vibriocin and its relationship to patho- 
genicity were obtained, and made possible the detection 
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Fig. 1. Gel-filtration of concentrated vibriocin (ten-fold) on ‘Sephadex 

G-200’. Bed dimensions: 2-5 x 33 cm; sample volume: 3-5 ml.; eluant: 

0-5 percent NaCl; flowrate: 20 ml./h; fraction volume: 5ml. (—A—) 
V@briocin activity (LU/ml.) 
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Fig. 2. Electron micrographs of vibriocin and group IV cholera phage, 


negatively stained with p hotungstic acid. A, Vibriocin particles 
showing contracted sheaths, empty and solid cores (arrows z and y, 
xe. 122,700); B, the same (xc. 214,350); C, particles with extended 
sheaths (x e. 122,700); D, group IV cholera phage (= e. 122,700). 


of vibriocin particles under the electron microscope. 
Cultures of V. comma A.T.C.C. 9168 were induced by 
mitomycin C (Kyowa) while in a complex nutrient broth, 
but were made to release vibriocin into saline. These 
preparations of vibriocin were concentrated and gel- 
filtered on ‘Sephadex G-200’. The eluted fractions were 
assayed for vibriocin activity by determining the reduc- 
tion of the number of colony forming units of a sensitive 
indicator strain, and the lethal units (LU) were quantitated 
from the surviving bacteria. The inhibitory substance, 
designated partially purified vibriocin, was eluted in the 
fractions of the excluded phase, and maximum biological 
activity coincided with the first peak of absorbance at 
wavelengths of 260 and 280 mu. Other fractions which 
showed relatively higher absorbance at these wavelengths 
had no biological inhibitory activity (Fig. 1). The 
active fractions were pooled and centrifuged at 150,000g 
for 6 h. The inhibitory activity was found in the pellet. 
A suspension of this pellet*epurified vibriocin—had an 
activity of 62-5x 10° Lu/mg of protein, an increase of 
1,000-fold in specific activity over the crude preparation. 

A concentrated sample of the partially purified vibriocin 
was negatively stained with phosphotungstic acid and 
examined in the electron microscope. Fig. 2 shows the 
presence of rod-shaped particles. Furthermore, the 
purified vibriocin (pellet suspension) was packed with 
these particles and contained about 90 per cent of the 
biological activity. Samples from the ‘Sephadex’ fractions 
representing the second peak of absorbance were bio- 
logically inactive, and when examined they did not reveal 
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any such particles, and neither did the supernatant of the 
high-speed centrifugate. Thus the active principle of 
vibriocin cannot be related to the small particles discussed 
by Bradley*. It seemed reasonable to conclude, however, 
that the particles found in the biologically active fractions 
(partially purified material) and the pellet (purified 
material) were the inhibitory particles of vibriocin., 

In Fig. 2B the fine structure of vibriocin particles can 
be seen. They seem to consist of double hollow cylinders 
1100 A long with an outer sheath and an inner core. The 
sheath is approximately 240 A wide and the diameter of 
the core is 90-100 A. The width of the inner space of the 
core measures 45-50 A. Most of the particles consist of 
contractile rod-shaped forms; however, extended sheaths 
measuring only 200 A wide are also seen ( Fig. 2C). For 
comparison, vibrio phage of group IV propagated on the 
vibriocinogenic strain, is shown in Fig. 2D. 

Thus, vibriocin has a contractile sheath and an inner 
core which seems to be empty in some particles and full 
in others (Fig. 24). Bradley and Dewar also saw solid 
or empty ccres for pyocin®. The inner space of the core 
may contain some material, possibly nucleic acid. Vibrio- 
cin® and other bacteriocins®’ are sensitive to proteolytic 
enzymes, but this may not exclude a possible biological 
function for the nucleic acid in these particles. 

Vibriocin has been found to require an active oxidative 
phosphorylating and protein synthesizing cell in order to 
exert its activity. The relationship of vibriocin to viru- 
lence now being investigated has been found to be distinct 


from the ion-translocase inhibitor described by Richardson 
and Evans®. 
We thank Professor Frances Doane and Miss Nan 


Anderson for carrying out the electron microscopy. One 
of us (A. J.) thanks the Medical Research Council for a 
fellowship. 
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Oncogenicity of Mixtures of 
Adeno-associated Virus and 
Adenovirus Type 12 


THE presence of adeno-associated virus (AAV) in certain 
stocks of various adenovirus types is well documented!-*. 
These viruses (four known serotypes) depend,on adeno- 
virus for replication, but at,the same time depress the 
production of infectious adenovirus gnd virion antigens?. 

At present we are engaged in oneogenicity screening of 
all of the thirty-one types of human adenovirus in col- 
laboration with Dr Maurice Green, St Louis University 
Institute of Molecular Virology. Recent tests have 
indicated that a number of the virus stocks, from which 
inocula were prepared, contained substantial quantities of 
either AAV type 1 or type 2. Although the preparations 
used for animal inoculation were purified by density 
gradient centrifugation, this procedure does not com- 
pletely ehminate AAV from adenovirus bands. The 
experiments reported here were designed to establish 


+ 
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whether AAV in substantial excess of that expected in 
purified adenovirus preparations affects the oncogenicity 
of a potent oncogenic adenovirus—type 12. Clearly, any 
depression in activity of a known oncogenic virus would 
seriously affect the interpretation of results obtained with 
weak or “non-oncogenie™’ viruses. 

AAV types l and 2 (average density 1-40 g/ml.) were 
purified and separated from adenoviruses “average 
density 1-34 g/ml.) by banding three times in CsCl 
gradients. The final preparations, after removal of CsC 
by dialysis, gave specific complement. fixation (titres of 
1: 128-1: 256 against AAV antibody and did not react 
with adenovirus antibody. Such preparations inoculated 
with Freund's adjuvant into guinea-pigs induced AAV 
antibody (titres of 1: 1280) and no adenovirus antibody 
(<1:10). According to Smith eż al.*, these AAV pre- 
parations should contain approximately 10! AAV 
particles/ml. This is based on a particle : complement 
fixation ratio of approximately 10°. (Biological activity 
of the AAV preparations, as determined by induction of 
complement fixation antigen in human embryonic kidney 
cells (HEK) using “elean” adenovirus type 7 as helper, 
was verified in separate experiments.) The adenovirus 
12 pool (Hute strain) used in these experiments did not 
contam AAV, at least in amounts detectable by comple- 
ment fixation tests with cell packs of infected HEK or 
KB cells. Adenovirus 12, 107? TCID,,/ml., was mixed 
with an equal volume of varying dilutions of either of the 
two AAV serotypes containing 108-10! (estimated from 
complement fixation titres) particles/ml. Earle’s balanced 
salt solution was used as diluent for the AAV and also as 
the control diluent. Newborn hamsters were inoculated 
subcutaneously with 0-1 ml. of the mixtures. Beginning 
28 days after imoculation, the animals were palpated 
daily. The day of tumour incidence was based on the 
palpation of masses approximately 5 mm in diameter. 

In previous experiments with this particular adenovirus 
12 pool, the tumour first appeared between the thirty- 
second and thirty-eighth days after inoculation. Induc- 
tion of tumours was found to be dependent on dose over 
at least a ten-fold concentration range so that a 10° 
dilution gave only 5-10 per cent tumours within an 
interval of 60 days. Even a 1:2 dilution of this pool 
gave a significant reduction in the incidence of tumours 
and an increased latent period, the earliest tumours being 
reecrded 40-45 days after inoculation. 


Table 1. ONCOGENICITY OF ADENOVIRUS 12-~AAV MIXTURES 


Tumours/survivors 55 


AAV concentration*® days after inoculation 


Type 1 10 3/7 
108 2/2 9/14 

108 4/5 

Type 2 10" 2/3 
108 2/5 6/11 

10° 2/3 
Control-—-No AAV 712 


* Based on an assumed particle: complement fixation ratio of 10°—adeno- 
Virus constant at 107? TCU Dimi, 


The results of the mixing experiments (Fig. 1, Table 1) 
show that neither AAV serotype had any effect on the 
oncogenicity of adenovirus 12. There were no detectable 
differences in either time of onset or tumour incidence. 
In other experiments, dilutions of adenovirus 12 were 
mixed with the highest concentration of AAV (10! par- 
ticles/m].). Only small numbers of animals have been 
tested; but again, no differences in the time of onset or 
incidence have been noted. The nature of the bioassay 
does not permit the discrimination of small effects; for 
example, 20 per cent in the oncogenicity of a 
given virus. Such effeets, however, would not affect 
our main conclusion, namely, that inclusion of AAV in 
adenovirus inocula (within the concentration range 
reported here) would not be expected to influence onco- 
genicity. It should be understood that this conclusion 
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is restricted to in vivo conditions and may not apply to 
in vitro transformation studies. 

The results of extended screening of all the human 
adenovirus types (unpublished data) have so far shown 
that eight of the thirty-one types are oncogenic. Certain 
of the types comprising the B group of adenoviruses (3, 7, 
14, 16, 21) induce tumours with low frequency, 0-5-10 per 
cent and after long latent periods, up to 442 days. Such 
tumours can be designated as induced by virus, based on 
the presence of specific T antigens?. So far, the failure 
of the remaining twenty-three types to induce tumours in 
hamsters can be attributed to the intrinsic properties of 
the interaction of the virus-assay system and, from our 
results, presumably not to the chance melusion of AAV 
in the purified virus preparations. Studies with mixtures 
of AAV and weakly oncogenic adenoviruses will be 
necessary in order to test this general conclusion. 

We thank Mrs Edda Twiddy for technical assistance. 
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Health. ° 


RAYMOND V. GILDEN 
JEROME KERN 
THEODORE G. 
Flow Laboratories Incorporated, 
Rockville, Maryland. 


BEDDOW 


RoBERT J. HUEBNER 

Laboratory of Viral Diseases, 

National Institute of Allergy and Infectious Diseases, 

National Institutes of Health, 

Bethesda, Maryland. 

Received March 11, 1968. 

: ee R. W., Castro, B. C., and Hammon, W. MeD., Seience, 149, 754 
(1965), 

* Hoggan, M. D., Blacklow, N, R., and Rowe, W. P., 
Set., 55. 1467 (1966). 

t Melnick, J. L., Mayor, H. D., 
271 (1965), 

‘Smith, K. ©., Gehie, W. D., and Thiel, J. F., J. Immunol., 

® Huebner, R. J., Persp. ine Virel., 4, 142 (1965). 


Proe. US Nat. Acad. 
Smith, K. O.. and Rapp, F., J. Bacteriol., 90, 
97, 754 (1966). 


81 


Measurements of Very Small Osmotic 
Pressures of the Haemocyanin of Pila 
leopoldvillensis 


Osmotic pressure measurements of solutions of Pua 
haemocyanin have been made with a toluene osmometer 
provided with a siphon tube!. With this apparatus, after 
osmotic equilibrium has been attained, the manometer 
can be connected with the dialysate by opening a serew- 
clamp, to give a reading of zero pressure. After reclosing 
n Py ‘and ania osmotic o to be ¢ eat ee: 
be elon and Tos ee can be re apeated ¢ as Polen 
as is required. If the molecular weight of the protem is 
to be calculated from osmotic pressure determinations, ib 
is desirable to include measurements made on dilute 
protein solutions, A reading microscope has been used 
for measurements from 0-13 to 3 mm of toluene. Maximum 
and standard errors of readings are recorded in Table 1, 
together with osmotic pressures observed for solutions of 
haemocy: anin equilibrated at 1° C with acetate buffers of 
ionic strength 015 and pH 5-2 and 5-94 and of ionic 
strength 0-02 and pH 5-90. 


Table 1. OSMOTIC PRESSURES OF HARMOCYANIN OF Pia leapoidrillessis UX 


SODIUM ACETATE BUFFERS 


g: a wer, OF 
g of protein osmotic pressure Standard Maxi. WeAGsUre- 
in 100 ml. of mm toluene error EPTO ments 
solution at I C oix 
pH 520 losic strength af buffer 15 
0-850 0-207 0-010 OEE 13 
1-130 416 O10 OGD 4 
1-590 0-590 0-005 (07 4 
1-750 749 0-022 O45 8 
2-398 0-048 O27 Qi 4 
pH 5-94 Tonic strength of buffer 0-15 
0-415 0-132 0-069 GIs 8 
0-428 0-149 O- 007 ONT 13 
1-616 0-205 0-000 OUT 6 2 
1-139 0-378 Ol} OCHS a 
1-639 0-637 O10 O25 ot 
2-387 1-004 O- O07 wail 4 
pH 5-90 tonie strength of buffer O02 
0-509 287 0-020 OBAT ł0 
1-019 O-GLT G Oa 4 
2-008 1-458 0-009 PRIS 53 


Methods of calculation of molecular weights of proteins 
from osmotic pressure measurements have already been 
described?, and it has been emphasized that it is desirable 
to compare the results of alternative methods?. 

The mean value of the molecular weights calculated 
from measurements given in Table 1 is 8,600,000 for the 
solutions of ionic strength 0-15. The largest deviation 
from the mean value was 7 per cent and the mean devia- 
tion was about 3 per cent. This value agrees, within the 
limits of error, with the value of 8,756,000 obtained by 
the method of light scattering’. This agreement provides 
evidence for the homogeneity of the haemocyanin pre- 
parations. If 1 per cent of a substance of particle size 
80,000 had been present. the osmotic pressures would have 
been twice as great as the values obtained. 

Calculations of molecular weight from measurements 
made on solutions of ionic strength 0-02 (Table 1) confirm 
the results, obtained by zone electrophoresis’, which have 
shown that at pH 5-90 and ionic strength 0-02, there haa 
been considerable dissociatie» of the haemocyanin mole- 
cule. ° 

Despite the very small osmotic pressures which require 
the use of a reading microscope and precautions to avoid 
temperature fluctuations at times when readings are made, 
Pila haemocyanin has advantages for osmotic pressure 
studies. It is very stable at 1° C; in one experiment 
fiftv-nine measurements of pressure were made during 
4 months. The largest deviation from the mean pressure 
observed was 0-026 mm of toluene. Collodion membranes 
of high permeability have been used, enabling osmotic 
equilibrium to be achieved rapidly, but the constancy of 
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the pressures indicated that these membranes had not 
adsorbed the protein. . 
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Transmission through Milk of Antibodies 
against the Friend Virus in Mice 


THE immunoelectroadsorption method! has in the past 
few years been used to detect the appearance of antibodies 
in mice infected with Friend virus. Using this method, 
we decided to investigate whether antibodies produced 
by pregnant mice could be passed to their progeny and, 
if so, which route was used—placental or milk. The 
possibility of the transmission of the virus to the litter 
was also investigated. 

The tests were conducted as previously described!.2, 
using glass slides (120x 6x 1 mm) coated with ‘Inconel’ 
(4000 A.) The time for adsorption of both antigen 
and antibodies was 30 s and the intensity of the current 
was 300 uA. Diluted antigen and serum (0-5 ml.) was 
used for each test. The solutions were placed in test- 
tubes 7-5 mm m diameter. 

Two different stocks of mice were used for these experi- 
ments: the C57 strain, which is resistant to the disease, 
and the NCS, which is highly susceptible. Both strains 
had been shown to produce antibodies?. Female mice 
10-11 days before term were injected intraperitoneally 
with 0-1 ml. of a 10 per cent suspension of infected spleens 
from NCS mice. The males used for breeding were not 
injected. The antigen used for the immunocelectro- 
adsorption test was prepared from a 10 per cent infected 
spleen suspension similar to that used for injection, but 
further diluted to 1/100 in distilled water and centrifuged 
at 5,000g for 15 min. Blood samples were taken by 
orbital bleeding 16 days after injection in the case of 


NCS (non-resistant) 


Mother 


ln 


Infected 16 days 





Normal 
ISOAZIOA 5S1At 3A 
A ‘ 

Ist litter yo Ist litter 
infected mother fed Foster mother fed 
Z5 A t 20A 54A Ł5A 
2nd litter 
infected mother fed 
646A tŁt2A 


* 


‘ 
NATURE. VOL. 219, JULY 6. 1968 


adult female mice, and intracardially in the case of the 
litters 10 days after birth (normal or caesarean). All 
sera were diluted 1/10 in veronal buffer, pH 7-5, 0-03 M, 
before bemg tested. The progeny of half the infected 
mothers were delivered at term by caesarean section, and 
were fed by normal foster mothers. These experiments 
were carried out using eight NCS and six C57 females. 
Similar results were obtained whether C57 @esistant) 
or NCS (susceptible) mice were used. The results are 
summarized in Fig. 1. The numbers represent the thick- 
ness in A of the layers adsorbed from the sera. Values of 
50-60 A are considered to be in the normal range, while 
anything higher is indicative of specific antibodies'. This 
was shown using as antigen for the TEA test a normal 
suspension of spleens prepared in the same manner as 
the antigen obtained from infected spleens. In these 
conditions sera from infected and normal mice gave the 
same thickness (about 60 A) for the adsorbed layer. As 
can be seen from the table, a high level of antibodies was 
present in the mothers (130 A~180 A) while only the 
litters nursed by infected mothers showed antibodies 
(125 A-150 A). The litters nursed by foster mothers did 
not show any detectable amount of antibodies (54 À- 
57 A), thus excluding the possibility of an immune 
response of the young mice. The second litter from 
infected mothers showed little (64 A) or no antibodies 
(56 Å). The presence of specific antibodies in milk or 
colostrum against various antigens has been reported by 
several authors?-*. Our results directly confirm those of 
Mirand et al.™?, using reciprocal nursing experiments, who 
showed that “the most effective route of transmission 
was through the mother’s milk”. Three day old NCS 
mice infected with Friend virus showed marked spleno- 
megaly less than 2 weeks after infection. Litters from 
infected mothers had the same degree of splenomegaly 
4 weeks after birth, indicating that the virus was passed 
to the litters either through the placenta or milk and that 
the mother’s antibodies conferred only a partial, if any, 
resistance to the disease. These results are similar to 
those reported by Law? and Mirand’. Litters delivered 
by caesarean section from infected mothers and fed by 
foster mothers also showed splenomegaly after several 
weeks, thus suggesting transmission of the virus across 
the placenta. This last result seems to be in contradiction 
with those of Mirand, who found no transplacental trans- 
mission of the Friend virus. This difference might be a 
result of the much lower resistance of NCS mice to the 
Friend virus as compared with that of HA/ICR (ref. 2). 
A low rate of placental transmission of the Friend virus 
could remain undetected in HA/ICR, but could be ob- 
served in NCS. These experiments were done with 


n C57 (resistant) 


Mother 


w 





Infected 16 days Normal 
ISOA +1248 50 At3A 
ist litter lst litter 
Infected mother fed Foster mother fed 
ISOA t 154A 57TA + SA 


end litter 
Infected mother fed 
56 A+ 2A 


Fig, 1. Immunoelectroadsorption of sera of pregnant mice and their litters infected with Friend viru® 
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NCS mice because with C57 mice no splenomegaly occurs 
during the period covered in our experiments. Trans- 
mission of the virus through milk was shown by Mirand’. 
Thus we must conglude that, at least in the case of NCS 
mice, transmission through both milk and across the 
placenta is possible. 

We had shown previously that 30-45 days after infec- 
tion the level of antibodies in C57 mice returned to 
normal’. This could account for the near normal values 


of the thickness of the layer adsorbed with the sera of 


the second litter of this strain. The birth of this litter 
occurred 45-50 days after the infection of the mothers. 
In the case of NCS mice, the mothers were at this time 
in the terminal stage of the disease and unable to feed 
their progeny. This might explain the noticeably reduced 
level of antibodies (64 A) of the neonates. 
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Alexandre Rothen, and was supported in part by a grant 
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Direct Regulatory Effect of Ketones 
on Lipolysis and on Glucose 
Concentrations in Man 


Ir has been repeatedly shown that the administration of 


ketones to animals or man produces a decrease in the 
concentration of glucose and free fatty acids in the 
blood, and this effect has been generally accepted as com- 
patible with an increased secretion of insulini”. That 
ketones stimulate the secretion of insulin seems to have 
been confirmed in dogs because the concentration of 
insulin in pancreatic venous blood rose in response to 
infusions of acetoacetate and §-hydroxy butvrate’. In 
man a rise in the concentration of insulin in the peripheral 
blood has been observed following the administration of 
medium chain triglyceride and attribute to the induc- 
tion of ketonaemia®. 

A theory has evolved that during starvation the pro- 
duction of ketones leads to a stimulation of the secretion 
of insulin which in turn acts to modulate the release of 
free fatty acids from adipose tissue, thereby obviating the 
dev elopment of a fatal ketosis?:*. Not all the evidence 
favours stimulation of insulin secretion by ketones, 
however. Peripheral utilization of glucose is reduced by 
ketones?>.9. 9a finding more in keeping with an effect 
antagonistic to insulin. No inerease in the concentration of 
insulin in the peripheral blood occurred following the 
administration of acetoacetate to man’ and incubation of 
pancreatic tissue with ketones failed to evoke a release of 
insulin!!, In view of the conflicting evidence we examined 
the effect of the administration of 6-hydroxybutyrate on 
the concentrations in the blood of glucose, ely cerol, free 
fatty acids and insulin in man. 

Study A. The subjects were six healthy adults and the 
studies were performed after an overnight fast. Sodium 
p,L-8-hydroxybutyrate in a dose of 15 g/m? was adminis- 
tered intravenously, as a 10 per cent solution im saline over 
a period of 15 min. Two blood samples were drawn 10 


83 
min apart before the infusion, and at 10, 20, 40 and 60 
min after its completion. 

Study B. The chief decrement of glucose had already 
occurred by 10 min in study A. The administration of 
glucose evokes an almost immediate release of insulin’, 
Were a similar response to occur with $-hydroxy butyrate 
a transient elevation of insulin might already be over 
the time of the 10 min sample. According 
or absence of an early and transient aie mi the level, 
of insulin was examined in study B. The study was 
performed on another group of five adults, and measure- 
ments of insulin and of glucose were made immediately 
after completion of the infusion of p.L-8-hydroxy butyrate, 
and 5 min later. Each subject receiv ed in random order on 
different days p,L-$-hydroxybutyrate in the same dosage 
as in study 4 or an equal volume of isotonic saline. Thus 
each subject served as his own control. In one of these 
subjects two additional samples of blood were drawn at 
intervals of 5 min during the period of infusion of 
6-hydroxybutyrate. 

Glyeerol was measured by a modification of Wieland’s 
method", free fatty acids by Dole's method", glucose by a 
glucose oxidase method (in the form of ‘Glucostat’, W orth 
ington Biochemical Corporation) and b(—}-8 hydroxy- 
butyrate by the method of Williamson et a/.?°. A double 
antibody radioimmunoassay was used to measure 
insulins, 

The intravenous administration of p,L-$-hydroxybuty- 
rate in man in study A resulted "i a Ee ing of ine 
fatty Magic wW A no ae ant v ariation 1 of ae concen: 
tration (Fi ig. 1). Glucose, glycerol and free fatty acids 
showed a characteristic time curve which was roughly 
parabolic in shape. The individual points of the curves 
for glucose, glycerol, free fatty acids and insulin were 
compared by variance analyses among themselves and 
with baseline values. In general these analyses verified 
the significance of the trends shown in Fig. 1 for glucose, 
glycerol and free fatty acids. Insulin alone failed to reveal 
any significant shifts from baseline values throughout the 
period studied and indeed a linear time rate constant 
calculated for the insulin concentration was essentially 
zero. The minimal recorded change in the level of insulin 
at 10 min from the mean fasting values was not signifi- 
eantly greater than the differences between the two fasting 
values themselves. The mean maximal decrease of glucose 
was proportionately smaller than that of free fatty acids 
and also smaller than that of glycerol. The maximal 
decrease m o concentri seb occurred sooner than 


(Table 
also failed to pce an increase in erin ee ae ey ee 
in the two pre-infusion samples, 10 and 9 ut/ml. during 
the infusion, 8 uu/ml. at the end of the infusion and 8-5 
uu/ml. 5 min after the infusion was completed. 

This study suggests that 6-hydroxybutyrate exercises a 
regulatory effect on both the concentrations of glucose 
in the blopd and on lipolysis. The effect seems to be 
mediated without a measurgble increase of insulin in the 
peripheral blood. Presumably the change in glucose 
concentration reflected the combined effects of decreased 
release of glucose from the liver? and diminished peri- 
pheral utilization? 4, 

The reason for the rise in the coneentration of insulin m 
pancreatic venous blood in dogs in response to either 
8-hydroxybutyrate or acetoacetate’ is not entirely clear. 
Although this may represent species differences, further 
SECOS are nat ied 
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Fig. 1. Effect of ketone infusion on glucose, free fatty acids, glycerol and 


insulin levels. Mean values of six subjects + S.#.M. of variation from 
basal values. 


Table 1. EFFECT OF SALINE AND OF D,L-6-HYDROXYBUTYRATE INFUSIONS 
GN GLUCOBE AND INSULIN LEVELS IN THE BLOOD OF FIVE NORMAL ADULTS 


Gducose (mg/100 ml.) 


Subject Saline infusion D,t-$-Hydroxybutvrate infusion 
F, Fa y y P Fa Q’ 5’ 
1 104 104 103 105 102 108 89 93 
2 91 94 gg 96 92 95 84 84 
3 85 86 8&4 85 85 83 72 72 
4 90 8H 83 85 84 82 77 76 
o5 92 96 9a 92 87 87 72 72 
Mean 92-4 93-2 91-2 02-6 90-0 = 91-0 78-8 79-4 
Average mean 92-8 91-2 92-6 90-5 78-8 794 
NLS N.S, P<0601 P<0-01 
Insulin (au/ml.) z 
Subject Saline infusion »,L-f-Hydroxy butyrate infusion 
4 F, {Y Krid F, is 0 y 
1 15 16 i4 13 16 * 16 10 13 
2 15 15 15 16 19 19 16 16 
B 16 14 10 10 19 ig 14 17 
4 9 8 BD 95 5 85 9-5 9 
5 8-5 10-5 G 95 9 9 SB 8-5 
Mean 12°7 12-7 il- 11-6 14:4 14-5 IES 1il 
Average mean 12-7 11-3 116 iti eas Lis 
N.S NS OloP P~0-05* 
> O05 


F, 10 min before infusion. 

Fa, 1 min before infusion. 

0’, Immediately on completion of infusion, 

5°, 5 min after infusion. 

* The suggestive finding of a lowered insulin level after 8-hydroxybutyrate 
infusion (P x005) was not confirmed when the average change in concen- 
tration after é-hydroxybutyrate was compared with the average change after 
the infusion of saline. 
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insulin in the peripheral blood*. Our studies do not negate 
this possibility but it seems that this alone cannot explain 
the concomitant and substantial decrease of glycerol and 
of free fatty acids. Furthermore, a dirgct effect of ketones 
in suppressing lipolysis has been demonstrated in vitro". 
Ketones provide a ready source of fuel for the muscles 
and for the brain'*. The provision of such a fuel should 
therefore spare utilization of glucose and free fatty acids 
to a certain degree. Our concept is that insulin is the 
principal factor controlling the rate of lipolysis; lack of it 
leads to progressive ketoacidosis. During starvation, 
however, against a background of a relatively constant 
low rate of insulin secretion, a fine regulatory adjustment 
is exercised by the ketones themselves, resulting in moder- 
ation of fat breakdown and conservation of glucose. The 
feedback mechanism seems to be one in which a product 
derived from free fatty acids, which are liberated by lipo- 
lysis, participates in the regulation of lipolysis. 
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Branched Eccrine Sweat Glands 
in Normal Human Skin 


THE human eccrine gland is deseribed in textbooks as 
being made up of a single convoluted secretory tubule 
continuous with an exeretory duct opening to the skin 
surface at the sweat poret, If this were universally true. 
the numbers of glands could always be equated with the 
numbers of pores, an inductive assumption made by 
many anthropologists when comparing the numbers of 
functional seat glands in different races by means of 
pore counts, and also often assumed by physiologists 
concerned in sweat seeretion®, In contrast, most embryo- 
logists expect to find some variation from the norm as a 
result of developmental anomalies, and in an average 
person having seme three million terminal eccrine sweat 
duets? it would indeed be strange if a proportion of the 
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eccrine glands in every individual did not show some 
anomalous development. The most frequent variant 
might be expected to be fortuitous bifurcation at the 
rapidly dividing apex of the gland primordium, which 
during embryonic life grows downward from the epidermis 
into the dermis as a cord of cells‘. Such an anomaly 
would ingvitably result in the formation of twin glands 
having a common terminal excretory duct. If this 
occurred, it would render enumeration of the numbers of 
glands by pore counts rather less reliable, depending on 
the proportion of variant glands present. 

A search was therefore made for twin glands in cadaver 
skin taken from the flexor side of the forearm and extensor 
side of the arm in two randomly selected unrelated male 
individuals of European (English) stock. Circles of skin 
150 mm in diameter were excised down to the deep fascia 
and prepared as flat mounts for microscopical examina- 
tion. Fat was removed in benzene and the eccrine glands 
and epidermis were subsequently stained darkly in 
anthracene bluet. Obscuring collagen fibres and the 
epidermis down to the tops of the dermal papillae could 
then be removed under a dissecting microscope. The 
tissue was mounted in Canada balsam and flattened 
between two glass slides so that the complete course of 
the gland from secretory tubule to the end of the dermal 
excretory duct could be viewed in its entirety over a 
powerful source of transmitted light. 

Twin eccrine glands with a common terminal excretory 
duct which bifurcated just beneath the epidermis (Figs. | 
and 2) accounted for a minority of glands in all the speci- 
mens examined. Individual glands were 160-480 in 
diameter. Although this method gave a good morpho- 
logical presentation in selected instances, it was, how- 
ever, insufficiently clear for complete counts of all 
the glands, and so statistical enumeration was not 
attempted. Other methods, such as digestion by col- 
lagenase*, might be more useful for this purpose. The 
glands can be traced in flat mounts or serial sectioning 
could be used. 

In view of this finding, twin glands should be searched 
for in different races, particularly in natives of the tropics 
where most eccrine glands reach maximum activity for 
sweat secretion and twinning could be advantageous and 
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Fig. 1. Twin eccrine sweat glands with a common terminal dermal duct 


from human upper arm extensor skin. S, Secretory tubules; D, branched 
excretory ducts (each 1 mm in length and 164 in diameter); C, common 
terminal dermal part of excretory duct approximately 80 in length. 
The excretory duct thrugh the epidermis (E) was removed. This is 
shown by broken lines leading to the sweat pore. 


` 





Fig. 2. Twin human ecerine sweat glands from the arm stained dark 

blue with anthracene blue. ‘Che epidermis is in the lower part of the 

figure. In these flattened whole mount preparations the glands and 

ducts lie parallel with the skin surface, Most of the epidermis and much 
of the dermis have been removed. 


might be genetically fixed in the group by selection. Thus 
little difference was found between the numbers of pores 
in Negroes and Europeans*, but there might be a greater 
difference in the numbers of functional glands present. 
Wide differences in published accounts between pore 
counts and duct counts* are most likely a result of 
differences rather than failure in technique as suggested 
by Szabó. 

R. I. C. SPEARMAN 
Department of Dermatology. 
University College Hospital Medical School, 
London. 


Received May 8, 1968. 


! Le Gros Clark, W. E., The Tissues of the Body (Clarendon Press, Oxford, 
1965). Weiner, J. 8., and Hellman, K., Biol. Rev., 35, 141 (1960), 


? Thomson, M. L., and Sutarman, Trans. Roy. Soc, Trop. Med. Hyg., 47, 412 
(1953). Thomson, M. L., J. Physiol., 128, 225 (1954). 


4 Szabó, G., in Advances in Biology of the Skin (edit, by Montagna, W., Ellis, 
R. A., and Silver, A. F.), 3, 1 (Pergamon Press, Oxford, 1962). Szabó, G., 
Phil. Trans. Roy. Soc., 252, 447 (1967). 

t Montgomery, H., Dermatopathology, 1 (Hoebner, New York, 1967). 

* Leach, E. H., Brit. J. Dermatol., 64, 183 (1952). 

* Hambrick, G. W., and Blank, H., J. Invest. Dermatol., 23, 437 (1954). 


Identification of Leishmania Species 
isolated from Rodents in Israel 


Since 1963 there has been gn increase in the number of 
clinical cases of cutgneous leishmaniasis in Israel. Kat- 
zenellenbogen and Confino' reported in 1964 an outbreak 
at Yotvata, an agricultural settlement in the Southern 
Negev, about 25 miles north of Eilat. This outbreak 
started about 5 yr after the establishment of the settle- 
ment on virgin soil, and thirty-three out of one hundred 
and fifty inhabitants were affected. An earlier report? 
recorded an outbreak at Revivim, another desert settle- 
ment, where the first cases were noted 3 yr after its 
establishment. In neither locality had an attempt been 
made to trap gerbils—although numerous burrows were 
seen. 


86 


Information about the trapping of wild rodents and 
the isolation of Leishmania spp. from them will be pub- 
lished elsewhere. This report concerns the identification 
of two strains of Leishmania isolated from a Meriones 
trapped in Ein Yahav (Negev) and from a Psammomys 
obesus caught near Jericho, north of the Dead Sea (brought 
to us by Mr R. Lidror, Division of Sanitation, Israel 
Ministry of Health). 

The procedure followed in identifying these two species 
was Adler’s technique®, which is based on growing a 
known and an unknown Leishmania on medium containi ng 
immune serum prepared in rabbits. | 

Leishmania tropica, Ein Geddi II (from the Dead Sea), 
isolated from man, was grown on serial dilutions of 
immune serum prepared against itself. Leishmania sp. 
Meriones 3 was grown on the same medium. Later, both 
the Ein Geddi II and the Meriones 3 strains were grown 
on semi-solid mediurn incorporating ascending dilutions 
of anti-Meriones 3 immune serum, thus 


Strain: EGH — M3 iq M3 og EOGH 
Immune serum: EG TI ` EGI 8"? M3 Ys 


With Adler's technique, which is a comparative one. 
it was found that the newly isolated Meriones strain 
reacted more strongly with the Ein Geddi IT immune 
serum than did the homologous Ein Geddi strain. In the 
EG T/EG H free leptomonads were seen in | /20 dilution 
of immune serum, whereas they appeared in M 3/EG H 
only at 1/500. In other respects the strains were identical. 
The reverse test, namely, EG IT/M 3 and M 3/M 3, was 
carried out twice using immune serum from two different 
rabbits. In both cases there was no difference between 
the two strains. 

Similarly, a serological comparison of the Leishmania sp. 
freshly isolated from P. obesus (P), the Leishmania sp. 
isolated from Meriones and L. tropica Ein Geddi II put 
up on anti-Meriones-3 immune serum showed 

M 3 EGI P 


to be identical. 
A. E. GUNDERS 
A. FONER 
B. MONTILIO 
Hebrew University~Hadassah Medical School, 
Jerusalem, Israel. 
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Rh Antigenicity: an Essential 
Component soluble in Butanol 


STRUCTURAL requirements for the antigenicity of the Rh 
antigens of human erythrocytes have not been recognized 
so far. Recent evidence based on the reversible loss of 
antigenicity as a result of treatment with sulphydryl 
reagents suggested that sulphydryl groups are required 
for activity’, Clear evidence of the activity’ of the Rh 
antigens in solution has not Seen found. The presence of 
sulphydryl groups suggests that protein is the class to 
which the chemical structure of the Rh antigens belongs. 
This is in contrast to previous work which suggested that 
carbohydrate moieties were responsible for the specificity 
of the Rh antigen?. 

The relationship between Rh antigenicity and the 
structure of the erythrocyte membrane is of great interest. 
Early work suggested that the Rh “hapten” was lipid’. 
To study the possibility that the full antigen is lipoprotein 
proteolipid, or else results from some other type of lipid- 
protein interaction, investigations have been made of the 
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effects of organic reagents on the Rh antigenicity of the 
erythrocyte membrane. 


The use of an aqueous 
solution of butanol results in a more polar reagent than 
pure butanol. In the present studies using 100 per cent 
butanol, very little if any protein nitrogen was solubilized. 

Lyophilized erythrocyte membranes were prepared as 
previously deseribed’ with the modification that con- 
tinuous flow centrifugation of Szent-Gyérgyi-Blum was 
used’. Monospecific anti-Rh antisera were obtained from 
the Blood Grouping Laboratory, Boston, from H yland 
Laboratories, Los Angeles, and from isoimmunized donors. 
The activity of the Rh antigens was measured as described 
earlier, 

Organic reagents were freshly distilled before nse. 
Lyophilized membranes were extracted at room tem- 
perature, and the solvent was removed from the extracts 
at 37° C using a nitrogen stream or by flash evaporation, 
and from the membrane preparations by vacuum sub- 
imation, Nitrogen was measured by the method of 
Lang’, and lipid phosphorus by the method of Svanbo rg 
and Svennerholm!, Extraction and washing with 
chloroform—methanol were carried out accordi ng to 
the method of Folch et ai... Extracts were added back to 
25-50 mg of extracted membranes in volumes of 0-9-0-5 
ml. of butanol or benzene. The samples were agitated 
for 10 min at room temperature and the reagent removed 
in vacuo, DEAE chromatography in organic reagents! 
and thin-layer chromatography’ were performed. Rh 
positive membranes were extracted with n-butanol. After 
removal of the reagent complete absence of Rh positive 
antigen activity resulted. 

The butanol extract was concentrated with nitrogen, 
added back to 25-30 mg of butanol extracted membranes 


generated by extract from D negative membranes. Ex- 
tract alone exhibited no D antigenic activity. This showed 
that the butanol extract was not responsible for the 
serological specificity, the latter being retained in un- 
expressed form on the extracted membranes. The extract 
was, however, required in order for the activity to be 
manifested. 

The results with Rh antigens other than D, such as C, 
were similar. On the other hand, A,B, and M,N activities 
remained intact in the membranes after butanol extraction. 

Normal human plasma was extracted with chloroform- 
methanol 2:1 and washed. The washed extract was 
concentrated by flash evaporation and added back to 
butanol-extracted D positive membranes in benzene. This 
also resulted in regeneration of activity of the Rh antigen. 
Measurement of the minimal amount of extract phos- 
phorus which, when added back to the butanol-extracted 
membranes ‘resulted in regeneration of Rh activity, 
indicated that the plasma extract required only one-tenth 
as much phosphorus to restore antigen activity as did the 
butanol extract of erythrocyte membranes. 

The washed chloroform—methanol extract of plasma was 
chromatographed on the acetate form of DEAE cellulose. 
The first peak eluted by chlorof8&rm—methanol, 7/1 ‘ 
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restored the Rh antigenicity to Rh positive membranes 
which had been extracted with butanol. This peak was 
studied by thin layer chromatography and was found to 
consist predominantly of lecithin with slight contamina- 
tion with lysolecithin and sphingomyelin. Non-lipids, free 
fatty acids, phosphatidyl ethanolamine, serine and inositol 
are eluted separately by this procedure. The neutral 
lipids werg removed from the first DEAE peak by washing 
with acetone at —20°C. As the supernatant from the 
acetone wash did contain lecithin, phospholipid-free 
neutral lipids were obtained by silicic acid chromato- 
graphy. This fraction did not restore the Rh antigenic 
activity to Rh positive membranes extracted with 
butanol (Table 1). 


Table 1, PLASMA LIPID FRACTIONS AND REGENERATION OF Rh ANTIGENICITY 
OF BUTANOL EXTRACTED ERYTHROCYTE MEMBRANES 
Fraction Thin layer chromatography Lipid P. Rh ant. 
Present Absent (ug) regen. 
Total NL, PE, PS . 
Washed PC, SP, LYS 427 Yes 
Extract PE+ 
DEAE Fr. i PC, SP, LYS Ps, PE 
NL PI, FA 308 Yes 
Nor-lip. 
Cold acet. PC (SP, LYS) NL 
PPTE Fr. 1 114 Yes 
PERAE 
Šilicie ac, NL Alli PL 13 No 
Fr. i 


NL (neutral lipids); PE, PS, PC, PI (phosphatidyl ethanolamine, serine, 
choline, inositol, respectively); SP (sphingomyelin); LYS (lysolecithin); 
FA (fatty acids); PL (phospholipids), 


Rh antigenicity has been dissected into two com- 
ponents: the first is associated with the butanol-extracted 
membranes, is responsible for the specificity, and is prob- 
ably a sulphydryl-containing protein. The second is a 
butanol-soluble and extractable component which requires 
definite characterization, but is probably lecithin. The 
soluble constituent is not immunologically specific, but 
may be very specific in terms of the class of phospholipid, 
length of the fatty acid chain and degree of unsaturation. 
In the studies reported here the activity of the extract 
was very sensitive to air oxidation, suggesting the pos- 
sibility that unsaturated fatty acids are required for 
activity. Fleischer et al.'4 found that phospholipid was 
required to restore the electron-carrying capacity of 
extracted mitochondrial particles, but there was little 
specificity in the phospholipid requirement. Jurtshuk et 
al.45 found that lecithin containing unsaturated fatty acids 
was required for the activity of hydroxybutyrate dehydro- 
genase, and Rothfield and Pearlman! found that phospho- 
lipids specific in both in the polar and non-polar portions 
were required for the activity of galactosyl-transferase. 

The importance of the method reported here lies not so 
much in what has been solubilized, as ‘other organic 
reagents such as chloroform—methanol solubilize phospho- 
lipids, including the active component. Rather, what is 
crucial is that this particular extraction procedure—in 
contrast to all the others studied—leaves behind a modi- 
fied membrane structure which is immunologically inactive 
in the Rh system, but which retains sufficient order such 
that it is capable of being transformed by a phospholipid 
into an active and clinically important antigen. This 
could conceivably represent an extension of what has 
been described for membrane-bound enzyme activity to 
the area of membrane-bound antigen activity. 

This work was supported by grants from the US Public 
Health Service. 
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Origin of Frogs of Patagonian Forests 


Tue modern amphibian fauna of the Nothofagus (beech) 
forests of Patagonia is poor in taxa, but rich in endemics-— 
characteristics which make this fauna challenging for 
evolutionists. Because of a general lack of adequate data 
about the taxonomy and the distribution of the frogs 
involved, however, their evolutionary history has not 
yet been interpreted satisfactorily. Much new information 
has recently been published about these amphibians 
(especially the book by Cei!) so I have analysed the evolu- 
tionary history of frogs from the Nothofagus forests. 

The present pattern of distribution of frogs in the far 
south of South America is a result of Pleistocene events, 
but the richness in endemic elements is a consequence of 
a long and relatively complex history in forested Pata- 
gonia. These conclusions do not agree with the de- 
pauperate fauna hypothesis of Darlington’, nor with the 
relict fauna hypothesis of Vellard? and Cei. My views 
are therefore presented here to provide an alternative 
hypothesis to the other two. 


Table 1. LATITUDINAL DISTRIBUTION OF FROGS LIVING IN PATAGONIAN 
FORESTS* 

Latitude south No. of species Per centt 
28°-30° 2 15 
30°-32° 3 23 
32°-34° 7 54 
34°-36" 4(7)t 31 (64)f 
86°~38° 10 {11} 77 (85) 
38°-40° 12 (13) 92 (100) 
40°~-42° 12 92 
42°~44° 6 (10) 46 (77) 
44°-46° 8 (9) 62 (69) 
46°-48° 1 (3) 8 (23) 
48°-50° 2 (3) 18 (23) 
50°--52° 2 (3) 15 (23) 
§2°~ 8 


* From data in Cei and Grandison‘. 
+ Thirteen species are considered to represent 100 per cent. 


t The figures in parentheses represent the number and percentage of apecies 
likely to occur at the latitudes cited. It Is difficult to know whether the 
discrepancy between number of recorded species and number of expected 
species is caused by gapsin collecting records or actual distribution gaps. 


The Patagonian forests stretch along the Andean 
cordillera from about 36° S. to the southern tip of South 
America®’, Only thirteen species of amphibians have been 
recorded in these ferests!. This fauna consists of the 
bufonid genus Bufo (two species), and the leptodaetylid 
genera Eupsophus (five species*), Batrachyla (monotypic 
genus), Hylorina (monotypic), Pleurodema (one species), 
Caudiverbera (monotypic’), Telmatobufo (monotypic), 
and Rhinoderma (monotypic). These thirteen species are 
distributed along a north-south pattern of species density 
(measured by the number of species living in a given area 
(Table 1). The pattern is latitudinal because the Notho- 
fagus forest region is a narrow, elongated, north-south 
orientated forest blanket. Table 1 shows two principal 
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trends of variation in species density. The first is a 
decrease in the number of species north of 38° S., correlated 
with the sharp reduction of continuous area of Nothofagus 
forest northward because of increasingly arid conditions. 
Patches of forest are found as far north as 30° 30’ S. 
(ref. 8). The seven species of frogs living between 32° S. 
and 34° S. include three forest species of the genus 
Eupsophus (taeniatus, roseus and vertebralis), and four 
species for which forest does not constitute an obligate 
environment: Eupsophus nodosus, Bufo spinulosus, 
Pleurodema bibroni and Caudiverbera caudiverbera. The 
two species found north of 30° S. are Bufo spinulosus 
and Pleurodema bibroni. 

The second trend shown by Table 1 is a decrease in 
number of frog spegies south of 42° S. This decrease is 
part of a pattern found in other animal groups, and is 
largely the result of the increasing harshness of the climate 
as one goes south, which only permits the most cold 
adapted species to survive’. Table 1 also shows that the 
decrease of frog species south of 42° S. is irregular, how- 
ever. This irregularity might be caused by the incom- 
pleteness of collections from parts of southern Chile. 
It could also be explained by the fact that south of 46° S.— 
48° S. suitable forest habitat occurs only in relatively 
small and more or less disjunct patches because much of 
the area is covered with glaciers and non-forested habitats. 
Forest reappears in larger and more continuous tracts 
only at about 51° S. (refs. 9 and 10). 

An endemic taxon is one that occurs exclusively or 
almost exelusively in Nothofagus forest. There are three 
levels of taxonomic differentiation among endemics. (1) 
Differentiation at the species level, including four species 
out of thirteen (Bufo variegatus, Eupsophus taeniatus, 
E. roseus and E. vertebralis). (2) Differentiation at the 
genus level, including two genera out of eight (Batrachyla 
and Hylorina). (3) Differentiation above the genus level, 
including two groups of leptodactylids represented by 
Telmatobufo (related to Caudiverbera: Calyptocephalellinae 
of Reig!) and by Rhinoderma. FEndemism is therefore 
very high in the Patagonian frog fauna. 

Glaciers were more extensive in Patagonia in the recent 
past and covered most of continental extreme southern 
Patagonia and Tierra del Fuego™™, During episodes of 
glacial maximum the Nothofagus forests disappeared, 
perhaps completely, from southern South America south 
of about 45° §.-46° S. Forest would, of course, re-occupy 
this area during a phase of retreat, or interglacial, as it 
does today. It is likely that much of the amphibian 
forest fauna was forced out of southern Patagonia 
with the forest during one or the other of the glacial 
maxima. 

An alternative suggestion is that some amphibians were 
isolated in one or more refugia at or near the southern 
tip of South America, and later expanded their ranges 
northward after the retreat of the glaciers. The Falkland 
islands could have acted as such a refugium. The Falk- 
land platform was more extensive than it is today because 
of a lowering of sea-level during glacial maxima, and 
furthermore was ice-free during maxima, There was 
no forest vegetation, however, on the Falklands during 
the Pleistocene, only grassland types of vegetation. 
Consequently the only frogs which would have been 
affected in their distributional history by a Pleistocene 
Falkland refugium are (ope were) non-forest animals. 
There are no amphibians on the Fallelands today, so they 
either became extinct there or else emigrated to the 
continent. (It should be noted that the southernmost 
frog species today, Eupsophus coppingeri and Pleurodema 
bufonina, inhabit steppes and moorlands, not forest?:*-16,) 

The Nothofagus forest as a whole was isolated from other 
forest. regions to the north and north-east throughout the 
Pleistocene by an arid belt running across the continent 
from the Pacific to the Atlantic Ocean’, During glacial 
maxima, the forest belt probably extended a little farther 
northward than today while southernmost Patagonia was 
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largely forest-free. Because the southernmost part of 
Patagonia was still a cold area during interglacials, it is 
not surprising that only a few species of frogs were able 
to colonize, or re-colonize, southward at periods of glacial 
retreat. y 

The history of the amphibian fauna of forested Pata- 
gonia is intimately correlated with long-term vicissitudes 
of a Patagonian forest habitat as a whole, and not just 
the forest’s extreme southern extension in South America, 
which is merely a result of Pleistocene events. I therefore 
cannot agree with Darlington*, who dismisses the endemic 
frogs of forested Patagonia because these animals do not 
reach “extreme southern South America’. He says: 
ıı . frogs do not occur at all in southernmost habitats 
in South America, and the frogs that do occur toward the 
south, including the endemic genera in the northern 
end of the Chilean forest, belong to and are presumably 
derived from families that are widely distributed in other 
parts of South America” (page 66). I suspect that 
Darlington has confused geographical distribution patterns 
in extreme southern Patagonia (which are explicable by 
Pleistocene fluctuations of ecological factors, as we just 
saw), and the actual origins of endemic frog taxa. Thus 
for Darlington the amphibians of forested Patagonia are 
members of a depauperate fauna which constitutes little 
more than a poorly differentiated representation of exist- 
ing widespread South American families. 

Much more realistic is the hypothesis put forward by 
Vellard® and adopted later by Ceit. These authors held 
that the frog fauna in Nothofagus forests is a relict of 
an old Tertiary fauna which has been able to survive in 
southern South America separated from the remainder 
of the South American amphibians by severe ecological 
barriers. Vellard and Cei were duly impressed by the 
high proportion of monotypie genera in the Nothofagus 
frog fauna, but placed too much emphasis on the poverty 
in taxa of this fauna. It is true that the Nothofagus frog 
fauna lacks whole families or genera richly represented 
elsewhere in South America. But it must not be forgotten 
that the Nothofagus region is not within the tropies, and 
that its fauna is, like any other temperate zone fauna, 
poorer than a tropical fauna. Furthermore, the Notho- 
fagus region is isolated from other forest areas of South 
America by extensive non-forest habitats!*, and there is 
some indirect evidence suggesting that this isolation has 
been effective since at least the end of the Tertiary”, 
It is obvious that this non-forest belt has acted as a filter 
barrier which has considerably reduced faunal interchanges 
between the Nothofagus forest and forest areas farther 
north. 

The factors that should be considered when attempting 
to explain the evoluticnary history of the Nothofagus 
frog fauna are therefore: small number of taxa, various 
levels of diffefentiation of endemic taxa, and relatively 
long isolation of the Nothofagus forest region. Moreover, 
it is essential to realize that the Nothofagus frog fauna has 
not evolved as a single unit, as Darlington, Vellard and 
Cei seem to imply. Rather, the evolutionary history of 
this fauna (like other faunas!*) consists of the sum of the 
histories of the various elements composing it. Decipher- 
ing this history is not answering the questions: is this 
fauna depauperate, or is this fauna relict, but what are 
the elements and what has been their individual histories ? 
The evidence available to me suggests that the frog fauna 
of Nothofagus forests consists of four historical elements, 
tentatively outlmed below. 

(1) The first element is composed of leptodactylid stocks 
which have existed in southern South America throughout 
the Tertiary, and which have apparently not undergone 
extensive radiation there. The modern Caudiverbera® 
and Telmatobufo'! are derived from, or at least related to, 
such Tertiary fossils as Kophractus*!, Gigantobatrachus®®)*4 
and UCalyptocephalellia canqueli®*.  Phyletie evolution 
rather than splitting (speciation) seems to have been the 
chief evolutionary mode in this group’. (Although fossil 
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evidence is lacking, the morphological distinctness of 
inoderma™ suggests that its history may have been 
--eomparable with that of Caudiverbera and Telmatobufo.) 
(2) The second element consists of the genus Eupsophus. 
It is known as fossil from the Lower Oligocene of Pata- 
-gonia?t, Speciation has taken place in this group, unlike 
the previoys one. Several species of Eupsophus occur 
sympatrically in Patagonia! and others are known from 
the Andes farther north? and from southern Braziul?**. 
A minor radiation has thus occurred, perhaps most 
marked in Patagonia, but there is no way of telling whether 
the origin of Eupsophus is to be sought in southern South 
America or elsewhere on this continent. 

(3) The third element is composed of two monotypic 
genera endemic to the Nothofagus forest region, Batrachyla 
and Hylorina. The taxonomic relationship of Batrachyla 
with Hleutherodactylus’ indicates the possibility that the 
ancestor of Batrachyla reached the Nothofagus forest from 
more tropical latitudes in South America, at a time when 
the beech forests and other South American forests were 
closer to one another (before the Pliocene ?'”). 

(4) The last element is represented by the genera Bufo 
and Pleurodema. Of the eight genera of frogs present in 
Patagonian forests, Bufo and Pleurodema are the only 
ones which are widely distributed in South America, 
and which have more species outside than inside the 
Nothofagus forest region. In both Bufo and Pleurodema 
the Andes have undoubtedly played an important part 
in their respective evolutionary historics. But there 1s 
not enough evidence to indicate whether the presence of 
these genera in the Nothofagus forest is secondary, as 
Vellard? and Cei! believe, or whether southern South 
America has been a theatre of differentiation since early 
in the Tertiary. The allocation of Neoprocoela to Bufo 
by Tihen2? reveals the possibility that Bufo has been 
present in South America for a much longer time than 
hitherto suspected. 

Research on Patagonian forest frogs is part of broader 
investigations on Nothofagus biota undertaken by Beryl 
Vuilleumier and myself. 

I thank E. E. Williams and O. A. Reig for their advice 
and criticism, and Harvard University’s Evolutionary 
Biology Committee, the Chapman Memorial Fund and 
Sigma Xi for travel grants. 
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Nicotine, Smoking and Cortical 

on ea? 
Inhibition 
THE identification of a system of inhibitory cholinergic 
synaptic receptors on neurones in the cerebral cortex 
has been described!-*, Further investigation of the 
pharmacological properties of these receptors revealed 
that iontophoretically applied nicotine was as effective 
as acetylcholine (ACh) in depressing cortical neurones and 
led to a consideration of the relationship between cortical 
inhibition, nicotine and smoking. 

A comprehensive account of the role of nicotine in 
smoking has been prepared by Larson, Haag and Silvette*, 
and although the pharmacology of nicotine and that of 
tobacco smoking are not identical, it is clear that man 
smokes, at least in part, because of nicotine. In some 
subjects, oral or intravenous administration of nicotine 
is an adequate substitute for smoking’ and the effects of 
smoking have been attributed to the stimulant and 
depressant actions of nicotine on higher centres of the 
brains, 

Concentrations of nicotine similar to those reached in 
man during smoking produced electroencephalographic 
(EEG) arousal patterns in animals with neopontine 
transections?. A depression of the voltage and accelera- 
tion in the frequency of alpha rhythms of the human EEG 
during smoking has been described*. These effects of 
smoking and nicotine on the EEG suggest that the activity 
of cortical neurones is altered during smoking and sup- 
port the hypothesis that the inhibitory actions of nicotine 
on cortical neurones may be related to the psychological 
benefits derived from smoking. 

Five cats used to study the effects of tobacco smoke 
and intravascular nicotine were anaesthetized with an 
intravenous injection of thiopentone sodium, set up on a 
stereotaxic frame and connected to a gas anaesthetic 
machine. Anaesthesia was subsequently maintained with 
a mixture of nitrous oxide, oxygen and methoxyflurane 
(‘Penthrane’, Abbott), A respiratory pump was con- 
nected to the air-line between the anaesthetic machine 
and the animal. Cigarettes were placed on the intake 
side of the pump, which was allowed to run continuously 
to ensure a constant dilution of the anaesthetic vapours. 
When adequate controls had been undertaken for a given 
neurone, the cigarette was ignited. A standard length 
cigarette was consumed in 3-4 min. 

A venous cannula was placed in the right cephalic 
vein. An arterial cannula, located in a branch of the left 
carotid artery, was used for close intra-arterial injections 
of nicotine. Another cannula in a femoral artery was used 
to monitor blood pressure. Drugs were otherwise applied 
iontophoretically from seven barrelled micropipcttes, 
the central barrel of which was used for recording extra- 
cellular spike potentials of cortical neurones. A Hewlett- 
Packard electronic counter coupled to an ink recorder was 
used to analyse the spontaneous or L-glutamate evoked 
discharges of cortical neurones. L-Glutamate was epplied 
at regular intervals by current pulses of 5-7 s duration, 
Inhibition was manifested as a reduction in the frequency 
of spontaneous or L-glutamate evoked firing during and 
after the period of drug application or nervous stimulation. 

Cholinergic inhibitory endings on neurones im layers H, 
ITI and IV of the peri-cruciatg cortex can be activated by 
stimulation of the brain stem, pyramidal tract, lateral 
hypothalamus and adjacent cortical surface'*. In these 
experiments, surface stimulation was used and a fine 
bipolar coaxial stimulating electrode imserted directly 
into the pre-cruciate cortex to a depth of up to | mm. 

A comparison of the inhibitory effects of several cholino- 
mimetic agents on a cortical neurone is presented in Fig. 1. 
Acetyl-B-methylcholine, carbachol and nicotine were all 
more potent depressants than acetylcholine (ACh). 
Firing of this neurone induced by L-glutamate was also 
depressed for approximately 1 min after repetitive 
stimulation of the cortical surface. After an application 


a * 
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of the curariform agent dihydro-B-erythroidine, the 
inhibitory effects of both surface stimulation and the 
cholinergic compounds were reduced or abolished. The 
inhibitory effects of surface stimulation on ACh-sensitive 
neurones were also reduced by« strychnine, atropine, 
hyoscine, dihydro-B-erythroidine or d-tubocurarine’. 

In preliminary experiments, intravenous injection of 
nicotine in doses of 0-1-1 mg/kg caused a brief increase 
followed by a prolonged decrease in the firing of ACh- 
depressed cortical neurones evoked by 1-glutamate. 
These changes were, however, associated with increases 
of 10-20 mm of mercury in the arterial blood pressure. 
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Close intra-arterial injection of nicotine (1-20 ug) caused 
similar changes in the excitability of cortical neurones in 
the absence of fluctuations in blood pressure. 

An example of this action of nigotine is presented in 
Fig. 24. This neurone was depressed by ACh and an 
intra-carotid injection of nicotine caused a brief enhance- 
ment of L-glutamate firing followed by a prolonged depres- 
sion. Partial recovery of excitability was apparent 
5 min after the injection. Recovery could usually be 
accelerated by local application of ACh antagonists. 

Tobacco smoke had a similar effect on the excitability of 
cortical neurones. ACh depressed the t-glitamate induced 
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Fig. 1, Acetylcholine (A), acetyl-B-methyicholine (M) carbachol (C) and nicotine (N), all applied by currents of 30 nA, depressed the -glutamate 

induced firing of this cortical neurone. Surface stimulation (SS, 10/s for 10 s} was followed by a period of reduced excitability. (During the 

period of stimulation, the frequency analyser counted stimulus artefacts and synaptically evoked spikes.) After an application of dihydro-B- 

erythroidine (DHE, 30 nA for 90 a) the inhibitory effects of surface stimulation, ACh and nicotine were abolished. The vertical scale to the right 

of the records ndicates the actual discharge rate per second of i neue Drug applications are indicated by horizontal solid lines above 
and below the traces. 
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Fig. 2. A, Depression of L-glutamate firing by ACh (50 nA) and nicotine (20 ug administered by close intra-arterial injection). B, ACh (80 nå) 
depressed the excitability of this neurone, During the piped pig of exposure of the animal to tobacco smoke, expitability was enhanced 
and then depressed. 
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firing of the neurone illustrated in Fig. 2B and exposure 
the animal to cigarette smoke caused an initial enhance- 
nent and then a depression of the L-glutamate evoked 
ring. A small risedn blood pressure also occurred during 


the period of exposure to tobacco smoke, but a return to 


normal blood pressure occurred rapidly after “smoking” 
ceased. The effects of nicotine and smoking were most 
- marked during the initial application or exposure, and 
subsequent trials were usually less effective. 

It is apparent from these results that nicotine and 
tobacco smoke have profound effects on the excitability of 
neurones in the cerebral cortex. Although further 
experiments will be necessary to establish conclusively 
that the effects of intravascularly administered nicotine 
are mediated directly on cortical neurones, the evidence 
presented here favours this mode of action. An ACh- 
| releasing action of nicotine in the central nervous system 
has been described and its actions attributed to this 
property?®11, This is unlikely to be the mode of action of 
nicotine in the cerebral cortex, for it is frequently more 
effective than ACh as a depressant (Fig. 1). 

Whether it is possible to equate the psychological 
effects of smoking or nicotine administration in humans 
with the inhibition of feline cortical neurones described 
here remains to be established. Human reactions to 
smoking are likely to involve complex psychological 
reactions and are notably dependent on previous exposure 
to nicotine. Withdrawal symptoms may also be impli- 
cated. In our view, however, the observations reported 
here support the hypothesis that the actions of nicotine 
on humans are a result, at least in part, of an action on 
cortical neurones. 


J. W. PHILLIS 
D. H. YORK 
Department of Physiology, 
Monash University, 
Clayton, 
Victoria, Australia. 


Received February 6; revised May 3, 1968. 


1 Phillis, J. W., and York, D. H., Brain Res., 5, 517 (1967). 

! Phillis, J, W., and York, D. H., Nature, 216, 922 (1967). 

2 Phillis, J. W., and York, D. H., Life Sei., 7, 65 (1968), 

‘Larson, P. S., Haag, H. B., and Silvette, H., Tobacco: Experimental and 
Clinical Studies; A Comprehensive Account of the World Literature 
(Williams and Wilkins Company, Baltimore, 1961). 


s Johnston, L, M., Lancet, 243, 742 (1942). 

t Dixon, W. E., Lancet, 201 (I1), 1071 (1921). 

t rae E. and Domino, E. E., Intern. J. Neurepharmacol., 1, 333 
* Lambiase, M., and Serra, C., Acta Neurol. Naples, 12, 475 (1957). 

* Phillis, J. W., and York, D. H., Brain Res. (in the press). 


1@ Armitage, A. K., Milton, A. S., and Morrison, C. E., Brit. J. Pharmacol. 
Chemother., 27, 33 (1966). 


i1 Armitage, A. K., and Hall, G. H., Nature, 214, 977 (1987F 


Temperature and Habituation in a 
Protozoan 


Tue effect of temperature on learning (acquisition of a 
response) and memory (retention of a response) in annelids 
has been studied by subjecting them to an extreme 
temperature during learning and then measuring memory 
at normal temperatures. Earthworms classically condi- 
tioned at 10-12° C showed a lower level of conditioning 
compared with controls trained at room temperature??. 
There was no difference between the two groups in their 
memory. 6 

Because temperature offers another parameter to use 
in studying the physiology of learning and memory, it 
- geomed desirable to determine if it has similar effects on 
simpler organisms, such as protozoa, in other learning 
situations. The protozoan used was Spirostomum in a 
habituation learning situation. An experiment was 
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performed in which organisms were both habituated and 
tested for retention at one of three temperatures, 15° C, 
25° C and 37° C, in constant temperature and humidity 
rooms. The method has been described elsewhere*; 


briefly, a solenoid is dropped a constant height at constant ~— TER 


time intervals on a deep-well slide containing Spirestemum. 
This mechanical shock causes the animais to contract, 
and on repetition the protozoa become habituated to it. 
In this series of experiments the stimulus was presented 
every 4 s to give a total of twenty-seven stimuli. Then a 
wait of 15 s began before three more stimuli were presen- 
ted, followed by a 30 s wait then stimuli, on out to 90 s— 
this procedure measures the retention of the phenomenon, 

Five different sets of protozoa were run at each tempera- 
ture. For each run there were about sixty organisms in a 
constant volume of water (0-4 ml.) in a well slide. The 
organisms remained for at least 2 h at each temperature 
before the experiment began. The measure of habituation 
used was the percentage of organisms contracting to each 
stimulus. This was phovographically recorded with a 
35 mm camera and counted on the film. Thus, as each set 
became more habituated, fewer organisms would contract 
to the stimulus. 

The results are presented in Fig. 1. Each point on the 
graph represents the average percentage of organisms 
contracting to three adjacent stimuli. Thus, point | 
on the abscissa involves the average response to the first 
three stimuli, and point 9 the response to the 25th, 26th 
and 27th stimuli. Each remaining point starting with 
+15 indicates the time delay after the preceding point 
before testing for retention. Significance tests were based 
on the acquisition points presented in the figure and, to 
increase the sample size, on the three stimulus responses 
making up each retention point. The 25° and 37° C 
habituation curves are not significantly different from 
one another (chi-square=0) as judged by the Kruskal- 
Wallis non-parametric test, but the 15° curve is signifi- 
cantly higher than both of them (P< 0-05) using a one- 
tailed test to test for a difference in only one direction. 
The retention curves for 15° and 25° C are not significantly 
different (chi-square = 0) but the 37° C one is higher than 
both of them (P<0-05). Thus the protozoa at 15° C 
do not become as well habituated as those at the higher 
temperatures, though their acquisition proceeds at the 
same rate, but the retention of the response is the same 
at 15° C as it is at 25° C. The organisms at 37° C, how- 
ever, lose the response or become dis-habituated more 
quickly. 

While motility and ciliary beat in ciliates are tempera- 
ture dependent‘, it seems unlikely they would have any 
effect on habituation. The frequency of contraction- 
vacuole discharge also changes with temperature, prob- 
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Fig. 1. Habituation and temperature. 
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ably as a result of permeability changes of the organism’s 
limiting membrane‘. Ratios of the least squares estimates of 
the slopes of the acquisition and retention curves in Fig. | 
give the Q, values in Table 1. The fact that these values 
are less than 2 and are about the same as the rate of change 
of the diffusion constant (1-3) over each 10° range here 
(allowing for the changes in water viscosity) suggests that 
permeability cannot be ruled out as an explanation of 
these curves. Qs values for enzyme reactions, however, 
are also often of this size range’. Looking at selected 
points on the curves and computing Q.e values between 
the last acquisition points (9) and the first retention 
points (+ 15) give Q,) values much higher than 2 indicating 
that permeability and other physical processes can most 
probably be eliminated as a factor here. It should be 
noted that the viscosity of water changes by a factor of 
1-3 also over a 10° change in this range and this may 
appear to affect the intensity of the stimulus the organ- 
isms receive through the water; but such intensity 
changes in habituation in a variety of aquatic inverte- 
brates would be expected to cause marked curve separa- 
tion’ which is not present here. The first point on each 
retention curve indicates that the lower the tersperature 
the greater the retention of the response. This tends to con- 
firm the finding that flour beetles cooled to 1-7° C after 
learning a T-maze exhibited better retention of it than 
ones kept at room temperature after learning’. 


Table 1. Qio VALUES 
Acquisition curves Retention curves 


15°-25°, 0-94 15°-25", 1-30 
25°-37°, 142 25°-87°, 1-13 


Because the 25° and 37° C acquisition curves and the 15° 
and 25° C retention ones are not significantly separated, a 
simple explanation based solely on permeability or 
chemical reaction rates is not sufficient to explain all the 
curves because they should be ordered according to 
temperature. In any case, this experiment does at least 
extend to protozoa and habituation the results obtained 
with earthworms and flour beetles. 
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Comparison of in vivo and in vitro 
Growth of the Rat Foetus 


In 1966 New! described a technique for growing the rat 
foetus tn vitro and pointedout the advantages of homo- 
logous serum as a culture medium. «I have compared the 
growth and development of the rat foetus in vivo and 
in vitro in order to assess the suitability of this animal for 
experiments in teratogenesis. If good growth and differ- 
entiation of normal embryos occur in vitro, then a simple 
experimental system exists in which the effects of various 
teratogens can be examined. 

The embryos used were obtained from Wistar rats, 
maintained as a closed colony for thirty-five generations. 
All females were 12-16 weeks old at the time of mating. 
Animals were killed at 10, 11 and 12 days of pregnancy, 
the foetuses removed, their membranes stripped and a 
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somite count performed. The total protein content of 
each animal was then determined (method of Lowry. 
Rosebrough, Farr and Randall?). Non-viable foetuses 
were noted. e 

Explanted viable foetuses (that is, those with vigorous 
yolk sac circulation) were obtained from animals 10 days 
after conception and cultured for 6, 12 and 24h. They 
were grown in homologous serura which had been stored 
at — 20° C. The serum was heated to 56° C for 30 min 
before use and sterilized by passage through a ‘Millipore’ 
filter. Each animal was grown in 1 ml. of serum in a 
disposable tray with cup units, each 1 em in diameter by 
l cm deep. These wera stacked on separating grids in 
MacKintosh and Fildes jars filled with 5 per cent COs, 
50 per cent O,, balanced nitrogen, and incubated at 37° 
C. After 6, 12 or 24 h the animals were removed and 
those still viable were stripped of their membranes; 
somite counting and protein determination were per- 
formed as before. 

In all, 1,379 foetuses were examined: 84 were non- 
viable on removal from the uterus; 696 were taken for 
direct examination, of which 35 were damaged during 
removal of membranes and were not included in protein 
determinations. Of 599 foetuses taken for organ culture, 
90 were damaged in preparation and were discarded. 
Sixty-one animals, viable at the beginning of the period 
in culture, were found to be dead at the end of this time; 
448 foetuses were thus cultured successfully. The mean 
protein content at a given somite number can be seen in 
Fig. 1. 

It is evident that growth, as indicated by increase in 
protein content, proceeds more slowly in vitro. Differ- 
entiation (as judged by numbers of somites) seems to be 
normal, as the increment in somite numbers (5-20 to 
21-31) is within the range expected for the 10-11 day 
period. The figures suggest that the effects of substances 
concerned with growth can be usefully examined in this 
situation, and factors responsible for the defects in 
growth tn vitro can be identified. The rat foetus grown in 
organ culture is of obvious value in examining the action 
of various teratogens, free from the effects of maternal 
metabolism or placental functions. The normal process 
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Fig. 1. Foetal growth in the rat. 
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of differentiation suggests that observations in this 
situation are relevant to spontaneous development. 

I thank Miss R. Spurway for technical help. This 
work was supporte@ by the British Heart Foundation 
and by the Central Research Fund of the University of 
London. 

e Cotin L. BERRY 
Department of Morbid Anatomy, 
Institute of Child Health, 
Guildford Street, London. 


Received April 2; revised April 10, 1968. 


! New, D. A. T., J. Reprod. Fertil., 12, 509 (1966), 


* Lowry, O. H., Rosebrough, N. J., Farr, A. L., and Randall, R. J., J. Biol, 
Chem., 193, 265 (1951). 


APPLIED SCIENCE 


Examination of Fibres in Beer 


Tae hazards to health associated with asbestos have 
recently been the subject of much research and discussion’. 
One reason for this concern is because the use of asbestos 
has now become so widespread that a large number of 
people are likely to be exposed to one or more varieties 
of this mineral, The detection of asbestos fibres is not 
easy, especially when they form only a small part of the 
sample requiring examination. 

Pads containing asbestos are frequently used for 
filtration in the drinks industry, and a method of pre- 
paration has been devised by which drinks may be 
examined for asbestos fibres. A preliminary electron 
microscopic examination of samples of water which 
had passed through various asbestos filters showed 
that fibres were present in the filtrates (Fig. 1). Six 
samples of bottled and canned beers were examined to 
see whether these also contained fibres. In particular, 
fibres of chrysotile asbestos were sought as this is the 
form most commonly used for filtration. The small size 
(~ 300 A in diameter) of the individual fibres necessitated 
the use of the electron microscope; chrysotile fibres often 
appear tubular when examined in this instrument, this 
property facilitating their identification. 

In some experiments the beers were centrifuged and 
the residues examined with the electron microscope. 
Fibres which seemed to be chrysotile asbestos were 
observed in all samples, but as there was so much extran- 
eous matter present a more elegant method of preparation 
of samples for scrutiny was devised. 





Fig. 1. Electron microggaph of fibres obtained from water after passage 
through a filter pad containing asbestos ( x e. 36,600). 





Fig. 2. 


Electron micrograph of fibres found in beer (x e. $6,600). 


The following method was finally adopted: one pint of 
beer, divided into four parts, was centrifuged for 1 h and 
the supernatants were filtered through a Sartorius MF 15 
membrane filter (for retention of particles > 0-05). The 
residues were combined in 200 ml. of water, respun for 
1 h and filtered through the same filter as was used for 
the supernatants. After washing with water, the moist 
filter and the residue were ashed in a covered platinum 
crucible at 400° for 1 h; the lid was then removed and 
heating continued for 2-5 h at 500°. This temperature 
was not exceeded as changes in the appearance of 
chrysotile fibres in the electron microscope are often 
observed when higher temperatures are used. Finally, the 
residue, after moistening with water, was powdered, 
reheated at 500° and washed into about 3 ml. of water. 
The suspension was agitated for 10 min in an ultrasonic 
vibrator to disperse the fibres and particles and an 
aliquot (0-1 ml.) of the suspension was transferred to a 
small tube at the bottom of which was a carbon-coated 
electron microscope grid. The tube and contents were 
centrifuged and the precipitate was collected over the 
central area of the grid, thus enabling all the precipitate 
to be examined. The examination was carried out using 
a 6G electron microscope at 100 kV on unshadowed speci- 
mens at magnifications of x 30,000- x 80,000. Fibres 
were clearly seen to be present on the grid among much 
other material. Most were short single fibres, but a few 
small groups and large clumps of small fibres (see Fig. 2) 
were observed. These fibres bore a close resemblance 
both in size and appearance to those of a standard sample 
of chrysotile asbestos (Fig. 3). An electron diffraction 
examination of the fibres obtained from beer confirmed 
that some were definitely chrysotile, the measured repeat 
distance along the fibre axis being 5:34 A—the same 
value as quoted in the literature**. Most fibres did not 
give electron diffraction patterns consistent with their 
being single crystals, probably because some leaching of 
the fibres had occurred in the beer. By counting the 
fibres in afiquots taken from an ashed pint of beer, a 
rough estimate of the number of fibres in a whole pint 
could be made; this procedure gave a figure of 5,000 
fibres/pint. The number of fibres per pint must be subject 
to wide variation because of the variability in commercial! 
filtration processes. 

Stringent precautions were taken to avoid contamina- 
tion during the preparation of the specimens for the 
electron microscope. For example, all water was filtered 
through a membrane filter before use and only earbon- 
coated grids which were found on pre-examination in the 
electron microscope to be free of contaminating fibres 
were used. 
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Fig. 3, Electron micrograph of a standard sample of chrysotile asbestos 
(x e. 36,600), 


The purpose of this communication is to report factual 
observations; the clinical importance of these findings 
cannot as yet be assessed. 

We thank Mr F. Raveney for technical assistance., 
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MRC Air Pollution Research Unit, 
St Bartholomew's Hospital Medical College, 
London. 
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Factors in the Design of 
Electrochemical Reactors 


THE purpose of this communication is to consider those 
factors which are important in the design of reactors for 
electrosynthesis. This has become necessary because 
recent publications! * have given incomplete consideration 
to the problem. We shall ignore situations where the 
reactant is gaseous, thus avoiding problems associated 
with three phase boundaries. 

The following points deserve consideration in the 
industrial seale-up of a laboratory process. (1) Prob- 
ably the chief requirement is uniformity of the potential 
difference of the electrode solution over the entire electrode 
surface. If this parameter lies outside certain limits, then 
undesirable reactions will occur, resulting in wastage of 
power and probably of material. Furthermore, if activa- 
tion control pertains, then a non-uniformity over the 
surface—typically more than 0-1 V—causes*a region of 
the electrode to remain esseestially inactive. (2) A similar 
uniformity is required in the concentration of each species 
at the electrode interface. In many cases it will be 
necessary, in addition, to maintain the local concentration- 
distance profile into the solution. (3) Undesirable 
reactions may occur if inadequate temperature control 
exists throughout the reactor. (4) Power losses resulting 
from Joule heating should be minimized. These can occur 
(a) within the electrode materials, (b) in the electrolyte 
and (c) in the separator when one is used. 

The simplest electrochemical reactor is obviously two 
parallel plate electrodes, separated by a diaphragm, 
with agitation of the electrolytes. When the outward- 
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facing sides of the electrodes are insulated from the solu- 
tion, and provided that the separation distance is consider- 
ably smaller than the electrode dimensions, then the 
uniformity conditions (1)-(3) are sat®fied. An exception 
exists when the electrolytes are pumped over the electrode 
and the reactant is significantly depleted during its 
passage through the cell. . 

This design is favoured when the real current densities 
at the electrode surface can be made sufficiently high 
(>01 A em-*), An upper limit exists for the current 
density through the diaphragm (usually of the order 
1 A em). High current densities require high rates of 
mass transfer; this is difficult to achieve for relatively 
insoluble substances (< 0-1 M). 

In the case of reactions which sustain a current density 
which necessarily is much lower than 100 mA em- it is 
advantageous to adopt a three-dimensional electrode so 
that the current density through the diaphragm is signifi- 
cantly higher than that at the electrode surface. In this 
way the size and capital cost of the reactor can be kept to a 
minimum. In all three-dimensional electrodes, however, 
the uniformity of electrode potential cannot be main- 
tained (also the uniformity of concentration is usually less 
easily maintained). Numerical calculations for both 
(a) activation and (b) concentration polarization within a 
three-dimensional electrode show that the active volume 
of the electrode is essentially confined to a narrow region 
nearest to the auxiliary electrode when the conductivity 
of the electrode >that of the electrolyte. For example. 
using the relations given by Newman and Tobias‘, it 
follows that, in an activation controlled regime character- 
ized by a Tafel slope of 100 mV with an electrolyte 
effective specific conductance of 0-1 mho cm when the 
diaphragm current density is 0-1 A em-*, 50 per cent of the 
reaction occurs within the first 0-2 em of the electrode. 
The parameters used here relate to a favourable case. 
The thickness of the active region varies inversely with the 
diaphragm current density. 

In the case of mass transfer controlled reactions the 
maximum thickness of the three-dimensional electrode is 
given by %max= (2K AF/9ig)'!*, where AE is the potential 
variation which may be tolerated, 0 is the electrode area 
per unit volume, 7 the real electrode current density and 
K the effective specific conductance of the electrolyte. 
When K=0-1 mho cm, AZF=0-2 V, 0=40 em-! and 
i¢=10-* A em, then amax=1 em. The values for K and 
AE are optimistically high; those for 6 and ia are attained 
readily in a well-designed flow cell provided that the 
reactant concentration exceeds 10-* M. 

Types of three-dimensional electrode which have been 
proposed are flooded-porous®, slurry and fluidized 
bed'-*, In the last two cases even under conditions of 
moderate corfvection the problem of non-uniformity of 
electrode potential is seriously aggravated by the poor 
electronic contact between particles in the electrode 
material’. It has been suggested that the fluidized bed 
electrode will be widely applicable in electrochemical 
engineering’, We conclude that scope for three-dimen- 
sional electrodes in general is restricted and that fluidized 
bed and slurry electrodes are expected to compare un- 
favourably with rigid three-dimensional configurations. 
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Will Education set the Masses Free? 


JOHN VAIZEY 


Brunel University 


The Academic Revolution 

By Christopher Jencks and David Reisman. Pp. xvii + 
580. (Garden City, New York: Doubleday and Company, 
1968.) $10. 


Ture fact that this is a large book is mainly because it 1s 


loosely written (the word ‘quite’ is used in at least four 


senses as an adjective, for example), but it is tightly 
packed with information. It would be a pity if its size 
and style reduced the number of its readers, because it is 
both a perceptive guide through the changes now occur- 
ring in higher education in the United States and else- 
where, and also it is one of the most forthright statements 
about modern America that has appeared for some years. 

What the book does is to describe briefly the diverse 
origins of the 2,000 or so colleges and universities in the 
United States, most of them founded as a result of in- 
dividual initiative, often sectarian, sometimes racial, aided 
and assisted in a number of cases by state governments. 
In addition, there were state foundations, both of a land 
grant kind, particularly in institutions dealing with “arts 
and mechanics”, and teachers’ colleges. Like most higher 
education institutions throughout the world, many of the 
colleges in their origin had the function of training people 
in a few basic skills and disciplines—theology and 
medicine—but above all of creating a socially acceptable 
education for a relatively small number of people drawn 
from the middle class. People working in the colleges and 
universities regarded themselves primarily as teachers 
and only secondly, and in a few places, as scholars. 

The academic revolution of which the authors write 
was the development of higher education on a mass scale, 
with the formalization of scholarship and scientific re- 
search in the universities and colleges, and the evolution 
of an academic profession, divided by disciplines, which 
thinks of itself as a self-governing autonomous group, 
responsible for maintaining not only the progress of 
disciplines, but also for establishing the integrity and 
independence of the universities and colleges. Though 
American higher education is exceedingly diverse, pro- 
viding a niche for almost everybody, it has a growing 
tendency to regard itself as a scholarly, professional 
entity with uniform national (almost international) 
standards which will brook no interference from outside. 

Seen in this perspective it has become a homogenizing 
force in American life and the initial great diversity of 
styles in the many colleges and universities has diminished. 
This the authors show in great detail by examining local 
forces in the universities and colleges, the diverse develop- 
ments of a number of professional schools, the differences 
between private and public institutions and in their 
detailed consideration of women’s colleges, Protestant 
colleges, Catholic colleges and Negro colleges. Thus the 
universities, as the authors see it, are run by and for 
scholars and scientists—the educational function is almost 
a by-product, except in so far as the people whom they 
teach are anxious themselves to become university teachers 
and researchers. This has the effect, they suggest, of 
alienating to a great degree many of the young people 
who do not accept their role as being future university 
professors, and who already have become a self-conscious 
quasi-independent group in America. To conform in an 


American college no longer means necessarily to conform 
to the traditional American ideals—it means to conform 
to the ideals of a professional group, which the young 
people aspire to join, or to & peer group of post-adolescents 
estranged from the rest of society. 

The most interesting, almost revolutionary, chapter in 
the book concerns the relationship between education and 
social stratification. Recent reports in the United King- 
dom, from the time of Crowther onwards, and work im 
many other countries, have tended to assume that there 
is a close relationship between social stratification and 
education, and implicitly assigned to education a key role 
in the social stratification process. Further, it 1s argued 
that as the education system becomes larger, 1t becomes 
more important in determining life chances, and the 
stratified nature of the education system tends to intensify 
the degree of social stratification in society. Conversely, 
it is argued that if egalitarian trends could be built into 
the education system, for example the comprehensive 
high school or—in the United States—the ‘“‘multiversity”’, 
there will be a perceptible tendency to dim inish the 
degree of social stratification in advanced industrial 
societies. 

This thesis has, of course, often been questioned, Tt 
has been shown in a number of studies, notably those by 
Dr Douglas in the United Kingdom, some of the work 
that was done for the Plowden Committee, and above all 
in the Coleman Report, Equality of Educational Opper- 
tunity, in the United States, that the conditions of a 
child’s early life are far more important than the education. 
system in determining its life chances, and the probability 
is that the education system plays only a small part in 
affecting social stratification. This, from a wide variety 
of sources, the Jencks and Reisman book now confirms. 
By close reasoning they are now prepared to assert that, 
“The over-all relationship between education and occupa- 
tional status has not changed much over the years... . 
The relationship between educational attainment and 
social mobility seems to be both modest and stable” 
(page 86). 

Further, they say: “The distribution of educational 
resources, like the distribution of income, does not seem 
to be getting notably more or less egalitarian’ (page $5). 
This, associated with other studies which they cite, 
suggests that, despite the great efforts to push the educa- 
tion system into a more egalitarian stance, it is very 
difficult to make it more egalitarian than society at large 
is: and the other studies that they quote show how 
remarkably stable the income distribution and other 
measures of inequality havebeen over the years. 

This chapter deserves careful study and much fuller 
treatment than is able to be given to it in the space of a 
short review. Their conclusion is that: “So long as the 
distribution of power and privilege among adults remains 
radically unequal, and so long as some children are raised 
by adults at the bottom while others are raised by adults 
at the top, the children will more often than not turn out 
unequal” (page 147). They assign this difference chiefly 
to hopes, expectations and compulsions, rather than to 
actual physical conditions, but nevertheless, whatever the 
reason for their conclusion, it is an important one. 
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Further, they argue that any attempts to push the 
education system into a more egalitarian direction would 
not be particularly desirable . . . “unless they were 
accompanied by more fundamental changes in the 
character of American society” (page 148). Indeed, they 
go so far as to say that: “A mobile, fluid society in which 
men move up and down is simultaneously a competitive, 
insecure, and invidious society” (page 148). “What 
America roost needs”, they say, “is not more mobility 
but more equality” (page 150). 

The radical conclusion that they draw in this chapter 
is that attempts to spread universal higher education will 
not diminish economic and social differences among classes 
much, and indeed that they may lead to a cultural back- 
lash in the sense that many people whose customs and 
concerns are turned into middle-class expectations by the 
higher education process will have in fact to reconcile 
themselves to more lower middle-class economic and 
occupational conditions. This is a piece of reasoning that 
I find superficial, because of course it all depends on what 
you mean by “middle-class cultural conventions” and 
“lower-middle-class cultural conventions”. Teachers, for 
example, often, and clergymen almost always, have 
lower-middle-class incomes but middle-class patterns of 
cultural behaviour. It is by no means obvious that the 
cultural conditions of which Jencks and Reisman write 
will correspond to the socio-economic conditions of which 
they write. Nevertheless, this analysis is perhaps one of 
the most important to appear on this subject for a long 
time. 

On the hackneyed subject of the war between the 
generations Jencks and Reisman also have a number of 
things to say which are important, particularly when read 
in the context of student discontent. Their description 
(page 40) of professors who see themselves as “ever- 
young hedonistic, and hip”, revelling in the “more anti- 
intellectual manifestations of student rebelliousness even 
when it is directed at themselves”, seems particularly 
apposite, and the description of the general “coolness” 
of the today’s entering freshmen and their reaction to the 
dullness of undergraduate courses, as more and more 
professional training takes place beyond the BA, which 
means that for a long time students who feel more mature 
are now left in a state of emotional, cultural and social 
dependence, is also valid. The bulk of students in 
America, according to Jencks and Reisman, feel “ir. 
relevant and expendable” (page 44) and, as Jencks and 
Reisman say, they are. The description of the way in 
which the firm line on student discipline is abandoned by 
some colleges and then abandoned by the rest, of powerful 
adults “who regard student pranks as funny but cannot 
laugh off student solemnity”, is extremely relevant. They 
come to the important conclusion that “one of the dis- 
tinguishing features of student life is that its participants 
are allowed to make mistakes without paying too heavy a 
price” (page 49). But in fact, increasingly, as what hap- 
pens to people at university becomes important in affecting 
their own individual career patterns, much of what they 
do cannot be laughed off, cannot be treated as student 
pranks and, as students seek to be treated as adults, then 
the degree of irresponsibility they would at times like to 
show cannot any longer be accepted. 

Jencks and Reisman reach the optimistic conclusion 
that much of the current @&Scontent may be a transient 
phenomenon, as a result of the fhilure to distinguish 
between off-the-job freedom and on-the-job respon- 
sibility. On the other hand, they say this in fact means 
treating the students more as industrial workers are 
treated, and industrial workers do not behave like good 
students. Further, nobody has the sanction over students 
of withholding the wage and firing them, if they are 
disapproved of. 

Jencks and Reisman see a key role in determining the 
nature of contemporary American higher education being 
played by the professional schools and the graduate 
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schools. They say that the function of the professional 
schools is not “primarily to teach a narrowly defined set 
of skills of the kind measured by examinations, but to 
define a set of general criteria that recruits to the profes- 
sion ought to meet and screen out those who do not 
measure up” (page 206). When applied to the whole of 
American graduate school education, this is an important, 
perceptive, description of what is happening. Accordingly, 
Jencks and Reisman argue that if the nature of American 
universities were in any way to be changed in order to 
cope with the more radical demands of the students, the 
change would be felt most acutely, in fact, in the graduate 
schools. The graduate schools would therefore have to 
train people not for the existing professions but for a 
completely new kind of profession, a new professional 
attitude to life. This in turn would require such major 
and radical changes in society as to be almost unthink- 
able. It would require, for example, scientists who are 
less interested in research than in teaching and whose 
graduate work consisted chiefly in learning how to teach. 
It would require a completely different attitude to their 
roles in society on the part of doctors, teachers —indeed, 
of almost any group now holding a professional role in 
society. It is extremely doubtful whether more than a 
handful of people wish to see this change and what the 
nature of such a change would be if it were embarked on. 
It is for this reason that the best conclusion that can be 
drawn from the study is that the American university as 
it now exists and to which, increasingly, divergent groups 
of colleges in America, whether they be liberal arts col- 
leges, junior colleges, women’s colleges, men’s colleges, 
Roman Catholic colleges, or Negro colleges, are now in 
fact approximating, will persist, and spread to the rest 
of the western world. 

But, within this over-all pattern of growing uniformity, 
there is still an immense amount of individual initiative. 
A major difference between the American and the British 
lugher education scene is the diversity of sources of 
revenue. A professor who cannot get support for his work 
from one college can go to another and get support. Here, 
with the growing power of the research councils and of the 
UGC subject committees, it is doubtful whether a man 
whose research project was turned down while he was at 
Liverpool University would get support for it by moving 
to Canterbury. In the United States, on the other hand, 
he could bargain, not only about his research work but 
more generally about conditions and his salary; and in 
this way there seems to be greater room in the United 
States for diverse styles, although in Great Britain there 
is probably room for greater diversity of expression of 
opinion in certain disciplines. 


TACKLING HUNGER 


Alternatives for Balancing World Food Production 
and Needs 

(Iowa State University 

Economic Development.) Pp. viii + 273. 

Iowa State University Press, 1967.) n.p. 


zenter for Agricultural and 
(Ames, Iowa: 


THIRTY years ago, those of us who argued that hunger 
and malnutrition existed and would get worse unless 
research on agriculture and contraception got very much 
more support, were variously labelled atheists, com- 
munists, dreamers or idealists according to the prejudices 
of the eritic. But facts are stubborn, and awareness of 
the need for more food is now widespread. Consequently, 
we are deluged with books and symposia on what could 
and should be done to balance food and population. This 
abundance of material makes critical appraisal possible; 
it is no longer reasonable to commend nearly all activities 
on the grounds that they will probably do more good 
than harm. Even by today’s critical standards this 
symposium deserves high praise. Ie is the record of a 















conference at which eighteen authors presented fifteen 
pers. These were followed by discussion between five 
panelists and members of the audience. 
"The symposium wag obviously lively. On a few issues, 
speakers contradicted each other with friendly directness. 
On many issues they were in agreement. Thus all con- 
demned direct financial aid, and gifts of food, as the means 
of tackling’ a developing country’s problems. Many 
reasons were given for this sensible conclusion; hand- 
outs inhibit local enterprise, they lower prices paid to 
local producers, they encourage a black market, and gift 
food tends to be distributed in towns and so encourages 
rural depopulation and the creation of shanty-towns. 
There was agreement that few communities reject contra- 
ception in principle, though the need for improved methods 
was recognized, but there was less unanimity on popula- 
tion trends. Some thought that ‘‘Malthusian pessimism” 
was ill-founded and that population control measures 
would have a real impact by 1975. A world total of only 
4-5 G people by the year 2000 was predicted. Others 
accepted the conventional estimate that it will then be 
6 G. Optimists tend to overlook the fact that, unless a 
population control policy depends on a dictatorial act 
along Herodian lines, it will not be effective until people 
have learnt the rudiments of biology and hygiene. 
Education is likely to have a greater effect on the survival 
rate of children than on their rate of birth. The first result 
of an effective contraceptive campaign will therefore 
probably be an increase in the population. 

Not only is it reasonable to make plans for feeding a 
larger world population, it is also reasonable to wonder 
whether present estimates of food needs are large enough. 
Scrimshaw suggests that much so-called laziness in 
developing countries is “a successful adaptation to 
insufficient food calories”, he also points out that people 
vary by a factor of 2 in their amino-acid requirement, 
and that stress and disease increase the requirement. 

Most of the papers deal with the ways in which agri- 
cultural productivity could be increased. Moseman, with 
experience of the Rockefeller Foundation’s success in breed- 
ing improved strains of wheat for use in Mexico, cautions 
against blind faith in borrowed technology, for example 
the use in one region of strains produced in another. They 
may be excessively vulnerable to local diseases or pes. 
Research must therefore be done locally. This point is 
also made by Schultz, who bemoans the fact that it is 
much easier to get money for ‘crash programs’’ and 
for “extension programs before there is anything worth- 
while to extend”, than for research. He lists various 
reasons why United States aid has failed to stimulate 
adequate research in Latin America and argues in favour 
of close and direct association between research institutes 
in industrialized and developing countries. After the 
research is finished, the new material or method has to 
be accepted. Several papers emphasize the importance of 
obvious, or even spectacular, results. Less impression 1S 
made when each of ten farmers gets a 10 per cent increase 
in yield than when one doubles his yield. Initially there- 
fore attention should be concentrated on a few good 
farmers; they should be encouraged to make every pro- 
posed improvement simultaneously, and they should be 
guaranteed compensation if it should turn out that the 
novel methods do not work as well as the old. 

One paper deals with fish and makes the sensible sug- 
gestion that the most effective form of conservation would 
be a restriction on the number of fishing boats, similar to 
the restriction on the number of taxis in a city, rather 
than the imposition of quotas and the banning of efficient 
catching methods. Landlords and absentee plantation 
owners come in for a good deal of criticism. So do experts. 
Many were said not to have the necessary expertise. But 
the visiting experts have their troubles too. One speaker 
plaintively comments that even those who are not CIA 
agents have great difficulty in combating disbelief. 

° N. W. PRIE 
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SECOND SPASM 


Enzymes 

By D. W. Moss. (Contemporary Science Paperbacks, 
No. 15.) Pp. vii+110. (Edinburgh and London: Oliver 
and Boyd, 1968.) 7s. 6d. 


The Interior Planets 

By V. Axel Firsoff. (Contemporary Science Paperbacks, 
No. 16.) Pp. vii+120+10 plates. (Edinburgh and 
London: Oliver and Boyd, 1968.) 7s. 6d. 


Life: Its Nature, Origins and Distribution 

By Josephine Marquand. (Contemporary Science Paper- 
backs, No. 17.) Pp. xi+96+8 plates. (Edinburgh and 
London: Oliver and Boyd, 1968.) 7s. 6d. 


Natural High Polymers 

By C. T. Greenwood and E. Ann Milne. (Contemporary 
Science Paperbacks, No. 18.) Pp. vii+ 128. (Edinburgh 
and London: Oliver and Boyd, 1968.) 7s. 6d. 


Aspects of Analytical Chemistry 

By R. A. Chalmers. (Contemporary Science Paperbacks, 
No. 19.) Pp. viit+144. (Edinburgh and London: Oliver 
and Boyd, 1968.) 7s. 6d. 


The World of a Gynaecologist 

By C. Scott Russell. (Contemporary Science Paperbacks, 
No. 20.) Pp. vii+104. (Edinburgh and London: Oliver 
and Boyd, 1968.) 7s. 6d. 


Exploration of the Moon by Spacecraft 

By Z. Kopal. (Contemporary Science Paperbacks, No. 21.) 
Pp. vii+88+32 plates. (Edinburgh and London: Oliver 
and Boyd, 1968.) 7s. 6d. 


Tis is the second instalment (for the first see Nature, 
216, 1353; 1967) of a new and interesting series of books 
aimed primarily at the educated scientific layman; within 
this broad, general classification they do, however, differ a 
good deal, quite apart from the essential nature of their 
subject matter, in the job they set out to do and how 
they go about it. Thus The World of a Gynaecologist, The 
Interior Planets and Exploration of the Moon by Spacecraft 
are essentially descriptive, though they differ in the 
degree of concentration and involvement that is required 
from the reader. Professor Scott Russells book is a short 
but vivid account of the job of a gynaecologist; it is 
simple but touches on some of the burning issues of the 
day and leaves one with the clear impression of a humane 
exponent of the speciality. Mr Firsoff deals with Mercury 
and Venus, those planets that orbit the Sun within the 
Earth’s orbit, and he provides us with a useful com- 
pilation of the sum of present knowledge. By contrast, 
Kopal is somewhat more demanding; we are given in- 
formation about the methods of lunar space research 
but then have to grapple with the somewhat more difficult 
business of translating the actual observations into mean- 
ingful information about the nature of the Moon’s surface, 
and so on: there is also a short final chapter on the next 
task—-landing a man on the Moon, perhaps before the end 
of the present decade. 

Life: Its Nature, Origins and Distribution is really a 
history of idens, dealing particularly with the criteria that 
distinguish living things, but With some comment on the 
possible existence of liting systems vastly different from 
our own. The final three titles, Enzymes, Natural High 
Polymers and Aspects of Analytical Chemistry, fall together 
into a group the most obvious characteristics of which 
are being less descriptive, more technical and specialized, 
and demanding relatively more from the reader. Dr 
Moss’s book naturally does not set out to be compre- 
hensive but provides us with an excellent short account 
of what enzymes are, what they do and how they are 
studied. This volume can be warmly recommended to 
the interested sixth former. Natural High Polymers seeks 
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to survey an even wider field including not only proteins, 
nucleic acids, polysaccharides, lignin and rubber, but also 
inorganic polymers-—the constituents of rocks. In general, 
it is reasonably successful but this is an enormous expanse 
to cover and it is scarcely surprising that both authors 
and reader are left a little breathless from time to time. 
The last title, Aspects of Analytical Chemistry, is the most 
technical of all and one wonders whether it is not perhaps 
rather a marginal subject for a series of this nature. Dr 
Chalmers rightly emphasizes that “analytical chemistry 
is presented not as a separate branch of chemistry, but 
in its proper relation to chemistry as a whole’, and the 
examples and situations that he chooses are for the most 
part good ones, but for all that it still smacks too much 
of the straight textbook rather than material for the 
educated layman. 

Production standards remain good, although the 
organic chemical formulae still leave something to be 
desired, and the volumes are excellent value for the 
money. PETER SYKES 


REFERENCES TO SCHISTOSOMES 


schistosomiasis 

A Bibliography of the World’s Literature from 1852 to 
1962. By Kenneth S. Warren and Vaun A. Newill. Vol. L: 
Keyword Index. Pp. xv +598. Vol. 2: Author Index. 
Pp. vui+395. (Cleveland, Ohio: The Press of Western 
Reserve University, 1967.) $20 the set. 


Tms great compilation covers references to virtually all 
that has been written on schistosomiasis from the influence 
of cosmic forces on the eggs schistosomes lay to the 
electron microscopy of their flame cells. The two volumes 
represent a tremendous amount of effort on the part of 
both man and computer. The arrangement is good; the 
first volume lists the entries under approximately 2,000 
very carefully selected keywords which are additionally 
listed in an appendix. In the second volume the same 
entries are arranged chronologically under their authors; 
it is thus possible to find an author’s complete output on 
this subject grouped together in chronological order even 
though he may not be the senior author of some, or any, 
papers. There are 10,286 references: more than half the 
titles were in 24 foreign languages and have been trans- 
lated into English. This in itself is valuable, for much work 
in this field has been done by Japanese, Portuguese, 
French and German workers and is liable to be overlooked 
because of language difficulties. There are 1,409 J apanese 
and 1,392 Portuguese titles. Of the citations 75 per cent 
have been verified against the original. 

The result of all this labour is a source of references which 
cannot fail to be of great value to all connected with work 
on schistosomiasis, be this basic research, clinical im- 
plications or field control. It must be remembered that 
much evidence points to the spread of schistosomiasis 
in many developing countries and its increasing importance 
as a factor hindering their development. An extension of 
the bibliography beyond 1962 could, it is stated, be gathered 
“quite easily in comparison with obtaining the early 
literature”, and it is to be hoped that now tHe production 
mechanism has been set up? this extension will be carried 
through. Publication at short intetvals would be prefer- 
able for those wishing to use recent work. Indeed, for most 
workers in this field it is the recent work which is of 
greatest importance and the question arises as to whether 
the collection of the earlier references has been worth 
the effort bearing in mind the practical use to which they 
wili be put. We must, however, be grateful to those who 
have had the energy and time to make this compilation 
and suggest that the work be continued in the form of 
frequent, perhaps annual, extensions to the present 
volumes. A. W. WOODRUFF 
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SMOKING AND CANCER 


Tobacco and Tobacco Smoke 

Studies in Experimental Carcinogenesis. By Ernest L. 
Wynder and Dietrich Hoffmann. Pp. xiii+730. (New 
York: Academic Press; London: Academic Press (Lon- 
don), 1967.) 270s. i 


Tus first thing that should be said is that this is a good 
book——a specialist’s book—-which should be in the hands 
of all workers in the field of smoking and its relation to 
respiratory diseases. It introduces important subjects 
which are outside the normal range of discussion by those 
working either in the laboratory or in the clinies. For 
example, the valuable chapters 3 and 4 describe the eulti- 
vation and subsequent treatment of tobacco, both of 
which profoundly influence the subsequent chemistry of 
the end product. Thus, as is now beginning to be recog- 
nized, the different end effects in man of prolonged 
smoking of cigar or cigarette tobaccos are related to the 
different curing methods of the two tobaccos; cigarette 
tobacco, the most harmful biologically, both in man and 
in rats, being fiue-cured, while cigar tobacco, which is the 
least harmful, is air-dried. 

Out of 700 pages, some 300, chapters 7 and 8, are 
devoted to tobacco smoke constituents and carcino- 
genesis. A reader, new to the subject, may well be struck 
by the exhaustive thoroughness of the work done on the 
carcinogens in tobacco smoke, which have been identified 
or which have been suspected, so that he may hesitate 
before entering this particular field himself. And yet it 
has taken us no further towards a solution of our problem 
other than to increase our doubts of this explanation. 

Is it not high time that we question the whole idea of 
exogenous carcinogens as an explanation of the high 
incidence of lung cancer, and turn our attention to other 
possible explanations of our problems? There is no 
evidence to support the commonly held belief that lung 
cancer in smokers is the direct result of exogenous car- 
cinogens, whereas there is the unexplained clinical 
paradox that, in those parts of the respiratory tracts 
which are exposed to the greatest concentration of 
tobacco smoke, such as the lips, jaws, mouth and tongue, 
cancer is on the decrease, while the “lungs”, where the 
exposure is weakest, have been and still are presenting a 
fantastic increase in cancer incidence. Surely this argues 
against a direct carcinogenic action and suggests a far 
more complex situation, not necessarily associated with 
carcinogens, for which I have pleaded elsewhere}. 

On page 143 the authors direct attention to the curious 
phenomenon that in their laboratory the tumour yield 
from cigarette tar painted on mouse skin has fallen 
“markedly” gn the past 10 years. Wynder et al.* pub- 
lished an experiment showing that out of 81 mice, 44-4 per 
cent presented skin carcinomata, suggesting that cigarette 
smoke condensate is highly carcinogenic. At the same 
time, in Great Britain some of us working with great 
care were only achieving something like 3 per cent to 
5 per cent, indicating a low carcinogenicity. This diver- 
gence of results has never been properly understood in 
Great Britain. However, most recently, T. D. Day has 
supported us in his very thorough experiment, finding 
only 3 per cent of malignant skin tumours out of 7,875 
mice. I will not offer any explanation of this divergence 
of results, but it is fair comment to suggest that, if 
Wynder’s first result had been 3 per cent to 5 per cent 
malignant tumours instead of 44-4 per cent, the whole 
experimental problem of lung cancer would have been 
approached more conservatively; the clinical approach, 
too, might well have been modified, and less attention 
might have been paid to the tobacco tars. 

The authors provide a splendid selection of references, 
and, in the text, frequently express their own judgment 
of the value of some particular work, a practice which 
unfortunately is not always followed by other writers. 
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-The book is recommended, especially to reference 
raries. R. D. PAsSSEY 


Passey, R. D., Lancet, ii, 107 (1962). 
Wynder, E. L., Graham, È. A., and Croninger, A. B., Cancer Research, 18, 
"B55 (1953). 

< S Day, T. D., Brit. J. Cancer, 21, 56 (19867). 


SURVIVAL OF THE BRAVEST 


Electrophysiological Methods in Biological Research 

By J. Bures, M. Petran and Jozef Zachar. Third revised 
edition. Pp. 824. (Prague: Publishing House of the 
Czechoslovak Academy of Sciences; New York and 
London: Academic Press, 1967.) 261s. 6d. 


A BOOK, designed for beginners in a field of science, which 
costs in the region of £13, deserves a long, hard look. It 
can be assumed that almost no student in Great Britain 
(or in Czechoslovakia either, from where the book origin- 
ates) could really afford it, and that the publishers would 
have their eyes on the libraries of the universities and 
research institutions. Even so, the number of journals 
and books demanding the scrutiny of librarians and their 
committees is ever increasing, and budgets are tight. 
I approached the book, therefore, faintly irritated that 
the people it is specially written for are those least likely 
to lay their hands on it easily. Unfortunately, the more 
Į read this book, the more my irritation increased. 

About a third of the volume consists of conventional 
descriptions of basic electrical theory and details of 
circuits, and two appendices; one is of stereotaxic atlases 
for cat, rabbit and rat (can they improve on already— 
separately—-published ones ?), and one, entirely mathe- 
matical, does not match (in the space allotted) accounts 
in readily available textbooks. We are thus obliged to 
contribute some £4 for information which, when it is 
needed, can be easily obtained without the awful dis- 
advantage, as here, of having simultaneously to deny 
one’s colleagues access to another valuable and instructive 
book. That book ought to be extracted from the present 
volume; it provides almost everything that investigators 
of excitable structures ought to know about electro- 
physiological techniques, before, during, and after their 
experiments, It rightly forms the proper subject of this 
review. 

Tt is clearly an important work. The main part deals 
with the electrophysiological investigations of excitable 
structures, in plants and animals, in vitro and in situ. 
These chapters, and those sections dealing with more 
general practical preparations for, and conduct during, 
experiments (electrode making, fault finding, artefacts, 
data-processing) and the basic principles df stimulating 
and recording, are very good indeed. Here are experiments 
ranging from the intracellular recording of action poten- 
tials, of miniature and end-plate potentials, of receptor 
potentials, to those investigating spreading depression in 
the cortex, or the production of stereotaxically controlled 
deep brain lesions. The principle of each experiment is 
made clear, and also the method—occasionally in impres- 
sive detail—and the conclusions from the results. It 
seems that every important experiment requiring electro- 
physiological techniques which has been performed since 
the War (and some even earlier) is here, with satisfactory 
references to the original work. The truly astonishing 
item is that all the included experiments were re-done 
by the authors, and the hints and suggestions are based 
on their own experience. Sometimes this is better than 
reading the original papers; one knows only foo well the 
reluctance, or diffidence, of experimenters when it comes 
to describing the miseries and frustrations of the early 
trials which led to the polished technique actually 
incorporated into the “Methods”. However, in this 
respect even this commendable book actually fails. It is 
as though, reluctant’ to reduce the full extent of their 
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remarkable achievement in successfully reproducing so 
many original experiments, the authors have been 
forced to cut out exactly the detail which the new investi- 
gator most requires. Once he has learned to do one 
experiment involving spinal root stimulation and recording 
in a eat, the rest are not too difficult. But who will tell 
him how to minimize the bleeding which persists after 
even the most painstaking laminectomy? Not these 
authors, though they surely could. Their relentless 
inclusion of perhaps unnecessary experiments is a fault; 
some are now of historical interest only, like the measure- 
ment of chronaxie, and others are so difficult as to make 
them an absurd exercise for even postgraduate experi- 
ments, as, for example, the investigation of the rectifica- 
tion characteristics of the electrical synapses of crayfish 
giant axons. A book as good as this one is deserves 
criticism of this sort. Faced with the inclusion of less 
important experiments, one wonders at the omission of, 
for example, the use of the piezo-electric crystal for the 
controlled mechanical stimulation of receptors, or of 
reference to the exact control of stretch velocity in spindle 
investigation. And, as usual, the subject of the EEG is 
associated with a positive torrent of words, at quite a 
lower level of information content and interest to that 
of the rest of the book. 

But certainly these authors are to be applauded for this 
largely rigorously presented work of instruction. “Only 
microelectrodes with a tip potential below 5 mV are 
suitable for microelectrode work.’ In the face of such 
stern admonition, only the bravest will survive their 
course. And perhaps this is right, after ail. 

J. DIAMOND 


ECOLOGY OF AUSTRALIAN WATERS 


Australian Inland Waters and their Fauna 

Eleven Studies. By A. H. Weatherley. Pp. xv +2874 11 
plates. (Canberra: Australian National University Press, 
1967.) $A10.50. 


Muca factual information is condensed in this book with 
the result that parts of the text are not very readable. 
It is, however, a work which will be of value to all who 
are interested in the ecology of inland waters. It emphas- 
izes the unique and peculiar features of the Australian 
aquatic environment and shows that some established 
general principles do not apply to the inland waters of 
this continent. 

There are eleven studies by ten contributors. The first 
three are concerned with the environmental setting and 
stress the main characteristics of the continent as they 
relate to inland waters. The major ionic composition of 
various water bodies in each state is given in a series of 
tables and in an extensive appendix there is a critical 
review of the sources of information on which each 
regional account is based. The last study in this section 
is an attempt at a biological classification of aquatic 
environments, illustrated by reference to Australian 
calanoid copepods (Centropagidae). There is a useful 
discussion of terminology and good reasons emerge for the 
introduction,of the term ‘‘athalassic”’, referring to waters 
associated with land, the saljs of which are derived by 
weathering of rocks and soils or indirectly from the sea, 
and in which a connexion with the sea either never existed 
in geologically Recent times or was permanentiy lost, 
with subsequent evaporation of the enclosed sea, The 
author’s ideas on the possible evolutionary physiology of 
the Australian Centropagidae seem, however, to be with- 
out foundation. 

The following five studies survey the fauna of Aus- 
tralian inland waters. An account of the present distribu- 
tion of decapod Crustacea is followed by a study of the 
fresh water Mollusca and their probable evolutionary 


relationships. This is essentially a taxonomic study and 
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includes keys to the identification of the fifty-two genera 
described from Australia. The next two studies outline 
the zoogeographical distribution and speciation of fifty-one 
taxa of anuran Amphibia in south-eastern Australia and 
the ecological and evolutionary aspects of some anuran 
life histories. Finally, an account is given of the principal 
fishes of the Murray-Darling river system. 

The concluding section of this book gives some account 
of the introduced fish species, together with a warning 
against the further introduction of fish and aquatic 
invertebrates. The biological consequences of alterations 
to the environment in response to man’s needs and 
activities are outlined, and a plea is made for an active 
programme of conservation in Australia, not only for 
large terrestrial animals, but also for the aquatic fauna, 
many elements of which are of great scientific interest. 

There are many tables and distribution maps and some 
of these must be criticized. Table 3.3 is unnecessarily 
complicated and is unintelligible at the point in the text 
at which it is inserted; the symbols in some figures are 
too small (Fig. 2.1) and merge with the coastline (Fig. 2.2) 
while some photographs are poor and not very instructive 
(Pl. 2.3; Pl. 2.6). These are minor points, however, and 
should not detract from a book in which there are few 
errors and which will undoubtedly be of value to all who 
are interested in aquatic environments. 

B. M. GILCHRIST 


ORGANIC NITROGEN COMPOUNDS 
Houben/ Weyl. Methoden der Organischen Chemie 


Herausgegeben von Eugen Müller. Unter besonderer 
Mitwirkung von O. Bayer, H. Meerwein und K. Ziegler. 
Band X, Teil 4: Stickstoffverbindungen 1/4. Bearbeitet 
von M. Bauer, B. Eistert, G. Heck, H. Metzger, Eu. 


Müller, M. Regitz, W. Rundel und H. Schwall. Vierte, 
völlig neugestaltete Auglage. Pp. xxxix +1044. (Stutt- 


gart: Georg Thieme Verlag, 1968.) 297 DM. 


Ir has already been noted (Nature, 210, 58; 1966) that 
in the new edition of Methoden der Organischen Chemie, 
volumes 10 and 11 are devoted to the preparation and 
reactions of organic derivatives of nitrogen; volume 10 
will ultimately consist of 4 parts, each a considerable and 
separate book, of which part 3 and now part 4 have 
appeared. Volume 11 has already appeared as parts 
l and 2, each a massive publication. It should also be 
noted that the first part of volume 11 deals solely with 
amines, and thus covers one of the largest and most 
widely handled classes of organic nitrogen compounds. 
Furthermore, volume 10, part 3, deals with aromatic 
diazonium salts and with diarylazo compounds, and thus 
covers what must be on the technical side the more impor- 
tant derivatives of the amines as a class. 

These points have some bearing on the contents of 
volume 10, part 4, now under review. This volume deals 
with oximes, nitrones, oxaziridines (or isonitrones), alipha- 
tic diazo compounds and finally diazirines. 

The section on oximes, by Dr H. Metzger, gives an 
admirable and very full account of the various reactions 
which may be used for the preparation of oximes, and the 
wide range of types of compounds to which these reactions 
apply. The 215 pages devoted to,this portion must con- 
stitute the most up-to-date and the most detailed account 
available of the preparation of oximes. The second 
portion is devoted to the reactions of oximes. Here a 
factor enters which is inevitable in this series; 
namely, that certain material which should logically 
enter at this stage has already been described in other 
connexions in earlier volumes. Thus the important 
subject of the Beckmann rearrangement of oximes to 
acylamides has arisen in previous volumes and is now 
briefly referred to in four pages, which are largely filled 
with more recent literature references. Similarly, the 
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reduction of oximes is discussed in two pages, which again 
consist largely of modern references. Because the reduc- 
tion of oximes In most cases gives rise to amines, the 
preparation of which has already been exhaustively 
discussed in volume 11, part 1, a full discussion in the 
current volume would be redundant. In spite of these 
occasional abbreviated passages, the account of the 
reactions of oximes runs to 190 pages, and incfides a very 
valuable account of metal “‘salts’’ of oximes and particu- 
larly chelated metallic derivatives. The many hundreds 
of references are supplemented by a bibliography of 
review articles and of other works in which special aspects 
of oxime chemistry have been discussed. 

A full account by Dr W. Rundel is given of the nitrones 
(1), which can be regarded as N-substituted derivatives 
of the :NH isomeric form of oximes, and of the oxazirid- 
ines (2), which possess the central 3-membered ring 
system, and the diazirines (3), by Dr M. Bauer and 
Professor E. Müller. 
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The largest section of this book, by Drs B. Eistert, 
M. Regitz, G. Heck and H. Schwall, is that on aliphatic 
diazo compounds, which runs to 420 pages, and which, 
like several sections in various volumes of this edition, 
could have been published separately as a substantial 
and very valuable work in its own right. Most organic 
chemists, when looking through this section, will be sur- 
prised at the present volume and variety of our know- 
ledge of the chemistry of aliphatic diazo compounds. 

In accordance with the general practice adopted in the 
many volumes of this new edition, this volume contains 
many tables, each giving, for example, the known com- 
pounds to which a particular reaction applies, the general 
method used, and the final product, with in each case the 
particular literature references to be found below the 
table. Furthermore, a specific reaction is often illustrated 
by concise experimental details of an actual preparation 
in which this reaction is utilized. 

A review, in the true sense of the word, of a volume 
of this size, so compactly filled with factual information, 
is hardly possible. It is a book of very high quality and 
one which will be of immense help to organic chemists 
working in these various fields. 

The excellent arrangement and nature of the type 
employed give (as in all these volumes) a remarkably 
clear and fresh appearance to every page, so that reading 
involves the minimum of strain. F. G. MANN 


GAS CHROMATOGRAPHY 


The Practice of Gas Chromatography 

Edited by Leslie 5. Ettre and Albert Zlatkis. Pp. xv + 
591. (New York and London : Interscience Publishers, 
a Division of John Wiley and Sons, 1967.) 140s. 


As the title indicates, the object of this book is to provide 
a comprehensive account of all aspects of practical gas 
chromatography for those engaged in analytical chemistry. 
Although generally it succeeds, it is a little surprising 
to find scant attention given to preparative work. 

The book consists of ten chapters each dealing with 
particular aspects of the subject written by an author who 
is an authority in his field. The first chapter, which deals 
with the setting up and operation of a gas chromatograph, 
will be particularly useful to newcomers to the subject. 
This is also true of the following chapter on the mobile 
phase, where questions of choice of gas, flow and pressure 
conditions are discussed. 

Preparation of volatile derivatives of materials which 
are themselves non-volatile, or present problems of tailing, 
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s ‘hha lately become a subject of much attention. The 


~~ chapter on sampling contains an extensive review of the 
a -methods available and, although no experimental details 


are given, the compsehensive list of references will help 
the reader to overcome this. 

Success in coping with any analytical problem by gas 
chromatography is dependent on good column technology, 
and appropriately one of the longest chapters is devoted 
to this. Column efficiency and the theory of column 
processes are discussed in the minimum necessary detail, 
and among other related matters a particularly useful 
appraisal of the role of the solid support is given. Con- 
siderable attention is also given to the subject of detection 
systems for which, in the course of time, almost every 
physical method of measurement has been employed. 
Here the obvious pitfall of attempting too much has been 
avoided without the author confining himself only to the 
commonly available forms. One would have thought, 
however, that the electron capture detector could justi- 
fiably have been considered at greater length. 

Electronic integration systems are playing an increas- 
ingly important part in the interpretation of analytical 
data. Most chromatographers will therefore find interest 
in the chapter on applications of digital electronic systems 
where the general philosophy of integration is discussed, 
but surely this should follow the succeeding chapters on 
interpretation of analytical data. 

Another subject of singular importance to the chroma- 
tographer is peak identification which is dealt with in 
two chapters, one on ancillary systems (for example, 
in line use of spectrometers), and the other on reaction 
systems which involve chemical techniques. A final 
chapter deals with automatic process gas chromatography. 

Although expensive, this is a book which will be particu- 
larly appreciated by those to whom gas chromatography 
is just another analytical technique with which they 
have become familiar. E. A. WALKER 


MAPS OF THE ANTARCTIC 


Glaciers of the Antarctic 

By John Mercer. Pp. 10+4 plates. 
Folio Series, Folio 7.) (New York: 
Society, 1968.) n.p. 


The Antarctic Atmosphere 

Climatology of the Surface Environment. 
the US National Records Center and W. S. Weyant. 
Pp. 4+13 plates. (Antarctic Map Folio Series, Folio 8.) 
(New York: American Geographical Society, 1968.) n.p. 


(Antarctic Map 
American Geographical 


Compiled by 


THERE are to be about twenty folios in thiseseries, sum- 
marizing present knowledge of the Antarctic in so far as 
it is suitable for presentation in atlas form. The series 
as a whole was introduced to the readers of Nature by 
G. de Q. Robin (208, 439; 1965) and his general remarks 
still apply. ‘The criticism of these two folios is that 
advantage has not been taken of the atlas form—or 
much of the information is unsuitable for presentation on 
distributional maps. Folio 7 consists of a descriptive 
review, after the manner of a scientific paper, with 155 
references. Negligible information is given on the maps; 
on one sheet you will find maps of several sub-Antarctic 
islands each at a different and irrational scale (the scale 
for plate 1 is wrong). What is it about the occurrence of 
a glacier which makes it useful to plot the geographical 
distribution ? Surely it will be better to consider the 
fundamental conditions which give rise to the eccurrence 
of glaciers—-wind, temperature, and precipitation. 

This criticisrn is to a certain extent answered by folio 8 
which in addition to the parameters already named con- 
siders the temperature/wind relation, cyclone tracks, 
blowing snow, and cloudiness. I was disappointed to 
find only three maps:ea striking picture of mean annual 
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temperature, mean cloudiness, and an artistic impression 
of cyclone tracks. I am aware that there is some danger 
in drawi ing isolines through a pattern of observing stations 
which are too widely spaced, but this is largely a matter 
of choosing an appropriate contour interval and choosing 
a reasonable scale for the map, which should not attempt 
to give too much detail. Surely if mean parameters may 
be plotted, their variability may be plotted also, and if 
it is recognized that an atlas is probably for the use of a 
non-specialist in the discipline considered, then I believe 
that sketches, such as the cyclone tracks, are valuable 
and justified. 

For each continental station, some attempt has been 
made to record the period of years to which the observa- 
tions relate, but unhappily this has not been extended to 
the large number of sub-Antarctic stations extending as 
far as 40° N. This vital climatological statistic, so easily 
included at the time of compilation, will be beyond the 
reach of the climatologist using this atlas in 25 years’ 
time and having his more recent records for comparison. 

The series as a whole will mevitably be compared with 
the Soviet Atlas Antarktiki (Moscow: Glavnoye Uprav- 
leniye Geodezi i Kartografi, 1966) which, with the same 
subject matter, makes a minimum use of histograms and 
wind-roses, and a maximum visual impression by the use 
of striking colouring for a large number of small-scale 
distributional maps. S. Evans 


OBITUARIES 


Anthony Richard Philpotts 


Tony Puiurorrs, who died in May, aged 47, was a 
spectroscopist who made some very important contribu- 
tions to industrial chemistry. 

After graduation from Cambridge in 1942 he worked with 
Dr G. B. B. M. (now Sir Gordon} Sutherland im the 
physical chemical laboratories on war problems, notably 
trying to find the composition of enemy aviation fuel, 
using infrared absorption spectroscopy which was still 
undeveloped for analysis. 

In 1945 Philpotts joined the central research depart- 
ment of the Distillers Company Ltd at Epsom, where he 
applied spectroscopic techniques to problems ranging 
from the structure of polymers of formaldehyde and 
acetaldehyde to the measurement of absolute intensities 
of absorption bands. He developed a profound know- 
ledge of the relationships between the structure of a 
compound and its infrared spectrum which he applied 
to analytical problems. One striking success was the 
development of a method for analysis of the oxidation 
products of cumene, a step which proved essential 
for the successful development and operation of the 
Distillers cumene/phenol process; phenol is produced 
by the oxidation of cumene in controlled conditions, 
followed by cleavage of the resulting hydroperoxide to 
give phenol and acetone. In 1960 Philpotts took charge 
of all the analytical research and services at Epsom, 

Philpotts’ ‘published work Lis not extensive because 
most of his efforts were devoted to solving problerns in 
which industrial security considerations precluded pub- 
lication. He was, however, one of the first to appreciate 
the effects of slit- width on absorption measurements and 
his paper in 1951 pioneered the measurement of absolute 
intensity. 

The use of infrared spectroscopy for structural analysis 
of organic compounds was his special interest. He pub- 
lished a valuable paper on spectra of peroxides but his 
maim work on the correlation between absorption fre- 
quencies and structure of unsaturated compounds con- 
taining chlorine or oxygen has not appeared in print. It 
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was, however, reported at conferences and has been 
acknowledged in the literature. 

More recently he pioneered the use of analytical tech- 
niques in combination. He developed and reported 
various techniques for recording spectra of gas chromato- 
graphy fractions and he had new techniques of this type 
under development at the time of his death. 


University News 


The following appointments have been made in the 
University of Edinburgh: Mr G. B. Oddie to the 
Robert Adam chair of architecture; Dr C. B. Wilson 
to the chair of arehitectural science; Dr A. H. Cook to 
the chair of geophysics; Dr F. Alexander to a personal 
chair in veterinary pharmacology. 


Mr Stanley L. Wright, principal of Edinburgh College 
of Art, has been appomted to the newly established chair 
of applied design at Heriot-Watt University. 


The following appointments have been made at the 
University of Newcastle upon Tyne:  Pro-vice- 
chancellor, Professor N. J. Petch, Wiliam Cochrane 
professor of metallurgy, head of the Department of 
Metallurgy and honorary director of the Science Research 
Council Unit on Brittle Fracture; Dean of Medicine, 
Professor G. A. Smart, professor of medicine. Dr N. C. 
Freeman has been appointed to the second chair in 
mathematics. 


Professor A. V. Johnson, University of Nottingham, 
has been appointed professor of chemistry at the Univer- 
sity of Sussex. 

The Duke of Abercorn is to be the first chancellor of the 
new University of Ulster. 


Dr R. P. Spencer has been promoted to professor of 
nuclear medicine and Dr A. Bouhuys has been promoted 
to professor of medicine and epidemiology in the Yale 
University School of Medicine. 


Announcements 


Sir Barnes Wallis has been awarded the Albert Medal 
of the Royal Society of Arts for his contribution to the 
development of aeronautical science and engineering. 


Dr H. D. Turner, assistant registrar in the University 
of Sheffield, has been appointed to succeed Sir Norman 
Wright as secretary of the British Association for the 
Advancement of Science. Mr R. P. Saville has been 
appointed assistant secretary. 


The following elections were made at the Anniversary 
Meeting of the Linnean Society of London: president, 
Professor A. R. Clapham; treasurer, The Earl of 
Cranbrook; secretaries, Mr J. P. M. Brenan (botany), 
Dr P. H. Greenwood (zoology), Dr Doris M. Kermack 
(editorial); members of council, Professor O. M. B. 
Bulamn, Professor A. J. E. Cave, Mr F. R. Good- 
enough, Professor V. H. Heywood, Professor D. H. 
Valentine ; foreign members, Professor A. Fernandes 
(Portugal), Dr F. Stafleu (Holland). Dr K. L. Alvin, 
The Earl of Cranbrook, Dr C. T. Prime and Dr M. E. 
Varley were appointed vwice-presidents. Linnean gold 
medals were presented to Profesgor Alastair Graham 
and Professor Thomas Maxwell Harris and the H. H. 
Bloomer award for an amateur naturalist was presented 
to the Hon. Miriam Rothschild. 


The trustees of the Lady Tata Memorial Fund for 
research in leukaemia and allied disorders have made 
the following awards for 1968-69: Fellowship, Miss E. 
Davidson (University of Edinburgh); Scholarships, Dr 
V. Balazs (University of Leiden), Dr M. M. Fröhlich 
(Leiden University), Dr R. Hancock (Swiss Institute for 
Experimental Cancer Research), Dr O. Mach (Institute 
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of Haematology and Blood Transfusion, Prague), Miss 
A. M. Tomkys (ARC Institute of Animal Physiology. 
Babraham), Dr P. Stryckmans (Institut Jules Bordet., 
Brussels); Expenses grant, Dr D. Yiza (Hôpital Saint- 
Lows, Paris). 

The Smithsonian Institution has awarded visiting 
research associateships to the following: Dr K} Apparao 
(Tata Institute of Fundamental Research, Bombay); 
Dr Philippa Black (Harvard University); Dr V. Buch- 
wald (Arizona State University); Dr W. Cernohorsky 
(Emperor Gold Mining Company, Fiji); Dr E. R. de la 
Sota (La Plata University); Dr D. M. Devaney (Bernice 
P. Bishop Museum, Honolulu); Dr L. J. Hickey (Prince- 
ton University); Professor H. L. Li (University of 
Pennsylvania); Mr P. Malone (Case Western Reserve 
University); Dr B. Runnegar (University of New 
England, Armidale). 


Applications are invited by Schering Chemicals Ltd, 
Berlin, for the Schoeller- Junkmann- Preiss 1969 which 
is worth 15,000 DM. Applicants, who should be less than 
40 years of age and permanently resident in Europe, 
should submit unpublished manuscripts dealing with 
work in endocrinology (excluding studies of diabetes 
mellitus) before November 15 to Professor J. Zander, 
Direktor der Universitaéts-Frauenklinik, 69 Heidelberg, 
Voss-Strasse 9, Germany. 


The Australian Academy of Science invites applica- 
tions for the Selby Fellowship from graduates in any 
branch of physical or biological science who hold a PhD 
degree or have equivalent status and experience and who 
wish to work for one year in Australia. Candidates should 
state the nature of the research they wish to undertake and 
the university department or research institution preferred. 
Further information is available from the Executive 
Secretary, Australian Academy of Science, Gordon Street, 
Canberra City, ACT 2601, Australia. 


Meetings 


July 21-26, Animal Reproduction and Artificial 
Insemination, Paris (Maison de la Chimie, 28 rue St 
Dominique, Paris 7). 

August 18-23, Thermal Analysis, Worcester, Massa- 
chusetts (Dr C. B. Murphy, Xerox Corporation, PO Box 
1540, Rochester, New York, USA). 

August 25-31, 24th International Congress of Physio- 
logical Sciences, Washington, DC (Secretariat, 9650 
Rockville Pike, Bethesda, Maryland 20014, USA). 


August 26-28, Haemophilia, Montreal (World Federa- 
tion of Hempophiha, 122 Arlington Avenue, Montreal 6, 
Quebec, Canada). 

August 26-31, Land Evaluation, Canberra (Mr G. A. 
Stewart, Division of Land Research, CSIRO, PO Box 
109, Canberra City, ACT, Australia). 

September 1-3, Regulation of Food and Water Intake, 
Haverford, Pennsylvania (Dr A. N. Epsteim, Leidy 
Laboratory of Biology, University of Pennsylvania. 
Philadelphia, Pennsylvania 19104, USA). 


September 1-7, European Regional Conference on 
Electron Microscopy, Rome (Dr Steve Bocciarelli, 
Istituto Superiore di Sanita, Viale Regina Elena 299, 
00161 Rome, Italy). 

September 2-6, Fermentation Advances in the Light of 
Recent Theoretical Progress in Microbiology, Bio- 
chemistr¢ and Engineering, New Brunswick (Third 
International Fermentation Symposium, Rutgers, the 
State University, New Brunswick, New Jersey, USA). 


September 3-6, Macromolecular Chemistry, Toronto 
(Organizing Committee, Box 932, Terminal A, Toronto, 
Canada). r 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the public) 


Thursday, July Ii 


GEOLOGICAL SOCIETY OF LONDON, ENGINEERING GROUP (at Burlington 
House, Piccadilly, London, W1), at 5 p.m.—Annual General Meeting, 
followed by Sir Harold Harding: “Tunnels and Tunnelling”. 


$ 
Monday, july !5—fFriday, July 19 


_ SOCIETY FOR ANALYTICAL CHEMISTRY (at the University, Nottingham)— 
Second SAC Conference, 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before the 
dates mentioned: . 

RESEARCH FELLOW in APPLIED MATHEMATICS—~Head of the Department 
T e Sir John Cass College, Whitechapel High Street, London, E1 
(July 8). 

SRC RESEARCH STUDENT (with a good honours degree, interested in plant 
genetics or evolution or weed control) in CROP PLANT EVOLUTION to work on 
the evolution and breeding of tolerance to herbicides in crop plants—-The 
oe The University, P.O. Box 147, Liverpool 3, quoting Ref. RV/558 
(duly 8). 

LECTURER (with interests in glass, powders or composites and qualified in 
any appropriate field in science or technology) in the DIVISION OF MATERIALS 
and MOLECULAR ScreENcE—The Clerk to the Governing Body, Woolwich 
Polytechnic, London, SE18 (July 10). 

SUPERINTENDENT (graduate in science or engineering) of LABORATORIES in 
the DEPARTMENT OF PURE AND APPLIED Puysics--The Secretary, The 
Queen’s University of Belfast, Belfast, Northern Ireland (July 11). 

ASSISTANT LECTURER (with an honours degree in a biological subject and 
preferably a special interest in animal ecology) in the BIOLOGY DEPARTMENT 
— The Secretary, Queen Elizabeth College (University of London), Campden 
Hill Road, London, W8 (July 12). 

SENIOR LECTURER (with medical qualifications registrable in the UK) in 
OPHTHALMOLOGY—The Registrar, The University of Manchester, Manchester, 
13, quoting Ref. 109/68 (July 12). 

SENIOR LECTURER in MOLECULAR BIOLOGY; a SENIOR LECTURER (with an 
interest in genetics) in MICROBIOLOGY; a LECTURER GRADE H in PHARMA- 
COLOGY; and a LECTURER GRADE II (with an interest in parasitology) in 
ZooLocy—The Principal, Barking Regional College of Technology, Long- 
bridge Road, Dagenham, Essex (July 13). 

SENIOR DEMONSTRATOR (with interests in inorganic chemistry or theoreucal 
chemistry) in CHEMISTRY in the SCHOOL OF CHEMICAL ScrpNncES—The 
Registrar and Secretary, University of East Angla, Earlham Hall, Norwich, 
NOR. 888, Norfolk (duly 15). 

JUNIOR LECTURER IN BIOCHEMISTRY—The Secretary, Trinity College, 
University of Dublin, Dublin, Republic of Freland (July 16). 

ASSISTANT LIBRARIAN (graduate with library qualifications and experience) 
to deal mainly with cataloguing and classification—The Secretary, Royal 
Holloway College (University of London), Englefield Green, Surrey (July 19). 

RESEARCH FELLOW (with a PhD degree and experience of analytical geo- 
chemistry) in the DEPARTMENT OF GEOLOGY to carry out analyses of sedi- 
mentary rocks—The Registrar, University College of Swansea, Singleton 
Park, Swansea, South Wales (July 20). 

EXPERIMENTAL OFFICER in PHOTOGRAMMETRY in the DEPARTMENT OF 
ENGINEERING, Simon Engineering Laboratories—~The Registrar, The 
University of Manchester, Manchester, 13, quoting Ref. 113/68 (July 21). 

PROFESSOR in the DEPARTMENT OF ANIMAL SCIENCE; a LECTURER and an 
ASSISTANT LECTURER/JUNIOR RESEARCH FELLOW in the DEPARTMENT OF 
EXTENSION EDUCATION and RURAL SOCIOLOGY; a SENIOR LEcCTURER/ 
LECTURER in AGRICULTURAL ENGINEERING, and a SENIOR LECTURER/ 
LECTURER in PLANT SCIENCE in the DEPARTMENT OF PLANT SCIENCE; anda 
LECTURER/ASSISTANT LECTURER in the DEPARTMENT OF SOIL SCIENCE 
University of Ife, Nigeria~~The Inter-University Council, 33 Bedford Place, 
London, WC1 (July 23). 

LECTURER (with a good honours degree and preferably a minimum of two 
years’ practical experience in industry and/or research) in the DEPARTMENT 
of CIVIL ENGINEERING to lecture in fields other than structures—The Regis- 
R oe Mary College (University of London), Mile End Road, London, 
41 (July 24). 

LECTURERS; and a SENIOR TECHNICIAN or TECHNICIAN in the DEPART- 
MENT OF ZOoLOGY, Ahmadu Bello University, Zaria, Nigeria-—The hiter- 
University Council, 33 Bedford Place, London, WC1 (July 25). 

LECTURER or SENIOR LECTURER in the DEPARTMENT OF PATHOLOGY 
(Morbid Anatomy), University of Ibadan, Nigeria—The Inter-University 
Council, 33 Bedford Place, London, WC] (July 26). 

LECTURER (with research interests in any branch of mathematics or with 
suitable experience and an interest in consulting work in statistics within the 
University) in MATHEMATICS at the University of New England, Armidale, 
New South Wales, Australia-—-The Association of Commonwealth Univer- 
sities (Branch Office), Marlborough House, Pall Mall, London, SW1 (Australia 
and London, July 26). 

LECTURER in SOCIAL Psycwouacy at the University of Western Australia 
—The Association of Commonwealth Universities (Branch Office), Marl- 
borough House, Pall Mall, London, SW1 (Australia and London, July 27), 

LECTURER (with experience in modern approaches to mathematics teach- 
ing) in the TEACHING OF MATHEMATICS in the DEPARTMENT OF EDUCATION 
and COLLEGIATE FactLtty oF Epvucation—The Registrar, University 
College, Cardiff (July 27). 

LECTURER (preferably candidate specializing in taxonomy or ecology) in 
the DEPARTMENT OF Botany, Ahmadu Bello University, Zaria, Nigeria~— 
The Inter-University Council, 33 Bedford Place, London, WC1 (July 29). 

LECTURER (with special research interest in one or more of tke following: 
experimental cartography (particularly computer mapping, map transforma- 
tion, CRT display); the mathematical basis of computer simulation of gec- 
graphical processes; geographical information systems; man/machine inter- 
face in geographical problem solving) in the DEPARTMENT OF GEOGRAPHY— 
The Registrar, Room 39 (ORB), The University, Reading (July 29). 

SENIOR LECTURER or LECTURER IN SOCIOLOGY at the University of Canter- 
bury, Christchurch, New Zealand—The Association of Commonwealth Uni- 
ePrice, {Branch Office), Marlborough House, Pall Mall, London, SW1 

uly 30). e 
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CHAIR OF COMPUTATIONAL ScrRNCE—The Registrar, The University, P.O. 
Box 147, Liverpool 3, quoting Ref. RV/546 (July 31). . 

LECTURER/SENIOR LECTURER in PHARMACOLOGY at the University af 
Western Australia—The Association of Commonwealth Universities (Branch 
paa D House, Pall Mall, London, SW1 (Australia and London, 

uly 31). 

LECTURER (with a good honours degree and preferably some experiance of 
experimental research) in the DEPARTMENT OF MECHANICAL ENGINEERING 
—The Registrar, King’s College London, Strand, London, WC2 (duly 31). 

UNIVERSITY LIBRARIAN—The Establishment Officer, The University of 
Sussex, Essex House, Falmer, Brighton, Sussex, quoting Ref. 216/1 (July 31). 

DIRECTOR (with a knowledge of conservation, preferably with an approp- 
riate university degree, and administrative experience) of the AUSTRALIAN 
CONSERVATION FOUNDATION—The Hon, Secretary, Australian Conservation 
Foundation, P.O. Box 804, Canberra City, A.C.T., 2601, Australia (August 1). 

LECTURER (with a first degree in metallurgy, materials science or sold 
state physies, and a higher degree or equivalent research experience} in 
PHYSICAL METALLURGY at the University of Newcastle, New South Wales, 
Australia—The Association of Commonwealth Universities (Branch Office), 
Marlborough House, Pall Mall, London, SW1 (Australia and Landon, 
August 2). 

TEMPORARY ASSISTANT LECTURER in INORGANIC CHEMISTRY- The 
Registrar, Queen Mary College (University of London), Mile End Road, 
London, El (August 9). 

CHAIR OF MATHEMATICAL STATISTICS af the University of Western 
Australia—The Association of Commonwealth Universities (Branch Office), 
Marlborough House, Pall Mall, London, SWI (Australia and London, 
August 10). 

PROFESSOR OF THEORETICAL PHysics at the University of New South 
Wales, Australia—The Seeretary-General, Association of Commonwealth 
Universities (Branch Office}, Marlborough House, Pall Mall, London, SWL 
(Australia and London, August 12). 

CHAIR OF APPLIED MATHEMATICS at Royal Holloway College, Englefield 
Green, Surrey—-The Academic Registrar (A), University of London, Senate 
House, London, WC1 (August 20). 

LECTURER in NUTRITION AND FOOD CHEMISTRY in the Home Science 
School, University of Otago, Dunedin, New Zealand—~The Association of 
Commonwealth Universities (Branch Office), Marlborough House, Pall Mall, 
London, SW1; or The Registrar, University of Otago, Dunedin (New Zealand 
and London, August 31). 

HELMINTHOLOGIST (with a degree in zoology and postgraduate experience 
in helminth taxonomy) at the Commonwealth Bureau of Helminthology, 
St Albans, Herts., for the identification and taxonomy of the parasites of 
animals, including man--The Secretary, Commonwealth Agricultural 
bases Farnham House, Farnham Royal, near Slough, Bucks. (September 

j. 

LECTURER in CHEMICAL ENGINEERING—The Registrar, University of 
Strathelyde, George Street, Glasgow, C1, quoting Ref. 28/68. . 

LECTURER or ASSISTANT LECTURER (with a medical qualification or a 
degree in physiology) in the DEPARTMENT OF PHYSIOLOGY, University of the 
West Indies, Jamaica—The Inter-University Council, 33 Bedford Place, 
London, WCH. 

LECTURERS (2) in the DEPARTMENT OF MATHEMATICS (for one post a 
statistician with an interest in stochastic processes is required, and for 
the other post an interest in modern analysis is desirable}—~ The Academic 
Registrar, Loughborough University of Technology, Loughborough, 
Leicestershire, quoting Ref. 68/28. 

PHYSICAL ORGANIC CHEMIST (with a good honours degree or PhD) to jon 
& team responsible for the development of a new range of radiopharma- 
ceuticals—-The Personnel Officer (Ref, 8130/34), The Radiochemical Centre, 
Amersham, Bucks, 

PROFESSOR (with high academic qualifications and considerable teaching 
and research experience at university level) of MATHEMATICS at the University 
of the West Indies, Trinidad—The Inter-University Connell, 33 Bedford 
Piace, London, WCL 

RESEARCH FELLOWS and RESEARCH ASSISTANTS (with a good honours 
degree in mathematics, physics, oceanography or hydraulic engineering) at the 
TIDAL INSTITUTE AND OBSERVATORY to work on problems concerned with the 
mathematical simulation of both normaland abnormal long wave phenomena 
in tidal estuaries and seas—The Registrar, The University, P.O. Box 147, 
Liverpool, 8, quoting Ref R.V/552/N. 

RESEARCH OFFICER in STATISTICS to assist in a project financed by the 
Nuffield Foundation for two years--The Registrar (8), The University, 
Claverton Down, Bath, Somerset, quoting Ref. 68/29. 

RESEARCH STUDENT (suitably qualified graduate) in the DEPARTMENT OF 
Puysics for work concerned with the investigation of electrical resistance 
changes arising from fatigue damage in a number of different types of solida 
—Professor L. R. B. Elton, Department of Physics, University of Surrey, 
Battersea Park Road, London, SW11. 

RESEARCH STUDENTS IN STRUCTURAL AND TRAFFIO ENGINEERING-— 
Professor C, B. Wilby, Professor of Civil Engineering, The University of 
Bradford, Bradford, 7. 

SRC RESEARCH STUDENTS (2) (with or expecting a good honours degree 
in physics, chemical physics, or physics and electronic engineering) In the 
DEPARTMENT OF Puysics to undertake PhD research on the following 
projects: fundamental processes in scintillators, in co-operation with Nuclear 
Enterprises, Ltd, Edinburgh: and fundamental processes in gas lasers, in 
co-operation with Ferranti, Ltd, Edinburgh—-Dr J. B. Birks, The Schuster 
Laborator”, The University, Manchester, 13. 

TECHNICAL OFFICER (with a degree in horticulture, botany or agriculture 
or a National Diploma and preferably experience of glasshouse crops, par- 
ticularly experimental work) to co-ordinate variety trials of glasshouse 
vegetable crops—The Acting Secretary, National Institute of Agricultural 
Botany, Huntingd&én Road, Cambridge. 


REPORTS and other PUBLICATIONS 


inot included in the monthly Books Supplement) 
Great Britain and Ireland 


Agricultural Research Council. Radioblological Laboratory Annual 
Report, 1967. Pp. vi+ 47. (London: Agricultural Research Council, 1168. 
Obtainable from H.M. Stationery Office.) 8s. 6d. net. pa {285 

The British Food Manufacturing Industries Research Association. Annual 
Report 1967. Pp. 65. (Leatherhead: The British Food Manufacturing 
Industries Research Association, 1968.) i2ZgG 

Baird and Tatlock (London), Ltd. A Selection of Laboratory Instruments 
and Apparatus. Pp, 25. (Chadwell Heath, Essex: Baird and Tatiock 
(London), Ltd, 1968.) {295 
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[205 
What do You Know About Professional Engineering? Pp. 13. (London: 
The Council of Engineering Institutions, 1968.) [305 


per volume (approx. 320 pp.) 1508.; $18 per volume (Postage 7s., $0.85) 
(Barking, Essex: Elsevier Publishing Company, Ltd, 1968.) (305 


and Economic Planning, 1968.) 78. 6d. [805 
l Part i by Peter Townsend, Mike Reddin and 
Peter-Kaim-Caudle. (Fabian Tract No. 382.) Pp. 1-28. Part 2 by Mark 
Blaug, H. D. Hughes and Bleddyn Davies. (Fabian Tract No. 383.) Pp. 
29-60, (London: Fabian Society, 1968.) 3s. 6d. each part. [315 
_ Ministry of Technology. Computer Installations: Accommodation and 
Fire Precautions. Pp. vii+28. (London: H.M. Stationery Office, 1968.) 
38. Od. net. i3t5 
_ The Society for Analytical Chemistry. Report of the Analytical Methods 
pag 1967. Pp. 30. (London: Society for Analytical Chemistry, 
1968, 315 

The Gelatine and Glue Research Association. Nineteenth Annual elon 
for the year October 1966 to September 1967, Including also Research—a 
Service for Users: Complete Index of Reports issued 1949-1967. Pp. 62. 
(London: The Gelatine and Glue Research Association, 1968.) [46 

National Parks Commission. Coastal Preservation and Development—a 
Study of the Coastline of England and Wales. The Coasts of North-East 
England, (Report of the Regional Coastal Conference held at Neweastle 
upon Tyne on January 12th, 1967.) Pp. vii~+ 744-12 photographs. (London: 
H.M. Stationery Office, 1968.) 32s. 6d. 46 

Philosophical Transactions of the Royal Society of London. Series B: 
Biological Sciences. No, 790, Vol, 254 (6 June 1968): Triassic Stratigraphy 
of the Southern North Sea Basin. By M. E. Geiger and C. A. Hopping. 
Pp. 1-6 + plates 1-4. (London: The Royal Society, 1968.) 25s.; 83.25. [66 

Petroleum Information Bureau. U.K. Petroleum Industry Statistics—- 
Consumption and Refinery Production, 1966 and 1967. Pp. 9. (London: 
Petroleum information Bureau, 1968.) [108 

Department of Education and Science—National Advisory Council on 
Education for Industry and Commerce. A Report on the Use of Buildings 
and Equipment by the Committee on the More Effective Use of Technical 
College Resources. Pp. v+34. (London: H.M, Stationery Office, 1968.) 
4a. net. [106 

Institute of Seaweed Research. Annual Report for 1967, Pp. 18. (Inveresk, 
Midlothian: Institute of Seaweed Research, 1968.) 106 
Cement and Concrete Association. Report for the year 1967. Pp. 71. 
London: Cement and Concrete Association, 1968.) 1106 


Other Countries 


Australia: Commonwealth Scientific and Industrial Research Organiza- 
tion. CSIRO Divisions and Sections 1968. Pp. 25. (fast Melbourne: Com- 
monwealth Scientific and Industrial Research Organization, 1968.) [56 

United States Department of the Interior: Fish and Wildlife Service. 
Bureau of Sport Fisheries and Wildlife. Special Scientific Report——Wildlife 
No. 109: Status and Life History of the Everglade Kite in the United 
States. By Walter Ò. Stieglitz and Richard L. Thompson. Pp. ii4+21. 
(Washington, D.C.: Government Printing Office, 1967.) 80.20, {56 

South Australia. Report of the Museum Board, Ist July 1966 to 30th 
June 1967. Pp. 23. (Adelaide: Government Printer, 1968.) [56 

American Institute of Physics--Information Division. ID 68-3: Develop- 
ment of a Multi-Coordinate Vocabulary: Chemical Physics. By Rita G. 
Lerner. Pp. 19. ID 68-4: Development of Multi-Coordinate Vocabulary: 
Plasma Physics. By Rita G. Lerner. Pp. 7. ID 68-5: Progress Report on 
the Development of a Laser/Maser Vocabulary. By Rita G. Lerner. Pp. 9. 
TD 68-6: Plans for a National Physics Information System. By Franz L. 
Alt and Arthur Herschman. Pp. 54. (New York: American Institute of 
Physics, 1968.) . l l {56 

Annals of the South African Museum. Vol 50, Part 10: The Braincase, 
Basicranial Axis and Median Septum in the Dinocephalia. By L. D. Boonstra. 
Pp. 195-273. (Cape Town: South African Museum, 1968.) R.3. {56 

Chamber of Mines of South Africa Research Organization. Gold Bulletin 
No. 2: Selected Abstracts from the Technical Literature on Gold. Pp. 15. 
(Johannesburg: Chamber of Mines of South Africa Research Organization, 
1968.) 


56 

Bibliography of Vitamin E, Vol. 7, 1965-1967. Compiled by Wilma F. 
Kujawski. (Rochester, New York: Distillation Products Industries, a 
Division of Eastman Kodak Company, 1968.) [66 
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Canada: Department of Energy, Mines snd Resources, Geological Survey 
of Canada. Memoir 367 (Advance edition): Geology of the Beaverlodge 
Mining Area, Saskatchewan (Parts of 74 N/9 and 74 N/16). By L. P. 
Tremblay. Pp. xix+468. (Ottawa: Queen's Printer, 1968.) 85, [866 

United States Department of the Interior: Fish and Wildlife Service. 
Bureau of Sport Fisheries and Wildlife. Resource Publication No. 48: 
Chemical Vegetation Control Manual for Fish and Wildlife Management 
Programs. By Thomas E. DeVaney. Pp. iv+42. (Washington, D.C.: 
Government Printing Office, 1968.) 80.30. r86 

Proceedings of the United States National Museum, Smithsonian Inatitu- 
tion. Vol. 124, No. 3645: Numerical Approaches to the Relationships of 
Certain American Swimming Crabs (Crustacea: Portunédae). By W, 
Stephenson, W. T. Williams and G. N. Lance. Pp. 25. Vol. 124, No. 3649: 
The Species of the Subgenus Leptoferania Casey (Coleoptera: Carabidae: 
Pterostichus). By Hilary A. Hacker. Pp. 61. Vol. 124, No. 3650: Loevosomella 
from Tedania ignis, the Caribbean Fire Sponge, By Klaus Rützler, Pp. 11. 
Vol. 125, No. 3651: Notes on Aradidae in the U.S. National Museum, V 
(Hemiptera: Heteroptera). By Nicholas A. Kormilev. Pp, 16, Vol, 125, 
No. 3653: Caligoid Copepods Parasitic on Jsurus oryrinchus, with an Example 
of Habitat Shift. Pp. 26. VoL 125, No. 3654: Neotropical Microlepidoptera, 
XVI, a New Genus and Twe New Species of Oecophoridae (Lepidoptera). 
By J. F. Gates Clarke. Pp. &. VoL 125, No. 3655: Parallel Evolution in the 
Small Species of Jndicater (Aves). By Herbert Friedmann, Pp. 10. (Wash- 
ington, D.C.: Government Printing Office, 1968.) {66 

sovernment of India: Ministry of Health. Report of the Central Drugs 
Laboratory, Calcutta, Ist April 1950 to Bist March 1962. Pp. 50. (Delhi: 
Manager of Publications, 1966.) [66 

United States National Museum Bulletin 264: Catalog of Recent Echinoid 
Type Specimens in the U.S. National Museum, Smithsonian Institution, 
and the Museum of Comparative Zoology, Harvard University. By Maureen 
ok ani Pp, vi+ 09. (Washington, D.C.: Government Printing ys 


; § 
The Parliament of the Commonwealth of Australia. Report from the 
Senate Select Committee on the Metric System of Weights and Measures. 
Pp. xiii+ 137. (Canberra: Commonwealth Government Printer, 1968.) [66 
Australia: Commonwealth Scientific and Industrial Research Organiza- 
tion, Land Research Series No. 21: Lands of the Dawson-Fitzroy Area, 
Queensland, Comprising papers by N. H. Speck, R. L. Wright, F. C. Sweeney, 
R. A. Parry, E. A, Fitzpatrick, H. A. Nix, B. H. Gunn and I. B. Wilson. 
Compiled by R, A. Perry. Pp. 260+2 maps. (Melbourne: Commonwealth 
Scientific and Industrial Research Organization, 1968.) {66 
American [nstitute of Physics, Information Division. ID 68-2: Retrieval 
of the 1964 Laser Literature Using MIT’s Project TIP. By Stella Keenan 
and Edward Terry. Pp. 13. (New York, N.Y.: American Institute of Physics, 
Information Division, 1968.) [66 
Canada: Department of the Secretary of State. National Museum of 
Canada. Natural History Papers, No. 37 (March 29, 1968): Four New 
Subspecies of Leiocephalus stictigaster from Cuba. By Albert Schwartz and 
Orlando H. Garrido. Pp. 28. Bulletin 219: The Avalon Peninsula of New- 
foundland—an Ethno-linguistic Study. By B. R. Seary, G. M. Story and 
W.J. Kirwin. Pp. xi+ 115. $2. Bulletin 223: Contributions to Zoology, IV. 
Pp. vit 86. $2. (Ottawa: Queen’s Printer, 1968.) {76 
Proceedings of the United States National Museum, Smithsonian Institu- 
tion. Vol. 125, No. 3652: Isopoda and Tanaidacea from Buoys in Coastal 
Waters of the Continental United States, Hawali, and the Bahamas (Crus- 
tatea). By Milton A. Miller. Pp. 53. (Washington, D.C.: Government 
Printing Office, 1968.) {76 
Scientific Reports of the Research Institute for Theoretical Physics, 
Hiroshima University, No. 6: Wave Geometry IL By Y. Mimura, H 
Takeno, K. Sakuma and Y. Ueno. Pp. HEILL CHiroshima-ken: Research 
Institute for Theoretical Physics, The University, 1967.) 7 
United States National Museum Buletin No. 267: Bibliography and 
Index to Scientific Contributions of Carl J. Drake for the years 1914-1987. 
By Florence A. Ruhoff. Pp. vill+8t. (Washington, D.C.: Government 
Printing Office, 1968.) . 78 
Institut National de la Recherche Agronomique. Service d’Etude des 
Sols et de la Carte Pédologique de France. Notice Explicative de la Carte 
Pédologique de la France au Millioniéme. Par J, Dupuis. Pp. 56. (Paris: 
Institut National de la Recherche Agronomique, 1967.) 10 franes. {106 
Proceedings of the United States National Museum, Smithsonian Institu- 
tion. Vol. 124, No, 3646: The Taxonomic Status of Dineutus serrulates and 
Dineutus analis in North America (Gyrinidae: Coleoptera), By F. E. Wood. 
Pp, 9. Vol. 124, No. 3647: The Suborders of Perciform Fishes. By Wiliam A. 
Gosline. Pp. 78. (Washington, D.C.: Government Printing Office, 1968.) [106 
World Meteorological Organization. World Weather Watch. Planning 
Report No. 24: Methods and Equipment for Automatic Distribution of 
Information. (Global Telecommunication System.) Pp. vili+56. (Geneva: 
World Meteorological Organization, 1968.) {106 
The Central Committee for Norwegian Research. Report No. 1: Recom- 
mendations fos a Norwegian Research Policy. Pp. 41. (Oslo: Central 
Committee for Norwegian Research, 1968.) {106 
United States National Museum Bulletin No. 262: Catalog of the Type 
Specimens of Invertebrate Fossils. Part 1: Paleozoie Cephalopoda. By 
Louis R. Purnell. Pp. 198. (Washington, D.C.: Government Printin 
Office, 1968.) $0.70. [106 
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DYES? 


hemists and Physicists know 


as do other scientists and technologists concerned with : 
INDUSTRIAL RESEARCH & PRODUCTION| ANNUAL SURVEYS OF 
that EDWARD GURR LTD. are very useful 


people to know when problems arise which could | O R G A N O M E TA L B | G 


me. | be overcome by the use of suitable dyes. 

-`f itis our business to know which dye is likely to serve best, 

-f as a research or production tool, for a particular project. C H E M | S T RY 
-| We invite enquiries for: 
| DYES FOR USE IN ALL INDUSTRIES 


GE (except the Textile Industry} ; ; l 
7 and hold stocks of @ great variety of dyes, ready for immediate despatch EDITORS . D. SEYFERTH AND R, 


- $ including: 

o op Cyanine, Dicyanine, Fast Bordeaux O, Aurantia, Crystal violet, BPC, Scarlet 

o E R, BPC, Diazonium salts, Neutral violet, Lacmoid, Nile blue, Janus green, 
-Ao Brilliant green BPC, Rosolic acid, Methyl green, Magneson, p-Ethoxy- 
Hi -chrysoidin, Methyl red, Nitrazine yellow, Pinacryptoi green, etc. 


2 | Biologists know 


oe Vols. 1, 2 and 3 were published in 
‘MINCHIRG 















book form, 


À 9 | 
y MIHE the series is now continued as 
STAINS & REAGENTS FOR BIOLOGY 


and that the trade mark ““Michrome” is 


a 
synonymous with Quality, Reliability, Prompt | 
delivery and Technical Information Service. eC 10 n 
Biologists are invited to send for our latest catalogue of || 
‘MICHROME’ Stains & Reagents for Biology 


| Acridine orange, Aquamount, Euchrysins, Fluormount, Lipid crimson, sigg 
| Matamount, May-Grinwald, Leishman, Giemsa, Toluidine blue, Cresyl || i Pant 
. fast violet, Papanicolaou stains, Sienna orange, Thioflavine S, Briliant CASEIN 


. cresyl blue, Peptones, Agar, Nile blue, Pyronin Y, etc. 


| EDWARD GURR LTD. a “ONN 
42 Upper Richmond Road, West London, S.W.14 | Ch em I stry Reyi ews 
Cables: Micromlabs London SW14. Telephones: 01-876 8228/9 | | | . | l 


a <A | Vol. 4, No. 1: TRANSITION METALS 
ae ee is now available. 
Further issues (Main Group Metals) to follow 








WHEN A 
HIGH 
POWER 
MAGNIFIER 
OFTHE 
BEST 
QUALITY 
TS NEEDED 
~ ENBEECO- 
KOWA 
= Enbeeco Durness Magnifiers 


wee The ENBEECO Distortionless Magnifier has a coated anastigmatic triplet 10. 
Coo Made especially for us—1o our specification—it answers the most meticulous 
requirements. Finished in Satin Chrome and complete with leather etre in 
Gilt and Black silk-lined casket. F SOOA £4:19:6 


KYOWA Achromatic Magnifiers 
The quality and finish of the Kyowa range of Achromatic magnifiers will satisfy 
even the fastidious. They have a wide field and the coated lenses are excellent. E E S EVI E R S E 5 O | A S, À. 
The lenses are in black cells and the folding mount is Satin Chrome. Comp 


tere 
in leather pouch. F Kyowa/l0x £3:2:0 F Kyowa/2@x £5:18:6 
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Telephone: 01-405-5268 


Subscription price Sfr. 78.00 (plus Sfr. 5.30 
postage) 
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they accept liability for printers’ errors, 
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APPOINTMENTS VACANT 


UNIVERSITY OF MELBOURNE 


CHAIRS IN THE SCHOOL OF 
AGRICULTURE 

Applications are invited for appointment to 
two Chairs in the School of Agriculture follow- 
ing the retirements of Professor H. C. Farster 
and G. W. Leeper. There are now three Chairs 
in the School: one is held by Professor D. E. 
Tribe whose field is Animal Husbandry. Appli- 
cants should have special interests in one or more 
of the following broad fields: Agricultural 
Economics, Plant Sciences and Soil Sciences. 
Salary $A12.000 per annum. 

Further information including details of super- 
annuation, travel and removal expenses, housing 
assistance and conditions of appointment, is avail- 
able from the Secretary-General, Association of 
Commonwealth Universities (Branch Office}, Marl- 
borough House, Pall Mail, London, SW i. Ap- 
plications close on August 15, 1968. It is honed 
the new appointees will commence duties on 
March 1, 1969. (35) 





UNIVERSITY OF QUEENSLAND 
TEMPORARY LECTURER IN PATHOLOGY 
The University invites applications for the 
above-mentioned position. Applicants must hold 
a medical degree registrable in the State of 
Queensland, Postgraduate experience af some 
five years’ duration in clinical and pathological 
discipline is desirable though not absolutely 
essential. In addition to his direct responsibilities 
to the University, the appointee may, at the 
discretion of the Professor of Pathology, be 
seconded to the Denartment of Pathology of one 
of the teaching hospitals for part-time routine 
duties, The salary attached to the position will 
be at the rate of S$A5.400 per annum. The ap- 
polntment will be in the first instance for a 
period expiring on December 31, 1968. 
Additional information and application forms 
will be supplied upon request to the Association 
af Commonwealth Universities (Branch Office), 
Marlborough House, Pall Mall, London, S.W.1, 
Applications close in London and Brisbane on 
July 31, 1968, (36) 


MEMORIAL UNIVERSITY OF 
NEWFOUNDLAND 
MEDICAL SCHOOL 
SENIOR APPOINTMENTS up to and includ- 
ing the rank of professor will shortly be made in 
all the basic medical sciences, excepting Physio- 

logy at this new Medical School. 

The Dean of the School, Dr. Ian Rusted, is 
at present on a brief visit to the U.K. and will 
be in a position to interview a number of poten- 
tial candidates who are asked to write at once to 
the Secretary-General, Association of Common- 
wealth Universities, Marlborough House, Pall 
Mall, London, 8.W.1, with a gurriculum vitae 
and the names of three referees : a brochure will 
he sent in reply. 18) 
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FACULTY OF MEDICINE 


Applications are invited from medical or science 
graduates for a Lectureship in the Department 
of Physiology. Applicants with interest or ex- 
perience in cardiovascular physiology preferred. 
Salary in scafe £1,470 to £2,730 per annum 
{medical graduates) or in scale £1,470 to £2,630 
per annum (non-medical graduates). FSS U. 

Applications (six copies), naming three referees, 
by July 12, 1968, to the Assistant Registrar, the 
Medical School, Birmingham 15, from whom 
further particulars may be obtained. (i4) 





NEW ZEALAND 
DEPARTMENT OF SCIENTIFIC AND 
INDUSTRIAL RESEARCH 


Applications are invited for the 
mentioned vacancy: 


Vacancy B 13/18/70/1465 


SCIENTIST (CHEMIST) 
SOIL BUREAU, TAITA 


Salary. Up to $NZS,970 according to 
qualifications and experience. An outstand. 
ing Scientist can progress to $NZ7,300 on 
merit. 

Quilifications desired. Honours degree 
in Science and appropriate research experi- 
ence desired. 

Chemist. 


under- 


The Chemistry Section works 


on the supply and availability of major and 
trace elements in the soil and the influence 
of soil constituents on plant composition 


and animal health. There is opportunity 
to participate in the development of analyti- 
cal methods, including instrumental tech- 
niques. The successful candidate will be 
given every encouragement to develop indi- 
vidual lines of research within the scope of 
the section. Co-operation with physical 
chemistry, biochemistry and pedology sec- 
tions is encouraged. 
Passages. Fares for appointee and = his 
wife and family, if married, will be paid. 
Incidental expenses. Up to £35 for a 
single man and £100 for a married man 
can be claimed to cover the cost of taking 
personal effects to New Zealand. 
Application forms and general informa- 
tion aré available from the High Commis- 
sioner for New Zealand, New Zealand 
House, Haymarket, London, S.W.1, with 
me applications will close on July 31, 
Please quote reference B 13/18/70/1465 
when inquiring. (54) 





THE 
UNIVERSITY OF 


LEEDS 





Applications are invited fer a post in 
the following Department - 


PHYSIOLOGY 


ASSISTANT LECTURER 
LECTURER 


Reference No, 68/43/1, 
July 16, 1968, 


Salary scales: Assistant Lecturer £1,470 
to «£1,630 Gf medically qualified), or 
£1,105 to £1,340 (non-medically quali- 
fied); Lecturer £1.900 to £2,750 (effici- 
ency bar £2,150) Gf medically qualified). 
£1,470 to £2,630 (efficiency bar £2,270) 
{non-medically qualified). 


Closing date : 


Applications (three copies), stating age, 
qualifications and experience, should be 
forwarded to the Registrar and Secre- 
tary, The University, Leeds, 2 (from 
whom further particulars may be ob- 
tained). Please quote reference num- 
ber, 
(106) 


UNIVERSITY OF SURREY 
DEPARTMENT OF BIOCHEMISTRY 
LECTURER IN BIOCHEMISTRY 
Applications are invited for the post of Assist- 
ant “Lecturer/Lecturer in Biochemistry within the 
Department of Biochemistry. Applicants should 
have a higher degree with appropriate teaching in 
some feid of biochemistry or clinical chemistry, 
research and/or industrial experience, and will be 
required to teach in the courses for the B.Sc. 
Biochemistry and M.Sc. in Clinical Biochemistry. 
The commencing salary will be at an appro- 
priate point on the scales for Assistant Lecturer: 
£1,105 to £1,340 per annum; or Lecturer: £1,470 
to £2,270 (bar) to £2,630 per annuntl with a 
deduction of $% for superannuation (FSS. UNJ. 
Applications, together with the names and ad- 
dresses of not more than three referees, should 
be received net later than July 15 by the Aca- 
demic Registrar (L.F.G.). University of Surrey, 
Battersea Park Road, London, S.W.1i, from 
whom further particulars may be REMES i 
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UNIVERSITY OF NOTTINGHAM 
DEPARTMENT OF PHYSIOLOGY AND 
ENVIRONMENTAL STUDIES 

Applications are invited for the post of 
JUNIOR RESEARCH “ASSOCIATE to assist Dr, 
W. i Whiuingion in his studies on natural 
populations of hybrids between perennial rye 
grass and meadow fescue, Applicants should 
have a good honours degree in an appropriate 
Botanical discipline with an interes@in ecological 
genetics, Suitably qualified candidates will be 
perminied to register for a higher degree. The 
Salary will be initially £600 per annum for those 
candidates working for a higher degree. The 
appointment will begin on October 1, 1968, and 
will be for one year in the first instance with 
possible extension up to a maximum period of 
three years. 


COMMONWEALTH 
AGRICULTURAL BUREAUX 


Vacancy for 
SCIENTIFIC INFORMATION OFFICER 
at the Commonwealth Insthute of Entomology 
56 Queers Gate, London, 8.W.7 


Duties: Preparing English language abstracts 
in applied entomology. 

Qualifications: A degree in a biological science, 
preferably including entomology, with a good 
reading knowledge of at least two other European 
languages. Accuracy, critical sense and the 
ability to write good concise English essential. 

Salary: In scale £1,051 to £2,546 with pro- 
vision for superannuation. Starting salary ac- 
cording to age, qualifications and experience. 
Two extra increments after two years’ satisfac- 
tory service for applicant aged 32 or under on 
date of appointment. 


Application forms and full particulars from 
The Secretary, Commonwealth Agricultura! 
Bureaux, Farnham House. Farnham Royal, Nr. 
Slough, Bucks. 


Closing date for applications: July 22, 1968. 


SENIOR LECTURESHIP/LECTURESHIP IN 
CLINICAL PATHOLOGY 


Applications are inviked from medically quali- 
fied candidates for the above-mentioned post in 
the Department of Pathology. Annual salaries 
(supcrannuable) (approximate present sterling 
equivalents in brackets) are: Senior Lecturer, 
HKS47,360 by HKS1.840 to HK$456,560 (man or 
woman) [£3,258 to £3,887]: Lecturer, HK $30,880 
by HES1.440 to HKS49,600 imam [£2,122 to 
£3,409], HK$26,720 by HK$1.760 to HK$32.000—~ 
HK$33.280 by HKS2.000 to HKS$45.280 by 
HK51.440 to HKS$49,600 (woman) [£1,836 te 
£3,405}. 

A clinical award is also payable if the apnoin- 
tee has suitable experience and qualifications and 
if he is offered appointment as Senior Lecturer 
or as Lecturer above the fourth point in the 
lecturer scale, 

Further particulars and application forms may 
be obtained from the Secretary-General, Asso- 
ciation of Commonwealth Universities (Branch 


Office), Mariborough House, Pall Mall, London, 
S.W.. or the Registrar, University of Hong 
Kong. 


Closing date for applications in Hong Kong 
and Landen faly 31, 1968. 

The Head of Department, Professor J. B. Gib 
son, is at present on leave in this country and 
contact with him may be made through the 
Association. 


of the 
ANIMAL HEALTH TRUST 


Applications are invited for the post of 
COAGULATIONIST in the Station’s department 
of haematology. The appointment will be for a 
three-year periad. Applicants should be gradu- 
ates, with particular interest in blood coagulation, 
but previous expericnce in this field is not neces- 
sary. The work envisaged is directed to a funda- 
mental study of blood coagulation in animals. 
starting with birds. A recent graduate would 
have an opportunity to work for a higher degrec. 
Skilled technical assistants are pravided in the 
laboratory. Salary according to age and experi- 
ence in one of the ranges: £850 by £50 to £1,500 
or £1450 by £74 to £2.100. Commencement may 
be above the lower limit in cach case. 

Application forms are obtainable on request 
from the Joint Secretaries, Animal Health Trust, 
i4 Ashiey Place, Westminster, London, S.W.1, 
and should be submitted by August 15. 


è (16) 
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_Are you a British scientist or engineer thinking of returning to work in 
research and development in Britain ? You may find what you are looking 
for, without going home first, in the Scientific Civil Service, the United 
Kingdom Atomic Energy Authority, or the Central Electricity Generating 
Board. And your family fares back to this job may be paid. 


The work is mainly applied, in that it has a practical end in view, but 
fundamental research is frequently involved. The order of the categories in 
which openings are most numerous is (1) physics, engineering, mater'als 
science and mathematics, (11) chemistry, (HH) biochemistry. 


Permanent Appointments are on offer mainly as Scientific Officer and 
Senior Scientific Officer (or their equivalents), for which candidates will 
most likely be between the ages of 23 and 31. 


Research Fellowships are prestige awards, offered to scientists and 
engineers of exceptional ability, usually for 2-3 years. Fellowships may 
lead to Permanent Appointments. 


A Selection Board composed of practising research scientists and 
engineers, drawn from R&D establishments in the three organisations, 

will be interviewing in :— 

WASHINGTON 13thto 22nd Nov- CHICAGO 10th April to 22nd April, 

ember, 1968; categories (11) & (HI). 1969; all categories. i 
NEWYORK 28th Novemberto11th SAN FRANCISCO 29th April to i 
December, 1968; category (1). Oth May, 1969: all categories. E 


OTTAWA 16th January tô 5th Feb- 
ruary, 1969; all categories. 


if you are interested in jobs of our kind, would you please write to one of 
the following—IMMEDIATELY, to give us maximum time for finding out 
which research establishments might be especially interested in you. 


If you are in the U.S.A. if you are in Canada 

Mr. R. G. Voysey, Director, Mr. H. G. Sturman, Senjor 
United Kingdom Scientific UKAEA Representative in 
Mission, British Embassy, Canada, P.O. Box No. 1245, 
Washington, D.C. 20008. Deep River, Ontario. 


issued jointly by the Civil Service Commission, the U.K. Atomic Energy 
Authority, and the Central Electricity Generating Board. 


66) 
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CSRO 


BIOGHEMIST 


DIVISION OF FOOD PRESERVATION 


AUSTRALIA 


GENERAL The research programme of the Division of Food Preservation of the Common- 
wealth Scientific and Industrial Research Organization includes many aspects of the physical 
and biological sciences related to the needs of the food industry. The Division has a staff of 
over 90 scientists working the fields of physics, chemistry, biochemistry, plant physiology, 
microbiology and food science, and it is housed at North Ryde, N.S.W., in modern laboratories 
provided with a wide range of research facilities and equipment. 


DUTIES Work on the possible effects of the state of water and its structure on the course 
of action of hydrolytic enzymes is to be initiated. This will involve at first a study of enzyme 
kinetics and temperatures near and below O° C together with a study of the effect on kinetics 
of agents believed to affect water structure. 


The appointee will be required to initiate research along the lines described, and to supervise 
the work of an Experimental Officer. 


QUALIFICATIONS Applicants should have a Ph.D. degree or postgraduate research 
experience of equivalent standard and duration, supported by satisfactory evidence of research 
ability. Applicants with some knowledge of, and an interest in, the physical chemistry of 
aqueous solutions and reaction kinetics will be preferred. 


SALARY Depending upon qualifications and experience, the appointment will be made 
within the salary range of Research Scientist, $A5,250- $46,622 p.a. or Senior Research Scientist, 
$6,892~$A7,974 p.a. Salary rates for women are $A428 p.a. less than the corresponding rates 
for men. Promotion within CSIRO to a higher classification is determined by merit. 


CONDITIONS The appointment, which is subject to passing a medical examination, will 
be for an initial period of three years, after which, if mutually desired, either an extension of 
tenure or appointment for an indefinice period will be considered. An initial probationary 
period of twelve months may be specified, Fares will be paid for the appointee and his dependent 
family. Return fares will be paid at the conclusion of a short term appointment for an appointee 
domiciled outside Australia, 


Applications (quoting Appointment No.: 300/481} and stating full name, place, date and year 
of birth, nationality, marital status, present employment, details of qualifications and experience, 
together with the names of not more than four persons acquainted with the applicant’s academic 
and professional standing, should reach ; 


Mr. R. F. Turnbull, 
Chief Scientific Liaison Officer, 
Australian Scientific Liaison Office, 


Africa House, Kingsway, 


LONDON, W.C.2, by the féth August, 1968. 


CYANAMID 


YOUNG 
AGRICULTURAL 
GRADUATE 


Promotion into our International Division has created a career oppor- 
tunity for a young graduate in our Agricultural Division’s Research 
and Advisory Department. Based at Bush House, he/she will provide 
an information service on crop protection products to our customers, 
our own field force, government departments and the agricultural 
industry generally.@ His/her academic background, plus the continuous 
practical training we give wil fit him/her, in due course, for promotion. 


Commencing salary will be up to £1,300 per annum, depending on 
experience, plus large company benefits and conditions. 


if this opportunity appeals to you write, in confidence, telling us why 
you consider yourself suitable. e 


Company Personnel Manager 
CYANAMID OF GREAT BRITAIN LIMITED 
Bush House, LONDON W.C.2 
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SCIENCE RESEARCH COUNCIL 


The Royal Observatory, 
Edinburgh ~ 


DEPUTY DIRECTOR 


The Royal Observatory requires a Deputy 
Director to be responsible under the 
Astronomer Royal for Scotland, for the 
scientific administration of the Observatory. 
The Deputy Director will also be expected 
to carry out research in one of the major 
fields of the Observatory’s work. 

The post offers considerable scope to 
someone with administrative ability com- 
bined with an imaginative approach ta the 
pursuit of research in data handling, instru- 
mentation or astrophysics. 

The principal work is in astrophysics and 
in the development of new techniques of 
observation, measurement and computation 
including the design and construction of 
automatic computer-controlled instruments. 
There is also a small space research group. 
The staff, which numbers about 80, work in 
close collaboration with the Edinburgh Uni- 
versity Department of Astronomy which is 
housed at the Observatory. 


Present observational facilities include a 
36-inch reflector at Edinburgh, a 16/24-inch 
Schmidt camera at an outstation in Italy, 
a twin 16-inch photometric telescope, and 
in due course there will be access to the 
Isaac Newton Telescope and other large 
instruments. 

The post is at Senior Principal Scientific 
Officer level on a salary within the range 
£3,500 to £4,000. There is a non-contribu- 
tory suptrannuation scheme, 


Applications are invited from Senior 
Scientists preferably with considerable ad- 
ministrative experience and with research 
interests appropriate to those of the Obser- 
vatory. 


Please write for application form to 
Room 1423, Science Research Council, 
State House, High Holborn, London, 
WEL Closing date for completed forms 
July 20, 1968. (68) 


MEDICAL RESEARCH COUNCIL 


CLINICAL RESEARCH CENTRE 
ANIMAL DIVISION 


JUNIOR TECHNICAL OFFICER 


(male, 20-25) required to assist with in- 
vestigations into the breeding and supply 
of laboratory animals including primates. 
Previous experience is not necessary but an 
interest in embryology, histology and prac- 
tical work with animals is essential, and 
could well interest a new graduate, This 
is a permanent, superannuable post. Salary 
itt scale £699 to £1,201 plus London Weight- 
ing. Annual leave of 3 weeks, 3 days. 


Minimum qualification: Pass degree, or 
equivalent, in a blological subject. There 
may be facilities for study for a higher 
degree. 


Piace of work: Mill Hifi initially. but 
moving to mew research centre at Harrow 
in ig months, 


Applications to Mr. P. G. Daly, Clinical 
Research Centre, Administrative Office, 164 
Tattenham Court Road, London, WiP 
SLH. (1063) 


ABSTRACTORS IN 


BACTERIOLOGY 
(PART TIME) 


BACTERIOLOGISTS having good quali- 
fications and a sound knowledge of langu- 
ages are offered part time abstracting work 
on generous terms. Applicants should be 
free to visit leading London libraries (open 
dH 9 p.m.) to sean selected journals and 
to abstract papers therefrom. 

Please apply to: Dr. E. S. Kredy, In- 
formation Retrieval Limited, 38 Chancery 
Lane, London W.C.2, (133 
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A SENIOR EXPERIMENTAL 
TOXIGOLOGIST 


The Man with some industrial or academic post-graduate experi- 


BEECHAM RESEARCH 


LABORATORIES 


BROCKHAM PARK, BETCHWORTH, 
SURREY 


require a 
MICROBIOLOGICAL 
LABORATORY TECHNICIAN 
FOR THE ANIMAL HEALTH 
UNIT 


A vacancy exists for a young woman 
I8 to 20 to assist the senior laboratory 
technician in general veterinary diagnostic 
bacteriology. The successful candidate will 
aiso be expected to assist in anubiotic 
assay work using microbiclogical methods 
and should be prepared to help in the col- 
lection of material from farm and other 
animal work when necessary. 

E Applicants should be of Intermediate 

LM.L.T.. ONC of “O° level standard 
and should preferably have had some ey- 
perience in a microbiological laboratory. 

Beecham Research Laboratories is part 
of the Beecham Group and is situated in a 
pleasant area of Surrey within easy reach 
of London, The successful applicant will 
qualify for the Groups generous profit- 
sharing and non-contributory pension and 
life assurance schemes. There are excellent 
dining facilities and a flourishing sporis and 
social club. 

Applications shouid be made, stating 
briefly age, qualifications and experience to: 
The Personne! Officer, Beecham Research 
Laboratories, Brockham Park, Betchworth, 
Surrey. {44} 





UNIVERSITY OF 
SOUTHAMPTON 
DEPARTMENT OF CHEMISTRY 
POSTDOCTORAL APPOINTMENTS 


for 


ELECTROCHEMISTS, 

ORGANIC CHEMISTS, 

PHYSICAL ORGANIC 
CHEMISTS 


Applications are invited for a number of 
postdoctoral fellowships in the field of 
synthetic organic electrochemistry. The 
field of research covers organic chemistry, 
physical chemistry, analysis, electrochem- 
istry, and some aspects of engineering. Re- 
search workers with experience in any of 
these fields are encouraged to apply. The 
posts are for work on two projects: 


i. Fundamental investigations of the 
mechanisms of organic electrode processes, 

2. The development of new electrosyn- 
thetic reactions particularly for commerci- 
ally valuable products. Some of this work 
will be done in direct collaboration with 
industry. 

The Fellows will join a group working in 
the field of electrosynthesis and will be 
expected to initiate new lines of research. 
Salary will be in accordance with age, 
qualifications and experience, 

Further particulars can be obtained from 
the Deputy Secretary, The University, 
Southampton, SO9 SNH. Quote ref. N 
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UNIVERSITY OF OXFORD 
DEPARTMENT OF PATHOLOGY 


Applications are invited from graduates 
in biochemistry or a related subject for the 
post of DEPARTMENTAL RESEARCH 
ASSISTANT to work on the genetics and 
enzymology of the  penicillinases of 
Staphylococcus aureus. Salary within the 
scale: £800 to £1,840. 

Farther information from Dr. Dyke, De- 
partment of Biochemistry, University of 
Oxford. South Parks Road, Oxford. 
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ence, preferably, but not necessarily, in toxicology. 


The Job: To develop new experimental approaches to the evalua- 


tion of drug toxicity in animals. 

To help solve problems arising during toxicity trials. 
To assist the departmental head in the organization of, 
and the evaluation of results from, toxicity trials. 


Our Philosophy in our view toxicity testing of potential new drugs in 


animals should never be, or become, routine or hide- 
bound by protocol. it deserves as much imaginative 
research effort as the drugs’ synthesis and investigation 
of biological activity. Thus long-term toxicity trials are, 
for instance, an excellent test-bed for chronic pharma- 
cology studies. As no two trials are ever the same, 
versatility and flexibility of experimental approach are 
essential. 


The Department of Toxicology is new and still expanding. lt is research 


minded and constantly seeking to develop new techniques. 
Close liaison is maintained with the departments of 
pharmacology, biochemical pharmacology, pathology, and 
drug metabolism, so that the study of drug toxicity is 
essentially a multi-disciplinary approach. 

The routine collation and analysis of triais data is per- 
formed by computer. | 


Our Location is Sandwich. The toxicology laboratories are situated 


beside the animal breeding colony on a 34 acre site 
bordered by the river Stour. Looking across Royal St. 
George’s and Prince’s golf courses to the sea. 


if you are interested why not drop a brief note to: 


D. W. Sells, 
Personnel Manager, 
Research Division, 
Pfizer Limited, 
Sandwich, Kent. 


P.S. We need a new graduate too, to join the team as a 
Junior Toxicclogist, We would welcome applications 
from suitably qualified men and women. G32) 





BOTANIST 
PLANT BREEDER 


Age 30-40 Up to £2,500 


for a group centred on a quiet rural area of the Midlands 
within reasonable distance of large towns. Much of the pre- 
liminary groundwork has already been done in developing 
new types of agricultural root seeds. A young man with a 
good degree in Botany is now needed io take control as Plant 
Breeder during the next stages to further develop new and 
improved varieties. This post would appeal to a person who 
prefers to plan under his own initiative and supervise his 
experimental programme. He would direct and monitor his 
own efforts in a purposeful manner to achieve specific objec- 
tives. For a successful man future progpects are good. 


Reference : 22538/N (P. W. Egérton). 





AH letters will be Ri in strictest confidence and should be dened fe 
the consuitant quoting the reference number, 


A IO iec Selection Di Jivision 
CLARIDGE HOUSE - 37 DAVIES ST- LONDON W 











IENTIHG GIVILOERVI 


MICROBIOLOGICAL RESEARCH ESTABLISHMENT 


Porton, Salisbury, Wilts. 


The following JUNIOR or SENIOR RESEARCH FELLOWSHIPS are vacant: 
(a) Histopathology. In the Section of Experimental Pathology to work on virus 
encephalitis, Excellent laboratory facilities available for light and electron micro- 
scopy and for specialized work with small laboratory animals. Preference given 
to candidates who hold a medical or veterinary degree as qualification (see below), 
but those with a science degree and experience in histology will be considered. 
Reference: §/370/ MODA)/1.) 
(b) Virology. To study virus-cell inter-action or virus transmission and patho- 
genesis, Candidates should hold a science or medical degree as qualification (see 
below), and should have an interest in the properties and processes which lead 
to infection. (Reference: §/570/MOD(A)/2) 
Qualifications: A good honours degree or equivalent or higher qualification in 
appropriate subject, together with at least two years’ (for Junior Fellowship) or 
three years’ (for Senior Fellowship) post-graduate research. 
SALARY: Senior R.F. between £1,745 and £2,155 annually. 

Junior R.F. between £1,180 and £1.575 annually. 

Both are tenable for three years. 
F.S.S.U. terms. 
Fellowships at this and other establishments are available in most scientific disciplines 
and successful candidates have considerable freedom of choice of their specific 
research topics. 
Requests for application forms for the above posts and enquirics about opportunities 
for fellowships elsewhere should be addressed to Civil Service Commission, Savile 
Row, London, WIX 2AA, stating age, qualifications and research interests, and 
quoting appropriate reference. Closing date July 31, 1968. 


SALMON AND FRESHWATER FISHERIES LABORATORY 


Ministry of Agriculture, Fisheries and Food, London 


ZOOLOGIST (post for man only, graded $.8.0./8.0.) to work on serological and 
biochemical methods of typing salmon stocks. Knowledge of immunology and bio- 
chemistry essential. 

APPLICATION FORMS from Civil Service Commission. Savile Row, London, WIX 
2AA. Please quote §/52-53/68/MAF/5. Closing date July 31, 1968. 


AGRICULTURAL SCIENTIFIC SERVICES 
East Craigs, Edinburgh 


BOTANISTS/TAXONOMISTS (graded $.S.0./8.0.) for the study of old and new 
varieties of vegetable crops, including pulses, with a view to classification and 
identification: Qualifications (see below) should be in pure botany, agricultural 
botany or horticultural botany. 

Prospects of permanent pensionable appcintments, 

APPLICATION FORMS from Establishment Officer, Department of Agriculture and 
Fisheries for Scotland, Room 172, St. Andrew's House, Edinburgh, 1. Please mark 
the envelope with the letter K in the bottom left hand corncr. Closing date July 19, 
19 
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SALARIES, QUALIFICATIONS AND 
AGE LIMITS 


SCIENTIFIC OFFICER/SENIOR SCIENTIFIC OFFICER 


Salaries (starting salary may be above minimum): S.O.. £926 to £1,574. (incre-@ 


ments and special £120 award for approved post-graduate experience.) S50.: £1,744 
to £2.155. Most Scientific Officer Class appointments carry promotion prospects to 
Principal Scientific Officer ; £2,250 to £3,107. Salaries are supplemented in the London 
area, £125 Inner London, £75 Outer London. 


Qualifications : S.O.: Ist or 2nd class hons. degree or equivalent or higher 
qualification in appropriate subject. Age under 29. $.8,0.: As above plus at least 
three years’ post-graduate research, Age normaly 26-34. 
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UNIVERSITY OF IBADAN e MEDICAL COLLEGE OF 


NIGERIA æ 
DEPARTMENT OF GEOLOGY » 


Applications are invited for Lectureship in 
Palaeontology and Stratigraphy in Department 
of Geology, Appointment to commence as Soon 
as possible. Salary scale: £N1,200 to £N2,175 
per annum (2Nl=£f1 3s. 4d. sterling.) Salary 
supplemenation in range £240 to £435 per annum 
fsterling) in appropriate cases under British Ex- 
patriates Supplementation Scheme. Family pass- 
ages: FSSU.; various allowances; regular 
overseas leave. 

Detailed applications (six copies), naming three 
referees, by July 26, 1968, to Inter-University 
Council, 33 Bedford Place, London, W.C.1, from 
whom further particulars may be PER 


ST. BARTHOLOMEW’S HOSPITAL 
LECTURER IN THE DEPARTMENT OF 
PHYSICS 


Applications are invited for the post of Lec- 
turer in the Department of Physics. Duties will 
include teaching of physics at undergraduate and 
postgraduate levels. Excellent opportunities exist 
for research work in radiation physics,gusing an 
electron Hnear accelerator, and in radiation bio- 
logy. Salary within the range £1,470 to £2,630 
plus £60 London Allowance. The initial salary 
will depend on qualifications and experience. 

Forms of application, which must be returned 
not later than July 22, 1968, may be obtained 
from the Secretary, The Medical College of S. 
Bartholomew's Hospital, West Smithfield. E.C.1. 
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NATURE, JULY 6, 1966 


BEECHAM RESEARCH 
LABORATORIES 


BROCKHAM PARK, BETCHWORTH. 
SURREY 
have vacancies for 


LABORATORY TECHNICIANS 
IN THE DEPARTMENT OF 
IMMUNOCHEMISTRY 


The Immunochemistry Department under- 
takes work in the inter-related functions of 
allergy research (including penicillin and 
drug allergies} and virology. Both fields are 
concerned with fundamental aspects of 
immunology and cell physiology. 


LABORATORY TECHNICIAN FOR 
ALLERGY UNIT 


A young man or woman is required for 
general immunochemical work, including 
both chemical and biological aspects of the 
subiect. 

Applicants should be preferably of “AY 


level GiCLE. standard including chemistry 
and a biological subject. 


LABORATORY TECHNICIAN FOR 
VIROLOGY UNIT 


A vacancy existis for a young man or 
woman to undertake animal work in the 
virology unit including the handling of 
potentially pathogenic material. 

Some weekend work would be involved. 
Applicants should possess “A level 
G.C.E. passes in Biology/(Zoology) and one 
other subject to enable them to obtain a 
Home Office licence. 

An attractive starting salary will be paid 
according to age, qualifications and experi- 
enee. Day release facilities for further 
study are given up to age of 25 and every 
encouragement will be given to those seek- 
ing a worthwhile and interesting career in 
scientific research. There are profit sharing 
and non-contributory pension schemes, 
cafeteria and sports club facilities. 

Please apply. stating briefly, age, experi- 
ence and qualifications to: The Personnel 
Officer, Beecham Research Laboratories, 
Brockham Park, Betchworth, Surrey. 





UNIVERSITY OF MANCHESTER 
TURNER DENTAL SCHOOL 


Technician required to work with research team 
on development of new materials. The main 
duties will involve physical and mechanical test- 
ing and anplicants should possess skill and experi- 
ence in these fietds. Famillarity wih an Instron 
testing machine is desirable but not essential. 
This post is sponsored by the Science Research 
Council. 

Salary in accordance with the University’s 
scales for Technicians, Le. £722 to £1,007 per 
annum, with supplements for approved quallfica- 
ions, 

Applications should be sent to Dr. D. C. 
Smith, Department of Prosthetics, Turner Dental 
School. Bridgeford Street, Manchester 15. 
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QUEEN MARY COLLEGE 
{UNIVERSITY OF LONDON) 
DEPARTMENT OF CHEMISTRY 

Applications are invited for a temporary 
Assistant Lectureship in Inorganic (Chemistry. 
The appointment is tenable, in the first instance, 
for one year from September 3, 1968, and may 
be renewed for up to three years. Duties will 
include both teaching and research, Salary scale: 
£1,108 by £75 to £1,186 by £50 to £1,340 plus 
£60 London Allowance and F.S S.U. participa- 
tion, 

Application forms, obtainable from the Regis- 
trar, Queen Mary College, Mile End Read, Lon- 
don. E.J, to be returned by August 9, 1968. 
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CITY OF LEICESTER 
LEICESTER REGIONAL COLLEGE OF 
TECHNOLOGY 
fconstituent College of Proposed Palytechnic) 
Require RESEARCH ASSISTANT in the 
SCHOOL OF CHEMISTRY for October 1, The 
work is in the field of inorganic and radio- 
chemistry and is intended to ‘Sead to a Ph.D. 
Should have Honours Degree in Chemistry or 
equivaient. Salary: £900 to £1.720, according to 

qualifications and experience. 
Detalis and application form from Registrar, 
P.O. Box 143, Leicester. (104) 
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AGRICULTURE 


General Agriculturists and agricultural specialists of many kinds 
are frequentiy required in the effort to match the large demand 
from the Weveloping countries, The vacancies advertised below 
are a selection from the many openings which exist now, While 
they are being filled, other vacancies are arising. 
Salaries within the ranges quoted are assessed on quatifications and 

rience; and the terms of most appointments include free 
or subsidised accommodation, education grants, family passages, 
good leave on full pay, ete, A contributory pension scheme is 
avatlable in certain circumstances. 
Most appoinn eae are limited to nationals of the United Kingdom 
or vaya tas of Ireland who are normatly resident in those 
COHUNE: e 


BOTSWANA 


(i) Pasture Agronomist RC 213/19/02 
Duties : To carry out, control and advise on a programme of range manage- 
ment investigations at two existing pasture research stations and to carry 
out ecological and vegetation surveys as part of a programme of assessing 
the natural resources of Botswana. 


Qualifications: A degree in agriculture, preferably with experience of 
pasture research in arid areas. 


(2) Irrigation Agronomist RC 213/19/015 
Duties: To conduct experiments under irrigation with a wide variety of 
crops. 


Qualifications and Terms: A degree in agriculture with experience in 
tropical or subtropical irrigation agronomy. 


Salaries : Basic salary scale Rs. 2,256-4,440 p.a. (£ Sterling 1,316-2,590 p.a.) 
plus an inducement allowance in the range of £Stg. 156-336 p.a. Tax free 
gratuity 25% of basic salary and inducement allowance. Contracts: 2-3 
years. 


BRUNEI 


Soil Scientist RC 213/28/01 
Duties: To set up a soils laboratory and to carry out detailed soil surveys 
in selected areas. 


Qualifications and Terms: A degree in chemistry or soil chemistry with 
5 years’ post-graduate relevant experience in the tropics. 


Salary: Brunei $14,640-26,280 p.a. ($1 Brunei—-2/8.7d.). Tax free 
gratuity 121% of basic salary and inducement allowance. Contract: 3years. 


EAST AFRICAN COMMUNITY 
Soil Physicist RC 213/214/04 


Duties: To carry out investigations into the effects of diferent methods 
of cultivation on soil structure and the soil water regime in areas where 
water conservation is vital to arable agriculture. 


Qualifications and Terms: An honours degree in physics, agricultural 
engineering or agriculture, with at least three years experience in soil 
physics. 


Basic salary scale ELA, Sh. 15,960-29,880 p.a. (£Sterling 931-1,743 p.a.) 
according to experience. In addition an allowance, normally tax free, at 
present in the range of £Stg. 700-926 p.a. will be paid by the British 
Government on behalf of the East African Community toin officer's bank 
account outside East Africa, 259% terminal gratuity. Contract: 2 years, 


ETHIOPIA 


Lecturer in Agricultural Mechanics RC 213/58/05 
Duties: To teach agricultural mechanics and instruet students in the 
practical operation of equipment in the field and give lectures on agricul- 
tural engineering with special reference to the design and use of equipment 
at the Jimma and Ambo Agricultural Schools. 


Qualifications and Terms : A degree in agriculture or agricultural engineer 
ing with practical and teaching experience. 


Salary: £1,500-£2,700 p.a. according to qualifications and experience, 

subject to British income tax, plus a variable non-caxable overseas allowance 

ranging from £750-£1,580 p.a. depending on marital status, Contract: 
years. 


FIJI 
(1) Soils Scientist RE 213/62/09 


Duties: To carry out soil surveys on a detailed regional basis to follow 
on the reconnaissance survey already completed and to be responsible for 
field soil survey work on proposed development areas. 


Qualifications < A Ist or 2nd class honours degree in geology or geography 
and post-graduate experience in soil surveys in tropical areas. 


Pa N a ne A BEANE RABE 


RC 213/62/07 | 


Duties: Supervision and maintenance of technical standards in soil con- 
servation work, by liaison with District Agricultural Officers who administer 
all soil conservation extension, machinery and field staff. Arrange in» 
service training in soil conservation for field staff. Prepare iectures and 
examinations for the soil conservation course at the Fiji School of Agri- 
culture. Assist in preparation of soil conservation publicity. Advise on 
soil conservation matters through the Director of Agriculture or through 
the Land Conservation Board. 


Qualifications: A degree in agriculture or science with experience in 
practical soil conservation. Experience in tropical agriculture is desirable. 


Salaries : £Fijian 1,092~2,18! p.a. (fScerling 1,045~2,087 paj An induce- 
ment allowance, normally tax free, in the range of €Stg. 508-2829 p.a. is 
also payable direct to an officer's home bank account. Terminal gratuizy 
25%. Contracts: Í tour of 30-36 months. 


MALAWI 


Agricultural Research Officer 
(Rice Agronomist) 


(2) Soil Conservation Officer 


RC 213/134/016 


Duties : Ta draw up and execute a programme investigating all aspects of 
rice agronomy under rain-fed and irrigated conditions. 


Qualifications and Terms: A degree in agriculture and experience in rice 
agronomy under tropical conditions. 


Salary scale: £1,485-£2,600 p.a. In addition a supplement of £100 a 
year is payable direct to the officer’s bank account outside Malawi and 
Rhodesia. Terminal gratuity of 15%~25°, free of Malawi income tax. 
Contract ; 2-3 years. 


IRAN 


Lecturer in Soil Conservation RC 213/86/02 
Duties: To teach: Irrigation, with particular reference to soil, plant and 
water relationships and to surface and overhead irrigation systems: 
Dry-land farming, involving management of a dry-land farming project : 
Heavy machinery, involving the use of earthmoving equipment for surface 
irrigation and for soil conservation. 


Qualifications and Terms: Suitable teaching experience, and a degree in 
agriculture or agriculture engineering, with experience in irrigation. 


Salary: £1,900-£2,500 p.a. according to qualifications and experience, 
subject to British income tax, plus a variable non-taxable overseas allowance 
ranging from £420-£1,115 p.a. depending on marital status. Contract: 
] year. 


SABAH 


Agricultural Research Officer 
(Plant Breeder) RC 213/150/03 


Duties: To deal with the selection and breeding of oil palm and cocoa 
throughout the State of Sabah. 


Qualifications and Terms: An honours degree in natural science with 
2 years post-graduate training. A good general knowledge of the sublect 
is essential, Field experience desirable, 


Basic salary: $9,000~-$17,040 p.a. (Sterling 1,226-2,321 p.a.) plus an 
inducement allowance at present in the range of £Seg. BO4-1,303 paa 
Terminal gratuity approximately 20°. Contract: 2-3 years. 


SARAWAK 


Agricultural Chemist RC 213/155/01 
Duties: To assist the Analytical Chemist in taking charge of the Chemistry 
Division at the Research Centre at Semongok. Duties include soil and 
plant analysis, analysis of soil survey data, and of feeding scuffs and other 
substances. 


Qualifications and Terms: An honours degree in chemistry with post- 
graduate experience in agricultural or soils chemistry. Experience in 
tropical countries desirable. 


Basic Salary : $9,000-~-17,040 p.a. (€Sterling 1,226-2,321) plus an inducement 
allowance in the range of £Scz. 804-1,303 pa. Terminal gratuity approxi- 
mately 20%. Contact: | tour of 24-36 months. 


* 


+ 
For further particulars of these vacancies and an application form 
please write giving your full name. age and brief details of profes- 
sional qualifications and experience, and quoting bg hy Pla 


reference number, to the Appointments Officer, Room 324/N/18 
inistry of Overseas Development, Eland House, Stag Place, 
London, A. 


MINISTRY OF OVERSEAS 
DEVELOPMENT 
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CSIRO 


| GROUP LEADER 
PROCESS DESIGN 
AND EVALUATION 


AUSTRALIA 
DIVISION OF CHEMICAL ENGINEERING 


GENERAL The Division of Chemical Engineering located at Melbourne, Victoria, is a 
component of the Chemical Research Laboratories of the Commonwealth Scientific and 
Industrial Research Organization, and undertakes fundamental studies of selected unit 
operations and their application to the chemical and process industries ,in addition ta 
general process development, ‘Subjects covered include various aspects of particle 
mechanics, particularly grinding, classification, fluidization and mineral separation techniques; 
pyro-metallurgicai operations: rheology and mixing: chemical reaction engineering; heat 
and mass transfer operations and their application te, e.g. water desalination; process 
design and evaluation; and process control and automation, 


The Division's E.A.L. 8600 analogue computer, which it is hoped will shortly be converted 
into a hybrid machine, will be available for use by the Group, as will the Organization's 
digital computer network. 


The Division is due to move to new laboratories in 1969/70 ac Clayton, Victoria, about 
13 miles from Melbourne and adjacent to Monash University. 


DUTIES The appointee will be required to take charge of a small Group undertaking 
the following duties: 


{a} flowsheet development, chemical engineering design, and economic evaluation of 
proposed new and improved processes. 


{b} laboratory work to obtain process design data, when appropriate. 


{c} research into process design methods, particularly chose employing analogue and 
digital computing techniques. 


The appointee, to an extent depending upon the level of his appointment, will be expected 
to advise the Chief and other senior members of the Division as to the potentiality of 
proposed new processes and to indicate lines for their further development. He would 
also be expected to initiate research into process design methods. 


QUALIFICATIONS Applicants should have an honours degree in chemical engineering 
together with a Ph.D. degree or postgraduate research experience of equivalent standard 
and duration, supported by satisfactory evidence of research ability. Several years experience 
in ‘process design and Hevaluation with a commercial organization is highly desirable. 
Experience in the use of compurers is also desirable although not essential. 


SALARY Depending upon qualifications and experience, the appointment will be madg 
within the salary range of Research Scientist, $45,250~$A6,622 p.a., or Senior Research 
Scientist, $46,892-$A7,974 pa. Appointment as Principal Research Scientist, $A8,242~ 
$A9,490 p.a., will be considered for applicants with extensive and appropriate research 
experience. Promotion within CSIRO to a higher classification is determined by merit. 


CONDITIONS The duration of the appointment will be determined in consultation 
with the successful candidate; some applicants may prefer a fixed term appointment for 
three years. Appointment will be conditional upon passing a medical examination and an 
initial probationary period of twelve months may be specified. An indefinite appointment 
carries with it Commonwealth Superannuation Fund or Provident Account privileges. 
Fares paid for the appointee and his dependent family. Return fares will be paid at the 
conclusion of the appointment for an appointee domiciled outside Australia, 


Applications (quoting Ap@bintement No. 608/84) and stating full name, place, date and year 
of birth, nationality, marital stacus® present employment, details of qualifications and 
experience, together with the names of not more than four persons acquainted with the 
applicant's academic and professional standing, should reach: 


Mr. R. F. Turnbull, 

Chief Scientific Liaison Officer, ° 
Australian Scientific Liaison Office, 

Africa House, Kingsway, 


LONDON, W.C.72, by the léth August, 1968. 
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MINISTRY OF OVERSEAS 
DEVELOPMENT 


The Tropical Pesticides Research Head- 
quarters and Information Unit is seeking 
an EDITOR/JINFORMATION OFFICER 
to assist in the production ofa quarterly 
journal devoted to the scientific aspects of 
pest control in the tropics. I: is envisaged 
that the successful candidate should take on 
the entomological side of the work. 

Candidates should have a degree or 
equivalent in Entomology or a related sab- 
ject, have a flair for writing, and preferably 
have some overseas experience. 

Salary will be in the Experimental Officer 
Seale from £1,490 to £1,859 per annum 
including Inner London Weighting. The 
work will be located in Central Londen. 

Applications by July 15, 1968, to: 

The Director, à 

Tropical Pesticides Research Head- 
quarters and Information Unit, 

86-62 Gray's Inn Road, 

London, W C.I, {99} 





UNIVERSITY OF YORK 
DEPARTMENT OF BIOLOGY 


Applications are invited for a LECTURE- 
SHIP or ASSISTANT LECTURESHIP in 
Pant Physidlogy from October 1, 1968, or 
later, 

Salary on the scale £1,476 to £2,630 (Lec- 
turer} or £1,105 10 £1,340 (Assistant Lec- 
turer}, with F.S.S.U. 

Six copies of applications, naming three 
referees, should be sent by 29 July to the 
Registrar, University of York, Heslington. 
York, from whom further particulars may 
be obtained. Please quote Ref. ae 


WOOLWICH POLYTECHNIC 
LONDON, S.E.18 


DEPARTMENT OF PHYSICS 
requires 


RESEARCH ASSISTANTS 


Applications are invited for posts of Re- 
search Assistant. Facilities are availabic 
for work on the physics of thin files, the 
thermal properties of gases and other 
topics. The persons appointed may, if 
holding a suitable first degree, work for the 
PRD. degree of the University of London 
a3 an internal candidate. 

Salary scale (under review): £810 by £30 
(2) to £8706. 

Particulars and application form from 
Clerk to the Governing Body, Woolwich 
Polytechnic, Wellington Street, London, 
S.E.18, to be returned as soon as possible. 
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UNIVERSITY OF LIVERPOOL 


CHAIR OF COMPUTATIONAL 
SCIENCE 


Applications are invited for the Chair of 
Computational Science. Candidates should 
have special academic interests in the field 
of Anplied Nomerical Analysis: apprecia- 
tion and experience of the application of 
electronic computation will be considered 
to be important. 

Fhe salary will be within the range ap- 
proved for full-time professorial appoint- 
ments, 

Applications (twelve copics), stating age, 
qualifications and experience, together with 
the names of three referecs, should be re- 
ceived not later than July 21, 1968, by the 
Registrar, The University, P.O. Box 147, 
Liverpool 3, from whom further particulars 
may be obtained. (Candidates overseas 
may send one copy only by airmail. Please 
quote Ref BY /446/N. 

H. H. BURCHNALL, 
Registrar. 
(1 
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Will the British Economy Survive? 


Nosopy will begrudge the Brookings Institution the 
generous praise which it has received from newspapers 
in the United Kingdom for the report on the condition 
of the British economy which it published just a few 
days ago (Britains Economic Prospects, Allen and 
Unwin, 72s.). For there is great tact in the way in 
which the hardest of the lessons which the report has 
to purvey have to be quarried by diligent readers from 
the statistics and even from the frequently stilted 
prose which marks this volume out as a contribution 
to American scholarship in the modern style. Unfor- 
tunately, however, perceptive readers will quickly 
become aware that the lessons which are spelled out 
are none the less painful for not being shouted aloud. 
And even when the team which the Brookings Institu- 
tion sent to Britain hits the wrong key and bases its 
recommendations on an analysis which is not so much 
mistaken as incomplete, the greatest patriots will 
find themselves acknowledging that the subtleties 
which the Americans have overlooked are usually 
anachronisms as well. One wav and another it is a 
sorry tale. 

Understandably, the report has so far been remarked 
on for its assertion that the British Government and 
British financial institutions have frequently mis- 
managed the British economy. By force of habit 
British taxpayers are accustomed to assume that 
guile at the Bank of England and the Treasury can 
go a long way to make up for deficiencies of industrial 
productivity. It is therefore a smack in the eye for 
the compatriots of Keynes to be told that much of 
British financial policy since the Second World War 
has helped to exaggerate the ups and downs of the 
trade cycle and not to smooth them out., In spite of 
the ease and the speed with which the British Govern- 
ment can clap on extra taxes—clearly a source of 
some envy to the American invigilators—there has 
been a tendency for government policy in Britain to 
heap on deflationary measures even after the signs of 
recession had plainly become apparent, or to keep on 
adding to expansionist forces even after inflation had 
begun to take its toll. 

The simplest. reading of all this would suggest that 
Threadneedle Street is populated not by wizards or 
even gnomes but by bluff good-hearted men whose 
good intentions have the mastery of intelligence. But 
the real trouble-—and one of the subtleties which seems 
to have escaped the men from Brookings—is that. there 
has yet to be created a sufficient confidence in the 
principle that the management of a national economy 
must somehow be likened to the manipulation of a 
physical system in tke modern interpretation of that 
phrase. Even when everybody’s heart is in the right 





place, it is not possible to extract from the system 
outputs which violate the natural constraints. dn 
particular, it may be impossible for nations like Britain 
to attain all at the same time rapid economic growth 
(and real incomes which are in any case tied to the 
real incomes of other countries), full employment, 
equitable social services, a forty hour week and a 
favourable balance of external trade. For all that 
anybody knows (or will admit), there may be structural 
properties of the economic system which prevent the 
simultaneous attainment of these desirable goals. 

This, however, is almost abstract stuff. The Brook- 
ings report is much more down to earth than that, and 
there is no doubt that what it has to say will bring 
half an echo from the Ministry of Technology (though 
the Department of Education and Science will be 
much more cautious). On science and technology, the 
dominant theme is that professional engmeers in 
Britain are too few, too thinly spread through industry, 
too badly paid, too lowly in status and too inadequately 
appreciated by the employers who have most to gain 
from them. The invigilators accept the contemporary 
doctrine that scientists are usually pampered com- 
pared with engineers, but the report does bring 
forward some novel and useful evidence on this point. 
Thus it is salutary to be reminded that m the United 
States it is customary for engineers to be paid more 
than scientists, but that in Britain the shoe is on the 
other foot. It is also—surely—significant that British 
industry employs 4-7 technicians for each professionally 
qualified engineer while, in the United States, the 
corresponding number is 0-67. Even if some of this 
disparity represents the coming to the surface of bright 
young men who have been dealt with harshly by the 
educational system in Britain, there is nothing much 
to laugh about. 

Indeed, as Brookings points out, in spite of the 
Robbins report and everything which has been done 
to implement it, things are likely to get worse before 
they get better. Apart from the indifference of em- 
ployers to the benefits of making full use of engineers, 
the real trouble is not so much that the British 
educational system puts engiteers lower in the pecking 
order than scientists but that it docs not equip profes- 
sional engineers with a sufficiently broad acientifie 
basis for their profession. Indeed, the Brookings 
people are openly critical of the curious system of 
part-time Higher National Certificates and the like 
which has grown up in Britain as a means df satisfying 
would-be engineers who cannot fight their way into a 
university. 

But if productive, or potentially productive, industry 
has too small a share of the national resources of techni 
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cal skill, pure science and aircraft have too much. 
This is what the report suggests. And there is, of 
course, a great deal in the view that a nation does not 
need to be an innovator in pure science if it wishes to 
retain a place in the forefront of economic growth— 
recent experience in Japan and Italy shows how much 
industrialists can do by the efficient purchase of patent 
rights. The trouble, ef course, is that it is not practical, 
let alone sensible, to embark on a deliberate reduction 
of the scale on which scientific research is carried out 
when it has grown to have the cultural importance which 
it has in Britain. When people (and governments) 
hardly ever stop boasting about Rutherford, it is 
obviously impracticable to abandon the traditions of 
pure science (which is why the British decision not to 
contribute to the 300 GeV machine is reprehensible). 
And in any case, of course, the reason for the dominance 
of the pure sciences in British universities is not that 
they have grown quickly but that the applied sciences 
have not long since overtaken them. Unwittingly, the 
Brookings report may give comfort to those who think 
that the best way of getting the balance between engin- 
eering and science right is to be beastly to the scientists. 
There is too big a head of that steam already. 

There should be more agreement—though hardly 
more cheerfulness—about the analysis of the aircraft 
industry. The argument is that too large a proportion 
of the scarce stock of skilled people in Britain is being 
spent on the development of aircraft projects. The 
Ministry of Technology will no doubt be downeast a 
little by the repetition of the now familiar complaint 
that even if the Concorde is technically and commerci- 
ally successful, it will turn out to be an unrequited 
expenditure of skill and energy. To be sure, as the 
invigilators recognize, the objectives may not simply 
be the development of a successful aircraft. All kinds 
of aims, from European self-sufficiency to British entry 
into the European Economic Community, may help to 
explain why the British aircraft industry has kept on 
committing resources to unprofitable projects long 
after common sense would have decreed that they 


Antibiotics on the Farm 


ONE way and another, the British Government seems 
to be under pressure to design new policies on public 
health and particularly on food safety. Critics of the 
conduct of affairs at the Microbiological Research 
Establishment at Porton, for example, are likely to be 
provided with fresh ammunition once the House of 
Commons Committee on Privileges has decided whether 
the premature publication of a document intended as 
evidence for a select committee amounts to a culpable 
neglect of archaic parliamentary rules. Then Mrs 
Joyce Butler is a constant thorn in the Government’s 
flesh on the use of cyclamates in people’s food, although 
it is just possible that she would be mollified by the 
news that the National Academy of Sciences in the 
United States has been asked to carry out an appraisal 
of the dangers of using cyclamates as artificial sweet- 
eners. But it is in any case something of a reassurance 
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should stop. But there is also an enduring conserva- 
tism about the whole business. A nation dedicated 
to the creation of new industries, as the Prime Minister 
likes to say, is congenitally incapable of putting aside 
those which have served their purpose. ° 

This, however, is only half the story. The Brookings 
Institution is also strong on the strategy—-or sometimes 
the lack of it—-which seems at present to guide the 
development of capital intensive industries in Britain. 
The fact that most of these are publicly owned is 
irrelevant—what concerns the invigilators is that the 
criteria by means of which money is invested in new 
sources of power (gas as well as atomic power), tele- 
communications and the like seem often to be in- 
appropriate. The National Coal Board will be glad to 
read what the Brookings people have to say about the 
balance between coal and nuclear power—the complaint 
is that, in comparing the potential advantages of new 
investments, the Ministry of Power may not value 
capital highly enough, or even apply the same yardstick 
to the industries which are competing for investment 
capital. Ifthe Ministry of Power has by now recovered 
from the precipitate departure of its minister two weeks 
ago, this should be a timely warning of the need for a 
reappraisal of the pattern of discount rates now used 
for giving the nationalized industries some sense of 
economic realism. Much more serious, however, 18 
the possibility that the criticism which the Brookings 
men have levelled at the conduct of the Post Office 
even in its new semi-autonomous form—may apply 
elsewhere in the industrial complex. One way and 
another, the Post Office comes out of this analysis 
as an over-timid industry, alarmed by the growth of 
the demands being made on it and not sufficiently 
aware of the extent to which the provision of more 
and better facilities for telecommunications could 
contribute to the efficiency of the economy as a whole. 
This, of course, is where the criticism should really 
hurt. If the industries which should be forcing the 
pace of economic change are already at the mercy of 
events, nobody can be oheerful, 





that progress has at last been made with the 
setting up of the committee to investigate the use of 
antibiotics in animal husbandry. Although the terms 
of reference of the new committee are restricted, the 
result should be that a good many of the issues of 
principle raised by British practice in this field will 
be brought to the surface (see page 114). 

The potential danger of the use of antibiotics in 
animal feeding stuffs is not, of course, a new discovery. 
In the early sixties, a joint committee of the Medical 
and Agricultural Research Councils under Lord 
Netherthorpe took a leisurely look at the problem, 
recognized that it would be necessary somehow to 
balance the unknown hazards against the unknown 
advantages, but had nothing special to suggest except 
that the situation “should continue to be watched” 
In practice, the problem of the transference of resist- 
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-ance from one kind of bacterium to another has only 


= since been recognized. Moreover, the emergence and 


prevalence of drug-resistant strains of bacteria in 
animal husbandry has only more recently become 
substantial. The most obvious danger is that the 
multipligation of resistant strains of pathogenic bacteria 
will take a serious toll of the animals now being kept 


in increasing numbers in conditions of intensive 


farming. More distantly, however, there is the grisly 
prospect that the prevalence of resistant bacteria 
among animals will throw up resistant human infec- 
tions. In circumstances like these, it is more than a 
little fatuous for committees to say, as the Scientific 
Advisory Panel of the Ministry of Agriculture reported 
to its minister earlier this year (see Hansard, January 
31, column 239), that “antibiotic resistance has always 
existed and this is one of the reasons why a wide range 
of antibiotics has been needed to control infections” 
The truth is that there is a real problem to be tackled 
even though it would be wrong at this stage to suggest 
that British veterinary practice has already passed 
the danger point. It will be a great surprise if Professor 
Swann’s committee can answer all the questions that 
will be asked of it in the next few months. 

What then is to be done? As things are, the use of 
three antibiotics as additions to pig and poultry food 
is permitted and the chances are that poultry farming 
has already become dependent on the use of these 
materials. But nobody has a very clear picture of the 
scale on which these materials are being used or of the 
economic benefit which they confer. Do farm animals 
grow fatter quicker if they are kept in dark houses and 
fed antibiotics than if they are allowed to roam more 
freely without medication’? Quite apart from the 
risks to human health, these are difficult problems in 
animal husbandry which deserve the most careful 
attention. There are also important questions to be 
decided about the possibility of helping to keep the 
risk of accumulative resistance at bay by the careful 
management of livestock. The committee, under Pro- 
fessor Swann, seems to be anxious to take up all kinds 
of interesting problems like these as well as to give 
proper attention to the needs of human health and 
safety. The fear that the committee “will turn out 
to be a lobby for the veterinarians, quite proper, seems 
to be unfounded. Whether the committee will fall a 
victim to that kind of conservatism the chief symptom 
of which is complacency remains to be determined. 

Sven at this stage, however, one general principle 
should be clear. Among the recommendations of the 
new committee there is certain to be an exhortation 
that “the situation should continue to be watched”. 
The Swann committee may even go farther than its 
several predecessors In suggesting what kind of machin- 
ery there should be to carry out this task. It is 
anomalous that the British Government which, in 
fields like technology, is prone to shoulder more 
responsibility for research than it can comfortably 
manage, is in fields like this inclined to delegate 
responsibility to other organizations. In practice, for 
example, the chief agency for investigating experi- 
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mentally the safety of food additives is the British 
Industrial Biological Research Association which is, 
in theory at least, a publicly supported consortium of 
industrial companies. In the same somewhat lacka- 
daisical way, the Government tends to rely for advice 
on committees which are usually characterized by 
their combination of conflicting interests—a device 
which is as productive of compromise as of consensus. 
But in the long run it is hard to see how the British 
Government can avoid taking yet another leaf out of 
the American book and resolving to establish an 
autonomous agency, equivalent to the Food and Drug 
Administration, which would be free to make enemies 
if it pleases in a field in which some enemies are bound 
to be almost irreconcilable. This is the sense m which 
the working of the Swann committee will deserve, and 
will no doubt get, the closest attention, 


Minister in Trouble 


Mr Epwarp SuHort, the new Secretary of State for 
Education and Science, has been popular with teachers 
in his first few weeks of office but seems to be running 
into trouble with the universities and even with scient- 
ists. For one thing, the Council for Scientific Poliey 
has written to Mr Short to complain that it was not 
kept properly informed about the decision not to par- 
ticipate in the 300 GeV accelerator project at CERN. 
More openly, Professor Michael Swann, principal of 
the University of Edinburgh, has joined with the local 
head of the Association of University Teachers and the 
president of the Students’ Council to protest at the 
things which Mr Short has been saying about the 
universities. What seems to have rattled the academics 
is Mr Short’s request that “the authoritarian regimes 
which still persist in too many of our universities” 
should be liberalized. Professor Swann and his 
colleagues argue that this “sweeping condemnation . 
can hardly fail to be used as an excuse by extremists 
for causing trouble” and, at the same time, strengthen 
“anti-student feeling” outside the universities. They 
go on to claim that British universities, and particu- 
larly Scottish universities, are as liberal as anybody 
could expect and they invite Mr Short to eat his words, 
There is no doubt that this direct challenge to the 
minister by a distinguished academic breaks new 
ground in the relations between British universities 
and the government. If he is wise, Mr Short will read 
this as an ominous sign. Vice-chancellors at other 
universities will at the same time marvel at the clever- 
ness with which Professor Swann has ensured that he 
will be supported by the representatives of his students 
and his staff if there is what people call trouble next 


academic year. 
& 
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Too Little, Too Thin 


PREDICTABLY the report of the Working Group on 
Molecular Biology (HMSO 2s. 6d.) of the Council for 
Scientific Policy. makes gloomy reading. The working 
group, under the chairmanship of Dr J. C. Kendrew, 

says that there is too little research on molecular biology 
in Britain and that most of what there is tends to be so 
widely scattered that its value is dubious. According 
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to the committee, British leadership in many areas of 
the field is steadily diminishing as workers in the 
United States and other countries take the initiative. 
The working group has reached the dismal conclusion 
that “we cannot sustain a desirable momentum in this 
country, or exploit the possibilities of advance which we 
clearly see ahead, unless we find ways of substantially 
increasing the numbers of first class biologists at the 
molecular level above the 50 to 100 we have today”. 

In an attempt to find out how many molecular 
biologists there are in Britain—and anyone with preten- 
sions to being a biochemist, a cell biologist or mole- 
cular geneticist was included in that category—the 
working group surveyed the output of scientific papers 
in fifteen journals between July 1964 and June 1966. 
The British output was about 500 papers and much of 
this work “‘is at best dull and at worst trivial” from 1,800 
scientists. Altogether, this accounts for 12 per cent of 
the total population of biologists in Britain, and the 
working group considers this too small a proportion. 
Worse still, most of these are people working in virtual 
isolation or in groups which under existing conditions 
will never reach a critical mass. 

The report criticizes the slowness with which under- 
graduate and post-graduate teaching programmes have 
been adapted to the new attitudes in biology which is, 
of course, a consequence of the small number of posts 
offering reasonable career prospects and research 
facilities for molecular biologists. There is no overall 
shortage of jobs for biologists but too many of the 
posts and too much of the available money support 
activities which “are by any reckoning quite out of 
date”. “Inbreeding”, the widespread tendency of 
universities to hang on to their best students and 
eventually recruit them as staff, and tenure obtained 
too early and too easily, contribute to this. And the 
failure to provide post-doctoral fellowships with decent 
salaries and research facilities encourages British post- 
doctoral fellows in the United States to remain. The 
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Output of papers per laboratory 
Percentage of total papers from labora- 
tories with outputs in the above range 
266 56-8 15410848 5-5 3-0 7-6 
The percentage of molecular biology papers (July 1964 to 
June 1966) from British laboratories with outputs ranging 
from five papers or less to eighty papers. 
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report sees no stopping the brain drain “unless con- 
ditions in Britain are greatly improved. One might 
seriously ask whether any other factor except sentiment 
prevents a wholesale emigration of the better workers”. 
With the slim chance that the recommendations will 
be implemented in the near future, that is probably 
sound advice. 

The working group also calls for a relaxation of the 
traditional departmental boundaries so that under- 
graduates receive a unified course in biology. At the 
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post-graduate level, it advocates a preliminary year of 
course work on the American model before embarking 
on full time research. At the post-doctoral level, it 
asks for the provision of fellowships, again on the 
American model, to cover the years between the 
PhD degree and a university post. A prerequisite 
of further advance, however, is the establisħment of 
what the report calls “focal centres”, and what other 
people call centres of excellence. The report suggests 
that six or seven are needed which could include 
“the two or three in existence”. But which labora- 
tories are these? The report coyly refrains from 
naming any laboratory or centre but inevitably “exist- 
ing centres” must mean the MRC laboratory at 
Cambridge and perhaps the National Institute of 
Medical Research at Mill Hill. The working group 
envisages these “focal centres” as part of universities, 
complementary to the science departments of the 
parent universities and providing research facilities for 
staff and post-doctoral fellows, and post-graduate 
training. On the American pattern, tenured associate 
professorships should be made available to outstanding 
younger men and the “focal centres” should be pre- 
pared to spend about £2,500 annually to provide 
facilities for each research worker. 

It calls on the UGC, the research councils and the 
universities to put their heads together, declare their 
interest and make specific proposals in effect to bid 
for the centres. The report is now in the hands of the 
Department of Education and Science awaiting imple- 
mentation. 


Computers Not On Tap 


CHANGES in the constitution of the Computer Board 
were predicted by its chairman, Professor B. H. 
Flowers, when he opened recently a hybrid computer 
facility at the Department of Engineering at Cam- 
bridge. Professor Flowers explained that there are 
two areas in which the board is unable to help the 
universities because its constitution specifically limits 
it to digital machines. For this reason, the board 
was unable to supply analogue machines or machines 
for teaching. The need for analogue or hybrid systems 
was not yet entirely clear, but Professor Flowers 
said that at a later stage it might seem sensible to 
extend the hoard’s powers. On teaching, Professor 
Flowers said that the board had decided that there was 
need for a full study of computer teaching require- 
ments as a separate issue and the UGC had agreed. 
A joint working party was being appointed to investi- 
gate the matter, and it was possible that the board’s 
power would be extended to include teaching. 
Professor Flowers also took the opportunity of 
explaining Science Research Council policy towards 
the support of science. Within each area of science, 
he said, there would be an increasing tendency to 
concentrate resources on schemes “most likely to 
yield substantial scientific advance or to be the basis 
of economic or social benefit”. Already several subjects 
had been selected; these were control engineering, 
computer science, plasma physics, applied mathe- 
matics, astronomy, neutron beam techniques in biology, 
chemistry, metallurgy and physics, enzyme chemistry, 
industrial biology and polymer and material science. 
In all these areas, he said, the SRC was aiming for 
greater concentration of support ‘tin a more limited 
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oe institutions. Control engineering, for 
= example, would be supported principally in Cambridge, 
Imperial College and the University of Manchester 
Institute of Science and Technology. There would 
in addition be a number of second-tier departments 
in which specialized lines of research could go on, but 
the SRC could not support any other department on 
the scale of the top three unless its programme “turned 
out to be of outstanding brilliance and industrial 
importance, and unless arrangements for collaboration 
and sharing of expensive equipment have been made”. 
Meanwhile, he suggested that the favoured centres 
should remember that they have a special responsibility 
to less well supported departments. 


Sciences in Parliament 


Tus week the scientific section of the House of Com- 
mons Library celebrated its second anniversary, and 
it is more than a little sobering to realize that the 
section is such a recent innovation. It seems also to be 
still possible for the needs of some 630 members to be 
served by a scientific section of two within the larger 
research section of the library. Dr John Poole is in 
charge of the scientific section and is assisted by Dr 
Diana Holden. So far they seem not to be grossly 
overworked, but it is clear that if the growth of en- 
quiries continues at present rates, the staff will 
have to be increased. At present, the section deals with 
about 400 enquiries a year, although there are only a 
few members—perhaps no more than twenty—who 
take an intelligent interest in science. 

The work of the Select Committee on Science and 
Technology and the Select Committee on Agriculture 
has clearly acted as a great stimulus to the library. 
In this sense, though the staff of the library would be 
far too polite to say so publicly, the scientific section 
could help to repair the deficiencies in the machinery 
of the House of Commons described two weeks ago by 
the clerk of the house, Sir Barnett Cocks. Sir Barnett 
criticized the Treasury sharply for not allowing the 
house to increase the number of clerks from thirty-six 
to forty-six. The clerks are now very seriously over- 
worked, and new ones are hard to recruit. The library 
staff naturally occupies a rather different position from 
the clerks, but its members have been sitting in on 
sessions of the select committees, analysing documents 
and providing information. Library staff try to adopt 
an unbiased position, and leave the political interpreta- 
tion of the information they provide to the whim 
of the individual member. Thus they provide all 
information short of actual advice—a position they 
apparently find neither difficult nor frustrating. 
Actually, there is probably less scope for work of this 
sort during the present select committee investigation 
into defence research, as there is far less documentation 
available for analysis. The sub-committee investigat- 
ing coastal pollution, on the other hand, is overburdened 
with documentation and would be wise to take full 
advantage of help from the library staff. Without 
it, there is a distinct danger that all the literature 
gathered together simply languishes in boxes. 


Veterinarian Vaccinators 


Tue British Veterinary Association, which only four 
months ago maintafned that vaccination against foot 
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and mouth disease was a policy of despair, has in the 
aftermath of the 1967 epidemic changed its mind. It 
has now become convinced that vaccination is the only 

way to prevent epidemics of the disease. In its evidence 
to the Northumberland Committee, the association 
says that “if, for political reasons, carcase meat is still 
to be imported from infected countries, the only way to 
ensure that epidemies do not occur is to supplement the 
present measures with a well organised programme of 
systematic vaccination”. The association considers 
that imported infected meat is the major source of 
infection, and it believes that the risk of airborne 
infection is steadily dimimishing because of better 

control of the disease on the continent. Increased 
international trade and travel is tending to make the 
world a single ecological unit, but it is impossible to 
judge how serious this risk is, although it is certainly 
less than that from tainted meat. Only one out- 
break of foot and mouth disease, in Canada in 1951, 
has been traced to a human carrier. 

If meat imports from South America are to continue, 
the association now firmly believes that vaccination 
should be used as an adjunct, not an alternative, to 
slaughter. In its evidence, the association discounted 
the arguments against vaccination in the Gowers 
report. Modern vaccines give better and longer 
protection and, as French experience shows, it is 
possible to prevent epidemics even though calves and 
sheep are unprotected. Moreover, vaccines which are 
effective for pigs are expected to be available soon. 
The association estimates that the cost of vaccinating 
all cattle and sheep in Britain would be £3 million a 
year, which is probably less than the average real cost 
of the slaughter policy even in good years. 

Under the association’s scheme, all adult cattle 
would be vaccinated once a year and calves would be 
vaccinated twice within a three month interval once 
they had reached four months. Lowland sheep and 
pedigree pig herds would also be vaccinated, but hill 
sheep and other pigs might be left unvaccinated. 
Keeping unvaccinated pigs on the same farm as large 
cattle herds would be prohibited. In the event of an 
uur all stock in the infected area would be given 

2 booster dose of monovalent vaccine against the 
NADE sub-type of the virus. 

The association believes that several factors con- 
tributed to the breakdown of control in the recent 
epidemic. It claims that methods of livestock pro- 
duction have changed more in the fourteen years since 
the Gowers report than in any previous century. 
Larger herds, increased movement of cattle and new 
farming methods, all help the spread of the disease. 
The association draws the obvious parallel between 
foot and mouth disease and Newcastle disease or fowl 
pest, which, with the increased sophistication of the 
poultry industry, could not be controlled by slaughter, 
with the result that vaccination had to be introduced in 
1962. The association accepts the meteorological 

evidence that wind and rain were important factors in 
the spread of the epidemic (see page 121): it suggests 
that danger of windborne spread could be minimized 
if slaughter immediately followed prompt reporting 
of the disease instead of being delaved, sometimes for 
two to three days, while the ‘cattle are valued. W hy 
not base this valuation on the corpse of an animal ? 

The association also proposes that control measures 
need to be tightened and an advisory board established, 
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consisting, among others, of the chief veterinary 
officer and the directors of the Animal Virus Research 
Institute at Pirbright and the Microbial Research 
Establishment at Porton. The association also asks 
that the Ministry of Agriculture veterinary staff be 
brought up to the levels recommended as long ago as 
1954 in the Gowers report. The ministry is under- 
staffed at present, and more than 85 per cent of the 
270 qualified staff now employed are over 40 vears old. 


No Substitute for 300 GeV 


NUCLEAR physicists in Britain may take some crumbs 
of comfort from the knowledge that the British decision 
not to support the European 300 GeV accelerator does 
not extend to the rest of the programme of the Euro- 
pean Organization for Nuclear Research (CERN). This 
includes the development of equipment which in many 
ways can be considered equivalent to a conventional 
accelerator of 1,700 GeV, and may to some extent at 
least compensate physicists for the disappointment 
they are feeling just now. 

According to the half-yearly report, work on the 
intersecting storage rings is coming on well and should 
be finished on schedule during 1971. What is more, 
the budget for the project is being adhered to, a factor 
worth noting as escalation of the cost of CERN projects 
is one of the criticisms the organization has had to face 
in the past. As Professor Brian Flowers said at the 
CERN Council meeting, the intersecting storage rings 
will give European physicists a unique instrument 
which will enable some further advances to be made in 
the physics of very high energies. 

It is clear, however, that the intersecting storage 
rings are only a poor substitute for the 300 GeV 
accelerator. For one thing, they are far less versatile 
and can only produce collisions between two beams of 
protons. Another factor is the difficulty of recognizing 
the products of the collisions. In a conventional 
accelerator the secondary particles may have some of 
the high kinetic energy of the bombarding particles, 
and come off in more or less the same direction as the 
primary beam. Detection should be far less easy in 
the new equipment. Secondary particles will tend to 
have lower speeds and may be ejected in any direction. 
Although European nuclear physicists will be pleased 
to have this machine at their disposal, they are not 
going to be satisfied with its limited capabilities as a 
substitute for the 300 GeV accelerator. 


More Power for the Ministry 


A REPORT submitted to the Minister of Agriculture in 
January recommended that the National Institute of 
Agricultural Botany should be more closely associated 
with the ministry. In a writen reply to a question from 
Mr Tony Gardner on June 28, Mr Cledwyn Hughes, 
the Minister of Agriculture, said that the report is now 
under consideration. On the same day Sir Harold 
Sanders, chairman of the council of NIAB, informed 
the annual general meeting of fellows of the institute 
about the recommendations. 

NIAB, set up forty-nine years ago, tests new crop 
varieties and seeds which are sent from plant breeding 
stations in Britain and abroad. Recommended lists 
of varieties are published, in accordance with the 


institute’s aim of improving the yield and quality 
» 


NATURE, VOL. 219, JULY 13. 1968 


of farm crops by encouraging the use of better varieties 
and seeds. The need for changes in the organization 
of NIAB has been precipitated by the effects of the 
Plant Varieties and Seeds Act of 1964, which gave 
plant breeders rights to control by licence the sale and 
reproduction of their own varieties. The ect made 
provision for an index of varieties to be set up, and for 
statutory trials to be carried out on varieties submitted 
either for a grant of rights or for inclusion in the index. 
Because the systematic botany branch of NIAB under. 
takes these tests, for which it is ideally qualified, the 
institute now has members of staff who are responsible 
to the Controller of Plant Variety Rights. 

To remove this dichotomy of responsibility, a joint 
review group with members from the ministry and from 
the council of NIAB recommends that the minister, 
who is responsible to Parliament for the proper func- 
tioning of the Act, should have increased representation 
on a council which would have general direction of all 
the institute’s work. This council would consist of 
eight members appointed by reason of their posts, 
including the Controller of Plant Variety Rights and the 
director of NIAB; five members selected by the 
Minister of Agriculture—at present he approves the 
chairman and appoints three other members: eight 
nominees of various bodies such as the National Far- 
mers Union; five members coopted by the council, 
and two elected by the fellows. The changes involved 
would produce a council whose members shared a greater 
variety of expertise in science and agriculture than 
before. This council would be able to carry out a wide 
range of functions in conjunction with the Ministry of 
Agriculture. Thus the council would have control over 
the statutory trials which it now carries out on behalf 
of the Controller of Plant Variety Rights. 

To complete the connexion with the ministry, the 
incorporation of all staff into the Civil Service has been 
recommended, As yet, it is not possible to see how this 
recommendation would be affected by changes arising 
from the Fulton Report on the condition of the British 
Civil Service. 


Repairs at Jodrell Bank 


AFTER more than ten years of nearly continuous 
operation, Manchester University’s Mark I radio 
telescope at*Jodrell Bank is due for an extensive 
overhaul. The sum of £400,000 has been allocated by 
the Science Research Council to cover the cost of 
repairs and engineering modifications. With the great 
success in radioastronomy over the past few years, 
Sir Bernard Lovell has obviously found this new sum 
far easier to raise than the £663,000 spent on building 
the telescope in the 1950s. At that time, he received 
only half of the total cost from the government—the 
Department of Scientific and Industrial Research. 
The Nuffield Foundation contributed a further £205,000, 
but the remaining sum was made up of money from 
a Manchester University appeal, a grant from the 
United States National Aeronautics and Space Agency 
and a personal gift of £25,000 from Lord Nuffield. 
There have been no breakdowns since the telescope 
came into operation in 1957, but in 1967 fatigue cracks 
appeared in the cones carrying the 800 ton bowl to 
the trunnions on the tower structures and immediate 
action is needed. In addition to removing the stresses 
on the tracks and in the steelwork, engineering modi- 
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fications are planned which will significantly improve 
the performance of the telescope at shorter wave- 
~ Jengths. Full theoretical efficiency is hoped for in the 
18 to 21 em range, of particular importance in deter- 
mining the distribution of hydrogen. 

The Wnited Kingdom Atomic Energy Authority 
has agreed to act as agents for the project. The AEA 
can be required by the Minister of Technology to work 
in fields outside atomic energy and has already been 
required to undertake research and development in 
the field of radio telescopes. 


Slow Conversion 


A MODERATE but welcome endorsement of SI units 
has now been handed down by the Units and Usage 
Committee of the US Bureau of Standards, which 
recommends a period of transition during which old 
and new systems can be used side by side. These 
recommendations are set out in the NBS Technical 
Bulletin for June 1968. 

The committee recognizes two distinct uses of figures 
in NBS publications—descriptive data and essential 
data. Thus it would have authors write “the inter- 
ferometer mirror mounted on a | inch rod (descriptive), 
was advanced in 10 nanometer increments (essential)”’. 
During the transition period, the NBS says, descriptive 
data should be expressed in the most convenient way, 
and translation into SI units is not essential; the most 
appropriate units are those best understood by the 
expected readers. An author who uses non-SI units 
may, if he wishes, give SI units in parentheses. 

With respect to essential units, the committee 
considers that results reported in scientific papers 
require more rigorous standards of units than results 
reported in technological papers. Thus, during the 
transition period, it reeommends that in technological 
papers essential data be expressed in the units cus- 
tomarily used in the relevant branch of technology, 
with SI units given in parentheses or in parallel columns 
in tables. In graphs used as the primary means of 
presenting data, the coordinates should have a second 
set of markings in SI units. If graphs are used to 
indicate trends or are supplements to tables, SI units 
are not necessary. Authors are, however, recom- 
mended to use SI units for these data as soon as the 
extent of the use of this system in tRe appropriate 
branch of technology makes SI units an efficient means 
of communication. 

In purely scientific papers, NBS authors will have 
to use SI units. Values in other units may be given 
in parentheses if the author feels that this will aid 
communication with the reader. Data which are used 
generally in both science and technology should be 
expressed in SI units with an indication of conversion 
factors into technological units, or with parallel columns 
of converted values. The committee stresses that 
these recommendations will apply only until the SI 
units have become familiar. 


Poisoned Chelmer, Cleaner Thames 


Deap fish were found in the River Chelmer in Essex 
on the morning of June 29. On sampling the water, 
the Essex River Authority found cyanide at concen- 
trations of 0-2 parts per million near the main intake of 
the Chelmsford Cérporation’s water works. By the 
evening of the same day, the authority had traced the 
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source of cyanide to a sewage works which discharged 
its effluent into the river. The cyanide apparently 
reached the sewage works from a plating factory, 
where it was presumably released by accident. The 
bacteria in the biological filters at the sewage works 
were killed, but their demise was not noticed until 
after that of the fish. 

No less commendable than the speedy action of the 
Essex River Authority is the longer term effort of the 
Greater London Council to purify the Thames. The 
GLC is not so optimistic as to admit that the Thames 
has been getting cleaner every year, as indeed seems 
to be the case, but it does say that the pollution 
figures for 1967 represent yet another improvement 
and show the Thames to be cleaner than at any time 
during the past 70 years. 

The index of pollution is the extent to which the 
water is saturated with dissolved oxygen. Water is 
deoxygenated by the bacterial breakdown of organic 
products in sewage effluent. Recent improvements m 
the purification plant at three of the GLC’s main 
sewage works has had its effect on the oxygen sag 
curve, the variation of oxygen content with distance 
downstream. Until 1965, the percentage saturation 
has been about 70 per cent at Richmond, dropping to 
5 per cent at Putney. During its passage through inner 
London, the Thames is virtually without oxygen; 
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Variation of oxygen content along the Thames as a 
percentage of saturation during July-September 1966. 


saturation begins to climb only at Woolwich, nearly 
20 river miles east of Putney. The sag curves for 
1966 and 1967 represent a small but steady improve- 
ment. No one is more heartened at this turn of events 
than the fish, which last year allowed themselves to be 
caught as far downstream as Fulham Power Station. 
A carp and a roach were taken this year at Milbank, 
but these presumably had come down river at high 
tide and were not living in that stretch of the river 
from choice. 

A century and a half ago, salmon were common in 
the Thames. In nostalgia for those days, a member 
of the House of Lords recently offered a considerable 
sum of money to the first person who could catch a 
salmon from Westminster Bridge. Oxygen saturation 
at this splendid site is about 10 per cent, whereas 
salmon probably require about 30 per cent to survive. 
Nor can salmon be expected in London until the upper 
reaches of the Thames are stocked with them. Mich 
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water will have flowed under the bridge before the 
noble lord’s money risks leaving his pocket, despite the 
improvements effected by the GLC. 

The Thames, like the Chelmer, has not been without 
cyanide problems. Three drums each containing a 
hundredweight of cyanide were recently dropped into 
the water at a London dock, but the Thames so rapidly 
dispersed the chemical that it was undetectable two 
days later. 


Red Rain 


Motorists in south and central England who cleaned 
their cars during the last weekend of June regretted 
their diligence when they rose on Monday, July 1, to 
find deposits of orange coloured dust over every 
exposed surface, The explanation was an early morning 
shower of rain, laden with dust swept up probably from 
somewhere in North Africa. The suspicion that this 
was an unusual event, even for a country which prides 
itself on the peculiarities of its climate, was soon 
verified by the Meteorological Office. Thumbing rapidly 
through the record books, it turned out that the last 
time a dust fall like this happened was in 1903. (There 
was, it is true, another dust storm in the 1930s, but 
not on the same scale.) The factors in the weather 
pattern for late June which led to this phenomenon are 
being investigated by the Meteorological Office. To 
help, there are weather satellite pictures of what seems 
to be the dust cloud moving north towards Britain. 
On the same day as the widespread dust fall. Mine- 
head and Dulverton in Somerset, and Burnley in 
Lancashire, were bombarded by hailstones the size of 
golf balls, according to a report in The Times. That 
this was no ordinary hailstorm is clear from the reports 
of smashed windows and dented cars, and damage done 
to an aircraft on the ground not far from Cardiff. The 
Meteorological Office is keeping an open mind on 
whether this is a coincidence or whether there was a 
causal relationship between the dust and the hail. 
The dust itself is being examined by a number of 
research establishments. The Geochemical Division of 
the Institute of Geological Sciences, particularly quick 
off the mark, examined a sample which fell in North 
Wembley. Microscope and X-ray techniques show that 
the grains are chiefly quartz and feldspar, with smaller 
amounts of calcite and some mica. Its colour comes, it 
seems, from the presence of finely divided iron oxides, 
chiefly as a coating on the grains. Because there are 
no fragments of volcanic origin, the dust cannot have 
been carried into the upper atmosphere after a volcanic 
eruption, something which has been known to happen 
in the past. The presence of feldspar and calcite, 
minerals which break down rapidly in normal 
chemical weathering conditions, suggests thht the dust 
comes from a desert region? A further clue is given by 
the microscopic appearance of the dust. Most of the 
grains are angular, although some of the coarser 
material is rounded. This is typical of the peri phery 
of deserts; the sand from dunes in the central regions of 
deserts tends to be more rounded. The conclusion of the 
Institute of Geological Sciences is that the dust is a 
wind blown silt, known to geologists as loess, and may 
well have come from the margins of the Sahara desert. 
The laboratories at Harwell, well equipped to deal 
with this kind of airborne fallout, have so far concen- 
trated more on a study of the sizes of the dust particles. 
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Mr M. J. Heard and Mr R. D. Wiffen of the Health 
Physics and Medical Division sent to the Nature office 
their preliminary observations. They were particu- 
larly fortunate in collecting a sample of the rainfall on a 
clean glass slide, and so do not have to rely completely 
on more or less contaminated samples from nfptor cars 
claimed to have been clean before the shower. There 
seem to have been considerable local variations in the 
amount of the deposition, but the Harwell measure- 
ments, believed to represent the highest values, corres- 
pond to about 500 kg km (1-5 tons per square mile). 
One interesting observation is that the quantity of 
material carried varied considerably from one raindrop 
to another; some of the smallest drops contained very 
large amounts of dust. 





“Sahara dust’—magnified 100 times. 


The deposit from a large drop was examined in detail 
to obtain the sizes of the dust particles. The size 
measurements fitted a log-normal distribution, yielding 
a geometric mean diameter of 0-47 microns and a mass 
median of 4-0 microns. There seems to have been some 
variation between individual droplets of the relative 
frequency of the larger particles. The largest particle 
measured was 48x29 microns. Optical microscopy 
showed particles with sharp outlines, well rounded at 
the larger sizes and progressively more angular as size 
decreased. An electron microscope revealed the con- 
siderable variety of particle and mineral types present. 


What they Earn 


EXECUTIVES in British companies are paid less than 
their opposite numbers in Europe and the United 
States. Scientists who work in research and develop- 
ment seem to do worse than executives who concen- 
trate on marketing, finance or production; only the 
luckless personnel officers are worse off. These results 
have emerged from a survey of executive salaries 
produced by United States consultants Towers, Perrin 
Forster and Crosby, recently published in Business 
Week. 

Despite the increasing mobility of executives in 
Europe, and the penetration of American companies, 
both of which might be expected to create greater 
uniformity, there are still substantial differences 
between European countries. In Italy, for example, 
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Salaries in Research and Development 
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the scientist seems highly valued, and Italian salaries 
in general are more generous than the rest of Europe. 
In France, the marketing man does best. It is perhaps 
surprising that each of the countries examined shows 
a similar trend, with marketing men at one end of the 
salary scale and personnel men at the other. In 
between are sandwiched executives in finance, produc- 
tion and research and development, in descending 
order. Salaries at the top end of the range in Europe 
are broadly comparable with those at the bottom end 
of the range in the United States. 

The rate of growth of salaries in Europe has been 
rapid, according to the consultants, and one reason 
why British executives come out badly from the survey 
is because they have failed to increase their salaries as 
rapidly as their European counterparts. While salaries 
in France have gone up by 78 per cent, and in Belgium 
by 75 per cent in the past eight years, British executives 
now earn only 43 per cent more. West Germany, 
which boasted the highest executive salaries eight 
years ago, has shown only a 50 per cent growth. 


Making Booms Acceptable 


More research is needed on the physiological and 
psychological reactions to sonic booms, but it should be 
possible to build a supersonic jet that generates a boom 
of “acceptable characteristics”. This is the general 
conclusion of a recent study on the human response to 
sonic boom carried out by » subcommittee of the 
Committee on SST-Sonic Boom under Professor 
Raymond A. Bauer of the Harvard School of Business 
Administration. The committee was set up by the 
National Academy of Sciences and the National Re- 
search Council at the request of the President in 1964. 

Evidence from field studies indicates that there are 
no direct physiological effects—such as damage to 
hearing—from booms up to 100 Ib./sq. ft, many times 
above any likely level, but that indirect physiological 
damage may occur from surprise at even “moderate” 
levels of noise. More studies of individual and com- 
munity response must be made, however, whenever 
test conditions—such as airforce tests of supersonic 
jets over populated areas—are available. While the 
costs of such community studies—involving as they do 
a large number of interviewers and teams of competent 
researchers—may seem to be high, the report points 
out that the costs are slight compared with the large 
sums that would otherwise be spent later on SST 
redesign and development. 

Those who are hoping for noiseless supersonic planes 
or restricted flights for SSTs are likely to be disappoin- 
ted. The report’s pragmatic approach is to look for the 
highest human tolerance level, in subgroups and in 
communities at large, and to leave engineers with the 
problem of keeping the boom within this level over 
heavily populated areas. The report points out that the 
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level of individual discomfort is not necessarily the only 
criterion for defining an “intolerable” condition, for 
complaints are not always directly related to the level 
of physical discomfort. Studies must look into this 
phenomenon and try to determine which groups are 
more affected, or more actively protest, as well as con- 
sidering such questions as whether people exposed to 
booms “become more or less tolerant over the course 
of time, whether booms in a noisy community are the 
‘straw that breaks the camel’s back’ or are merely one 


Tropical Techniques 


Tae increasing number of enquiries from outside 
Britain is a sign that there is a world-wide and grow- 
ing demand for the help of the Tropical Products 
Institute. According to the annual report of the 
institute, in 1967 there were 1,012 enquiries from 
104 countries as well as international agencies, com- 
pared with 852 enquiries from 87 countries in 1966. Late 
in 1966 there was a change in emphasis of the research 
at the institute. It was decided to devote more re- 
sources to food science and technology, and 1967 was 
in effect the first vear of the new poliey. One of the 
most promising of the new projects is an attempt to 
increase the protein content of cassava or tapioca by 
fermentation. Cassava is a source of food starch and 
industrial starch and, in the normal processing of the 
crop, it is fermented and leached to remove toxic 
glycosides, but the resulting tapioca is deficient in 
protein. By using selected fungi and adding minerals, 
the protein content can be raised from 0-1 per cent in 
the original flour to 4 per cent and, if successful, 
further research could lead to conversion of tapioca 
into protein food on an industrial scale. 

Apart from food research, the institute has followed 
up a chance observation made in Ethiopia which may 
lead to the development of new molluscicides active 
against the snails which carry bilharzia. People 
living at Adwa on the Assam River in Ethiopia use the 
fruit of the endod, which is rich in saponins, as natural 
soap. Dead snails and fish were noticed at the washing 
holes and laboratory tests showed that extracts of the 
endod fruit in tap water are potent molluscicides. At 
this stage the institute was asked for help in the 
identification and isolation of the active compounds. 
This work is still in progress, but the saponins have 
been identified as the molluscicides and there is every 
hope that the endod and a number of other tropical 
plants will become new sorces on a commercial seale 
of molluscicides. « 

Another of the institute’s projects sets out to make 
bricks from rice. The idea is that rice hulls, which are 
otherwise hard to dispose of, are available in large quan- 
tities and contain very few cement “poisons”, might 
be used to replace gravel to produce lightweight 
concrete, Experiments have produced a way of making 
rice hull bricks strong enough to build one and two 
story houses. The institute is now starting to design 
simple presses and collapsible moulds for the large 
scale production of the bricks on building sites, 


* 
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Successful Philanthropy 


By choosing to devote the bulk of its funds to the 
problems of population control, the conquest of hunger, 
equal opportunity and university development, the 
Rockefeller Foundation, as its president, J. G. Harrar, 
says in his introduction to the president’s review and 
annual report for 1967, was facing a series of calculated 
risks: the risk of being in error, of outright failure 
and of the resentment and suspicion of the recipients 
of charity. But, as the report shows, the foundation’s 
faith in its policies was more than justified. 

New strains of wheat developed in Mexico at the 
International Maize and Wheat Improvement Centre 
(CIMMYT), which is almost entirely supported by the 
Rockefeller and Ford Foundations, are revolutionizing 
agricultural production in India, Pakistan and Turkey 
as they have in Mexico. India and Pakistan are 
expecting record wheat harvests this vear (see Nature, 
218, 713; 1968) and in the past eighteen months India, 
Pakistan and Turkey have respectively purchased 
18,000 tons, 42,000 tons and 22,000 tons of seed wheat 
from Mexico. Yields have increased from 1-2 tons 
per hectare to 4 or even 8 tons per hectare. 

The rice strain IR8, developed at the International 
Rice Research Institute at Los Banos in the Philippines 
and released for the first time in June 1966 ready for 
the wet season that year, is likely to have as great an 
impact on rice production throughout S.E. Asia as the 
CIMMYT wheat strains have had on wheat production, 
and at IRRI scientists are being trained to carry on 
rice research in their own countries. The foundation 
is also financing research into sorghum in India, 
potatoes in Mexico and, encouraged no doubt by the 
outstanding successes of CIMMYT and IRRI, it is 
planning two new institutes. In cooperation with the 
Columbian government the International Centre of 
Tropical Agriculture at Palmira was inaugurated last 
year and plans for a second tropical agriculture centre 
at Ibadan in Nigeria have almost reached the building 
stage. The results of the foundation’s investment in 
plant breeding are perhaps the outstanding example of 
how relatively trivial sums of money can totally 
change the agricultural prospects of continents. 

The other side of the coin is, of course, control of the 
world population and, apart from research grants to 
individual scientists, the foundation channels its funds 
through them. It employs no field workers but in 
January gave the Population Council $3 million for the 
programmes of its technical division. 

In the past, perhaps the most controversial of the 
Rockefeller Foundation’s activities has been its sup- 
port of Negro universities, especially in the south. 
Aid to these universities can be criticized on the 
ground that it helps perpetuate segregation, and 
although President Harrar defends it in his annual 
review most of the grants made in 1967 to American 
universities went to desegregateds institutions outside 
the south. It will be surprising if “towards equal 
opportunity for all’ does not prove to be a much more 
difficult programme than “towards the conquest of 
hunger”. Apart from trying to provide opportunities 
for higher education to American Negroes and other 
minorities the foundation has continued to support 
heavily university development overseas. In 1967 it 
spent $1-8 million on centres in South America, Africa 
and Asia that were selected in 1963 for long term 
support. 

e 
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Parliament in Britain 
by our Parliamentary Correspondent 


Bladder Cancer 

Dr SHIRLEY SUMMERSKILL asked what was being done 
to encourage those who had worked in contact with 
naphthylamine to be screened for bladde? cancer. 
Mr E. Fernyhough, Under Secretary for Employment 
and Productivity, said that the Carcinogenic Sub- 
stances Regulations of 1967 required all those working 
in factories exposed to alpha or beta-naphthylamine 
to be screened for bladder cancer. The regulations in 
fact forbid the production and use of beta-naphthyl- 
amine. But Mr Fernyhough agreed that it was difficult 
to persuade those who no longer worked in situations 
of risk to present themselves for screening. Dr 
Summerskill suggested that there were several hundred 
thousand such people: Mr Fernyhough said that 
43,000 have been contaeted, but only 2,500 had come 
forward for screening. {Oral answer, July 1.) 
Synthetic Protein 

Mr J. H. OSBORNE asked about international collabora- 
tion on the production of synthetic proteins and 
carbohydrates. Mrs Shirley Williams, for the Depart- 
ment of Education and Science, said that she had 
arranged no international collaboration, but that a good 
deal of work was going cn, both in Britain and abroad. 
Various ARC units were at work on sources of protein, 
and the use of compounds such as urea as replacements 
for protein. Commercial firms and the National 
Agricultural Advisory Service were also helping, and 
internationally the Economic and Social Council of the 
UN was acting as an information centre. (Written 
answer, July 1.) 


Industrial Archaeology 

Mr R. Merissa, for the Ministry of Public Building 
and Works, said that the amount of money spent by 
his department on industrial archaeology had been 
£6,125 in 1965-66, £4,127 in 1966-67, and £14,570 in 
1967-68. (Written answer, July 2.) 


Chapelcross 

Dr Jeremy Bray, for the Ministry of Technology, 
gave the costs of the breakdown of the Atomie Energy 
Authority’s reactor at Chapelcross. The cost of repairs 
had been about £150,006 and the loss of revenue about 
£1 million. But the reactor was likely to be out of 
action for some months, and the final cost could not 
vet be estimated. (Written answer, July 3.) 


Antibiotics on Farms 

THE members of the Swann Committee on Antibiotics 
in Animal Husbandry are Dr K. L. Blaxter, director 
of the Rowett Research Institute, Aberdeen: Mr 
H. I. Field, director of Veterinary Laboratories and 
Veterinary Investigation Service, Ministry of Agricul- 
ture, Fisheries and Food, Weybridge: Dr J. W. 
Howie, director of the Public Health Laboratory 
Service; Professor I. A. M. Lucas, professor of animal 
nutrition, University of North Wales; Dr E. L. M. 
Millar, medical officer cf health, Birmingham; Pro- 
fessor J. C. Murdoch, director of the Agricultural] 
Research Institute of Northern Ireland: Mr J. H. 
Parsons, veterinary practitioner, Trowbridge; Pro- 
fessor E. G. White, professor of veterinary preventive 
medicine, University of Liverpool. The chairman is 
Professor M. M. Swann of the University of Edinburgh. 
(Written answer, July 5.) 
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Landmark for Haemoglobin Analysis 


‘Tue atomic model of horse oxyhaemoglobin at 2-8 A 
resolution (see Perutz, Muirhead, Cox and Goaman, 
page 131*, and Perutz, Muirhead, Cox, Goaman, 
Mathews, McGandy and Webb, Nature, 219, 29; 1968) 
represents the culmination of nearly thirty years work 
by the group led by Dr Max Perutz. The model of 
oxyhaemoglobin at 5:5 A resolution, published in 1962, 
revealed the overall folding of the four polypeptide 
chains, the position of the haem groups and the mutual 
arrangement of the four subunits. The new model 
reveals the position of virtually all the amino-acids 
and their side chains and, moreover, differences in 
conformation between the subunits of haemoglobin 
and the myoglobin molecule which were not predicted 
in the 5-5 A model. It also suggests, perhaps contrary 
to expectation, that the functional unit of haemoglobin 
is the whole tetrameric molecule rather than a dimer 
or half molecule. 

Haemoglobin molecules consist of two pairs of two 
subunits. The horse haemoglobin with which the 
Cambridge group has worked contains two a subunits— 
polypeptide chains with 141 amino-acid residues— 
and two 8 subunits each containing 146 residues. The 
way in which each of these four polypeptide chains is 
folded on itself is basically similar but not identical to 
the folding of the single polypeptide chain in myoglobin. 
The four chains are stabilized in the haemoglobin 
molecule by weak secondary forces, either hydrogen 
bonds or non-polar interactions. In general, the 
hydrophilic polar groups lie inside the folded chain, in 
surface crevices or at the boundaries between unlike 
subunits. As in myoglobin, each subunit has a pocket 
dominated by non-polar residues where the haem 
group is covalently bonded to a histidine residue. It 
is this non-polar domain which apparently allows the 
ferrous iron atom of the haem to react with oxygen but 
that is not to say that the chemistry of oxygenation is 
understood. The amino-acid residues in the region 
surrounding the haem group are the same in haemo- 
globins from a variety of mammals, which implies that 
the residues in this region are essential for the function 
of haemoglobin. 

Each subunit of the molecule is apparently joined to 
both of the unlike subunits by extensive non-polar 
interactions but like subunits may, m certain condi- 
tions, only be in contact through salt bridges. In other 
words, there is extensive non-polar contact between 
- The article on page 131 is the second of two papers, the first of which 
-appeared last week and which was entitled ‘‘Three-dimensional Fourier 
_ Synthesis of Horse Oxyhaemoglobin at 2-8 A resolution: (I) X-ray Analysis”. 


The title of this second article should have been printed as “... (ID) The 
Atomic Model”. 


each a subunit and both 8 subunits but the contact 
between the two a subunits and the two 8 subunits is 
weak and through salt bridges. Contacts between o 
and §, subunits involve thirty-four residues and are 
more extensive than contacts between a, and £, chains 
which involve nineteen residues. And because of 
symmetry afa contact involves thirty-four residues 
whereas aß, contact involves nineteen residues. This 
explains why, when haemoglobin dissociates it does so 
symmetrically to produce aĝ, and af, dimers. And, 
as expected from these differences in chain contact. 
during the transition from oxyhaemoglobin to deoxy- 
haemoglobin rotation of the £, chain with respect to 
the a, chain is much greater than the rotation of the 8, 
chain. 

Does the determination of the structure of oxyhaemo- 
globin throw any light on the chemical basis of haem- 
haem interactions ? When one of the haem groups of a 
haemoglobin molecule is oxygenated, the affinity for 
oxygen of the three other groups is increased. Clearly 
oxygenation of one haem alters the state of the molecule 
and so effects this cooperative reaction. But without a 
structural model of deoxyhaemoglobin at 28 A 
resolution for comparison it is impossible to define 
the precise structural effect of oxygenation. 

Even when both structures are known, simple 
inspection need not necessarily reveal the chemical 
basis of oxygenation of the haem—haem interaction. 
Dr Perutz and his colleagues suggest, however, from 
the data now available, that contact between a, and A, 
subunits is as important as the a,8, contact for coopera- 
tive effects. On the face of things, this seems to be 
incompatible with the recent suggestion that the 
functional unit of haemoglobin is the dimer which, it 
has been claimed, exhibits the same haem~—haem inter- 
actions as tetrameric haemoglobin. 

The Cambridge group argues that the ap, contact 
between the dimers, not the a,8, contact, is of primary 
importance fpr several reasons. First, the atomic model 
of oxyhaemoglobin reveals éhat interaction between 
a, and 8, haem groups can be more direct than inter- 
action between a, and 8, haems. Second, oxygenation 
of the 8, subunit makes it rotate further with respect 
to the a, subunit than does the £, subunit—and rotation 
undoubtedly affects the environment of the haem 
groups. Third, the amino-acid sequences in the fya 
contact regions have remained invariant during 
mammalian evolution, whereas more than a third of 
the residues in the a,8, contact regions have changed. 
Further, two mutant human haemoglobins containing 
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substitutions in the aß, contact regions show dimin- 
ished haem—haem interactions. Finally, reagents which 
are believed to affect the 8 chain structure in the aß: 
contact region abolish cooperative effects. 

This difference of opinion over whether the functional 
unit of haemoglobin is a dimer or a tetramer underlines 


the greatest disappointment of the determination of 


the structure of oxyhaemoglobin. Unlike the X-ray 
crystallographic determinations of the 
enzymes, such as lysozyme and ribonuclease, the 
elucidation of the structure of oxyhaemoglobin has 
not made it immediately obvious how haemoglobin 
works, how it binds oxygen and how haem—-haem 
interactions are achieved. Perhaps the answer will 
emerge when the Cambridge group has completed the 
model of deoxyhaemoglobin on which it is now working. 
Certainly there should be a rich harvest to be gathered 
from the attempts now likely to be made at the inter- 
pretation of the detailed properties of particular 
variants of the haemoglobin molecule in terms of the 
molecular structure which has now become available. 
The efforts of the past thirty years should soon begin 
to bring rewards. As Dr Perutz said recently, “What 
we have done is merely the anatomy at the atomic 
level. Now it is necessary to advance to the physio- 
logy.” 


Plant Pathology Progresses 


Tue yield of a crop is often lower than it could be 
because of infection with viruses, although there are no 
visible symptoms of disease. Greater losses result from 
widespread infection with “mild” viruses than from 
localized outbreaks of virulent ones, and so one of the 
preoccupations of plant pathologists is the production 
of virus free stock. At East Malling Research Station 
heat treatment—at 37° C for 3—4 weeks—-has been used 
to produce the strawberry Cambridge Favourite which 
showed a 60 per cent increase in marketable yield in a 
field trial. Virus free stock has been issued annually 
since 1955 and this variety now accounts for 63 per cent 
of the acreage of strawberries in Britain. Tree fruits 
can be treated similarly and “mother trees” free of all 
known viruses are now being issued. 

The few diseases of fruit which are caused by bac- 
teria have proved very difficult to control. Bacterial 
canker of plum and cherry is caused by Pseudomonas 
morsprunorum, which enters the stem through leaf scars 
in the autumn and spreads to produce the brown 
cankers in which the bacteria finally die in the spring. 
These cankers cause considerable losses, especially 
among young leaves. Many bactericides including 
streptomy cin have been | tested at East ‘Malling, but 
nothing as efficient as * Bordeaux mixture (copper 
sulphate and lime) has been found. Blossom blight of 
pear, also caused by a pseudomonad, is less important 
but can sometimes cause severe damage. 

Within the morphologically similar group of pseudo- 
monads causing these diseases three host specific types 
have been distinguished by growing the bacteria on 
special culture media. Type 1 is restricted to pear, 
type 2 to plum and cherry and type 3 to myrobalan, the 
cherry plum. Type 2 bacteria from plum and cherry 
show different sensitivities to various bacteriophages, 
and so it seems that distinct forms of bacteria, which do 
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not cross Infect in the field. infect each of these 
different. fruits. 

Apple seab, caused by the fungus Venturia inaequalis, 
is one of the world’s most important plant diseases, The 
wind borne ascospores, which infect the trees in spring, 
are produced after the fungus has overwintered in 
fallen leaves. Control met hods have so far been con- 
fined to between eight and fifteen sprayings of fungicide 
cach year, to maintain a protective film on the leaves 
and fruits while the ascospores are being discharged. 

At East Malling a large number of compounds have 
been tested in a search for a fungicide that will kill 
Venturia before the ascospores can be produced. 
Mercurie compounds sprayed on to the leaves have this 
effect, but they are costly and involve health risks. 
Urea which is much cheaper and safer has been found 
to have the same effect on the fungus. Leaves collected 
and dipped in 5 per cent urea in the autumn, produced 
no ascospores in the spring. Leaves collected from the 
orchard floor after the trees had been sprayed with ures 
produced few ascospores, and this was reflected in a 
reduced ascospore content in the atmosphere in the 
spring. This reduction was partly caused by earth- 
worms, Which showed a strong preference for leaves 
treated with urea. 

Research to determine the way the urea acts has 
shown that it causes a change in the balance of the 
microbial population of the leaves. After treatment 
with urea, Gram negative bacteria predominate whereas 
on untreated leaves there are more Gram positive 
bacteria. The bacteria isolated from treated leaves 
have been found to be antagonistic towards scab fungus, 
and one of them produces an antibiotic against the 
spores of the fungus. Suppression of the fungus may 
therefore be caused by antagonistic bacteria, but w ork 
is continuing at East Malling in pursuit of this and 
other possible explanations. It is hoped that work on 
apple scab will lead to a relatively cheap and effective 
means of controlling the disease by spraving the leaves 
on the trees in the autumn. 


Pea-green Soup 


A “PEA-GREEN SOUP” is how Mr lan Dunn, leader of 
the Royal Society's IBP team in East Africa, describes 
Lake George in Uganda. Mr Dunn was speaking aut 
the scientific meeting of the Freshwater Biological 
Association a week ago where he gave a progress 
report of the team’s work so far. The team of five is 
busy studying the productivity of the lake, which in a 
few years may be altered if there is further development 
along the shores of the lake—-which has an extremely 
high gross productivity. 

A part of the reason for this les in the physical 
nature of the lake. It is situated right in the tropics— 
the Equator in fact passes through the middle. The 
lake is very shallow; apart from one small area where 
the depth reaches 7 m, the average depth of the water 
is not more than 3m. Other features of the lake include 
a high average pH, high concentration of dissolved 
oxygen and high levels of phosphate, calcium, iron 
manganese and silica. The overall pattern which is 
emerging from the preliminary investigations is one of 
uniformity. There seem to be quite substantial 
diurnal variations in the biology and chemistry of the 
lake, but there are only small seasonal changes. The 
lack of much variation over the year is a reflexion of 


the fairly uniform climate, 
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daylight and the small 
| _ changes in water level. 

Before Mr Dunn's talk, Mr H. C. Gilson, director of the 
association, described some of the work in progress 
both at the Windermere laboratory in the Lake 
District awd at the River laboratory in Dorset. One 
interesting development is the establishment of a 
Quaternary Research Group directly under the associa- 
tion. The programme of the group is essentially an 
investigation, by parallel analyses, of the late glacial 
deposits at the bottom of the Lake District lakes. 
Through these studies it may be possible to obtain a 
picture of the history of the lakes, and the successional 
changes they undergo in the long- term as the result 
of climatic and other changes, Another dev elopment, 
but this time more on the applied side of freshwater 
biology, is the association’s involvement in the feasibil- 
ity study for the Morecambe Bay Barrage. The 
interest of the association in this project was described 
earlier in the year (Nature, 217, 599; 1968). So far the 
operation—led by Mr J ohn Corlett—consists princip- 
ally of “picking people’s brains”, or of collecting and 
digesting existing information in collaboration with 
the Lancashire River Authority, the Nature Con- 
servancy and many other bodies. 

At the same meeting Mr D. F. Westlake of the 
River laboratory spoke on the amount of water-weed 
(almost all Ranunculus calcareus) in the River Frome 
in Dorset. Each year the river authority has two weed- 
cutting operations, and Mr Westlake took advantage 
of this to estimate the weight of weed removed. In 
May 1967 some 300 tons (fresh weight) of weed was 
removed from 16 km (10 miles) of river below Dor- 
chester. Another estimate was made of the weed cut 
in July of the same year. In terms of weight per unit 
area the crops agree well with estimates obtained 
from small scale sampling in other chalk streams. 





Living and Partly Living 

from a Correspondent 
Dvurtine the Bangor meeting of the Biochemical Society. 
a colloquium on “Some Aspects of Soil Biochemistry” 
was held on June 21 and 22 and attended by the major 
workers in this field from the United Kingdom. 

“The soil lies on the twilight of life, a connecting link 
between the living and the non-living, between material 
animated by vital forces and material subjected to 
physical forces” —80 wrote C. F. Marbut. The bio- 
chemist J. H. Quastel regarded soil as a tissue with a 
metabolism of its own, due to its micro-flora and fauna. 
Because it is the ultimate source of all the chemicals 
which participate in life processes, together with air 
and water, biochemical events in this medium demand 
the attention of biochemists. 

R. D. Haworth (Sheffield) discussed the chemical 
nature of soil humic acid—that bete noire of organic 
chemistry. Electron spin resonance spectra, coupled 
with degradative experiments, suggest that humic acid 
is composed of an “aromatic core” with a semiquinone 
ion radical associated with this extensive conjugation: 
polysaccharides, proteins, metals and relatively simple 
phenols are attached by chemical or physical means or 
both. M. V. Cheshire (Aberdeen) dealt with the diffi- 
eult problem of the origin of the polysaccharide fraction 

of soil organic matter, which varies little with soil type. 
-= Radioactive starch or glucose incubated with soil led 
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to a redistribution of label mainly among the hexoses in 
soil hydrolysates, but little in the pentoses—are the 
latter derived mainly from resistant plant residues ? 

D. S. Jenkinson (Rothamsted) reported some fasein- 
ating work on the turnover of organic matter in soil 
from the unmanured plot in the Broadbalk Continuous 
Wheat Experiment, showing that materials of vastly 
different turnover rates exist in this fraction. M. G. 
Yates (Sussex) gave a masterly account of recent work 
on the biochemistr y of nitrogen fixation by both 
anaerobic and aerobic organisms—culminating in the 
separation of two metallo-protein enzymes containing 
either iron or iron and molybdenum which, together 
with an ATP-generating system and an electron source, 
produce ammonia from nitrogen anaerobically. 

W. C. Evans (Bangor) show ed how microbes from the 
soil can be made use of to elucidate the precise bio- 
chemical pathways of detoxication of pesticides. The 
promising new technique of y-radiation to sterilize sous, 
and thus reveal the relative sensitivity of its micr cen 
its effects on humus, soil enzymes and ‘plant growth, was 
discussed by P. A. Cawse (Wantage). Finally, D. A. 
Barber (Wantage) outlined work on the rhizosphere and 
its influence on ion uptake by plants from soils. This 
extremely important area is now coming within the 
scope of precise quantitative experimentat AON as a 
result of developments in technique. 


Natural Carcinogens 
from a Correspondent 


THe Pharmacological Biochemistry Group, meeting at 
the University College of North Wales, Bangor, on 
Thursday, June 20, held a colloquium on naturally 
oceurring carcinogens. This is a subject of general 
interest, with increasing relevance to human and ‘animal 
health and the meeting was well attended with a lively 
discussion. The environmental carcinogens dealt with 
were those produced by the mould Aspergillus flavus 
(the aflatoxins), the bracken fern Pteridium aquilinum 
and members of the tree fern family Cycadaceae. 

P. M. Magee (Middlesex Hospital “Medical School) 
dealt with the glycoside cycasin and its aglycone, 
methylazoxymethanol, which is the active carcinogen, 
and showed how their biological actions are closely 
similar to those of the nitroso carcinogens. Single doses 
are sufficient to induce tumour formation, and there is 
evidence that these compounds are produced more 
frequently than has been suspected. 

The simulation of both long and short term aspects 
of the radiation syndrome in a variety of species by the 
ingestion of bracken was described ‘by Antice Evans 
(Bangor). The strong carcinogenic and mutagenic 
activity has now been obtained by administration of 
extracts purffied by chromatographic methods. The 
causal relat ionship between bracken and bladder 
carcinogenesis was emphasized by A. M. Pamukcu 
( Ankara), and in particular its role in the aetiology of 
bovine enzootic haematuria. He illustrated the results 
of his experiments on tumour induction in cattle, rats 
and mice with the pathology of urinary bladder and 
rat intestinal tumours. Notable differences in suscepti- 
bility of different species of animals to aflatoxin were 
discussed by Ruth Alleroft (Weybridge). She presented 
information on the metabolism and various routes of 
excretion, including milk, of the different aflatoxins, 
relating their structural alterations to their observed 
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biological activities. 

In a paper presented by W. Lijinsky (Chicago), the 
molecular forms of the aflatoxins and their different 
degrees of carcinogenicity were described. Attempts to 
study the chemical pathogenesis, using tritium labelled 
aflatoxin, have led to interesting results regarding the 
distribution between nucleus and cytoplasm. 


Water and lon Conservation 
from our Entomology Correspondent 


As small terrestrial animals, living often in dry environ- 
ments, insects are continually faced with the need to 
conserve water; and it has long been realized that, like 
the cloaca of birds and reptiles and the terminal 
regions of the gut in mammals, the rectum of insects 
and particularly the so-called “rectal glands”? are 
concernec in the recovery of moisture. In recent years 
there has been increasing evidence that these organs 
are concerned also in the reabsorption of ions. It was 
shown by Phillips in 1964 that the rectal pads of the 
desert locust Schistocerca absorb water “actively” in 
the sense that it is continuously taken up against an 
increasing osmotic gradient, independent of net solute 
movement across the rectal wall and of the ionic con- 
centration of the rectal fluid. In fact there is apparently 
a net active absorption of some 500 water molecules 
for the flux of every monovalent ion across the rectal 
wall. All three monovalent ions (Cl-, Nat, K+) can 
likewise be absorbed from the rectum against 10-100- 
fold concentration gradients; it is necessary to postu- 
late active transport not only of chloride ions but also 
of sodium and potassium in addition to water. This 
is a situation that mammalian physiologists have been 
unable to demonstrate. 

In many vertebrate systems the transport of water 
is a consequence of an active transport of ions into 
narrow intercellular spaces, resulting in localized fluids 
of very high concentration, which draw water osmotic- 
ally from the lumen of the organ concerned. In the 
rectum of the blowfly Calliphora, Gupta and Berridge 
(1966) demonstrated that the large “rectal papillae” 
enclose an extensive system of intercellular spaces 
and sinuses (observed many years ago by Graham- 
Smith) which is in one-way communication only with 
the haemocoele. These intercellular spaces ramify 
extensively between the lateral boundaries of the cells, 
which are infolded in a complex and prolific manner to 
form innumerable stacks of membranes closely associ- 
ated with large mitochondria in the cytoplasm. It is 
suggested that these stacks of lateral plasma membrane 
are the sites of a mechanism which actively pumps 
ions, probably potassium chloride, into the intercellular 
spaces. The presence of these ions in the narrow 
(100-200 A) “lumina” of the channels will create the 
high ionic concentrations that remove water from the 
rectal lumen (J. Cell Sci., 2, 89; 1967). Recently (J. 
Cell Sci., 3, 17; 1968) these authors have shown by 
biochemical and histochemical techniques that the 
Mg?+-activated ATPase in the rectal papillae is 
specifically localized on the intracellular surface of 
the lateral plasma membranes and is doubtless furnish- 
ing energy for this process. 

The mealworm larva Tenebrio is an example of an 
insect feeding on dry food in a dry environment which 
has developed a maximum capacity for water conserva- 
tron. The rectum, with a well developed epithelium, 
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is invested by convoluted Malpighian tubules bound 
down to the gut by animpermeable sheath. Apparently 
the secretory activity of the Malpighian tubules is 
added to that of the rectum in the reabsorption of 
water. The gut contents are semi-fluid when they 
arrive in the rectum; but by the time they reach the 
anus they are virtually dry: the lumen contains air 
with a relative humidity of 75-90 (Ramsay, Phil. 
Trans., B 248, 279; 1964). The precise mechanism of 
the drying process is not fully known, but Grimstone, 
Mullinger and Ramsay (Phil. Trans., B 258, 343; 1968), 
besides describing in detail the fine structure of this 
system, have now shown that the active transport of 
potassium plays a key part. Some of this potassium, 
at least, is secreted from the haemolymph into the 
lumen of the Malpighian tubules by the thin-walled 
“Jeptophragmata’’. In a mealworm living under dry 
conditions the fluid contents of the Malpighian tubules 
have a freezing point depression of A=8° C at the 
posterior end of the rectal complex. This is due almost 
entirely to potassium chloride, which may reach a 
concentration exceeding 2M. 


Defective Phage 
from our Cell Biology Correspondent 


Tue defective phage PBSX, which can be obtained by 
mitomycin C induction of Bacillus subtilis 168, is surely 
the most bizarre defective phage yet to be studied. In 
the current issue of the Journal of Molecular Biology 
its properties are described in two papers from Marmur’s 
group (Okamoto, Mudd, Mangan, Huang, Subbaiah 
and Marmur, 34, 413; 1968, and Okamoto, Mudd and 
Marmur, ibid., 429). PBSX, alias phage u, phage a, and 
“phage-like particle”, has a sedimentation coefficient 
of 160 S. In the electron microscope it appears as a 
particle with a head, hexagonal in outline and about 
410 A in diameter, and with a tail about 1920 A in length 
and 185 A in diameter. These particles fail to adsorb 
onto the strain from which they are induced, B. subtilis 
168, but do adsorb to other sensitive strains—for 
example, B. subtilis W23—-and kill them. Within 
5 min of infecting B. subtilis W23 with PBSX, DNA 
and RNA synthesis are almost completely inhibited 
but a Hershey Chase experiment shows that PBSX 
does not inject its DNA into W23. Presumably the 
killing of this strain is brought about by phage tail 
proteins. 

The DNA in PBSX is, as far as can be detected by 
hybridization experiments, B. subtilis DNA and not 
phage specifie DNA. It can transform B. subtilis 
markers, which indicates that the bacterial DNA encap- 
sulated within the phage is not modified into phage 
DNA. What then specifies the phage proteins ? 
Presumably PBSX arose from mutation of a prophage 
which, in the process, has become defective first in its 
ability to inject DNA into a host and secondly in its 
lack of phage specific DNA. 

Taxonomically, PBSX appears to be intermediate be- 
tween a true phage and a bacteriocin. Like true phage, 
it produces morphologically distinct phage-like par- 
ticles that contain DNA, but in this case host DNA, 
and like a bacteriocin on induction it produces protein 
which can adsorb to a bacterium and kill it. PBSX, 
however, fails to adsorb to the parental strain, B. 
subtilis 168, presumably because 168 lacks receptor 
sites whereas most strains carrying colicinogenic factors 
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T 7 = adsorb the colicins they produce but are immune to 
«them. 


-> The most intriguing property of PBSX is the way 
it incorporates host DNA. Approximately 30-40 per 
cent of the entire B. subtilis genome is incorporated 
into PBS» particles, and it seems that the host DNA 
is broken down into pieces of unique size, 22S, rather 
than being fragmented randomly. This process can 
occur in the absence of host DNA synthesis and there- 
fore in the absence of replication of the presumed 
PBSX prophage genome. The appearance of 22S DNA 
is, however, inhibited by chloramphenicol so fragmenta- 
tion of the host genome must depend on the synthesis 
of some protein after PBSX induction with mito- 
mycin C. 

In many respects this fragmentation of the host 
chromosome is analogous to the way in which con- 
catenate T, DNA is parcelled into T, phage, the B. 
subtilis chromosome being the equivalent of a T, 
concatenate. The size of the DNA is probably de- 
termined by the phage head proteins such that the B. 
subtilis DNA is split to produce PBSX “head full” units. 


Muscular Dystrophy 
from our Medical Biochemistry Correspondent 


Muscu.ak dystrophy in humans is an inherited condi- 
tion for which there is no satisfactory treatment. 
Several biochemical changes have been noted in 
affected humans and in animals with similar conditions, 
but the fundamental causes of the muscular wasting 
have not yet been determined. Some laboratory 
animals suffer a condition resembling muscular 
dystrophy when they are deprived of vitamin E 
(a-tocopherol), but human muscular dystrophy is not 
improved by giving patients vitamin E. These animals, 
dystrophic through lack of vitamin E, were much 
improved by giving hexahydrocoenzyme Q, and it 
was later shown that hexahydrocoenzyme Q, improved 
the condition of a strain of mice with inherited muscular 
degeneration very similar to human muscular dys- 
trophy. 

Because coenzyme Q or ubiquinone is a normal 
component of the electron transport chain, there may 
be some abnormality in the concentration or function- 
ing of ubiquinone in dystrophic mice. Nilgson, Farley, 
Schiller and Folkers (Arch. Bioch. Biophys., 128, 422; 
1968) have now shown that the organs of mice suffering 
from advanced dystrophy contain only about half the 
ubiquinone concentration as do organs from normal 
litter-mates. Ubiquinone was measured in the hearts, 
livers and kidneys of the animals, for the wasted 
muscles provided very little tissue. Young weanling 
mice at 1-5 months of age showed almost the same 
coenzyme Q concentrations, whether they were destined 
to become dystrophic (103 ug/g) or to remain healthy 
(120 ug/g). At about 6 months of age, the concentro- 
tion in the healthy mice had risen to 209 ug/g but the 
very ill dystrophic mice had only about half this 
concentration (112 ug/g). The synthesis of ubiquinone 
from p-hydroxybenzoic acid was much the same in 
all the animals, suggesting that if the low concentration 
in dystrophic animals is the result of decreased syn- 
thesis of ubiquinone, the defect is in the conversion of 
phenylalanine or tyrosine to p-hydroxybenzoic acid. 

The marked decrease in ubiquinone concentration in 
dystrophic mice may explain the beneficial effect of 
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hexahydrocoenzyme Q, in these mice. Because 
ubiquinone is a component of the respiratory chain, it 
is not unreasonable to look for changes in respiration 
or oxidative phosphorylation in dystrophic animals, 
With dystrophic hamsters, it has been known for some 
time that there is a decrease of respiratory rate and 
oxidative phosphorylation of heart homogenates, but 
these changes seem to be absent in isolated mito- 
chondria from genetically dystrophie mice. According 
to Wrogemann and Blanchaer (Can. J. Biochem., 46, 
323; 1968), there seems to be no difference between 
the respiration and oxidative phosphorylation ot 
isolated mitochondria from normal Syrian hamsters 
and the myopathic strain BIO 14-6. The dystrophie 
hamsters were not obviously ill at 97-124 days of age, 
but histological examination and serum creatine phos- 
phokinase levels showed that the process of degenera- 
tion had started. There was no significant difference 
between isolated heart and muscle mitochondria from 
the healthy and dystrophic hamsters in rate of oxygen 
uptake, ADP/O ratio and respiratory control ratio 
using pyruvate-malate as substrate. The oxidation 
of L-a-glycerophosphate was the same in both sets 
of animals but the oxidation of reduced nicotinamide 
adenine dinucleotide (NADH) was 35 per cent less 
in the mitochondria from dystrophic animals (this is 
more likely to be due to a reduction in the mitochon- 
drial permeability to NADH than any respiratory 
chain defect). There was no difference in the number 
of mitochondria per cell, so it seems that at least in the 
early stages of muscular dystrophy respiration and 
phosphorylation can proceed as well in dystrophie 
animals as in normal animals. 


RNA Terminal Sequences 
from our Cell Biology Correspondent 


THE 3’ terminal sequences of RNA from bacteriophages 
are of particular interest because the complementary 
strands are made in the 5’->3’ direction during phage 
replication—Spiegelman and his collaborators have re- 
tracted the heretical suggestion that synthesis can 
occur in the 3’>5' direction—and so the 3’ terminal 
sequence of the plus strand is template for the 5 
terminal sequence of the minus strand. Moreover the 
RNA synthetases which catalyse this minus strand 
synthesis have specific template requirements. The 
Q8 enzyme, for example, only replicates homologous 
Q8 RNA and the basis of this specificity may reside in 
the 3’ base sequence of the template. 

De Wachter and Fiers and Weith and Gilham have 
previously reported that the 3’ sequence of the closely 
related phages f2 and MS2 is GpUpUpApCpCpApCpCp 
CpA (see Nature,217, 311; 1968). Weith, Asteriadis and 
Gilham (Sciehce, 160, 1452; 1968) now report that the 
3’ terminal sequence, of thé serologically unrelated 
phage Qf differs from those of f2 and MS2. Like f2 
and MS2, however, the last two bases in Qf are Cpa. 
The terminal base A was identified after alkaline hydro- 
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Bishop, Pace and Spiegelman have shown that the 
5 terminal base of the minus strand of Q8 made in 
vitro is—like that of the plus strand—G and the 3’ 
terminal base of both strands is C. Why then is the 
3’ terminal base of plus strand RNA isolated from 
intact phage A, not C? It seems that an enzyme must 
add at least the terminal A and possibly the CCA 
sequence to the 3’ end of Q8 RNA. The search is now 
on for the enzyme. Whether it is similar, identical or 
totally unrelated to the enzyme which adds CCA to 
tRNA remains to be seen. And what is the function of 
the 3’ terminal A? Does it protect the RNA from 
exonucleases ? 

At the other end of the molecule, the 5’ terminal base 
of all the phage RNAs so far analysed is triphosphory]- 
ated G (pppGpXpYp), whereas other cellular RNAs, 
for example, 5S RNA, the sequence of which has just 
been published in full by Brownlee, Sanger and Barell 
(J. Mol. Biol., 84, 379; 1968), have 5’ monophosphate 
groups. Because RNA is polymerized in the 5'—>7 direc- 
tion from nucleoside triphosphates, all RNA molecules 
are presumably made with a triphosphorylated 5’ term- 
inus which must subsequently be cleaved by a dephos- 
phorylase. Wimmer and Reichmann (Science, 160. 
1452; 1968) have produced new evidence to support 
this idea. They have found that the 5’ terminal 
sequence of RN A from Satellite Tobacco Necrosis Virus 
is ppApGpUp. The terminal A has a 5’ pyrophosphate 
group in contrast to the triphosphate group of RNA- 
phage RNA and the monophosphate of cellular RNAs. 
There must therefore be an enzyme or enzymes in 
tobacco plants capable of removing the y phosphate 
group of a 5’ triphosphate just as there is in E. coli. 


Transfer Factors 


from our Molecular Biology Correspondent 


EVIDENCE has accrued from several laboratories that 
the transfer of amino-acids from amino-acyl-tRNA to 
a growing peptide chain requires the presence of a 
nucleotide (GTP) and certain proteins from the super- 
natant. Many data on the nature and activity of 
these substances have been brought together in the 
current issue of Arch. Biochem., w hich is dedicated to 
the late Richard Schweet and includes several papers 
from his own laboratory. 

So far, three factors appear to be generally agreed 
on, but several different terminologies are in use. 
Thus Ravel et al. (Arch. Biochem., 125, 514; 1968) 
describe the preparation of three. fractions, £-1A, 
F-IB and F- from E. coli by ion exchange chromato- 
graphy. It is now recognized that amino-acyl-tRNA 
has two modes of interaction with the ribosome- 
messenger complex, one enzymic, the other non- 
enzymic, and the former process requires GTP and 
either F-IA or F-IB. Unlike the non- -enzymic binding 
process, this reaction is not inhibited by (RNA stripped 
of its amino-acid. Skogerson and Moldave (7bid., 497) 
have made further observations, u using puromycin, 
which becomes one partner in a peptide bond: GTP 
and their “‘transferase-J”’ are involved in attachment 
of the amino-acyl-iRNA, but the peptide bond to 
puromycin is then formed without the intervention of 
either. It is suggested that the ribosome itself bears a 
peptide bond-synthetase. The second supernatant 
factor, transferase-I7, together with GTP, is found 
in normal peptide synthesis to catalyse the transfer 
of the new peptidylt{RNA to the other ribosomal 
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binding site, in preparation for the next cycle (‘‘translo- 
case’). Transfer factors from Æ. coli, termed T and G, 
were also prepared by Lipmann and his associates, 
and T has been further separated into two fractions, 
T, and T, (unstable and stable, respectively), which 
clearly correspond to the F-IA and F-IB of Ravel 
et al. Felicetti and Lipmann (ibid., 548) now note a 
similar pattern in mammalian systems (rat liver and 
rabbit reticulocyte), with two fractions T, and T,, 
corresponding to T and G, the second associated with 
GTPase activity. 

The role of one natant fractions in initiation of 
protein synthesis has been studied in Ochoa’s laboratory 
(Iwasaki et al., ibid. , 542) in the Æ. colt system. Three 
fractions have again been prepared, F,, F, and F}. 
F, is said to be required for the attachment of 
natural messenger (Q8-phage RNA) to the ribosome: 
F, then brings about the binding of formylmethionyl- 
RNA, so that synthesis can begin. F, is also required 
at this stage. A synthetic messenger, bearing the 
initiation codon at the 5’-end, will bind to the ribosome, 
however, without the aid of F, and F, can then 
similarly be dispensed with. Another supernatant 
protein, required for initiation of haemoglobin synthe- 
sis, though not propagation, has been isolated by 
Miller and Schweet (thid., 632). 

The atypical nature of synthetic messengers also 
emerges from the work of Arlinghaus et al. (ibid., 604): 
in the reticulocyte system some 70 per cent of labelled 
amino-acids appear in acid-precipitable polypeptide 
chains, and the remainder in the acid-soluble fraction, 
consisting of small peptides. With poly-U as messen- 
ger, on the other hand, there is little incorporation 
into acid-insoluble material, and it is inferred that 
chain initiation is favoured relative to the polymeriza- 
tion reaction. 

In another paper from Schweet’s laboratory (Schaef- 
fer et al., tbid., 614) the binding of phenylalanyl-RNA 
to the poly- U ribosome complex has been studied. 
In the best conditions for polypeptide synthesis, 
GTP and the usual transfer fraction were required 
for binding, but under aberrant conditions (high 
magnesium and low potassium concentrations) these 
ceased to be necessary. On incubation with the 
peptide synthetase fraction, a dipeptide (phe.phe) is 
produced in the former case, but for the non-enzymie- 
ally bound *RNA to yield a dipeptide, GTP and the 
binding factor are expressly needed. An explanation 
is suggested in terms of binding at both ¿RNA sites 
under the anomalous conditions. These results may 
be contrasted with those of Pestka (J. Biol. Chem., 
243, 2810; 1968) who has described the formation of 
short peptides, primarily phe.phe, in the absence of 
supernatant enzymes or GTP, in the E. colt system. 
This process has a characteristic response to magnesium 
concentration. The points of difference from the 
results of Schaeffer et al. may represent a real difference 
between bacterial and mammalian ribosomes, and 
indeed it has been reported that, in reticulocytes, 
initiation does not require a formylated amino-acyl- 
tRNA. Pestka’s observations recall also the notion 
that the peptide synthetase is an integral part of the 
ribosome. 

It may be noted that two transfer factors have 
recently been purified and crystallized (Parmeggiani, 
Biochem. Biophys. Res. Commun., 30, 613; 1968). These 
are the G and T factors of Lipmann. They sediment 
at 5-3 and 5-18. respectively. 
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Some Distributional Features of the Foot 


and Mouth Epidemic 


by The unusual distributional features of the recent foot and mouth 
a epidemic suggest that there were several outbreak centres. The 
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Tue foot and mouth epidemie in the winter of 1967-68 
represented the severest outbreak that Britain had ever 
experienced. It now seems that approximately 443,000 
farm animals were slaughtered in an attempt to contain 
the disease, and 2,339 farms were infected. The whole 
outbreak took 120 days to run its course, though several 
cases of re-infection after re-stocking have been noticed 
im recent weeks. 

Fig. 1 shows the growth of the epidemic in terms of 
the number of farms infected. In an attempt to even 
out the diurnal fluctuations the data have been aggregated 
in 10 day units, and this curve is shown as an inset to 
the figure. It is apparent that this example does not 
form the perfect normal distribution that is typical of 
most epidemics, but is positively skewed, the largest 
number of outbreaks bemg recorded about 30 days after 
the original infected case. Fig. 2 expresses this growth m 
cumulative terms. Although for part of the time (days 
10-40) the curve follows the law of allometric growth 
and is expressed on the graph as a straight line, the 
complete cycle shows the typical S-shaped logistic curve 
that is so characteristic of many diffusion processes. 

In terms of the spatial distribution of the epidemic an 
investigation into its origins revealed that the original 


critical period in the outbreak was between the twenty-third and 
thirty-fifth days when the maximum number of daily outbreaks was 
recorded, and the epidemic reached its greatest spatial extent. 
Efforts to contain the disease may have been aided by the two 
ridges of high pressure present in the area in the week following 
November 17, 1967. 


outbreak at Nantmawr, Oswestry, in Shropshire, on 
October 25, 1967, probably originated from & consignment 
of infected Argentinian meat!. In the next few weeks 
most of the countries of the West Midlands and North 
East Wales were seriously affected, although it can be 
seen that the epidemie was heavily concentrated in the 
counties of Shropshire and Cheshire, where 73-8 per cent 
of all the holdings infected were located (Fig. 3). 

At present it is still not known whether the disease 
diffused away from the original outbreak or whether there 
was a series of separate outbreaks slightly later in time. 
Distributional evidence would, however, seem to suggest 
the latter. Thus Fig. 4, which shows the number of out- 
breaks plotted in distance zones from the origin, does not 
show the uniform decline with distance from the origm 
that one might expect. Instead, a skewed but bell-shaped 
distributional curve exists, suggesting that there were 
several outbreak centres located randomly im space. 
Furthermore, once the curve is disaggregated so that the 
number of outbreaks in each distance zone is shown for a 
set of time intervals, each lasting 10 days, even more 
interesting results emerge. Although the first 10 days 
show a concentration of outbreaks around Oswestry, two 
small peaks can be noted, between ten and fifteen miles 
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and between twenty and twenty-five miles away from 
the original infected case. Traced through time the 
concentration around Oswestry diminished, the outbreak 
having reached its maximum number within any par- 
ticular time period by the end of the fourth period, that 
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is, day 40; after this time a general decline sets in. 
The various peaks in the first four time periods do, how- 
ever, seem to be paralleled by peaks during the sub- 
sequent time periods, although these peaks are in neigh- 
bouring distance zones, and significantly in the one 
farthest from Oswestry. This would, of course, suggest 
that the epidemic spread north-eastwards fromm a set. of 
scattered primary centres. 

Such a conclusion seems to be reinforced by Fig. 6, 
which shows, for each parish, the period of time in which 
the maximum number of outbreaks was recorded. From 
each original centre the general pattern of maximum 
infection showed a north-easterly trend, probably associ- 
ated with the prevailing south-westerly wind systems 
which existed immediately before the first outbreaks were 
recorded, and which were maintained during most of the 
early days of the outbreak (Fig. 7). By the end of November 
these infected areas had coalesced and the epidemic had 
virtually reached its maximum extent. From this date a 
rapid decline in the number of new outbreaks occurred 
and in spatial terms this simply represented an infilling 
process, or rather the consolidation of already infected 
areas. The only important exceptions to these general- 
izations occurred in North Cheshire and also in Eastern 
Shropshire and Staffordshire. In the former case it was 
probably the combined barrier effects of the Keuper 
Scarp of the Pale Heights and Delamere Forest that 
interrupted the north-easterly trend away from Willington 
parish. In the latter it is apparent that the comparatively 
late extension of the disease into these areas represented 
an easterly and south-easterly trend associated with a 
marked shift in the direction of the wind from the south- 
west to the north-west quarter (Fig. 7). 
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e Fig. 3, Number of outbreaks in each county. 
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Fig. 8 shows the end product of this infilling process, 


namely, the number of infected farms in each parish 
expressed as a percentage. 
the map the percentages have been grouped into quartiles 


(For the sake of clarity on 


and the boundaries of contiguous parishes with similar 
scores have been removed.) Clearly these observations 
about the concentration of the epidemic in a particular 
core area within a slightly larger, but less infected, peri- 
pheral area are emphasized. Moreover, the mitial north- 
easterly trend of the core area away from the original 
outbreak is also quite marked, although the fragmenta- 
tion of this area into several sections lends weight to 
the opinion that several centres of infection probably 
existed. 
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In conclusion, it must be stressed that this study is 
simply a preliminary enquiry into the distributional 
features of the epidemic. Yet it does seem that 
25-35 represent the critical period in the outbreak, fo 
within this period the maximum number of daily” 
breaks was recorded, and the epidemic reached its greatest — 
spatial extent. From this date, with the one important 
exception already noted, the outbreak was largely con- 
fined to infilling and to slight peripheral extension, at 
least in terms of the number of farms infected in any 
area (Fig. 8). Thus it is this spatial restriction on the 
spread of the outbreak which seems to account for the 
skewed distribution in Fig. 1 and the shape of the curve 
in Fig. 2. It is, however, rather interesting to speculate 
on the extent to which the efforts to contain the disease 
were aided by the two ridges of high pressure that were 
present in the area in the week following November 17. 
The importance of the fortuitous climatic change lies in 
the fact that extremely light winds were characteristic, 
and came from the north-easterly and south-easterly 
quarters. This period later proved to be the incubation 
period before the maximum number of outbreaks oceurred, 
so it would seem that this played an important part in 
restricting the potential spread of the epidemic. 

In view of the promising results yielded by this dis- 
tributional study it is hoped to extend the enquiry at 
some later date and to try to simulate the process of 
diffusion in the area. Unfortunately, as in most dis- 
tributional studies, the inadequacy of the official recording 
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Fig. 8 Percentage of holdings infected in each parish. 


of statistics is a serious handicap. It is frequently 
difficult, and certainly time wasting, to locate all the 
farms infected by map evidence alone if greater locational 
accuracy than the parish unit used in this study is desired. 
` Moreover, the compilation of agricultural statistics on a 

parish basis makes the comparison of data a hazardous 
business because of the widely divergent size and shape 
of parishes. Again, a plea must be made for the collection 


and coding of spatial information on a grid coordinate 
system?. Only in this way will much of the information 
collected be available for analysis so that the student of 
spatial distribution can get on with his main task. 


Received April 25, 1968. 
1 The oon of the 1967-68 Foot and Mouth Epidemic, Cand, 3500 (EALS. O., 
1968). 


* Forbes, J., and Robertson, I., Cartographie J., 4, No.1, 29 (1967). 


Robert Burton an‘Unhonoured Biologist 


b The writings of Robert Burton (1577-1640) contain many passages 


509, Lanark Road, Juniper Green, Mid-Lothian 


Rosert Burron’s book, The Anatomy of Melancholy, is 
not given much prominence at the present time. Never- 
theless it went to five editions in the author’s life-time 
and a sixth was published posthumously. Among admirers 
of the book have been Samuel Johnson, John Keats, 
Charles Lamb, Middleton Murry and Sir William Osler. 
Perhaps the most succinct praise is that given by Samuel 
Johnson. Boswell said: “Burton’s Anatomy of Melancholy 
was the only book that ever took him out of bed two 
hours sooner than he wished to rise... . It is, perhaps, 
But there is a great spirit 
and great power in what Burton says, when he writes 
from his own mind”!. Osler? describes the book as “A 
medical treatise, the greatest indeed written by a layman, 
` jt deals with all types and forms of mental aberration ... 


which suggest that he had a concern for biology. He may even have 
been a contributor to evolutionary thought. 


orderly in arrangement, serious in purpose, and weighty 
beyond belief with authorities. Though, as I said, it is 
in the first place a medical treatise, it is much more, for 
so roving a humour hed Burton, that he levied upon all 
literature, ancient and modern, sacred and profane”. 
Burton’s own description of his book is “My subject is of 
man and human kind” and one could well add "with 
special reference to heart, soul and spirit”. 

Burton by no means wrote primarily as a biologist; 
scattered through the book are items of great biological 
moment, often written without any elaboration, the 
author passing quickly on to other matters. Only a very 
limited number of these items can be given in this short 
article. A starting point is the pseudonym adopted by 
Burton-——‘‘Democritus Junior’. This indicates a deep 

* 
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sympathy with the scientific mind of Democritus. On 
the first page of The Anatomy we find `... some prodigious 
tenet, or paradox of the earth’s motion, of infinite worlds, 
im infinito vacuo, ex fortuité atomorum collisione, in an 


infinite waste, so caused by an accidental collision of 


motes in the sun, all which Democritus held, Epicurus 
and their master Leucippus of old maintained, and are 
lately revived by Copernicus, Brunus, and some others”. 
Within his first few pages Burton summarizes what was 
known of Democritus and his writings including his 
knowledge of natural history: “He knew the natures, 
differences of all beasts, plants, fishes, birds; and, as 
some say, could understand the tunes and voices of 
them”. Burton writes of himself: “I am verè Saturnius ; 
no man ever took more delight in springs, woods, groves, 
gardens, walks, fishponds, rivers, etc.” (Part II, Sect. TI, 
Mem. IV). The following quotations show a deep under- 
standing of many aspects of biology; he was able not 
only to relate data but also to point to the underlying 
principle, which is more important. He himself did not 
classify these biological data, so I have inserted the 
headings shown here. 

Ecology. “As the reed and fern in the emblem, averse 
and opposite in nature” (IIT, II, V, IIT). 

Animal Behaviour. (i) “The soul is an alien to the body, 
a nightingale to the air, a swallow in a house (IT, IH, TV). 
(ii) “Bees indeed make neat and curious works, and many 
other creatures besides; but when they have done, thev 
cannot judge of them” (T, T, TI, X). (iii) “Ut materia 
appetit formam, sic mulier virum” (IXI, TI, 1, II). (iv) 
“...acrane of Majorca that loved a Spaniard, that would 
walk any way with him, and in his absence seek about 
for him, make a noise that he might hear her, and knock 
at his door, ‘and when he took his last farewell, famished 
herself’. Such pretty pranks can love play with birds, 
fishes, beasts” (IIT, IT, I, I). 

Adaptation. “As a tortoise in his shell or an urchin 
round . . . a lizard in camomile, I dechne their fury and 
am safe” (II, TTI, VII). 

Variation. “What shall I say of Cinncinatus, Cato, 
Lully, and many such ? how have they been pleased with 
it, to prune, plant, inoculate, and graft, to shew so many 
several kinds of pears, apples, plums, peaches, ete.” (IT, 
H, IV). 

Heredity and Eugenics. (i) “An husbandman will sow 
none but the best and choicest seed upon his land; he 
will not rear a bull or an horse, except he be right shapen 
in all parts, or permit him to cover a mare, except he be 
well assured of his breed; we make choice of the best 
rams for our sheep, rear the neatest kine, and keep the 
best dogs, quanto id diligentius in procreandis liberis 
observandum ! And how careful then should we be in 
begetting of our children!” (I, H, II, I). (ii) Quoting, 
in the first part, from Lodovicus Mereatus: “And that 
which is more to be wondered at, it skips in some families 
the father, and goes to the son, or takes every other, and 
sometimes every third in a lineal descent, and doth not 
always produce the same, but some like, and a symbolizing 
disease., For these reasons belike the Church and 
Commonwealth, human and divine laws, have conspired 
to avoid hereditary diseases, forbidding such marriages 
as are any whit allied; . And sure, I think, it hath 
been ordered by God’s especial providence, that in all 
ages there should be (as usually there is) once in 600 years 
a transmigration of nations to amend and purify their 
blood. ... Northern Goths and Vandals” (I, IT, I, VI). 

What probably is of most value in the biological field is 
Burton’s contribution to discussions on matters adum- 
brating evolution. Evolution itself is not mentioned but 
decided doubts are cast on the then accepted views 
concerning the origin and variation of animals and plants 
and Burton points in the direction that modern biology 
has followed. He writes: “Whence proceed that variety 
of manners, and a distinct character (as it were) to several 


nations ? Some are wise, subtile, witty; others dull, sad, 
+ 
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and heavy; some big, some little, as Tully de Fato, Plato 
in Timaeo, Vegetius, and Bodine proves at large, method, 
cap. 5; some soft, and some hardy, barbarous, civil, 
black, dun, white; is it from the air, from the soil, 
influence of stars, or some other secret cause? .. . 

“Whence comes this variety of complexions, colours, 
plants, birds, beasts, metals, peculiar almost to every 
place? Why so many thousand strange birds and 
beasts proper to America alone, as Acosta demands, 
Nb. 4 cap. 36? Were they created in the six days, or ever 
in Noah’s Ark ? If there, why ace they not dispersed and 
found in other countries? It is a thing (saith he) hath 
long held me in suspense; no Greek, Latin, Hebrew, ever 
heard of them before, and yet as differing from our 
European animals, as an egg and a chestnut; and, which 
is more, kine, horses, sheep, ete., till the Spaniards brought 
them, were never heard of in those parts. How comes it 
to pass that in the same site, in one latitude, to such as 
are Pertect [neighbours], there should be such difference 
in soil, complexion, colour, metal, air, ete... . {quoting 
Ortelius he continues:] The Spaniards are white, and so 
are Italians, when as the Inhabitants about Caput Bonae 
Sper are Blackamores, and yet both alike distant from 
the Afquator: nay, they that dwell in the same parallel 
hne with these Negroes, as about the Straits of Magellan, 
are white coloured, and vet some in Presbyter John's 
country in Aithiopia are dun; they in Zeilan and Malabar, 
parallel with them, again black; Manamotapa in Africa, 
and St. Thomas’ Isle are extreme hot, both under the 
line, coal black their Inhabitants, whereas in Peru they 
are quite opposite in colour” (IT, IT, ITI). 

After giving a long catalogue of data on differences in 
weather conditions in different parts of the world, Burton 
goes on to write from his own mind: “But this diversity of 
air, in places equally site, elevated, and distant from the 
Pole, can hardly be satisfied with that diversity of Plants, 
Birds, Beasts, which is so familiar with us. With Indians, 
everywhere, the Sun is equally distant, the same vertical 
stars, the same irradiations of Planets, Aspects alike, the 
same nearness of seas, the same superficies, the same soil, 
or not much different” (IT, IT, III). The author is pointing 
out that although the climate and the soil in the Americas 
and in Europe are “not much different” yet the birds and 
beasts are quite different. In other words, the nature of 
the organism is not determined by the environment. 

It would therefore have been foreign to Burton’s mind 
to write, as Francis Bacon wrote: “Take CGilliflower 
seed . . . and sow it, and there will come up Gilliflowers, 
some of one colour, and some of another, casually as the 
seed meeteth with nourishment in the Earth; so that the 
Gardiners find that they have two or three Roots among 
an hundred that were rare and of great price as Purple 
Carnations of several stripes”. Thiselton-Dyer*, dealing 
with the plants mentioned in Shakespeare's Plays, quotes 
this Bacon passage and writes: “Shakespeare and Bacon 
were both attracted by a horticultural problem which 
doubtless was a subject of much interest at the time. 
He (Bacon) recommends that the ‘experiment’ should be 
tried on other plants. Here Bacon was on the track of 
variation, the great discovery that had to wait for Darwin. 
But his explanation was futile, and he split on the same 
rock as Herbert Spencer in finding it in the environment”. 
Thiselton-Dyer then gives the passage from The Winter's 
Tale, IV, 4, 81-97: 


t 


*... the fairest flow’rs o° th’ season 

Are our carnations and streak’d gillyvors, 

... This is an art 

Which does mend nature—change it rather; but 

The art itself is nature”. 
and continues: ‘“This is an insight of consummate genius. 
We are no longer left side-tracked in the environment, but 
face to face with the truth that nature contains the seeret 
of its own evolution”. 
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oo. Thus Thiselton-Dyer speaks very highly of the author 
of the so-called Shakespeares Works. It will be apparent 
that, in not finding the cause of variation in the environ- 

ment, the author of The Winter’s Tale had similar views 






on variation to those of Robert Burton. I have drawn 
attention to a similarity in thought and word between a 
great many passages in The Anatomy of Melancholy and 
passages in Shakespeare's Works and, indeed, have claimed 
that Burton was an extensive contributor to the latter’. 
Two “Shakespeare” passages appear especially relevant 
here: 
(a) [Breeds of dogs]... every one 
According to the gift which bounteous nature 
Hath in him clos’d. (Macbeth, II, 1, 96.) 
(b) They think they are mine; and though traind up 
thus meanly 
P th’ cave wherein they bow, their thoughts do hit 
The roofs of palaces, and nature prompts them 
In simple and low things to prince it much 
Beyond the trick of others. (Cymbeline, ITT, 3, 82.) 


In these two quotations the author is emphasizing the 
role of nature in determining variation in dogs and men: 
that he appreciated the respective roles of nature and 
nurture is clear from his description of Caliban: 


A devil, a born devil, on whose nature 
_ Nurture can never stick. (The Tempest, IV, 1, 188.) 


Burton did not record having carried out any experi- 
ments, as did Mendel; certainly, however, his grasp of the 
significance of variation in dogs and gillivors and his 
rendering of the quotation from Mercatus, given here, 
would lead us to believe that he would have grasped 
readily the significance of Mendel’s work. With the other 
factor in Neo-Darwinism, namely natural selection, 
Burton was also familiar: 
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... tis an unweeded garden, 

That grows to seed; things rank and gross in nabure 

Possess it merely. (Hamlet, I, 2, 135.) 
I doubt very much, however, whether Burton would 
have agreed with Charles Darwin's mechanistic theory of 
evolution. No article on Burton is complete without some 
mention of his views on the mode of operation of the 
human mind. He writes, “Phantasy, or imagmation ... 
is an inner sense which doth more fully examine the 
species perceived by common sense, of things present or 
absent, and keeps them longer, recalling them to mini 
again, or making new of his own” (L, I, U, VID). He was 
a devourer of literature yet paradoxically he said early in 
his book: “that which others hear or read of, I felt and 
practised myself, they get their knowledge by books, I 
mine by melancholizing”’. It is not clear what exactly was 
meant by ‘‘melancholizing” but in all probability this 
‘making new of his own” or intuition participates in the 
process. Again early in his book he says of Democritus: 
“I find it related by some, that he put out his eyes, and 
was in his old age voluntarily blind, yet saw more than 
all Greece besides”, and of himself: “I live still a collegiate 
student, as Democritus in his garden, and lead a monastic 
life, ipse mihi theatrum”. His concept of “ipse: the self 
makes it likely that an organismic rather than a mech- 
anistie interpretation of the origin and development of 
living things would have been the choice of this remarkable 
intellect. 


: Boswell, J., Life of Johnsen, revised and enlarged edit..2, 121, 440 (Claren- 
don Press, Oxford, 1934). 
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3 Thiselton-Dyer, W. T., Shakespeare's England, 1, S14 (Clarendon Press, 
Oxford, 1916). 

1 Brownlee, A., William Shakespeare and Robert Burlon, second edit, (Hitre 
Press, 1963). 
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SrronG radio sources appear to be the expanding debris 
from an explosion within the associated galaxy, and it 1s 
natural to suppose that extended double sources have 
evolved from compact sources. The nature of the initial 
energy release, and the process whereby this energy is 
converted into relativistic particles and magnetic fields, 
are completely mysterious. It may, however, be easier to 
understand the later stages, when the source has escaped 
beyond the confines of its parent galaxy and its dimen- 
sions are 104-10? ps. We wish to discuss a simple model 
based on the hypothesis that the evolution of extended 
sources is controlled by two main factors: (i) dynamical 
interaction with the intergalactic medium, and (ii) inverse 
Compton scattering of the cosmic black body radiation. 
The density pg of the intergalactic medium and the 
temperature T of the primeval radiation both depend on 
the red-shift z in a predictable manner: pg would be 
expected to be roughly proportional to (1+2z)*, even 
though its present value is very uncertain; and in all 
conventional cosmological models Fa (1 +2). 


Large radio 


sources are influenced by the intergalactic medium and 
the cosmic black body radiation, both of which depend on red-shift 
in a predictable way. The type of source evolution implied by the 
radio data can be fitted by a simple model. This topic links with the 
X-ray background and the intergalactic cosmic ray density. 


Much of the extremely large spread in the observed 
power and linear size of radio sources can be interpreted 
as different stages in the evolution of a single class of 
objects. Provided that this evolution occupies a period 
much briefer than the age of the universe, the relative 
numbers of sources observed at each stage would be 
inversely related to the rate at which individual sources 
evolve through that stage. eOur proposed model thus 
enables us to predict. how the properties of sources would 
depend on z, and we compare these predictions with the 
z-dependence which is implied by the source counts ane 
magnitude—red-shift relations. 

Finally, we shall consider briefly the related topics of 
the X-ray background and the universal flux of cosmic rays. 


Source Model 
We may envisage two phases in the evolution of a 
radio source: an initial phase during which the products 
of the initial explosion interact in a complex manner 
with the surrounding galaxy, relativistic particles are 
* 
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generated, and the magnetic field is amplified (perhaps in 
accordance with the scheme proposed by Ryle and 
Longair!); followed by a phase when the debris has 
escaped into intergalactic space (having by then bifur- 
cated into the characteristic double form). The expansion 
probably proceeds with velocity ~c during phase I, but 
during phase II the tenuous clouds of relativistic gas 
which constitute the radio source will be braked by the 
intergalactic medium. If the acceleration of relativistic 
particles has ceased by the time phase II begins, the life 
of the source will be limited by the life-time of the relevant 
relativistic electrons, which are subject to adiabatic, 
synchrotron, and inverse Compton losses. Obviously 
there would be a gradual transition between the two 
phases, but for the purposes of the model we assume that 
phase IT starts when the dimensions of each eloud are 
~10* ps, this being a typical galactic dimension. We 
adopt the hypothesis that the behaviour during phase I 
is independent of z—or, in other words, that the initial 
explosion and the interaction with the surrounding galaxy 
are similar at all cosmic epochs, and that the intergalactic 
medium and the primeval radiation exert a negligible 
influence during this compact phase. 

We suppose that, at the start of phase IT, relativistic 
particles are present with a power law spectrum N(E) 
dExE-vdE.{(y x~ 2-4) for E21 BeV, the numbers of protons 
and electrons being in the ratio f : 1 and the total particle 
energy being ~ 10% ergs. The strength of the synchrotron 
emission depends on the assumed magnetic field H,. If 
f= 100 and H, œ 10- gauss, the power radiated at ~ 10° Hz 
would be P~ 10% w ster- Hz". A spread of a factor 
~ 10 around this value would span the observed values 
of P for strong sources. 

We consider a specific model with radius R,=10* ps, 
H,=10- gauss, f= 100, and with total energy 10° ergs 
in each component at the start of phase II. The cor- 
responding energy density would be e~10-* ergs emè. 
The material within the component can be treated as a 
relativistic gas with pressure p=¢/3 provided that the 
mass of non-relativistic material within the same volume 
is $10°Mo. If there were no external medium, the 
cloud would continue to expand with speed ~e. The 
“ram pressure” of the intergalactic gas, however, retards 
the expansion significantly if p< py c’. Taking 

Og ~ 2x10- (1+2)3 g em~ (1) 
the value appropriate to an Einstein-de Sitter universe 
if most of the “missing matter” is uniformly distributed 
in intergalactic space, we find that this condition is ful- 
filled, for our choice of parameters, right from the start of 
phase II, even when z~0. The gas density within clusters 
of galaxies may be as much as ~ 10-7 g em~, Further- 
more, if clusters are gravitationally bound, this density 
would not be proportional to (1+z2)*. Of the N-galaxies 
associated with strong radio sources, however, only one 
appears to be in a cluster; there is no evidence that any 
quasars are in clusters. It therefore seems reasonable to 
presume that the density of the gas into which the radio 
clouds expand is given by (1). The expansion would be 
highly supersonic with respect to the external medium—- 
it is the inertia rather than the pressure of the latter which 
is dynamically important—so the model is, fortunately 
insensitive to the uncertain. thermal history of the inter- 
galactic gas. We assume that during the expansion the 
components remain spherical and uniform. In this ease 
exR4*, and so RaR-?. The time taken to attain a 
radius R is then 

R~3 
i Oy a or R } 
SRRA (Gy 


* The total energy œR- during this type of expansion. It might appear 
that the energy generated by the localized initial explosion would need to 
be > 10" ergs to compensate for the effects of adiabatic expansion during 
phase I, but this ís not so. During the compact stages e is high, the expansion. 
velocity ~e, and no significant work is done against external matter. Random 
energy may be transformed into relativistic bulk energy of expansion, but 
most of this energy could have been re-converted into relativistic particle 
engrey by the time phase IT begins. 


= 1) (142)! yr (2) 
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It is easy to check that, at least for z < 10, the electrons 
which emit synchrotron radiation at, say, ~ 10° Hz are 
never seriously affected by synchrotron losses during the 
expansion. If Ha R-* and the electrons are subject to 
no losses other than adiabatic losses the power would fall 
according to the relation 


P(v) œ R-2y (3) 


The inverse Compton losses furnish an eventual limit to 
the life-time of the source, and this limit is a sensitive 
function of z because the energy density of the primeval 
radiation œ (1+z)*. In our numerical example, the 
radiation which is received at ~10° Hz from a source 
with red-shift z would have been emitted by electrons 


with 
E R 
. land Ef nnn $ 4 
mar) = C a Ot (4) 





The Compton life-time of these electrons is 


| Ba 
te ~ 15x10 (L42)-3 (=) "yi (5) 


The source would thus cease to radiate at ~ 10° Hz when 
te equals the time since the beginning of phase II. The 
radius Re at which this happens is, from (2) and (5), given 


by 
Ry É Re 3 44 wn G 
io) (Go) ~ 1) = 10 a +a a 


While the radius $ Re the power decreases according to 
(3), but after te no electrons survive with sufficient energy 
to radiate at 10° Hz. Ths inverse Compton effect “‘snuffs 
out” the sources at an earlier stage in their expansion 
when z is large because the primeval radiation was more 
intense at early epochs, and also because the expansion 
would have proceeded more slowly in the past, owing to 
the higher density of intergalactic matter. Equation (6) 
gives Rex 10° ps for z~0, with a corresponding age of 
~2x 107 yr; for <~2, R.~2x 104 ps, and the age is 
~5x 10 yr. For still larger red-shifts, the inverse Comp- 
ton losses “snuff out” the sources before they have even 
had time to double their dimensions, and before adiabatic 
expansion has reduced the power much below the initial 
value, Fig. 1 illustrates how the power varies for different 
values of z. 
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Fig. 1. The radio power at ~ 10" Hz for a source model with para- 
meters specified in the text. We cannot predict the behaviour during 
phase I, which lasts for ~3x10* yr. During phase II, the two com- 
ponents expand into the intergalactic medium. At first the power 
gradually decreases because of the adiabatic expansion, but it drops 
essentially to zero after the relevant electrons have lost their energy 
via the inverse Compton effect. At large z, the expansion is slower 
because eg is higher, but the source is “snuffed out” at an eartier 
stage because of the higher temperature of the primeval radiation. 
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o> > If we consider sources in which the initial energy 
=- differs from the value 10* ergs taken in the foregoing 
example, but in which the other parameters are the 


same, we find that the more energetic sources would be 
more powerful at the beginning of phase II, and would 
expand to a somewhat larger radius before the Compton 
effect degrades the relevant electrons. Fig. 2 shows the 
luminosity function for a population of phase IT sources, 
at various epochs, on the assumption that the formation 
rate is independent of z. The density increases in propor- 
tion to {1+2} out to a cut-off red-shift which is larger 
for the more powerful sources. Beyond z ~ 4-5 the density 
of even the strongest phase II sources would decrease as 
(1+2z)-4. 

Although the model depends crucially on the existence 
of intergalactic gas, it is fairly insensitive to the value of 
og provided that p2 10- g cem. For a low pg, the ex- 
pansion would, at least for small z, initially obey [(#/10*) — 
ljat rather than (2). If the inertia of non-relativistic 
matter within the cloud is important, or if external matter 
percolates into the cloud, the expansion would obey 
[(R/104)§?@— L] oct (ref. 2). 

Spherical symmetry is plainly a crude approximation, 
for the components would actually have an overall 
velocity outward from their point of origin. The inertial 
confinement of a moving “plasmon” by the ram pressure 
of intergalactic gas was considered by DeYoung and 
Axford’. They did not discuss the associated expansion, 
but it is clear that, although Fè may be a more complicated 
function of t, the dependence on (1+2)? would be 
preserved. (If the outward velocity were relativistic, 
the electrons would see an anisotropic but enhanced 
radiation field and the Compton losses would be more 
severe.) 

The following effects, which we have neglected, would 
need to be incorporated in a more detailed theory. (1) The 
field may continue to amplify during phase II if (as in 
our example) it is below the equipartition value. (1) In- 
stabilities may cause the magnetic field to develop in- 
homogeneities‘ which do not share in the overall expansion 
of the source. The existence of “hot spots” in Cygnus A 
(ref. 5) suggests that this does happen. (iii) If there is a 
large-scale intergalactic magnetic field, it may be swept 
up and compressed at the interface. Poveda and Woltjer® 
have argued that an analogous process occurs in super- 
nova remnants. (iv) Relativistic protons (which would 
constitute the bulk of the energy if f21) may be able to 
feed energy into the relativistic electrons, and thus com- 
pensate the adiabatic and Compton losses suffered by the 
latter. 

The existence of very large but powerful sources such 
as Hercules A is hard to reconcile with the strict operation 
of the relation (3). Any of the above effects, however, 
would tend to reduce the rate at which P drops during 
the expansion. Intrinsically weak sources would then 
be relatively more numerous, and would make a more 
important contribution to the radio background. (In the 
case which is depicted in Fig. 2, where Pat-' for large t, 
the chief contribution to the radio background comes from 
the strongest sources.) The cut-off at large red-shifts 
would be only slightly altered by the effects mentioned. 
A primeval intergalactic magnetic field would be stronger 
at large red-shifts, and so effect (in) would give rise to a 
“luminosity evolution” which would modify the luminosity 
functions plotted in Fig. 2. 


Dependence of Source Density on Red-shift 


Evidence concerning the density of sources at different 
epochs has been obtained from number counts, and from 
the magnitude—red-shift relation for sources with identified 
optical counterparts. We shall have tried to relate this 
evidence to our proposed model. There is no reason to 
expect that galaxies had the same propensity to explode 
at all epochs. If the formation rate is proportional to 
F(z), the luminosity functions at different red-shifts would 
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have the shape of those shown in Fig. 2, but wouki be 
weighted by this factor. The density of phase I sources, 
according to this simple model, would be proportional 
to F(z). 

The radio source counts can be reconciled with simple 
homogeneous cosmologies only by postulating that sources 
were more plentiful in the past. For an Einstein—de Sitter 
model, it is found that the actual counts can be reproduced 
if ex(1+z)* out to a red-shift 2~3 or 4 (ref. 7). Only 
the intrinsically powerful sources can evolve in this drastic 
manner—otherwise the integrated contribution from faint 
sources would exceed the observed intensity of the radio 
background. It is an attractive possibility that a popula- 
tion resembling the phase II sources may be responsible 
for the steep slope of the log N—log S curve. This would 
require F(z)ac(1+z)** at least out to zx4. The “cut-off” 
is then a natural consequence of the increasing severity 
of Compton losses at large red-shifts, and there is no 
necessity for a sharp change in the form of F(z) for z> 4. 
it can be seen from Fig. 2 that there would not be a 
straightforward ‘density evolution”, but the luminosity 
function would be narrower at larger red-shifts. As a 
result, the z-dependence of ¢ can be somewhat slower 
than was required in ref. 7, and the constraint imposed 
by the radio background is less severe. | 
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Fig. 2. Luminosity function at ~10° Hz for a population of phase [I 


sources with H,2710- gauss, and a spread of imitial energies in the 

range 1059-10 ergs, Curves are drawn for different red-shifts assuming 

that the formation rate is independent of z. The density increases as 

{1+2z)°” out to a cut-off red-shift which is larger for the stronger sources. 

Beyond z 25, the density of Aleta powerful sources decreases 
as (l+2zy%. 


Ryle and Longair? have adduced evidence that the 
radio luminosity during the compact phase I does not 
exceed the luminosity when phase II begins. If this is 
correct, the phase IT sources dominate the counts oub to 
z~4 (because phase I is so brief). The phase I sources, 
however, are not suppressed by the Compton effect 
beyond z~4, and we cannot permit #(z) to increase as 
(1+z)** out to too large a red-shift without encountering 
a divergence in the radio background (there would also be 
an excessive flux of X-rays, as we show in the next sec- 
tion). The sharp division which we have assumed between 
the two phases is obviously an artificial simplification, and 
at very early epochs the influence of the primeval radia- 
tion field and the intergalactic matter would be felt even 
during the compact phase. Indeed, for z> 10 the Compton 
life-time of the relevant electrons is shorter than the 
assumed duration of phase J, so the initial acceleration of 
these electrons would be mhibited. 

Powers of (1 +z) arose naturally in the previous section 
because both p; and T have this type of dependence on 
the epoch. The assumption of a power-law form fr 
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F(z) or p, however, is merely a matter of computational 
convenience. The optical data already indicate that p 
cannot be represented by a single power law, but that the 
appropriate power is a decreasing function of z. Schmidt’ 
finds, from an analysis of the 3C sources identified with 
quasars, that p is proportional to ~(1+2z)? out to z2 1-5. 
The evolution must level off beyond z~ 2—-otherwise it 
would be hard to understand why several objects with 
2225 had not been discovered. Rowan-Rebinson® finds 
that the distribution of radio galaxies out to z~%0-5 
imphes ea(l+z2)* approximately. It seems likely (and 
has been assumed in this article) that quasars and radio 
galaxies are a single class of objects!}*. One would then 
expect that radio sources associated with quasars should 
tend to be younger and more compact than those asso- 
ciated with galaxies, but the existence of sources such as 
3C47 (a quasar) indicates that there are many exceptions 
to this trend. 

Although it is essential to assume that any steep power- 
law evolution is truncated at some red-shift, it is important 
to note that there is no evidence for a “cut off” in the 
sense of an actual decrease in the density of sources before 
a certain epoch. In an Eimstein-de Sitter universe, 
geometrical effects would flatten the log N-log 5 curve 
and cause the background to converge unless 9 increases 
faster than (1-+2z)'5+¢, where « is the radio spectral index. 
Consequently we cannot infer a firm upper limit to the 
red-shift at which galaxies first formed from the present 
radio data. Types of evolution other than power laws 
have been discussed by Rowan-Robinson?"!, 

The general validity of this model could be tested by 
comparisons between number counts for different cate- 
gories of sources (for example, those which scintillate and 
those which do not), and by comparisons between counts 
made at different frequencies. We would expect the log N- 
log S curve to be flatter at high frequencies, because 
(a) the phase I sources, whose density evolution is not 
enhanced by the (1+2) factor, probably have flatter 
spectra and so would be more prominent in a high fre- 
quency survey, and (b) the cut-off in the phase IT popula- 
tion occurs at a slightly smaller red-shift at higher fre- 
quencies. The counts at 2,700 MHz presented by Shim- 
mins, Bolton and Wall! do show this effect, although the 
significance of these observations has been contested*. 

In a Lemaitre-type cosmology it is still necessary to 
invoke some density evolution. It would be sufficient, 
however, if pac(l+zi°" for a class of strong sources 
(private communication from V. Petrosian), and it 1s 
interesting that this is the expected evolution for the 
phase IT sources if F(z) is constant*. 


X-ray Background 

Evidently the inverse Compton effect is crucially im- 
portant as a drain on the energy of relativistic electrons, 
especially in radio sources with large red-shifts. We now 
examine the other side of the coin: the high frequency 
radiation arising from this process. 

The observed radio emission from a source with H ~ 10- 
gauss would be produced by electrons with (#/m-c*) in 
the range 16°-105. These electrons would concurrently 
emit inverse Compton photons with energies 103-107 eV. 
Present X-ray detectors do not have adequate sensitivity 
or resolution to detect the predicted flux from typical 
individual sources. The integrated contribution from all 
sources may, however, be detectable. Indeed it is possible 
that inverse Compton scattering in radio sources con- 
tributes most of the X-ray flux in intergalactic space. An 
isotropic X-ray background has been observed at energies 
from ~1 to ~10® keV. The spectrum is a power law 
with slope ~ —1 (which indicates that it is non-thermal) 
and the intensity is ~4 eV (eV cm?’ s ster)! at ~6 keV. 
A recent review of the data is given by Gould™. 

* If intergalactic gas is continually being accreted by clusters, or is forming 
new condensations, eg depends on z more steeply than «(1+z2), and the 


cgnneaque nera; density evolution of phase IT sources would be steeper than 
(14+ zh", 
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If all this radiation were generated by electrons in 
sources with mean red-shift Z and mean magnetic field H, 
the condition that the associated synchrotron emission 
should not exceed the observed radio background sets 
an upper limit to H. The radio background at high galactic 
latitudes amounts to ~ 80° K at 178 MHz. Probably no 
more than ~ 25° K is extragalactic in origin, and, making 
this conservative assumption, we derive from the work of 
Bergamini, Londrillo and Setti® that 


H < 10-7 (142)? gauss (7) 


In our proposed model the situation is complicated by the 
fact that the sources are expanding while they are radiat- 
ing. X-rays at 6 keV would be emitted at a rate propor- 
tional to R°-»Y until R~ Rz, where 


ae y -1) = 5x 10i (14+z)-2! (8) 


The spectrum of the X-rays, integrated over the life-time 
of the source, would have a slope ~ —(2y+1)/6 at small 
z, but the slope steepens towards —y/2 for sources with 
large red-shifts. (The slope of the integrated synchrotron 
spectrum is roughly —(y—1)/2 for small z, but becomes 
~ —y/2 when z approaches the cut-off red-shift.) If the 
principal contribution to the X-ray background comes 
from phase H sources, condition (7) becomes 


PA Pa Rz 4—y 
dee. 
Hyg a ee ees ae (9) 
l o 
i 108 f 


Thus the whole of the X-ray background could come 
from phase II sources with z~ 5, if these sources are also 
responsible for most of the radio background (as must be 
the case if they are numerous enough to explain the steep 
log N-log 8 curve). Sources with still larger red-shifts 
would not contribute much radio emission, but would 
make a contribution oc F(z) (1+2)*4 to the X-ray back- 
ground, 


Cosmic Rays 


Whereas relativistic electrons are degraded by the 
inverse Compton effect in a time much less than the 
Hubble time, the associated protons survive, and would 
presumably still remain in intergalactic space. In fact 
strong radio sources would probably be the chief contribu- 
tors to a universal cosmic ray flux (especially if these 
sources were formed more prolifically in the past). The 
intensity of this cosmic ray flux is therefore related to the 
X-ray backgsound. 

The observed background of X-rays harder than 105 eV 
is 


~3x 10teV cem- ster"! s71 (10) 


If these arise from Compton scattering of the black body 
radiation, the relevant electrons are those with Æ > 5x 10° 
eV (this is true irrespective of the epoch at which the 
X-rays were produced, because the higher radiation tem- 
perature exactly compensates for the red-shift). The 
associated protons would now, on average, have energies 


>5x 10° (142%) eV (11) 


where (1+2*) represents the mean factor by which their 
energy has dropped since the associated electrons emitted 
the X-rays. z* will not necessarily equal the red-shift Z 
corresponding to the average epoch at which the X-rays 
originated, for two reasons: first, the protons may have 
been cooled in the expanding source before escaping; 
and, second, they may subsequently be trapped within 
galaxy clusters which do not participate in the general 
Hubble expansiont. The flux of protons with E> 5x 10° 


tIf 2* greatly exceeds 5, the argument which follows must be modified 
to allow for the fact that the protons would not now be ultrarelativistic. 
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À ad should then be 
: ~ 3x 104 (1+2) (l+2*)'vfeV om- ster? s* (12) 


~The observed flux of such protons within the galaxy, on 
the other hand, is 


~ 10 eV cm~ ster? s~ (13) 


If we adbpt the conventionally assumed value f~ 100, 
and take Z7~z* ~ 5, we conclude that the intergalactic flux 
of relativistic protons should be ~1 per cent of the 
galactic value, and correspondingly less if the X-rays had 
some different origin. Despite the wide uncertainties in 
Z and z*, it seems unlikely that cosmic rays could be 
universal unless f2 10t. This is possible for some types 
of acceleration mechanisms, but would aggravate the 
energy requirements in strong radio galaxies. 

Although we have presented this argument in the 
context of a particular source model, it applies very 
generally, and constitutes an additional constraint on 
theories according to which all cosmic rays are universal. 
It might be thought that the conclusion could be evaded 
by relegating the cosmic ray production to such a remote 
epoch that the X-rays would have been scattered by 
intergalactic gas and degraded in energy, but it can be 
shown that an unacceptably large flux of y-rays from pion 
decay would then survive until the present. 





tions of ado. sources would: ae a Eaa inter a 


galactic field. An argument similar to the above Pn | 
that this field must now be <4x 10- gauss unless the ` 


magnetic field in the radio sources exceeded its eguie i 


partition strength. PORN 
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tions. 


AN atomic model of the haemoglobin molecule has now 
been constructed on the basis of the results deseribed in 
Nature last week. In its general features it closely 
resembles the earlier tentative model’. Each polypeptide 
chain is made up of helical and non-helical segments 
similar to those first discovered in sperm whale myoglobin, 
and the haem groups also have similar surroundings’. 
The centre of the molecule is occupied by a cavity filled 
with water. Of the four different contacts between sub- 
units, the ones between unlike subunits are chiefly non- 
polar, while those between like subunits, if present, can 
only be polar. In detail, several features distinguish the 
a and B subunits from each other and from myoglobin. 

Our results are difficult to convey pictorially. A single 
diagram of the entire atomic structure of haemoglobin 
would be incomprehensible, and a series of diagrams 
presenting the anatomy of all its parts too bulky. We are 
therefore showing only those features which may be 
particularly significant for the function of haemoglobin, 
such as the surroundings of the haem groups and the 
contacts between subunits, and will leave a more complete 
presentation to a later stage. 


Method of Construction and Determination of Atomic 
Coordinates 


At the present resolution, the amide groups of the 
polypeptide chains appear as straight segments of density 


of myoglobin, but some of the helical segments are more irregular 
and some parts of the non-helical segments have different conforma- 
The structure of the contacts between unlike subunits 
suggests that the tetramer, rather than the «8 dimer, is the functional 
unit of haemoglobin. 


hinged at the a-carbon atoms which are also the points 
where the side-chains can be seen to branch off. To start 
with, the approximate coordinates of the «-carbon atoms 
and the centres of the side-chains were read off the electron 
density maps. A skeletal model of the molecule was 
constructed on a scale of 2 em=1 A. The coordinates of 
all its atoms were read with a plumb-line and marked 
on the maps. Shifts indicated by atomic positions bemg 
“off” the electron density peaks were then used to adjust 
the model. The process was repeated until the atomic 
positions coincided exactly with the peaks. At the same 
time, care was taken to construct only stereochemiucally 
allowed conformations and to keep non-bonded atoms at 
appropriate ‘minimum distances. 

Because of the finite size Of the brass rods and other 
errors inherent in a mechanical model, the final co- 
ordinates were not sufficiently accurate to conform with 
accepted bond distances and angles. Our rough co- 
ordinates were therefore subjected to a mathematical 
model building and refinement procedure programmed in 
Fortran for a digital computer®. This builds up a stereo- 
chemically correct polypeptide chain on the basis of images 
of amino-acids as determined in small structures; ib 
enables both the main chain and the side-chains to rotate 
about single bonds, and uses the method of least squares 
to bring the atoms of the stereochemically correct model 
as close as possible to the coordinates determined directly 
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from the brass model. At the end of the refinement the 
root mean square difference between initial and final 
coordinates was 0-4 A, which is as good as can be expected. 
Uncertainties in the coordinates caused by the limited 
resolution of the Fourier synthesis are probably greater 
than this, It was difficult to judge the orientation of some 
of the amide groups, both in the main-chain and the 
amide side-chains, which made the coordinates especially 
of their oxygens subject to large errors. The coordinates 
of the C-terminal residues of the a-chains (140 and 141) 
and of some side-chains which are not visible on the 
electron density maps were omitted from the refinement. 


Notation 

_ We shall use the notation which assigns to each residue 
letters and numbers corresponding to its structural rather 
than its sequential position (Fig. 1)*. Starting from the 





Fig. 1. Notation of amino-acid residues in helical and non-helical regions 
of sperm whale myoglobin‘. (Reproduced, by permission, from Dicker- 
sons) 


amino end of the myoglobin chain, the letters A to H are 
assigned to the eight helical segments, and AB, BC, ete., 
to the corners or non-helical segments. NA and HC 
denote the non-helical segments at the amino and carboxyl 
ends of the chain. Residues within each segment are 
numbered from the ammo end. They are taken to be 
part of a helix if either their amino or their carbonyl 
group is hydrogen-bonded within the helix. A table 
correlating sequential and structural notation has been 
given by Perutz!. In the deseription which follows, each 
residue will be given its sfructural notation followed by 
its sequential number in brackets. * 

The positions of amides in the @-chains are still largely 
unknown, so that all acids and amides are referred to as 
glx and asx; in the figures they are drawn as acids or 
amides in analogy with their corresponding positions in 
human haemoglobin. 


The «-Chains 


The x-chains contain 141 residues each, compared with 
153 in myoglobin. Of the twelve missing residues, six lie 
in helix D which is absent in the «-chain and six at the 
carboxyl end. Over most of its length the conformation 


. 
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of the chain is similar to that in myoglobin, but certain 
differences appear in both the helical and non-helical 
segments (Table 1). In myoglobin the short segment C 


Table 1. DIFFERENCES BETWEEN THE a AND §-CHAINS AND MYOGLOBIN (M) 


No.of residues: 141 146 953 
Segment 
NA =M Contains 3 residues Contains 2 residues 
A = M =M 
AB 2 amides 
Al6-B1 differ ~ 2 residues 
B =M = M 
BC = M =M 
2 3-0;5 helix 3-04, helix a- Helix 
CD All different. 2 amides CD5-7 ditfer 
D Absent =M 
E Irregular E1LS-20 irregular ]l kink 
EF 3 amides EF2-5 
differ, but a=, 
E =M =M 
FG = M =M 
G {ri-3 in 3-0,, helix differ 
GH =M Amide GH1-2 
H Contains 21 residues Contains 26 residues 
HOE Contains 3 residues Contains 4 residues 


is a distorted «-helix while its conformation in the «-chain 
approaches more closely that of a 3, helix. In myoglobin 
the long helix E which carries the distal histidine contains 
one kink of 7°, but is an otherwise regular x-helhx. In the 
«-chain it is irregular throughout, so that linear hydrogen- 
bonding from NH in one turn to CO in the next is the 
exception rather than the rule. In myoglobin the C-ter- 
124 to leu 149), but in the g-chain it extends over only 
twenty-one (from thr 118 to ser 138), the last three 
residues being non-helical. In myoglobin the last turn 
of each of the helices A, E and H tends towards the 3,, 
conformation; the same happens in the helices A, E, G 
and H of the «-chain. The carboxyl end of helix F, on 
the other hand, is opened out towards the 4-4,, (7) helix 
in both myoglobin and the a-chain. This consists of just 
one turn and is made up of residues FG1-4 (89-92 in the 
x-chain). 

Of the non-helical segments only NA, BC and FG are 
similar to myoglobin. It is interesting to enquire why the 
others should be different. In myoglobin AB is a right- 
angled corner in which all residues are part of either 
helix A or B. Alanine ABI(19) has its imino group 
hydrogen-bonded to helix A and aspartic acid B1(20) has 
its carbonyl group hydrogen-bonded to helix B. In the 
x-chain the equivalent residues are glycines, which allows 
the amide group connecting them to adopt a conformation 
which would otherwise be forbidden®?. In consequence, 
glycine AB1(}9) is not part of either helix. The absence of 
helix D and the oceurrence of a proline at CD2(44) give 
the CD region of the «-chain a unique conformation. 
The EF region differs in the conformation of the three 
amide groups between the «-carbons of FG2-5. There are 
two reasons for this: glycine EF3(80) in myoglobin allows 
the preceding amide group to adopt a conformation which 
is forbidden by an aspartic acid at the equivalent position 
of the «-chain. Moreover, EF2 in myoglobin is occupied 
by a lysine whose polar side-chain extends into the sur- 
rounding liquid, while in the x-chain the equivalent residue 
is a leucine whose non-polar side-chain is tucked away in 
a surface crevice. 


The 8-Chains 


The $-chains contain 146 residues each. Compared 
with myoglobin they contain one extra residue in the 
NA segment, two fewer at the AB corner and six fewer at 
the C-terminus. Helices C and H have conformations 
similar to those in the «-chain, H21-24 being again non- 
helical. The last three residues of helix E (gly £18(74), 
val E19(75) and his E20(76)) form an irregular helix. 
FG1—4 form one turn of a m-helix as in the other two 
chains. G1-3 (asx 99, pro 100 and glu 101) tend towards 
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- - Fig. 2, Contacts between the haem group and residues of the globin in (a) the a-chain and (b) the #-chain. All contacts of approximately 4 A 
>” coer legs are sted. Plain lines indicate contacts on the side of helix E (distal histidine); broken lines, contacts on the side of helix F (proximal! 
- histidine). The suffix M means “main chain”. m 
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the 3,, conformation which is usually found at the carb- 
oxyl rather than at the amino end of «-helices. 

It is noteworthy that each of the five prolines of 
the $-chain occurs in position 2 of a helix. Generally, 
position | is occupied by a residue whose side-chain forms 
a hydrogen bond with the main-chain imino group of 
residue 4, thus “closing off” the helix and forcing the 
main-chain to turn away from it. Position 1 is occupied 
by asx in D, asx in E, asx in G and thr in H (Figs. 5-7). 
Similar sequences also occur in the helices G and H of 
the horse «-chains and in the helices A of the human 
x and 8-chains. In helix C a slightly different arrangement 
occurs: a proline at C2 is followed at C4 by a threonine 
whose OH group makes a hydrogen bond with the main- 
chain CO of Cl (ref. 8). 

Of the non-helical segments, the AB corner has a unique 
conformation on account of the deletion of residues A16 
and ABI]. Valine A15/18) forms the last residue of helix A 
and asx B1(19) the first of helix B; the carbonyl of its 
side-chain makes a hydrogen bond with the main-chain 
imino group of B4. Segments BC, FG and GH are similar 
to myoglobin and EF similar to the z-chain. CD probably 
differs from myoglobin in the conformation of the amide 
groups between CD5-7. This may be due to glycine 
CD5(46) in the 8-chain replacing a lysine in myoglobin, 
and allowing a conformation in the former which would 
be forbidden in the latter®.’, 


General Features 


Polar residues are excluded from the interior of the 
x and § subunits, except for the occasional serine or 
threonine whose hydroxyl group is hydrogen bonded to 
a carbonyl group within the same «-helix. Glycines and 
alanines oceur anywhere. Larger non-polar side-chains 
generally lie either in the interior or in surface crevices 
of the subunits or at the boundaries between unlike sub- 
units. Non-polar side-chains protruding into the sur- 
rounding water are rare, but occur occasionally, for 
example, cysteine F9(93) or leucine £17(68). For discus- 
sion see ref. 1. 


The Haem Groups 


As in myoglobin, the haems lie in non-polar pockets of 
the globin chains. Fig. 2 shows an attempt at mapping 
the contacts between the « and $-chains and their haem 
group from measurements made on the model. Not 
counting the covalent bond between iron and histidine 
F8(92), there are about sixty interactions between atoms 
of the globin chains coming to within 4 Å of atoms of 
the haems; all but one of those in the «-chain and two of 
those in the $-chain are non-polar. In the «-chain the 
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polar contact extends from one of the two propionic acid 
carboxyls to histidine CD3(45). In the 8-chain, one prop- 
ionic acid carboxyl makes contact with serine CD3(44) and 
the other probably with lysine £10(66). All polar contacts 
are in water, so that their contribution to the binding 
energy should be small. Comparison of the amino-acid 
sequences of different mammalian species shotvs all but 
one of the contacts in Fig. 2a to be common to all normal 
x-chains, and all but two of those in Fig. 26 to all normal 
8-chains. The exceptions are leucine H12(129)« and 
phenylalanine E£15(71)8. which are both doubtful con- 
tacts, and serine CD3(44)8; this can be replaced by a 
histidine which would make an even better hydrogen 
bond with the propionic acid side-chain of the haem 
group. The invariance of the residues surrounding the 
haem group implies that they are nearly all essential for 
the function of the haemoglobin molecule. 


Contacts between «- and -Chains 


The contacts are of two different kinds (Fig. 3); the 
residues involved in each of them are listed in Table 2. 
#,2, 1s the more extensive of the two contacts, made up of 
thirty-four residues and about 110 atoms coming within a 
distance of 4 A of each other. The great majority of the 
interactions are non-polar. The five probable hydrogen 
bonds are all in contact with water, so that their con- 
tributions to the binding energy should be small. This 
expectation is not, however, borne out by the properties 
of certain abnormal human haemoglobins. 

The greater part of the contact is formed by those 
residues of the two chains which lie between G10 and H9. 
[It is flanked on the left by helices B and DB and on the 
right by helix Bæ (Fig. 4). Figs. 5-7 show some of the 
stereochemical details, such as the contact between proline 
H2(119) in «, and proline D2(51) and methionine D6(55) 
in 8; the contact between the C-termini of the two helices 
G; and that between proline H2(124) in 8, and arginine 
B12(31) and leneine B15(34) in æ. The guanidinium 
groups of the three arginines in the contact all lie in sur- 
face crevices. There is a pair of reciprocal contacts 
between arginine B12 of one chain and the carbonyl of 
phenylalanine GH5 of its partner. In addition, arginine 
(+18(116)8, which is linked strongly to glx B8(26)8, appears 
to make a secondary link with the main chain carbonyl 
of proline GH2(114)x%. Two other probable hydrogen 
bonds are between aspartic acid H9(126)% and tyrosine 
C1(35)8 (COO- to HO-—); and between histidine G10(103) 
and the main chain carbonyl of asx G10(108)8. Both 
these bonds are in the internal cavity. 

The contact «,8, is made up of nineteen residues con- 
tributing about eighty atoms within a distance of 4 A of 





Fig. 3. 
e a-axis, showing segments involved in the contact a,(,. 


Model of the haemoglobin molecule derived from the three-dimensional Fourier synthesis at 5-5 A resolution®*. a, View along the 
b, View perpendicular to the a-axis, showing segments involved in the contact apa. 
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“fable 2. INTERATOMIC CONTACTS BETWEEN RESIDUES IN UNLIKE CHAINS 


The contact aB, 


ay By 
30 BIL 131 H9 
31 B12 128 H6 
34 B15 127 HS 
35 B16 125 H3 
36 Cl 124 H2 
103 G10 123 Hl 
104 G11 122 GHS 
106 G13 119 GH2 
107 G14 116 G18 
111 C18 115 G17 
114 GH2 112 Gl4 
117 GES 108 G10 
119 H2 55 D6 
122 H5 51 D2 
123 H6 35 Cl 
126 H9 35 B16 
33 B15 
30 B12 





Thirty-four residues, inchiding about 110 atoms in contact. 
i 


The contact 4,8, 

38 63 - 

ee 5763 

42 C7 Hi 

91 FG3 "a 

97 FG4 
98 FG5 
94 Gl sc 

oe 101 G3 
96 G3 B 
140 H23 





Nineteen residues, including about 80 atoms in contact. 
b 


Plain connecting lines indicate van der Waals contacts; broken ones 
indicate that the contact includes a hydrogen bond. The numbers on the 
nes give the number of atoms contributed to the contact by the two residues 
-on each side. 

‘The contact ap, comprises thirty-four residues. Twenty-one of these are 
common to all the normal mammalian haemoglobin sequences analysed so 
far. The contact GP, comprises nineteen residues. All but one of these are 
common. The one replacement [C5(39)@ gin->arg}], reported for Hama, 
would not affect the stereochemistry of the contact. 







each other (Table 2b and Fig. 8). It contains one clearly 
marked hydrogen bond between the side-chains of aspa 
acid G1(94)a% and asx G4(102)8, and another possible one 
between the side-chains of threonine C6(41)a and histidine- 
FG4(97)8. All other interactions are non-polar. The con- | 
tact is chiefly made up of residues in helices C and G and 
in the non-helical segments FG. Fig. 8 shows the contact 
between the indole ring of tryptophan C3(37) in 6 and 
aspartic acid G1(94) and proline G2(95) in a; this faces 
the internal cavity. Fig. 9 illustrates the contact at the 
molecular surface between the phenolic group of tyrosine 
C7(42)x and the guanidinium group of arginine C6(40)p. 
The two groups are parallel, which suggests a m-n type 
of interaction. The aliphatic chain of arginine C6(40)B, 
which crosses from ß to ga, touches that of argimine 
FG4(92)a, which crosses from « to $ and lies directly 
above it. The complex (phe CD1-tyr C7)s~(arg C6~phe 
C7-phe CD1)8), shown in Fig. 9, is the shortest bridge 
between any pair of haem groups in the molecule. Fig. 9 
also shows the contact between threonine C6(41)a and 
histidine FG4(97)8 which may or may not contain a 
hydrogen bond. 

In the transition from oxy to deoxyhaemoglobin, move- 
ment in the contact «,3, is slight; relative to the a, sub- 
unit, the 8, subunit rotates by 3-7 





° about a screw axis and 
moves by 0:3 A along itè. The relative displacement of 
atoms at the contact is only about 1 A. This contact is 
now seen to be extensive and to contain many interlocked 
side-chains. Because of this interlocking a small change 
in secondary and tertiary structure might be translated 
into a larger change in quaternary structure. 

Movement in the contact Ba on the other hand, 18 
large. Relative to the «, subunit, the B, subunit rotates 
by 13-5° about a serew axis and moves by 1-9 A along it. 
This leads to relative displacements of atoms at the 
contact by as much as 5-7 A, in the approximate direc- 
tions indicated by the arrows in Fig. 8 (refs. 9 and 10). The 
contact: g8, is seen to be both smaller and smoother than 
%,3;, and is constructed so as to allow the two subunits 
to slide past one another. It is closely connected to the 
haem groups, so that any changes in the area of contact 
would be expected to affect their environment. 


Contacts between Like Chains 

No contacts between like chains are visible on the maps, 
but. they probably exist, at least at low salt concentra- 
tions, and may consist of salt bridges involving terminal 
residues. The only terminal residue which is clearly 
visible is valine lg and its amino group appears to be free. 
The other terminal residues are not visible on the maps, 
presumably because they are free to rotate. Their freedom 
is, however, restricted by the next residue along the 
chain being in a fixed position and visible on the map. 
If one investigates the possible conformations of the 
terminal residues, one finds that they could form salt 
bridges or hydrogen bonds of the kind listed here. 


(arg H24(141) COO---NH& lys H10(127) 
x-a- arg H24(141) gua*—p ene -guat arg H24(141) 
| Iys G6(99) NH? —i anion J—NH? Iys G6(99) 
3-8 (his H24(146) COO-—N He! lys H10(132) 
" “ this H24(146) im*-NH®* val NAI(1) 

Such salt bridges probably exist in dilute buffer solu- 
tion but are weakened by the high concentration of 
ammonium sulphate in the crystal lattice. On deoxygena- 
tion the contact between the two §-chains is broken, and 
that between the two x-chains is altered® ?°, 


The Internal Cavity 

This extends all the way along the molecular dyad 
axis, for a depth of 50 A. Its shape is most easily repre- 
sented by two boxes, each about 20 Å long, 8-10 A wide 
and 25 A deep; one separates the « and the other the 
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Tiere fin og n 2 ae . : ; PE s r z 
Aea 2 a Pilg ‘pic drawings illustrating contacts between unlike subunits, These should be viewed with a stereoviewer. (An Me sah 
Rene i able from Stereomagniscope, Ine., 40-31 81 Str., Elmhurst, New York, NY. More elaborate ones are made by C. F. Casella, Ltd, 
of Focal | noe Britannia Walk, London N1, and by the Lansing Instrument Corporation, Lansing, Michigan, USA. A pair of enlarging lenses 
nen Broke 85 mm, mounted between cardboard, is quite adequate.) The main-chains are drawn in bold lines and the side-chains in thin 
ta ia i ei lines indicate hydrogen bonds. Hydrogen bonds within helices have been omitted from some of the figures. Residues belonging 
Dr R OL 12 ne are underlined; those belonging to the é-chains are not. The atomic positions shown in these drawings are derived from 
a Pa pr 8 mathematical model building program’, the output of which had been recorded on magnetic tape. Using a program 
views of bean ing, the positions of any desired amino-acid residues were read from the magnetic tape by am Argus 300 computer. Stereoscopic 

y : these residues, seen in perspective from any desired direction, were calculated by the computer and plotted on a cathode ray ereen. 

They were photographed on 35 mm film, enlarged and redrawn to produce Figs. 4-0. 


a ay Atha nn ss HEN isi A 
Aleena enn enana e eean na se 






7 prs ee tener mnt ha eeatt sega artware abae: vana sate oe + Cei a A Aw ane: 
£ H 
| : P ral dye ea 
H i Q Q Paun g Ai Eaa rakd 
ne oe 
H Bin ENT wy k Re. A, . $ 
| nyt TO tr 
i uA Baty 5 yet DE 5 z er Y a i 
rý : i Fai i Doi Ri Eo ? A g į > i 
AS pM | Py ee a E eB LE ‘ems 
: i s 4 
ki f 
i d 
| he | 
Pera | ‘3 
f Ge i ; 
] aia : 
i oo i 
f Os | 
| | 


Fig. 4, Contact af,, viewed approximately parallel to a: b is vertical as in Fig. 3. Only those residues which lie near the surface of the 
molecule are shown. Note the three arginines in surface crevices. 
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Fig. 5. Enlarged view of the top left-hand corner of Fig. 4, showing the van der Waals contact of proline H2a with proline D28 and methionine 
Dé6f, Note how the amino end of helix Ha is closed by the hydroxyl oxygen of threonine H1 making a hydrogen bond with NH of valine H4. 
The amino end of helix Df is closed by a hydrogen bond between the carbonyl of asx DI with NH of alanine D4. 
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Fig. 6. Enlarged view of the centre of Fig. 4, showing mainly the contacts between residues belonging to helices Ga and 8. The entire depth of 
Í the overlap is not shown betause it would make the diagram too confusing. 
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Fig. 7. Enlarged view of the bottom right of Fig. 4, showing contacts between helices Ba and Hf. Pro H28 makes contact with ala glu Bil, 
arg Bl2 and leu Bl5a, Gly B16a makes contact with ala H68 and Glx H98 (the latter notshown). Note that the amino end of helix His closed 
off by a threonine as in Ha. 
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Fig. 8. Contact a,f, viewed approximately along 6—~that is, looking vertically down parallel to the dyad axis in Fig. 3b. Residues in Ca are 

in contact with those of FGP, and vice versa. The diagram includes ali residues in this contact with the exception of tyrosine H28a which 

Hes vertically above, and in van der Waals contact with, tryptophan C88. The haem groups are not shown, but would be seen approximately 

end-on, one of them on top of the lower left and the other underneath the lower right of the diagram. Residues which are in contact with the 

haem groups are starred. The arrows at the bottom indicate the relative movements of the subunits on deoxygenation. The internal cavity 

is at the top, the molecular surface at the bottom. pee also Fig. ae ip i i article (Nature, July 6), which shows the wider surroundings 
of this contact. 
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Fig. 9. Detail of Fig. 8 viewed parallel to c; the b-axis is now vertical, It shows the van der Waals contact between tyrosine C7a and 

arginine C68; also what may be either a van der Waals contact or a hydrogen bond between threonine C6a and histidine FG46. For lack 

of knowledge the atoms of the imidazole ring are all shown as carbons. Residues in contact with the haem groups are starred, Leucine POS 

and valine FG58, which immediately precede and follow a ESAE o both haem contacts, so that any movement by them would affect 
he histidine. 
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2-chains from each other. The two boxes are set one above 
the other with their 20 A axes at right angles to the dyad 
and to each other, each box being open at the top and 
bottom (Figs. 3-5 in the previous article (Nature, July 6)). 

The internal cavity is lined with polar residues of all 
kinds. Especially noteworthy is the large number of 
serines and threonines facing the cavity along helix Ha. 
Kendrew has pointed out that the hydroxyl groups of 
these residues usually form a hydrogen bond with the 
main chain carbonyl four residues back along the helix. 
McLachlan suggested that these may actually protect the 
helix from attack by water. 


Tyrosines and Tryptophans 

Each of the chains contains three tyrosines. A tyro- 
sine at H23 has been found in all vertebrate haemo- 
globins and myoglobins analysed so far. In myoglobin 
its phenohe hydroxyl is hydrogen-bonded to the main 
chain carbonyl of residue FG5. In our electron density 
maps, the corresponding phenolic groups show up as weak 
and ill-defined peaks, but their positions are consistent 
with the hydroxyls being hydrogen-bonded as in myo- 
globin. Probably the free rotation of the C-terminal 
residues, which follow the tyrosines, makes them wobble, 
thus blurring their images on the maps. 

Tyrosine C7(42)x is hydrogen-bonded internally to the 
side-chain of asparagine G4(97)8 (Fig. 8). The hydroxy! 
group of B5(24)« is external, while the ring itself is in- 
ternal. C1(36)8 is in the internal cavity, probably hydro- 
gen-bonded to asp H9(126)2 (Table 2). H8/(130)8 is 
internal and its OH group is probably bonded to the 
carbonyl of valine AS(11). 

The g-chai contains one tryptophan and the $-chain 
two. ‘The tryptophans in position A12 seem to serve as 
spacers between helices A and E. The planes of the 
indole rings are parallel to the haem groups and lie at a 
distance of 14 A from the iron atoms. These tryptophans 
must be responsible for the well-known photodissociation 
of carbonmonoxyhaemoglobin in the ultraviolet. Trypto- 
phan C1(35)8 has already been described (Table 2 and 
Fig. 8). The indole imino group of tryptophan Al2« is 
probably hydrogen-bonded to the side-chain of threonine 
E16(67); the imino groups of the other indole rings are free. 


Discussion 

The tertiary and quaternary structure of haemoglobin 
derives its coherence only from weak secondary forces; 
these include a few hydrogen bonds and a great multitude 
of non-polar interactions. This means that the stability 
of the structure is largely entropic in origin. The ability 
of the ferrous iron in haemoglobin to combine reversibly 
with molecular oxygen is clearly due to its non-polar 
surroundings. This was predicted by Nakahara and 
Wang" and first established in myoglobin®?. The co- 
operative effects which distinguish haemoglobin from 
myoglobin have been shown to depend on the structural 
changes undergone by the haemoglobin molecule on 
combination with ligands. Comparison of the structures 
of horse oxy and deoxyhaemoglobin at 55 A resolution 
revealed only changes in quaternary structure, but none 
in secondary or tertiary which exceeded the experimental 
error, Such changes, though evidently small. are likely 
to occur, but may not become evident until the present 
Fourier synthesis can be compared with one of deoxy- 
haemoglobin at equally high resolution. 

In haemoglobin solutions, the tetramer is in dynamic 
equilibrium with dimers and monomers!?~!4, Dissociation 
into dimers occurs symmetrically, so that (aß) splits 
into 248, and the tetramer probably breaks at the contacts 
09, and 2.8, (ref. 15). Dissociation is favoured by high 
concentrations of neutral electrolyte which are known to 
weaken polar interactions and to strengthen non-polar 
ones. They would therefore be expected to weaken the 
polar contacts between like subunits and to strengthen 
the predominantly non-polar ones between unlike sub- 


kd 
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units. This explains why only symmetrical dissociation 
occurs; it requires splitting of only one of the pairs of 
non-polar contacts and of two polar contacts, whereas 
asymmetrical dissociation would require both pairs of 
non-polar but no polar contacts to be split. Of the two 
types of non-polar contacts, «B has the smaller area and 
would therefore be the first to break (Table 2). The break 
would bring the side-chains of tryptophan C3 and tyrosine 
C73 into contact with water and might be accompanied 
by changes in their ultraviolet absorption spectrum. 

There have been indieations that dimers consisting of 
one a and one -eham exhibit all the cooperative effects 
of which haemoglobin is capable and that interaction 
between dimers is of only secondary importance!*!’, 
Because the dimers have the structure «,8,. the contact 
%,%. would be left open and inactive, except in the event 
of a suitable collision between dimers. 

The crystallographic results suggest that, on the con- 
trary, the contact «,$, is of primary importance. It 
contains several side-chains forming bridges between 
residues which touch the haem groups on either side, thus 
offering a direct pathway for interactions between them 
(Figs. 8 and 9). Interactions between the haem groups 
x, and 8,, on the other hand, would have to be transmitted 
through an mtmecate neswork of many residues acting 
over a longer distance (see Figs. 4-7). On oxygenation 
and deoxygenation the greater relative movement takes 
place in an «,%, (refs. 9 and 10). All but one of the residues 
making up this contact are invariant in all g and all 
8-chains of mammalian species analysed so far, whereas 
more than one-third of the residues in the contact «B, are 
variable. Three mutant human haemoglobins containing 
amino-acid substitutions in 2,8, show diminished haem- 


haem interaction: [E z4(92)x arg ne leu Chesapeake (ref . 18); 
[FG4(92)e arg--gluleape Town (ref. 27); and [G4(102)6 


asn—>thriansas (ref. 19). Finally, two reagents which 
affect the conformation of the $-chain in the neighbourhood 
of the contact x,3, inhibit all cooperative effects (refs. 20 
and 21, and unpublished work of S. R. Simon, D. Arndt, 
W. H. Konigsberg, L. E. Webb, J. K. Moffat, W. Bolton 
and M. F. Perutz). Taken as a whole, this evidence 
suggests that both contacts are essential for the expression 
of the cooperative effects and that the tetramer, rather 
than the dimer, is the functional unit of haemoglobin. 
Similar conclusions have been reached by Gibson and 
Parkhurst on the basis of kinetic evidence**. 
2,3-Diphosphoglycerate and other phosphates combine 
reversibly with haemoglobin and shift the oxygen disso- 


diphosphoglycerate in the ratio of 1 mole/mole of haemo- 
globin implies that its only possible position is on the 
dyad axis inethe central cavity where several arginines 
and lysines are present to neutralize its negative charges. 
Its specific combination with deoxy rather than oxy- 
haemoglobin, and with the $ rather than the a-chains, 
may be facilitated by the widening of the space between 
the 6-chains on deoxygenation. The 1:1 stoichiometry 
of the reaction with 2,3-diphosphoglycerate also speaks in 
favour of the tetramer as the functional unit. 

The tentative model of oxyhaemoglobin! was generally 
correct, but failed in those places where the haemoglobin 
chains differ in conformation from myoglobin even though 
there are no deletions to force a change (Table 1). In 
Fig. 4 of ref. 1, which illustrated the contact aBa, the 
orientation of the side-chains of tyrosine C7, tryptophan 
C38 and histidine FG48 was incorrectly drawn, but the rest 
of the figure is right. (For the correct orientation, see 
Fig. 8 of this paper.) 

A list of the atomic coordinates of horse oxyhaemoglobin 
is available from this laboratory. 

We thank Dr R. Diamond for his help with the model 
building and drawing pregrams, Dr A. D. MacLachlan for 
showing us his comparative tables of amino-acid sequences 
and for much stimulating discussion, and Miss P. A. Snazle 
and Miss M. K. Holder for technical assistance. 
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Diffusion of Antibiotics from Plasma into Prostatic Fluid 
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PASSAGE of non-antibiotic drugs across body membranes 
has been studied extensively in organs such as the kidney, 
stomach, liver, central nervous system, placenta, salivary 
glands and skin (see ref. 1 for a review). Little attention, 
however, has been given to the diffusion of antibiotics 

across epithelial membranes other than the stomach 
(as an organ of absorption), and the kidney and liver (as 
organs of excretion). 

In general, the concentration of most antibiotics in 
organs is determined by emulsifying the whole tissue. This 
classical approach, however, can be misleading when the 
site of infection in the tissue is on the exeretory side of the 
epithelial membrane. For example, we have shown that 
the prostate is a common cause of recurrent bladder 
bacteriuria in the adult male, but the bacteria responsible 
for the relapsing infections dwell in the prostatic fluid; the 
inefficacy of antibiotic therapy, despite in itro sensitivity 
of the bacteria, suggests that the organisms are protected 
from the action of antimicrobial agents?. 

We report here the diffusion in dogs of nine different 
antibacterial drugs from plasma to prostatic fluid. For 
some antibiotics, the prostatic epithelium serves as a 
complete barrier to the passage of drugs from plasma to 
prostatic fluid; by contrast, other antibiotics are actually 
concentrated in prostatic fluid in amounts which exceed by 
several-fold the simultaneous plasma level. These results 
can be interpreted in terms of the lipid solubilities and 
dissociation constants for each antibacterial agent. 

Male mongrel dogs weighing 25-40 kg were anaesthetized 
with pentobarbital, 25 mg/kg body x weight, followed by 
maintenance doses as needed. Through a lower abdominal 
incision, a double ligature was placed around the bladder 
neck proximal to the prostate, the ureters ligated above 
the bladder and polyethylene catheters passed to each 
kidney through bilateral ureterotomies. The bladder was 
emptied by needle aspiration. Seminal vesicles and 
bulbo-urethral glands are absent in the dog, so ligation of 
the vasa deferentia permitted the collection of essentially 
pure prostatic secretion. The abdominal incision was 
closed, the penis circumcised, and the dog placed on his 


Of nine antimicrobial agents introduced intravenously into sixteen 
dogs, only the basic macrolides erythromycin and oleandomycin 
readily crossed the prostatic epithelium into the prostatic fluid. 
A suitable drug for curing chronic bacterial prostatitis with bladder 
bacteriuria must be lipid soluble, have a pKa of 8-6 or more, and have 
optimal activity against Gram-negative bacteria at pH 6-6. 


ventral surface for direct collection of prostatic fluid. 
Normal saline was infused at 10-20 ml/min to initiate a 
brisk flow of urine. Through a femoral artery cannula, 100- 
200 ml. of blood was slowly removed to provide normal 
serum for use as a diluent in the bioassay; urine was alse 
collected for similar purposes. An intravenous loading dose 
of the antibacterial agent was followed by a maintenance 
infusion at a rate estimated to equal the expected excretion 
of the antibiotic; 5 min later a plasma sample was taken 
from the femoral cannula to estimate the peak plasma 
level. After equilibrating for approximately 30-60 min, 
two successive clearance periods of 15 mia were obtained 
with appropriate samples of urine and plasma. After 
completion of the clearances, 25 mg of pilocarpine was 
given intravenously to stimulate prostatic secretion: 
simultaneous plasma, urine and prostatic fluid samples 
were collected. Prostatic fluid (PF) was collected in 
consecutive 2-5 ml. aliquots. A typical protocol is shown 
in ‘Table 1. 
The samples were assayed in a deep well, agar diffusion 
system using a large plate’. Two ml. of the assay organism, 
prepared in the log phase of growth, was added to agar 
cooled to 45° C, which was then mixed, poured into 
15 in. x 24 in. autoclaved plates, and allowed to gel on a 
levelling table. After a short refrigeration period to harden 
the agar, circular wells 8 mm in diameter were cut in the 
agar with a’cork borer and the agar removed. Samples 
of 0-15 ml. were pipetted into each hole, Each sample was 
pipetted twice; the duplicate was placed in a well on the 
diagonally opposite side of the plate, After appropriate 
incubation, zone diameters of antibiotic inhibition were 
measured to the nearest ©] mm, using fine ce Alpers. 


Standard curves were constructed in duplicate for each 
drug in the same assay plate with the unknowns. Saline 


standards were used to measure the levels un urine and PF, 
and serum standards were used to measure the serum 
concentration, Serum and urine unknowns were deter- 
mined at two different concentrations by diluting the 
unknown sample with normal serum or urine. The pH, 
temperature of incubation, assay organism, prediffusien 


* 





140 


times, and the agar concentration for each of the anti- 
bacterial bioassays are given in Table 2. The range of 
standards in Table 2 indicates the concentrations within 
which the standard curve was linear; the lowest standard 
indicates the lower limit of sensitivity for each bioassay 
system. Control PF, placed in the agar wells, produced no 
zone. Creatinine samples were determined using a Tech- 
meon auto-analyser. | 

The concentrations of seven antibacterial agents and two 
basic macrolide antibioties in plasma, urine and PF were 


Table 1. DOG NO. 810 (CEPHALOTHIN STUDY) 


noes. Results 
rime Antibiotice Antibiotic and 
émin) Procedure concen- creatinine 
tration clearance 
(gg/ml) (ml/min) 
~ 130 IV pentobarbital; begin surgical pro- 
_ cedure a 
-80 Completion of surgery; begin norma! 
_ Saline infusion at 26 rl./min 
~20 End ofsaline infusion: begin collection 
of control urine 
~10 Begin collection of control plasma 
-5 End collection of control plasma and 


urine 
0 IV cephalothin load; begin cephalothin 
g maintenance infusion 
2 Collect plasma for peak level of anti- 


26 Plasms sample P, = 65 
Start collection of U, U,=940 Antibiotic 67 
40 End collection of U, Creatinine 106 
Plasma sample P, Pah; 


Start collection of U, 
55 End collection of U. 
Plasma sample P, P, = 62 
IV pilocarpine, 25 me 


U= 1,083 Antibiotic 67 
Creatinine 109 


56-59 Prostatic fluid sample PF, PF, <04 
59-63 Prostatic fluid sample PF. PF, <04 
65-67 Prostatic fluid sample PF, PF, <0-4 
87-70 Prostatic fluid sample PF, PF, <04 
70 Plasma sample P, Py= 65 
71) End of cephalothin maintenance in- 


fusion 
P, Plasma; U, urine; PF, prostatic fluid; IV., intravenous. 


Table 2. 
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measured in sixteen dogs. The antibacterial agents studied 
were ampicillin, penicillin G, cephalothin, oxytetracycline, 
kanamycin, polymyxin B and nalidixic acid (Table 3); 
the two basic macrolide antibiotics were erythromycin and 
oleandomycin (Table 4}. The prostatic fluid levels in 
Tables 3 and 4 represent the antibacterial concentration in 
the first 2 to 5 ml. of fluid obtained after plloearpine 
stimulation. The results mdicate that none of these drugs, 
with the exception of the basic macrolides, is excreted in 
the PF even when the plasma levels are high. 

The non-macrolide antibacterial agents could not be 
detected in PF. For example, although the plasma level 
of penicillin G was maintained at 62 ug/ml. for over 
l h before pilocarpine stimulation, penicillin G could not 
be detected in PF by a bioassay technique capable of 
detecting 0-2 ug/ml. The absence of a detectable level 
was not caused by inactivation of the drug by PF; when 
amounts of each drug equivalent to the saline standards 
were added to normal PF and placed in the bioassay wells, 
recovery zones of inhibition varied less than 10 per cent 
from the saline standards. 

By contrast, the basie macrolides erythromycin and 
oleandomycin readily crossed the prostatic epithelium into 
PF (Table 4). The concentration of PF at the start of 
pilocarpine stimulation always exceeded the simultaneous 
plasma concentration with the exception of one dog§. In 
several dogs, the PF level was two to three times the 
simultaneous plasma level. The true ratio of the con- 
centration of PF: plasma, however, was probably higher. 
In all the basic macrolide studies, as the pilocarpine 


§ This dog, 819, received multiple single doses of 500 mg every 12 min: the 
tinal intravenous load was given 5 min before stimulation of PF. Thus the 
plasma concentration was artificially high in terms of a steady state equilib- 
rium with PF. By contrast, the time elapse between the last 500 mg loading 
dose in dog 803 and the start of pilocarpine stimulation was 3 h; in the 2 h 
preceding prostatic stimulation, the plasma concentration was consistently 
less than half the concentration of the initial PF sample. 


HIOASSAY METHODS, RANGE AND SENSITIVITY 


. i = Agar preparation Range of stan- Incubation Prediffusion 
Antibacterial agent, salt form Organism Type VoL* dards agimi. Temp. Time Temp. Time 
(g) (mi) pH Plasma Saline (C) (h) CE) ih} 
Ampicillin, sodium Bacillus subtilis Difco tryp. soy 26-8 660 73 2-100 02-100 25 24 5 4 
Cephalothin, sodium _ Sarcing lutea ATCC 8340 Difco pen-assay 20-3 660 6-6 1-60 0-4-60 25 36 m 0 
Erythromycin, lactobionate Sarcina lutea ATCC 8340 Difeo pen-assay 20-3 660 80 015-25 0-1-20 25 36 oe 0 
Kanamycin, sulphate Staph. aureus Difco pen-assay 203 660 7-4 2-60 2-60 37 24 5 12 
Nalidixic acid, sodium Kieb. pneumoniae ATCC 10872 Difco tryp. soy 26-8 660 TB 10-300 5-200 37 12 5 6 
Oleandomycin, phosphate Sarcina lutea ATCC 8340 Difco pen-assay 20-3 660 6-6 1-100 1-100 25 36 ü 
Oxytetracycline, hydro- 
TN chloride ? i Sarcina lutea ATCC 8840 Divo pen-assay 20-3 860 6-6 3-300 2-800 25 36 == g 
Penicillin Œ, potassium Bacillus subtilis Difeo tryp. soy 26-8 660 7-3 1-100 --6-100 25 24 5 4 
Polymyxin B, sulphate Bord. bronchiseptica ATCC 4617 Difco tryp.soy 268 660 60+ 05-100 05-100 37 24 oo 9 


* Vol. used to pour a bioassay plate 15 in. x 24in. + AH samples were diluted 1: 1 with 20 per cent phosphate buffer at pH 6. 


Table 3. CONCENTRATIONS OF SEVEN ANTIBACTERIAL AGENTS IN PLASMA, URINE AND PROSTATIC FLUID 


Peak plasma Simultargeous plasma, urine and 


Load dose Maintenance level 5 min prostatic fluid levels 


Plasma clearance nol./min 


Dog Antibacterial agent (mg) dose (mg/min) after load Plasma Prostatic fluid* Urine Antibac- 
dose (ag/ml.}  (ugimi.) {ug/ml} (gimi) terial agent Creatinine 

RIG Cephalothin 500 16 65 63 <4 1,083 67 108 
543 Oxytetracycline 25 25 22 10 < 2-6 230 46 53 
138 Aimpicillin 500 93 76 54 <02 2,050 82 = 
708 Kanamycin 300 4-0 51 41 «20 7,250 124 65 
ole Kanamycin 250 2°5 48 32 < 2+) > 9,000 an oe 
113 Penicillin G 1,606 5-0 130 62 0-2 2,000 150 — 
146 Polymyxin B None cE l4 «05 24 10 Lat 

17 Nalidixie acid 1,500 5°5 110 53 <5 230 4 76 
227 Nalidixic acid 506 4-85 mm 40 < 5-0 90 “vee — 

* Antibiotic concentration in the first 3-5 ml. of prostatic finid. 
t The low creatinine clearanee is due to the intravenous nephrotoxicity of polymyxin B sulphate. 
a 
Table 4. CONCENTRATIONS OF TWO BASIC MACROLIDE ANTIBIOTICS IN PLASMA, URINE AND PROSTATIC FLUID 
Peak plasma Simultaneous plasma, urine and 

; Maintenance level 5 min prostatic fluid levels Plasma clearance mi./min 

Dog Antibiotic Load dose (mg) dose(mg/min) after load dose Plasma Prostatic Urine Anti- 
(ug/ml) fyuz/ml.) finid*® (egm) {ugimi.) biotic ł Creatinine 

354 Erythromycin 1,000 10 Be 2 26 875 175 98 
386 Erythromycin 50G 5 31 16 38 320 153 Tt 
437 Erythromycin 500 5 a7 li 12 195 5 as 
318 Erythromycin 100 2 9 5 & 300 “en Soe 
S19 Erythromycin 3,000 + None Te 76 44 8,800 ~ $ 
698 Oleandomycin 500 5 68 id 29 750 az 58 
S03 Oleandomycin 2,500t None 125 12 39 700 meae = 





* Antibiotic concentration in the first 3-5 mi. of prostatic fluid. : 

T Given over a period of 60 min as intermittent, single doses of 500 mg. See footnote in text. 
m t The variation in antibiotic clearance is probably related to non-ionic diffusion of the basic macrolides: no attempt was made to control the hydrogen 
an concentration in the urine. 


. 





NATURE. VOL. 219. JULY 13. 1968 





URINE 3> 


Pilocarpine 
stimulation 






A PROSTATIC FLUID 


ra 
& 
w% 
a 
Nt 
a 
& 
e 
rs 
ke 
a 
& 
a 
© 
© 


{) 20 40 60 80 100 120 
Time (min) 


Diffusion of basic macrolides (oleandomycin, dog 698) from 
plasma to prostatic fluid in the dog. 


Fig. I. 


stimulation continued, the ratio of PF: plasma suddenly 
fell and the macrolide concentration in the second or 
third serial sample of PF dropped to about one-third to 
one-half the plasma level (Fig. 1). This precipitous fall 
after the first or second aliquot (2-8 ml.) is probably a 
dilutional effect caused by the increased PF flow rate. The 
normal dog, in the resting state between ejaculations, 
secretes from 0-1-2 ml. of PF/h*; with surgery and 
anaesthesia, the rate of PF secretion during the hour 
before stimulation in Fig. 1 was probably less than normal. 
Under pilocarpine stimulation, these dogs often produced 
25 ml./h. Even the few ml. of fluid collected in the first 
5-10 min after starting pilocarpine must represent some 
dilution of the prostatic fluid secreted during the period 
before stimulation. In Fig. 1 the slight rise in the con- 
centration of PF of the second sample was caused by the 
limited volume of the first sample (2 ml.), instead of the 
usual 3-5 ml. aliquot. 

Each of the nine antibacterial drugs we have studied is 


Table 5. EFFECT OF pKa ON THEORETICAL [C]rr : [C]e RATIO OF BASIC 


AND ACIDIC DRUGS 


Antibacterial bases Antibacterial acida 





Per cent l Per ce 
[Cher 1+ 10pAa- 6% ionize in  [C]er  1+10°*-Pae) salad in 
j {Clr 14+10(PAa-7*) a = [Cle L+1Q74-pke) plasma = 
pKu 100 è 106 
L+ 1074 pha; L + 10(pKa-74: 
3-4 1-00 0-01 0-16 99-99 
4-4 1-01 0-10 0-16 99-90 
5-4 1-05 0-99 0-17 99-01 
6-4 1:48 9-09 0:23 90-91 
74 3°66 50-00 0-58 50-00 
8-4 5°83 90°91 0-92 9-09 
G4 6°26 99-01 0-99 0-99 
104 6-32 99-90 0-99 0-10 
11-4 6°33 99-99 0-99 Dol 


id tier, Total concentration in prostatic fluid; [C]r, total concentration in 
plasma. 

_* Percentage ionized for an antibacterial base refers to the charged form of 
the drug,’* which is considered to be lipid insoluble. 


Tabie 6. 


Lipid soluble 
Antibacterial agent at pH 7-Oor7-4 Acid or base 
Erythromycin, lactobionate?’ Yes Base 
Oleandomycin, phosphate”? Yes Base 
Natidixic acid, sodium (personal communication) Yea Acid 
Oxytetracycline hydrochloride”? No Amphoterie 
Polymyxin B, sulphate (personal communication) No Base 
Kanamycin, sulphate (personal communication) No Base 
- Penicillin G, potassium”? No Acid 
> Ampicillin, sodium™ No Acid 
+ Cephalothin, sodium (personal communication) No Acid 


* Ionization for the bases refers to the charged form. + R= 


LEIOA) 
1+ peket) 


TAY 


either a weak acid or a weak base, and the degree of 
dissociation in plasma and PF will depend on the- 
dissociation constant of each drug. PF has a signif 
lower pH than plasma, about 6-6 (ref. 4). Provide 
drug is lipid soluble, the unionized (uncharged) fra 
will have the same concentration in plasma and PF at- 
equilibrium after a steady state. But the ionized (charged) 
portion of each antibacterial agent will be distributed 
according to the difference in hydrogen icn concentration 
between plasma and PF. If the antibiotic is insoluble in 
lipid solvents, distribution will be limited to the extra- 
cellular fluid and none should appear in PF. 

For a lipid soluble antibacterial agent, the ratio of total 
drug (ionized and unionized) in PF : plasma is expressed 
by a rearrangement of the Henderson-Hasselbach 
equation’ §; 


; o [CPF 1+ 10e pE 7 

for a weak acid, Cle aa za (A) 
ee [Clpp 1 + 10PKa-s-8) 

for a weak base, i a — (B) 


where [C]=the total concentration of each drug, pKa is 
the negative logarithm of the acid dissociation constant 
for each drug, and 6-6 and 7-4 are the negative logarithms 
of the hydrogen ion concentration in PF and plasma. 

If acids and bases of different pKa values are substituted 
in equations (A) and (B) (Table 5), it becomes apparent 
that only those drugs which are weak bases can be 


Clpr | eee 
concentrated, (Ciper >l, in PF. Antibacterial agents 
[C]p 
which are weak acids, can only approach the plasma 
pe Sa et OUP Se ka aS coe aii ues 
concentration in PF, ia ‘ati <1, and then only if the drug 
1P 


in plasma is in the unionized form. Frem Table 5 and 
equation (B), the ideal antibacterial agent for diffusion 
into PF should be a lipid soluble base with a pKa of 
8:6 or more. We have been able to find from several 
sources both pKa and lipid solubility data for each of 
these drugs (Table 6). In addition to the sources in 
Table 6, Weiss ef al.’ have reported the solubility of 
antibiotics in many solvents, including UHCI, As can 
be seen in Table 6, erythromycin is lipid soluble, a base, 
and has a pKa of 8-8; the theoretical diffusion ratio of 


[Cpr 
‘Cle 


secretory mechanism, should be 6:1. Three of the experi- 


from equation (B), in the absence of a specrfic 


Bis. 
ments in Table 4 show (Cier ratios of 2:1, 23 and 3-2. 
lp 

It is instructive to compare in Table € the theoretical 
diffusion of erythromycin with nalidixic acid. Both are 
completely lipid soluble, and their pKas are distributed 
on either side of the plasma pH in such a way (1-4 pH 
units) that both drugs are 96 per cent ionized (charged) 
in plasma; only the base, however, can be concentrated 
in the relatively acid medium of PF. One may ask why 
nalidixic acid could not be dgteeted in PF in the experi- 





LIPID SOLUBILITY, ACID DISSOCIATION CONSTANTS, AND THEORETICAL DIFFUSION RATIOS (R) OF [C]er : [c]r 


Per cent ion- Theoretical diffusion ‘Theoretical diffusion 


pha ized? in plasma ratio for bases? ratio far Reids $ 
N 36 63 
8-5 92 §- I 
6-0 96 19 
3:5, 76, 9°2 Dipolar Lipid insohubio 
8-9 92 Lipid insoluble 
T2 §1 Lipid insoluble 
2-73 99-9 Lipid inseliibte 
2-53 99-0 Lipki insoluble 
2.5 99-9 Lépid insule 
sp tot ke) 
PRS IGO pRa) 
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[Clpr 


ments m Table 3 when the theoretical ratio of == — was 


potentially 0-19 (Table 6). In studies of other membrane 
systems with pH differences, the actual concentration 
found experimentally is always less than the theoretical®. 
Some of the factors which may prevent attainment of the 
maximal theoretical diffusion are: a shift in the apparent 
pKa of the drug in complex biological fluids, failure to 
maintain the pH gradient across the membrane during 
diffusion, some permeability of the cell membrane to the 
ionized fraction of the drug, and lack of available time for 
full equilibration to occur. Furthermore, protein binding 
can clearly limit non-ionie diffusion, and 96 per cent of 
nalidixie acid is bound to plasma protein in humans’. 
Kallmann and Thaysen? studied the salivary excretion of 
a series of acidic compounds in human subjects. After 
correction for protein binding, the ratios saliva : plasma 
(0-02--0-94) paralleled the pKa values so that the more 
umonized the drug, the higher the ratio. Thus protein 
binding may further restrict the already low theoretical 
ratio for nalidixic acid. 

The remainder of the drugs in Table 6 are insoluble in 
lipid solvents, and therefore distributed only in extra- 
cellular water. For example, although polymyxin B is a 
basic polypeptide with a favourable pKa between 8 and 9, 
it is completely insoluble in lipid solvents and cannot 
cross the prostatic epithelium into PF. 

For a lipid soluble, basic antibacterial agent, the 
limiting factor in achieving higher concentration ratios of 
(Clee ey; | 
~~~ than six-fold is not so much the pKa of the base 
[Cle | 
(as seen in Table 5), but the small difference in pH 
between plasma and PF. This difference is minimal 
compared with the diffusion possibilities that are known to 
exist between gastric mucosa (pH 1) and plasma, where 
differences in concentration for a weak base can reach a 
theoretical ratio of 10° for drugs like quinine’. Never- 
theless, for antibacterial activity, an increase in concen- 
tration of even several times that of plasma could be very 
significant. To increase the difference in pH between PF 
and P, either the PF could be made more acidic or the 
plasma more alkaline. It is probably impossible to alter 
the pH of PF, and impractical or even dangerous to 
increase the pH of plasma. It is interesting to note, 
however, that an increase in the pH of plasma from 7:4 
to 77 would raise the of erythromycin from a 
theoretical maximum of 6-1 to 11-7. 

In conclusion, it should be pointed out that three groups 
have reported in the past on PF/P ratios of antibacterial 
agents in human prostatic fluid. Borski eż al.!° obtained 
prostatic fluid by massage from young men 1 h after an 
intravenous dose of 0-5 g of several different antibiotics. 


o Most important, concentrations of 
erythromycin were repeated]y detectable in PF at about 
one-third the plasma level of 1 ug/ml. Schatten and 
Persky" reported chlorotetracyeline levels in PF that 
were almost equal to the plasma levels of 2 ug/ml., while 
Soanes ef al. found that sulphisoxazole produced twice 
the level of free sulphonamide in PF as in plasma. The 
interpretation of these studies is complicated by the 
potential error introduced as a result of contamination of 
expressed prostatic secretion by residual urine along the 
urethra or prostate. Because the total volume of prostatic 
secretion obtained by massage is usually less than 0-5 ml., 
and the urinary concentration 100 times or more greater 
than the plasma level, the danger of significant con- 
tamination of PF is apparent. 


+ 
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The possibility exists that acute interstitial inflamma- 
tion of the prostate may alter the prostatic epithelial 
barrier between plasma and prostatic fluid; we have 
recently commented on the ease with which acute bac- 
terial prostatitis is successfully treated with almost any 
antibacterial agent, while the bacteria in chronic bacterial 
prostatitis seem protected from the action “of anti- 
microbial drugs?. 

The advantage of the acute model used in these canine 
studies is that neither surgical nor bacterial inflammation 
is present. Aplington and Silver!® studied the diffusion 
of sulphisoxazole in dogs 1 week after performing a 
chronic prostatic fistula by cystopreputiotomy. As 
sulphisoxazole is known to be distributed only in extra- 
cellular fluids™ and also has a relatively low lipid solubil- 
ity’, their report of therapeutie levels of sulphisoxazole 


aaa a . i f ¢ Pe P R Le EE. P eae “ 
~—, ratio averaged 0:25 | was probably secondary 
2 


to the inflammation inherent in their experimental model, 
Nevertheless, the problem of the diffusion of sulphonamide 
into PF deserves further study in view of the great 
variety of sulphonamides with different pKa and lipid 
solubility. 

Professor L. P. Garrod called our attention to a recent 
article in the Lancet (ref. 16) in which spiramycin, selected 
as a prophylactic antistaphylococcal agent for patients 
undergoing prostatectomy, was reported to have concen- 
trations in prostatic tissue that exceeded the plasma level 
by three-fold. Because spiramycin is a basic macrolide, 
the “tissue levels” are undoubtedly secondary to the 
diffusion gradients established in prostatic fluid. 

Although the studies reported in Tables 3 and 4 show 
that the basic macrolides are the only antibacterial agents 
detectable in PF, their antibacterial spectrum does not 
include Gram negative bacteria’? and their usefulness is 
limited to Gram positive infections in PF. In addition, 
the antibacterial activity of erythromycin is known to 
increase ten-fold with each unit increase of pH between 
56 and 8-57. This observation suggests that activity is 
dependent on the uncharged fraction of erythromycin, 
provided the change in pH does not alter an ionizable 
receptor site on the bacteria'*. The concentration gradient 
of erythromycin in PF, however, is established by the 
charged form. Thus much of the erythromycin found in 
PF in these studies was probably in the charged and 
relatively inactive form; the bioassay procedure was 
performed at a pH of 8-0 (Table 1), thereby increasing 
the uncharged fraction in the agar assay. 

From the experimental and theoretical data presented 
in this paper,,it is not surprising that it is extremely 
difficult to cure urinary infections caused by chronic 
bacterial prostatitis®. To find a lipid soluble antibiotic 
with basie properties, a pKa of 8-6 or greater, and one 
whose optimal biological activity is against Gram negative 
bacteria at pH 6-6 is a formidable task. Until such a 
drug is available, however, the antibacterial cure of 
chronic bacterial prostatitis with relapsing bladder 
bacteriuria will continue to be a most difficult therapeutic 
problem. 

We thank Professor Paul Beeson and Dr J. W. G. 
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this manuscript. 
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Aperture Synthesis in lonospheric Radar 


by 
E. D. R. SHEARMAN 
J. CLARKE 


Department of Electronic and Electrical 
Engineering, 
University of Birmingham 


GROUND-BASED back-scatter radar techniques using the 
high-frequency band have for some years been an aid to 
the study of the ionosphere’*. Pulses of radio energy 
are transmitted at elevation angles up to 20° or 30°, and 
energy incident on the ionosphere at below a critical 
angle is reflected so as to strike the ground at a great 
distance from the transmitter. Back-scattering from 
ground irregularities results in echoes returning along the 
same oblique path to the radar site where a suitable 
receiver and display are located. Plan-position indicator 
(PPI) displays 1 in conjunetion with rotating aerial systems 
are now in use with this type of radar. The radar display 
indicates the state of the ionosphere over a very large 
area; for example, the skip distance in any direction can 
be deduced directly, clouds of sporadic E tracked and 
multi-hop propagation observed. The range of frequencies 
available for ionospheric reflexion work creates great 
difficulties in aerial design and existing rotating aerials 
are normally simple Yagi or log-periodic aerials with 
beamwidths of the order of 40°, or at most broadside 
arrays of two or four such aerials? 

Such large aerial bearnwidths do not resolve the finer 
details of the structure of the ionosphere, and it is our 
purpose to propose an aperture synthesis technique to 
obtain the bearing resolution associated with a broadside 
array of fifty or more elements without the very large, 
complex structure needed for a filled physical array*. 

In general, an aperture has a certain minimum size for 
a given resolution, and so to obtain a certain resolution a 
corresponding aperture in space must be filled. The 
synthetic aperture technique is to fill the aperture over a 
set time period by moving a small transducer across the 
aperture plane. This transducer can either measure (with 
the aid of a reference wave) the amplitude and phase of 
the field across the aperture? or, with a second transducer, 
can measure the complex spatial autocorrelation function 
of the field® 7. From the first type of measurement the 
angular spectrum incident on the aperture can be deduced 
in magnitude and phase, while from the second the 
angular power spectrum can be found. It is evident that 
aperture synthesis can only be used where the angular 
spectrum does not vary appreciably within the synthesis 
time. 


oes lonospheric Radar System 


Vertical movements in the ionosphere cause the echoes 
of a ground back-scatter radar to be partially eoherent, 


Aperture synthesis techniques applied to certain types of ionospheric 
radars will aid in resolving fine details of ionospheric structure. 
acoustic model of a possible aperture synthesis system has been tested, 


An 


and because of this the two transducer method of aperture 
synthesis used for the incoherent sources of radio astro- 
nomy is suggested. Our proposal is this: the radar 
transmitter ‘‘floodlights”’ the surveyed area with HF pulses 
from a wide beamwidth aerial. Two aerials are used for 
reception, one fixed and one movable along a track 
hundreds of metres in length. The receiver bearnwidths 
are also large in order to “see” the whole of the illuminated 
area. Ideally, to form the spatial autocorrelation funetion 
of the aperture field, the signals received on the two 
receiving aerials should be multiphed together and the 
product averaged over all space for the particular aerial 
separation considered. Because the incident field is not 
coherent it is permissible to time-average the produet m- 
stead, and this forms the spatial autocorrelation function. 
The averaging time necessary to produce a reasonably 
accurate approximation to the autocorrelation function 
sets a minimum time for the synthesis period. 

The complex A a ake eo is rec orded on 
photographic film. This i; accomplished by using 
correlator output signal to intensit v- oda a aihair 
ray tube spot about some bias brightness, and photo- 
graphing the face of the tube. Two quantities are needed 
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to record a complex quantity. In the system of Ryle and 
Hewish these are the real and imaginary components of 
the complex correlation function. In our system the 
recorded quantity is the correlation function translated 
in frequency by passing one aerial input through a con- 
tinuously rotating phase shifter. The two quantities are 
now the phase and the amplitude of the translated fre- 
quency. (The optical aspects of such “carrier” recording 
techniques are discussed by Cutrona et al.8: a major 
advantage is that a single variable-density recording is 
sufficient to record a complex quantity.) The spot of the 
cathode ray tube is swept vertically in synchronism 
with the transmitted pulse to sort the information with 
respect to the range of the echo, and is swept slowly 
horizontally in exact synchronism with the separation of 
the aerials to record the correlation function against 
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separation. The receiving system thus has the form 
indicated in Fig. 1. 

An analysis of this system shows that the information 
on the film is the frequency translated one-dimensional 
Fourier transform of the radar echo pattern (one-dimen- 
sional because no transformation has taken place in the 
range direction). Discrete targets (“lines” in the angular 
spectrum) give rise to fringes of a particular periodicity 
on the record. The inverse transformation can be per- 
formed fairly easily in an optical data processor and the 
radar map is produced. The film from the camera is 
developed to produce a transparency and this is then 
placed in the parallel, monochromatic, coherent beam of 
light of the data processor. The processor consists of little 
more than one spherical lens and one cylindrical lens and 
the output consists of a light distribution in the plane 
giving imaging in the range coordinate and Fourier 
transformation in the separation coordinate. This is the 
synthetic aperture radar map of range versus sin 6. (The 
optical method has similarities to that used by Cutrona 
et al. in side-looking airborne radar, though avoiding the 
complications introduced by near-field operation.) 


Experimental Work 

At the University of Birmingham an ultrasonic model 
of a synthetic aperture radar system has been built 
which employs a carrier frequency of 1 MHz in water. 
Fig. 2 shows results obtained for the case of two point 
targets present. Fig. 2a shows the field of view and 
aerial configuration, and Fig. 2b the corresponding film 
picture taken of the cathode ray tube face where the cor- 
relation function for each target can be seen. Because of 
the frequency translation of the correlation function 
introduced by the rotating phase-shifter, a broadside 
target gives rise to fringes of periodicity corresponding to 
the rotation rate, a left-hand target of lower, and a right- 
hand target of higher, periodicity. When the transparency 
is processed, the “map” shown in Fig. 2e is obtained. The 
map is that distribution within the white rectangle; 
the other features of the display are a 
bright distribution of light (b) on the axis 
of the data processor and a mirror image 


(m) of the radar map to the left of this 
axis. The displacement of the map from 


the data processor axis is a direct result of 
frequency-translating the correlation functiou 
before recording. The displacement of the 
map-centre corresponds to the first-order dif- 
fraction angle for the fringe periodicity pro- 
duced by the phase shifter rotation rate. In 
thg map the two targets can clearly be seen at 
the bearing and range appropriate to each. 
Multiple targets at the same range have been 
resolved in other experiments with the system, 

An important factor in the application of this system 
to ionospheric back-seatter sounding is clearly the nature 
of the partial coherence of the target returns and the 
effect of averaging. This has been the subject of a detailed 
theoretical investigation and tests with the equipment 
deseribed, and the planning of a full-scale radio experi- 
ment is now in progress. 


ante Range 
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= LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 


Rotating Neutron Stars, Pulsars 
and Supernova Remnants 


I sHaxt discuss here some problems connected with 
theories linking the pulsars to the rotation of neutron 
stars (ref. 1 and a preprint by L. Woltjer). Because 
neutron stars can be formed during a supernova explosion, 
their rotation could be coupled with the surrounding 
gaseous remnant**: the following considerations will 
therefore also refer to the problem of the activity observed 
in the Crab Nebula and similar objects. 

Gold (private communication) has noted that the direct 
detection of a pulsar in the Crab Nebula would be made 
very difficult by the dispersion inside the nebula itself. 
It is also obvious that a pulsed emission will not result 
if the basic cause of the pulses (for instance, the stellar 
rotation) has a time scale shorter than the width of the 
individual pulses. A rotating neutron star could then be 
present, say, in the Crab Nebula even if there is no evidence 
for a pulsating radio source in this part of the sky (Drake, 
private communication). Long term brightness variations 
similar to the ones found in the pulsars could still be 
detectable: a search for this kind of variability in the 
compact low frequency source in the Crab is needed. 

Following my earlier paper? and more recent remarks 
by several authors (ref. 1 and preprints by L. Woltjer 
and by B. J. Eastlund), I shall consider a neutron star 
which has a dipole magnetic field and rotates about an 
axis different from that of the magnetic field. The 
oblique rotator configuration seems common among 
magnetic stars where the angle between the field and the 
rotation axes tends to be close to 90° (ref. 4). Even if the 
two axes coincided in the original star, the mass loss 
during the supernova explosion would certainly not be 
perfectly spherically symmetric, especially if large mag- 
netic fields are present. As a consequence, the mutual 
inclination of the axes in a newly born neutron star is 
likely to be almost arbitrary. Spitzer’ has noted that an 
oblique rotator configuration cannot persist indefinitely 
because the body is rotating about an axis which is not a 
principal axis of inertia. Dissipation mechanisms in the 
form of hydromagnetic waves can be impertant close to 
the surface of the star and eventually result in an accelera- 
tion of particles. Remarkable evidence for this kind of 
activity close to the magnetic poles of some A, stars 
comes from the distribution of peculiar elements in these 
stars (ref. 4 and a preprint by L. Woltjer). The pos- 
sibility of a connexion between this kind of hydromagnetic 
activity in an oblique rotator and the activity observed 
in some supernova remnants is worth mentioning. 

I shall not attempt to evaluate a lifetime for the oblique 
rotator configuration, as the problem is extremely difficult. 
There is, however, a difficulty of a different kind asso- 

 : < elated with the existence of the magnetic field itself in 
.--an old neutron star. The decay time of the field is propor- 

tional to the product oR*, where o 1s the electrical conduc- 

tivity and R is the radius of the star. An order of mag- 
nitude for o can be roughly estimated by putting 






e? 


Pee (1) 

mews 

where v is the electron velocity and S is the Coulomb 

cross-section. For a relativistic electron gas we take 
=e and S of the order of the classical value mrj= 10-*# 
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cm?. The electrical conductivity turns out to besg = 107s, 
that is, about 101-105 times larger than in the Sun. Fora > 
neutron star we have R~10* em~10-° Ro, and for the 
Sun the decay time is about 10 yr, so it is at least 
uncertain whether the fossil magnetic field of a neutron 
star can last longer than about 10*-10° yr. It has to be- 
emphasized that this estimate does not take into account 
the gas degeneracy and, even more important, the pos- 
sibility of a superconductive behaviour of the neutron 
star matter in some density range. A complete investiga- 
tion of the problem is certainly desirable. 

I shall now describe the electromagnetic field around 
a neutron star rotating with an angular velocity œ m a 
quasi-vacuum. By quasi-vacuum we mean that the field 
of the star cannot be compensated by the currents induced 
in the surrounding medium. The corresponding density 
limit can be evaluated by noting that the maximum 
current density in the circumstellar gas 18 J max =e € ©. 
The Maxwell equation curl H= (4r/e)j then gives the 
maximum induced field. If we take curl H e ljr (r is of 
the order of the size of the system) we obtain 4 max = 
4nn.r. The field of the star, or variations of the field of 
the order of the field itself, cannot be corapensated by the 
induced currents if ne<H/(4ner). Assuming H= HP? 
gauss and r~R~10* em the critical electron density is 
about 1013 em-*. This limit is certainly not very stringent 
and is likely to be violated only soon after the birth of the 
neutron star. The assumption of a quasi-vacuum then 
seems legitimate near a neutron star having a very strong 
magnetic field. 

Let a be the angle between the magnetic and the 
rotation axes. If «40 retardation effects become im- 
portant for the field at a distance r such that wr~c: 
for w r>>c the field becomes a wave progressing outwards. 
As noted? the oblique rotator model leads to the release 
of the rotational energy of the star by the radiation of 
electromagnetic waves having the same frequency as the 
star rotation. 

Deutsch has given a complete description of the field 
of a rotating sphere*. Following this work we shall intro- 
duce an inertial reference system (7, 6, 9) having its 
origin in the centre of the star and axis w. If we assurne 
that the internal field is frozen into the star, its components 
can be written 








H (r, 6, $) = er H, (r, 6, A) + €g He (r, 6, A) 4 Èy H, (r, ü, A} (23 


where ìà is an azimuthal coordinate measured from a 
meridian fixed in the star. In the same reference system 
the internal electric field is given by 
E = ~ulo x r) x H (3) 

If we impose the continuity conditions at the surface of 
the star for the field components, the external field is 
fully determined by the Maxwell equations. 

Let H, be the surface value of the magnetic field and 
a be the radius of the star: the general expression for the 
external electromagnetic field turns out to be very com- 
plicated* and I shall only give its components in the 
near region r<(e/w) and in the far-wave region 75> (¢/w). 

(a) In the near region the field rotates with the star 
and depends on the azimuthal coordinate A which is 
measured from a meridian fixed in the star. The com- 
ponents are 


o fans _ 
H,=H,(- ) {cos « cos §9+sin « sin § cos A) 
wry 
on ans l 7 
He= ~H,{-) [cos sin 6 — sin a cos § cos A] 
2 r/ 
| l AN3 . l 
H,= -H a sin x sin A (4) 
PT yg 8 id 
2 r/ 
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l gz fara 
D, m — 4°? to Hy (=) [cos æ (3 cos 20 + 1) + 3 sin « sin 2 6 cos A] 


1 2 ra? : a? | 

Eg = — 5 © 4 o He (2) E cos a sin 2 @ + sin a (1 ee cos 2 6) cos a] (5) 
i i o- fans Nos , ù 

E, z 9 > a ihe H, (<) (1 w <) SIn « cos $) Sin A 


(b) Far-wave zone rS>(e/m); in this case the retardation 
effects dominate and we obtain 


p O . 1, l l ai n R 
H, = —H,a ~z sin æ sin Â sin | @ Cue a P 
C E „C g 





r 
l l o? pae S $ r y 7 7 
Hg = ~ -— a? H, — sina cos 8 cos [9 (- ae ae ao ee (6) 
2 ç? r € / -£ 
R 1 w? L We ee oe 7 
H, = — -~ —— @ H,- sinasin| w[ -~— F) +o! 
2 cè r Lo oe = 
B® 
Lows. 1. he Se a 7 es 
Eg = m - — a H,-sinasinieal- — t)+ 9] (7) 
a. “¢ 7 e ORE J 
1 w*tty oe oe : y r 7 
Ey = ~- == a Ha~ sin x cos ô coslo & e t) F | 
2 ¢ y koe VE ~ 


If the magnetic and rotation axes coincide, there is no 
radiation field: the electromagnetic field external to the 
star can be obtained simply by putting «=0 in the set of 
equations (4) and (5). 

By using equations (6) and (7) we can obtain the 
Poynting vector and evaluate the rate at which the 
rotational energy W and the angular momentum JI are 
radiated away from the star. The result is 





W Prr G4 | 
dW IO ma iad = tto ce® H a sin? y (8) 
dt 3c? 
and 
$ L l tW 
aw. aw P 
dt © dt 


Once the electromagnetic waves are emitted and start to 
propagate, they will be reflected by the circumstellar 
gas if the plasma frequency exceeds the radiation fre- 
quency’. In our case this certainly occurs for every con- 
ceivable value of and gas density, and the electro- 
magnetic waves will be unable to reach us. Generation 
of high energy particles can, however, be expected in the 
region where the waves are reflected and cause a rapid 
sompression of the nebular gas. Because the radiation 
pattern of the star is directional, it becomes possible to 
speculate whether a pulsed radio source arises because of 
this periodical gas compression and consequent accelera- 
tion of particles. From an energy point of view no diffi- 
culty arises: the period of pulsar CP 1919 corresponds 
to o=4¢7 s~ and if we assume H sin ax 100-1 gauss the 
energy output is 107-10% ergs s~? im agreement with the 
observational requirements. On the other hand, for a 
newly formed neutron star, rotational frequencies 100 or 
even 1,000 times larger are perfectly possible and the 
energy output corresponding to fields of 10" gauss can 
be as high as 10% erg s. The high rotational velocity 
itself could wash out the pulse structure and lead to a 
continuum emission: this situation possibly corresponds 
to what is observed in the Crab Nebula. 

Finally, in this model a pulsating radio source would 
show a relatively slow change in period. From equation 
(8) we can obtain an expression for the rotational energy 

> 


W ={(1/2)k M a? œo? left at a certain time ¢ as a function 
of the original rotational energy. We have 


E eld TOIT 
Wit) "goru O eas 


(10) 
For a neutron star we can assume k= 0-2, a= 108 em and 
M=2x 10" g. As WæT- we have for the periods 

TP? = Ts (1+ 1-2 x 10-* o? H? sin? x tyr) (11) 
where T, is the initial rotation period. We can then put 
a limit to the product H sin « for the pulsar CP 1919 
because we know that the fractional change in period 
AT/T, over 1 yr cannot exceed 10-7. This gives Ha 
sin æ < 10! gauss. i 

It was my chief concern to discuss some possibilities 
which arise when the oblique configuration for the mag- 
netic field of a rotating neutron star is assumed. In 
particular, I wanted to show that the model leads to a 
release of rotational energy from the star at a rate which 
can agree quantitatively with the requirements either of 
the pulsars or of objects such as the Crab Nebula. 

I emphasize, however, that the consideration of the 
circumstellar plasma is going to be of prime importance 
in several respects. This plasma is the place where the 
radiation we actually observe originates: the rotating 
neutron star only provides the energy source and the 
timing of the basic excitation (periodic compression of 
the plasma by the low frequency electromagnetic waves). 
Hoyle, Narlikar and Wheeler? have noted that the scale 
height for a neutron star is very small and therefore the 
density of the gas that may exist outside the star is also 
small, Furthermore, the pressure exerted by the radia- 
tion is enormous and any residuum of gas near the star 
would be swept outwards. The neutron star itself will 
therefore be surrounded by the vacuum (at least as long 
as radiation pressure dominates over gravitational accre- 
tion) but, farther away, the electromagnetic waves will 
be reflected by the interstellar gas. The equations (8) to 
(11) assume radiation in a vacuum: whether or not the 
same loss of rotational energy occurs in real life seems to 
hinge on what happens to the energy and angular momen- 
tum of the electromagnetic waves when they interact 
with the plasma. 

Finally, we note that the same model could also apply 
to a very rapidly rotating white dwarf. In this case, 
however, magnetic fields of 10' gauss seem very unlikely 
and it would be more difficult to achieve the right con- 
ditions in the circumstellar gas. 
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Estimate of the Influx of Extraterrestrial 
-= Material during the Silurian 

Parkin and Tilles! recently described the methods used 
for measuring the influx of extraterrestrial material to 
the Eartp’s surface and discussed critically the signi- 
ficance of the results so far obtained. In particular, they 
mentioned unpublished work by J. L. Barker, in which 
the abundances of osmium and iridium in deep sea sedi- 
ments had been applied to the estimation of the infall 
rate. This was of interest because, in the course of an 
extensive study of the distribution of rhenium and 
osmium in rocks?, the abundances of trace elements in a 
Silurian shale had been applied in a similar way. Although 
the relevant data required for the calculation have been 
published previously*-* the result has not, and to do so 
is the intention of this communication. 

As part of a neutron activation study of rhenium and 
osmium abundances in tektites and possible tektite parent 
materials’, a shale from the State Circle formation’, 
Etheridge Creek, Australian Capital Territory, Australia, 
was investigated. The actual specimen analysed was 
described: as a = by Compston and EA PORN, and 


òf Os: per g of specimen. These abua danos yield an 
atomic Os/Re ratio of 8-7, and it was this that first 
suggested that the observed abundances might have an 
extraterrestrial origin. Recent work®, in which simul- 
taneous neutron activation analyses were made on thirty- 
two observed chondrite falls, established a mean ‘‘cosmic”’ 
(meaning solar system) Os/Re ratio of 11-4+1-3. On the 
other hand, all common crustal rock types so far analysed’ 
have ratios of unity or less. It therefore seems that, apart 
from contrived assumptions involving addition of osmium- 
rich material from ultrabasic sources, a chondritic origin 
for the rhenium and osmium in the State Circle shale is 
the most plausible. 

Goldschmidt’, when proposing the application of rare 
metal abundances in sediments to the estimation of the 
influx of extraterrestrial material, stressed that the sedi- 
mentation rate would need to be less than 10- em yr"! 
for the cosmic contribution to be significant. The sedi- 

mentation rate of the State Circle shale can be estimated. 
Compston and Pidgeon? measured the age of the formation 
as 425x108 yr by a total rock rubidium~—strontium 
method. They suggested that one shale specimen taken 
from 70 ft higher up in the section than the others analysed 
may be 1 or 2 per cent younger. If this estimate is reason- 
ably accurate, one can aa that 70 ft represents 1-5+ 0-5 
per cent of 425 x 10° yr. This corresponds to a deposition 
rate of (8-341-1) x 10- em yr, a value well within that 
required for the extraterrestrial contribution to the rare 
metal abundances to be high enough for an influx estima- 
tion. 

Goldschmidt expressed the reservation that contamina- 
tion of sediments by andesitic dust might completely 
mask any effect on trace abundances, caused by extra- 
terrestrial material. The US Geological Survey standard 
andesite AGV-1 has been shown to contain 34x 10- g 
of Re g and < 0-24 x 10- g of Os g7, and it is clear that 
the Os/Re ratio in this rock is very much lower than that 
observed in the State Circle shale. If AGV-1 is typical of 
andesites, rhenium contamination of the sediment is a 
possibility which must be considered. The magnitude of 
this contamination cannot be very large in the State 
Circle shale as the Os/Re ratio Is close to the chondritie 
one. Possibly the slightly lower shale ratio is due to some 
20 per cent of the rhenium in the sediment being con- 
tamination from terrestrial rocks. In the case of osmium 
the probability of a significant contribution from andesitic 
sources can be rejected. Because of this, and the relatively 
high abundanee of osmium in chondritic material, this 
element seems to be a much more satisfactory indicator 
than rhenium, and is the basis of the following 
discussion. j 
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The rate at which osmium is added to the sedimentary 
column can easily be estimated. Ifa typical shale density 
of 2-65 g cem? is assumed, then, from the shale abundance 
of (4541-1) «x 10-' g of os gt and sedimentation rate 
of (3-34 1-1) x 10-4 em yr“, the rate at which osrnium is 
deposited is (4-0 + 1-6) x 19-8 g em-* yr. 

The chondritic abundance of osmium is now well 
established’ and has a value of 0-61 Os atoms per 10° Si 
atoms. If it is assumed that the infalling material is 
similar to the ordinary H and L group chondrites in 
composition, then a silicon content of 17-5 per cent? 
can be used without introducing significant error. The 
mean osmium weight abundance is then 0-72 x 10 g of 
Os g1, From this value and the osmium deposition rate, 
the rate of influx of extraterrestrial material is then 
(5-6 + 2-3) x 10-7 g em- yr. The total area of the Earth's 
surface is 5-1 x 10? cm?*; therefore, if uniform infall over 
the whole es is assumed, a total influx of (2-8+1-1) x 
10!2 g yr- or (8 +3) x 10° tons day~ is found. 

Although most of the observed chondritic falls are from 
the H and L groups, it is widely considered that the 
carbonaceous chondrites, particularly of Type I, may 
more closely represent “‘primitive cosmic’ material. 
Observed falls of Type I carbonaceous chondrites are very 
rare, but because of their very friable nature it is possible 
that this material is much more abundant than the small 
number of specimens recovered intact might indicate. If 
the influx calculation is repeated using the osmium 
abundance of 0-45 x 10-* g of Os g> found in the Orgueil 
Type I carbonaceous chondrite, the rate is (1-2+0-5) « 10" 
tons day~!. It should be noted that no attempt has been 
made to introduce a factor to account for any latitude 
dependence of the influx rate. There seem to be no 
reliable palaeomagnetic determinations of Silurian pole 
positions for Australian rocks, and in any case it seems 
unlikely that the present day latitude dependence CAT. 
be assumed to have remained unchanged over the past 
425 x 108 yr 

It is interesting to compare the present estimate with 
those for the “present day” rate discussed by Parkin and 
Tilles!, whose paper should be consulted for detailed 
references. The only work similar to that described here 
is the unpublished study by Barker. He suggests that a 
value of 3x 10° tons day-! is probably correct within a 
factor of 3, that is, a rate of between 10° and 10° tons 
day-?. Other estimates based on **Al, "CI and nickel in 
sea sediments, and rare gas anomalies in dust, all lead to 
upper limits for the influx rate of between 10° to 104 tons 
day. The measurement of nickel in Antarctic ice gives 
a rate of 10! tons day on a uniform accretion and fall- 
out model. A realistic estimate of the present day influx 
rate would therefore be <104 tons day~'. This is in good 
agreement with the value for the Silurian shale, and 
indicates that the influx rate has been constant, to within 
a factor of 10 or so, for the past 400 x 10° vr Admittedly 
the estimate made here is based only on the duplicate 
analysis of a single sample and on a very approximate 
sedimentation rate; nevertheless it does clearly indicate 
the way in which neutron activation analyses of sedi- 
mentary rocks may be applied to “‘palaeometeoritics”’. 
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Late Caenozoic Shoshonitic Lavas in 
North-western Viti Levu, Fiji 


Most petrologists recognize two fundamental types of 
basaltic magma—tholeiite and alkaline olivine basalt’. 
The ratio of alkalis to silica is consistently higher in 
alkaline olivine basalts than in tholeiitic (sub-alkaline?) 
basalts?-4, Kuno? recognized a third type of magma, 
high-alumina basalt characterized by high contents of 
alumina and intermediate alkali, and Hamilton’ noted 
its apparent genetic relationship to the cale-alkaline 
intermediate magmas of island arcs. Joplin? recognized 
a fourth type of basaltic magma characterized by high 
potash content, and proposed the name shoshonite® for 
the magma series derived from a high-potash parent 
magma. The potash-rich shoshonites are as alkalic as the 
soda-rich alkaline olivine basalts, but the ratio of potash 
to soda in shoshonites is near or in excess of 1-0, whereas 
the same ratio is 0-5 or less in typical alkaline olivine 
basalts and their derivatives. Joplin noted that shoshon- 
itie lavas seem to be especially characteristic of newly 
stabilized or just consolidated orogenic regions. The 
possibility that shoshonitic lavas might be characteristic 
of the late Caenozoic voleanic sequence of Fiji was called 
to our attention by G. A. Joplin and A. J. R. White on 
the basis of an analysis obtained by V. Iyengar and quoted 
by Rickard’. The estimated volume of late Caenozoic 
shoshonite in Fiji is about 10t km’; therefore the origin 
of the magma presents a significant challenge to petrologie 
theory. 


ea 


systems of the New Hebrides and Tonga!®. The oldest 
rocks in Fiji are strongly deformed and partly meta- 
tnorphosed voleanic and voleaniclastie early Tertiary 
strata which are intruded by mid-Tertiary stocks and 
batholiths of gabbro and granitic rocks, and are overlain 
unconformably by less deformed late Tertiary voleanic 
and sedimentary strata!!. Local unconformities are 
present in the late Tertiary sequence, the older parts of 
wuch are strongly folded. The younger beds are only 
broadly tilted or warped, and among these is the late 
Phocene Koroimavua volcanic group of Rickard? on 
north-western Viti Levu, the principal island of Fiji. 
The central stocks of the eruptive centres were studied 
by Higgs and Coulson!*, and later by Smith and Dickin- 
son'’, who also studied the facies patterns of voleanic and 
voleaniclastic strata within the group. 

The eroded voleanic centres—of which three are de- 
finitely known-~are steep-walled composite stocks, with 
equant outlines, each 1-10 km? in area and spaced 5-10 
km apart. The rocks of the stocks are phanerites, micro- 
phanerites and porphyries with modal compositions in 
the following approximate ranges: labradorite, 40-60 per 
cent; augite, 15-45 per cent; K-feldspar, 0-35 per cent; 
biotite, 5-10 per cent; opaques, 3+2 per cent. The 
extremes of the compositional range are monzonites and 
gabbros. Pvyroclastic breccias and minor lavas with platy 
jointing built multiple stratovoleanic accumulations above 
the volcanic centres. The lavas and breccia blocks are 
porphyritic aphanites with a grey, translucent, commonly 
glossy groundmass in whi@h are small phenocrysts of 
plagioclase and augite, lesser hornblende in some rocks, 
and biotite in variable amounts. Leucite-phyric lavas 
eccur at the base of the Korommavua sequence in at least 
three places. 

Three extrusive breccia blocks collected by Dickinson 
from widely separated localities are shoshonite (Table 1). 
The mineralogy of the analysed specimens as determined 
by Lawrence is as follows: plagioclase (19-23 per cent}, 
zoned from Anos, cores to Ang. Tims; pale yellow- 
green augite (15-20 per cent), 2V = 50°-60°, ZC = 38°—43°, 
y-a = 0-025-0-026, R.I. ~ 165-170: yellow-brown biotite 
{ 2-5 per cent); opaque grains {3 per cent); and ground- 
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Table 1. CHEMICAL COMPOSITION OF ROCKS OF THE KOROIMAVUA VOLCANIC 
GROUP, NORTH-WEST VITTI LEVU, FIJI 
i 2 3 4 5 
SiO, 48-8} 50:98 50-53 49-80 49-06 
ALO, 17-90 16-78 18-12 17-59 17-95 
TiO, 0-65 0-9 0-71 0-65 0-86 
FeO; 5-29 6-19 5-58 5-69 209 
FeO 2-65 3-23 2-06 2-96 e #2 
Mego 4-27 B45 4-97 4-90 4:75 
MnO 0-21 0-15 0-16 0-18 p22 
Cad 9-33 0-40 9-44 9-30 9-68 
NaO 2°66 2°24 2°40 2:43 2-86 
K,0 4°69 3°90 2-85 3°31 2°83 
P.O, 0-48 0-55 0-38 0-47 0-40 
H,O 2-51 1-54 1-72 1-92 1-85 
Total 99-45 100-24 99-82 99-84 99-96 


Columns 1-3 are individual analyses of porphyro~aphanitic breccia blocks; 
localities are on file with the Fiji Geological Survey Department in Suva as 
follows: column 1, spec. NA-3; column 2, spec, LD-39: column 3, spec. 


0 


Column 4 is the mean of columns 1-3, S 

oe 5 is the mean of three phancritic intrusive rocks from the central 
stocks. 

(Figures are weight percentages from rapid-silicate chemical analyses by 
A. G. Loomis.) 


mass (54-55 per cent). Thin jackets of alkali feldspar (7) 
are present on some plagioclase phenocrysts. The average 
chemical composition of three phanerites collected by 
Coulson!* from the central stocks is nearly identical to 
the mean of the three breccia blocks which were analysed 
(Table 1). 

To the east across northern Viti Levul!, extensive 
basaltie lavas of the Mba Voleanic Group studied by 
P. Ibbotson also have chemical compositions representa- 
tive of the shoshonite magma series". These rocks are 
the host for telluride gold deposits at Vatukoula con- 
trolled by fracture systems at the margin of a large caldera. 
The alkalic intermediate differentiates of the Mba are 
potash-rich tristanites'® which differ from the soda-rich 
benmoreites, found in association with the alkaline 
olivine basalts of Hawai. 

In comparison with more familar lavas, the chemistry 
of the shoshonites of Fiji is distinetive in the following 
salient respects: (a) the silica and lime contents are 
similar to those of basalt despite the high potash content 
and the high ratio of potash to soda; (b) the silica and total 
alkali contents are similar to those of hawaiite or mugear- 
ite, but the lume content is higher, and the potash to soda 
ratio is reversed; and (c) the silica content is less than in 
latite. 
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Tensile Strength of Wet 


Granular Materials 
~~ Recent correspondence!-* has dealt with the tensile 


strength of random sphere packings in the pendular 
range. The essential difficulty is that the cohesion be- 
tween ingividual spheres due to the liquid bridge decreases 
as the liquid bridge increases in volume. All other factors 
being equal, the tensile strength in the pendular region 
should decrease slightly with increasing moisture content. 
Experimentally this does not occur, although recent 
experiments by Carr (private communication) indicate 
that it may, in certain circumstances. Any explanation 
of the experimental results has to involve one or more of 
the other variables 

Carr’ suggested that, by incorporating a contact angle 
at the liquid/sphere interface which tends to zero as the 
spheres are separated, certain aspects of the problem can 
be explained. Pietsch? showed that by assuming all the 
spheres in the bed to be slightly separated the tensile 
strength decreases with decreasing moisture content. 
Carr? also considered the increase in the number of bridges 
with moisture content to be an explanation, but an 
approximate analysis by Clark and Mason‘ of both the 
increase in the number of bridges and the effect of small 
separations showed that both effects are nearly equal in 
magnitude but opposite in sign. The introduction of the 
thickness of the fracture zone by Smalley and Smalley! 
is unrealistic, for it requires that individual particles rup- 
ture in the fracture plane without contributing to the 
tensile strength. This was pointed out by Douglas*, who 
calculated the correct equation in which the fracture 
zone thickness does not appear. 

We now discuss the effect of another unconsidered 
variable—that the geometry of the bed is not fixed during 
rupture and the spheres rearrange by slipping around one 
another. This is shown diagrammatically in Fig. 1. 
During the extension of the packing liquid bridges not 
aligned in the direction of tension slip, without extension, 
into near alignment before stretching and contributing 
to the force resisting fracture. Not all the bridges rupture 
in this manner, for the slip mechanism also demands that 
spheres move in a direction normal to the tension. This 
must rupture bridges not aligned in the direction of the 
tension. Our method of analysis, however, only demands 
that the rate at which the bridges rupture be constant 
over the slip length. At any point within this slip length 
some bridges are stretching and contributing to the force 
resisting fracture while others are still slipping without 
extension and are not contributing to the force. This 
leads to a decrease in the expected tensile strength in 
that the work required to fracture the bed is distributed 
over a slip length rather than over the rupture extension 
of a single bridge. The tensile strength can be calculated 
if it is constant over the slip length and if both the work 
to rupture the bed and the slip length are known. 

The distribution of contacts and near contacts in a 
random packing of equal spheres has been measured*® 
and conforms to the equation 


where N is the number of spheres within a distance x of 
an average sphere; # is the sphere radius. The force 
versus separation curves for liquid bridges between equal 
spheres approximate to straight lines of the form?° 


fy, = Fmax G — =) 
X Ey 
where Fs is the force at a sphere separation x, Fmax iS 


the force for contacting spheres, and a, is the rupture 
- distance of the bridge. The work (Wz) required to rupture 


one bridge spanning a gap æ can be shown to be 


{zy — x)? 
28r Eo 
If all contacts, and all gaps less than æ, are spann 
bridges of equal volume, then the work (WW) require 
rupture half of the bridges around an average sphere is- 
7 7-6 F max Fr gr T2 (Er ~ eye 
W PERE E ee ae 1 gpr 
2 2 


Wa =a max 










This work is associated with an effective projected area. 
of zR?; hence the work for fracture per unit area is 

Ww F max (1-90 + 0-62,7/R) 

whe? 

The maximum slip length of any bridge without exten- 

sion of that bridge is 2R and a further extension of ay is 
required to rupture the bridge. Simple spherical geometry 
shows that the rate of presentation to the aligned state is 
constant for a constant rate of packing extension. If the 
rupture rate of the non-aligned bridges is also taken to 
be constant the force versus separation curve for a unit 
area of the packing will be constant for an extension of 
2R, after which it will fall linearly to zero at an extension 
of (2R+2,). This is shown diagrammatically in Fig. 2. 
The area under the line is W/nR*. Consequently the 
tensile strength o will be 
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me F max (1-92, 4 08e jE) (1) 

- nR? (2R + æ,/2) 
Fisher! lists values of Fmas and volume for liquid 
bridges between spheres, and values of x, have been given 
elsewhere!. Because both the number and volume of the 
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Fig. 1, Slip to the aligned position during the fracture process, 
a, Original condition; 6, slipping without extension to aligned position; 
c, aligned position before liquid bridge extension. 
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Force 
Unit area 
Extension 
Fig. 2. Force against extension in the fracture region. 
Table 1. SOME TENSILE STRENGTHS OF A BED OF WET SPHERES (PACKING 


DENSITY 0-625) CALCULATED FOR DIFFERENT MOISTURE CONTENTS USING 
EQUATION (1) 


: No. of Percentage i 

Bridge volume Fmax bridges per r/R liquid by ait 
2k? 2aRy sphere volume Y 
0000679 0:93 8:22 0:092 0-13 0:205 
00178 0:91 8°67 0-152 0:387 0-326 
0-00407 0:89 0-08 0-206 0-882 0:424 
0:00828 0'87 9-53 0-268 1:88 0:529 
0:0154 0:85 9-98 0:330 3:67 0-624 
0:0285 0-82 10-44 0:394 6-60 0:704 
0:0426 0:79 10:88 0-456 11-60 0:768 
(0647 0-77 11-33 0-518 17-40 0:834 
0-0933 0:75 11:75 0:576 26-50 0-887 


bridges are known, the moisture content can be de- 
termined. Table 1 lists values of the tensile strength for 
different moisture contents. It is realized that the table 
extends past the pendular region. 
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Fast Cracking during Fatigue Crack 
Propagation in Metals 


Fic. 1 shows the fracture surfaces of an alloy steel specimen 
of 0-5 in. x 1 in. section which had been fatigued by bending 
in a cantilever machine’ at the Royal Aircraft Establish- 
ment, stressing being of the form 1-1 oto. Cracking 
started from a 60° V notch } in. deep and having a root 
radius of 0-002 in. which was machined in the specimen. 
Measurements of the fatigue crack propagation rate were 
made using an electrical resistance method to measure 
the crack length*. The light areas on the fracture surface 
are regions where the crack was advancing at a rate of 
about 10-*10-* in. ecyele-!, while the dark areas are 
regions in which the crack advanced by brittle cracking 
at a much faster rate, the rapid advance being accom- 
panied by a cracking noise from the specimen. After its 
rapid advance the crack resumed its normal rate of about 
10-4 in. eyele'. This type of failure is always obtained 
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for this type of steel fatigued at room temperature. It 
was first thought that the brittle fracture advance occurred 
during one stress cycle, the crack then resuming its 
original rate. If this was the case, however, it is difficult 
to see why the crack, having acquired a high velocity, 
should stop before the specimen was completely broken. 

To investigate this, experiments were carried out in 
which the crack propagation was started at 1,500 cycles 
min-? and the test continued at this speed until the start 
of brittle cracking, when the speed was reduced to 
42 cycles min-'. Fig. 2 shows a plot of the increase in 
crack length for two periods of rapid advance followed 
by a slowing down to the normal erack rate of about, 
10 in. cycle. These results were for two separate 
specimens and in each case the rapid advance was accom- 
panied by a cracking noise from the specimen. For both 
specimens the plots are for the last rapid advance fol- 
lowed by slow crack growth before the final fracture. On 
examining the fracture surfaces afterwards the dark band 
corresponding to the rapid advance extended across the 
full width of the specimen. The advance for specimen 
A3/5 is marked A in Fig. 1. It is seen that, contrary to 
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Fig. 1. Fracture surfaces of an alloy steel fatigued in bending. The 
band marked A is the fast crack advance for specimen A3/5 plotted in 
Fig. 2. 
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Fig. 2. Crack propagation by brittle cracking during fatigue of an alloy 


steel. 
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the original belief, the brittle cracking advance does not 
occur during one stress cycle but is spread over about 
100 cycles, the crack slowing down gradually to its original 
velocity. The dark bands on the fracture surface were 
examined under the microscope to see if evidence of the 
progresg of the crack could be obtained, but the surface 
was too rough to show fatigue striations. 

A possible explanation of this behaviour is that the 
cracking noise is heard when brittle fracture occurs in a 
small area of the surface which does not extend across 
the full width of the specimen (small isolated areas of 
brittle fracture can be seen on the surfaces shown in Fig. 1). 
The area of brittle fracture then spreads rapidly across 
the specimen during subsequent cycling until, when the 
erack front is back to its minimum length, the conditions 
for slow crack growth again occur. The specimen finally 
fails completely during one stress cycle when brittle 
fracture occurs across the full width of the specimen. 
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High Temperature Structure of 
Plutonium Dicarbide 


THe presence of a dicarbide in the Pu—C system was 
originally reported by Drummond!. Mulford and Ellinger? 
showed that the compound was unstable below ~ 1,750° C, 
and that it decomposed to form PuC, and carbon. These 
workers were unable to index the X-ray diffraction pattern 
obtained at room temperature from alloys quenched from 
the molten state. Chackraburtty and Jayadevan’ indexed 
diffraction lines from a sample of PuOQ, and carbon 
quenched from the reaction temperature of 2,200° C 
as arising from a body centred tetragonal phase isomor- 
phous with UC, and deduced that this was also the high 
temperature structure. Tetragonal structures have also 
been found in quenched materials by J. A. Leary and 
J. G. Reavis (private communication), who also reported 
that the formation temperature of PuC, was 1,650° C. As 
part of a study of the phase relationships in the UC,~PuC, 
system it was necessary to determine the high temperature 
structure of PuC,. The apparatus used was a high tem- 
perature diffractometer? attached to a conventional 
Philips X-ray goniometer using Cu Ka radiation. 

The sample was prepared by arc-melting mixtures of 
plutonium and carbon to give alloys containing nominally 
67 atomie per cent C. The buttons thus formed were 
erushed, milled and pressed into a disk of diameter 0-5 in. 
and sintered at 1,650° C, just below the transformation 
temperature, and then hand ground to a thickness of 0-04 
in. on silicon carbide paper. The sample was heated in the 
diffractometer to an indicated surface temperature of 
1,500° C, in a vacuum of <5 x 10-* torr, and scanned at 
0-5° (20) min-!. The only phase present was body centred 
cubic (bec) Pu,C, with a= 8-340 A; the graphite present 
did not give a diffraction pattern. High purity helium was 
fed into the chamber to a pressure of 10 torr before 
increasing the temperature in steps of ~50° C. The 
specimen was held at each temperature for 30 min before 
commencing the scan. When the sample temperature was 
raised to 1,710° C the line intensity of the bee Pu.C, 
pattern diminished, and a new set of diffraction peaks 
appeared. 

The 20 values, d values and peak heights found at 1,710° C 
are shown in Table 1; reflexions were not detected at 
20 angles greater than 75°, probably because of thermal 
vibration of the lattice. The structure of PuC, was face 


Table 1. X-RAY DATA FOR PUC, OBTAINED AT 1,710" ¢ 
Relative 26 


peak observed d d calcu Akl g observed 
heights (degrees) observed lated (A) 
20 26°12 34086 34221 241 O BJ 
100* 2712 32852 32912 1 B 5800o 
16 30-17 2-9596 29636 220 PTL 
30 31-36 2:8500 2:8503 200 5709 
7 33-72 26557 26508 3160 8-308 
il 40-09 2-2472 2-2403 321 84.08 
53 44-93 20157 2-0154 220 STAL MENI 
ii 51-04 1:7873 1-7R71 332 8-386 
53 53°24 1:7190 1-7iss Sil &- 701 
27 5o°86 16445 1-456 222 B87 
13 6542 14254 14251 400 & 702 
H 68-07 13762 
27 7211 13087 1-3078 331 3° 704 
24 74°22 1:2786 12747 420 570 


* Not obtained during the first scan at 1,710° C. 


centred cubic (fee) although a residual pattern of bee 
Pu,C, was still present. In particular, peak 211 of the 
bee phase had not diminished and peak 111 of the fee 
phase was absent on the first sean. A second sean of the 
low angles at ~ 1,730° C showed that the 211 peak (bee) 
had shrunk and peak 111 of the fee phase had appeared, 
suggesting that the reaction Pu,C,+C proceeds slowly at 
this temperature. The lattice parameter of Put, at 
1,710° C is 5-70+0-01 A. It is not possible on a high 
temperature diffractometer to measure or compare line 
intensities accurately enough to determine the space 
group of PuC,, and the determination of the carbon posi- 
tion can only be achieved by high temperature neutron dif- 
fraction. The tetragonal cell observed by Chackraburtty’ 
and by J. A. Leary and J. G. Reavis (private com- 
munication) is almost certainly a metastable phase 
formed by a martensitic transformation on quenching fee 
PuC,. This produces a phase similar to the structure 
obtained on quenching UC, from high temperature. 
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Matrix Property of Vibrational 
Overlap Integrals 


In this communication I shall point out a matrix multi- 
plication property possessed by arrays of vibrational 
overlap integrals of diatomic molecular band systems. 
Consider any three electronic states L, M,N between 
which the Le M., LeeN and AleoN transitions are 
allowed. Each of the wavefunctions |, associated with 
vibrational levels } of L, and each of the wavefunctions 
va associated with the vibrational levels n of N, may be 
represented by an a#igenfunction expansion of the wave- 
functions Ùm of the levels m of M as follows: 


de (r) = E (lan) Ymlr) (ia) 
m 

Yn (r) = È (n,m) Ymr) (1b) 
TF 

where (a,b) = fa alr) Yo (r) dr (te) 


is the vibrational overlap integral, r is the internuclear 

separation and {a,b}? is the Franck—Condon factor gap. 
The overlap integral (ln) can be constructed from 

equations (la) and (1b) through z 
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(Ln) = filr) Yair) dr = f Elm) Y a(r). Einm) Ymir) dr 
m m (2a) 


Thus (in) = Lm) (mn) (2b) 
m 


because of the orthogonality properties of Ym. Equation 
(2b) can equally well be written 


(in) = È (lm) (m,n) 


m 


(3a) 


which implies that the vibrational integral array (Ln) 
is the matrix product of the two arrays (l,m) and (m,n). 
It therefore similarly follows that 


(lm) = E (Ln) (n,m) (36) 
7 
and (3c) 


(n,m) = D (n,l) (Lm) 


Care must be taken before identifying conventional 
(v, v”) Deslandres arrays of overlap integrals with the 
matrices (l,m), (m,n), (ln) discussed here. In a Deslandres 
array the adopted convention is that the rows are labelled 
by the upper vibrational quantum number »’ and the 
columns are labelled by the lower vibrational quantum 
number v”. The Deslandres arrays could in many cases 
be the transposes of the overlap integral matrices depend- 
ing on the ordering of the states L, M and N in energy 
and on which specific state is chosen as M for the eigen- 
function expansions of equations (la and b). 

Equations (3a, b and c) describe the matrix multiplica- 
tion property which relates the respective overlap integra] 
arrays. It is of course independent of any molecular 
potential model adopted. In principle, equations (3a, b 
and c) can also be used to provide a method for evaluation 
of the Franck-Condon factor array for a band system 
when the overlap integral arrays for the two connected 
band systems are known. Often Franck—Condon factor 
arrays rather than overlap integral arrays are available 
for these two systems. The relevant overlap integral 
arrays necessary for the application of equations (3a, b 
and c) may be obtained by taking square roots of the 
Franek-Condon factors and by determining the appro- 
priate sign of each of the resulting overlap integrals from 
a consideration of the relative location of the potentials 
and of the geometry of the primary and subsidiary 
Condon loci. The positions of the loci are controlled by 
the co-location of the primary and subsidiary antinodes 
of the vibrational wavefunctions. The major contribution 
to the overlap integral is made by the wavefunctions in 
the region of the co-located antinodes. They therefore 
determine its magnitude and sign. 
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Stable Carbon Isotopes in the Dissolved 
Organic Matter of the Sea 


THERE have been several recent investigations concerned 
with MC/"C ratios in marine phyto and zooplankters, 
with metabolic fractionation of these isotopes in labora- 
tory phytoplankton cultures, and with the carbon isotopic 
composition of the biochemical constituents of oceanic 
plankton’-*, As far as I know, this is the first report on 
determinations of the “C/#C ratios in the dissolved 
organic matter in the sea. 
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The conversion of the dissolved organic carbon to 
carbon dioxide gas for mass spectrographic analysis of 
the 8C/?C ratios was by photo-oxidation with high energy 
ultraviolet radiation®”. The experimental procedure, to 
be described in detail elsewhere, was as follows. Sea- 
water samples which had been filtered through Whatman 
GF/C glass-fibre filter pads (pore size, 1-2u) were intro- 
duced into a 5:3 1. glass reaction-vessel equipped with a 
quartz annulus to house the ultraviolet lamp. The sample 
was acidified to pH 2 with phosphoric acid, sparged free 
of inorganic carbon with oxygen gas, and irradiated for 
6 h using a 1,200 W mercury-are lamp (Hanovia Engel- 
hardt ‘189 4’). The carbon dioxide so formed was swept 
in a nitrogen stream through potassium iodide and dry 
ice-2-ethoxyethanol traps (to free it of chlorine, bromine 
and water) and condensed in a liquid nitrogen trap. After 
several recondensations in liquid nitrogen the volume of 
the carbon dioxide was measured manometrically, and 
the gas transferred to break-seal tubes. Complete oxida- 
tion was ascertained by comparison of the amount of 
carbon dioxide measured manometrically with the amount 
of carbon dioxide determined by wet combustion? of the 
seawater before and after irradiation. 

The isotopic analyses are expressed as parts per thousand 
relative to the Chicago belemnite (PDB,) standard in 
terms of § BC 


(8C/2C) sample —~ ay C) standard 


e a a EENE AOO 


( F ao , C) standard 


The values have been corrected as previously described?. 
The standard deviation for the mass spectrographic 
determinations is + @2°/ On this scale atmospheric 
carbon dioxide and oceanic bicarbonate have è BC 
values of the order of —6 to —10°/ and 0 to — 2%, 
respectively. 

Results are reported in Table 1. The 8®C for the 
sample collected on July 8, 1967, at 1,800 m was derived 
from 700 mg of carbon isolated by ultraviolet oxidation 
of 1,800 l. of seawater. The § °C for the inorganic carbon 
m this sample was — 1-7 “Jæ. The 8 8C for the sample 
taken on June 16. 1959, at 1,840 m was that from the 
organic carbon isolated from 200 1. of seawater by co- 
precipitation with ferric hydroxide?®. 


SC = 


1,000 


Table 1, VALUES FOR DISSOLVED ORGANIC MATTER IN SEAWATER 
Depth Water Dis- Total 
. cül- tem- solved organie -/ 
Sampling location lected perature oxygen carbon YC (gq) 
{ra} Cay (ml./L) (ag Cil) 
Scripps Institution Pier, col- 0 15-2 ~~ 710 ~ 22-0 
lected Feb. 29, 1968 0 16:2 wee 760 ~ 22-1 
San Diego Trough, 25 miles 5 menee a4? 760 — 22-5 
west of San Diego, col- 98 10-9 308 io — 225 
lected Nov. 15, 1967. Bot- 2RD $+ 3 1-64 620 — 22-4 
tom depth, 1,300 m 435 6-2 (44 490 — 228 
T50 5:0 1-38 560 — B27 
970 +3 058 400) — 22-9 
200 miles west of San Diego, 
collected July 8, 1866, ee 
Bottom depth, 3,500 m 1,800 25 oon 440 ~ 22-3* 
200 miles west of San Diego, 
collected June 16, 1959. 
Bottom depth, 3,300 m, - 
Fe(OH), co-precipitate 1,840 2-2 — oem ~ 22-7 4 


* Analysis performed by M. Stuiver, Radiocarbon Laboratory, Yale 
University, New Haven, Connecticut. . 

t Analysis performed by S. Silverman, California Research Corporation, 
La Habra, California. 


The most notable features in the vertical profile taken 
in the San Diego Trough are the uniform distribution of 
ò C in the dissolved organic matter with depth, and the 
correspondence of 6 1}5C in the deeper water with samples 
taken earlier at 1.800 and 1,840 m. This latter similarity 
is even more significant because the isotopic ratios of the 
two deeper samples were determined at different labora- 
tories. It is also apparent that there is no correlation 
between ô C and water temperature, dissolved oxygen 
or total dissolved organic carbon. The small, but real, 
depletion of °C with depth may be related to preferential 
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mineralization with time of the more labile biochemical 
constituents heavier in °C (see below). 

Recent determinations’? of $C in eighteen 
phyto and zooplankton samples collected off 
Peru and Ecuador are in the range — 17-4 to 
— 21:2 °/,, with a mean value of — 19-3 °/oo. 
Six of these samples were chemically separated 
into the lipid, amino-acid, sugar, hemicellulose, 
pectin, cellulose and lignin fractions*. The 
mean ô C values of these fractions were: 
— 29-8, —17-5, —19-2, —18-7, —16-7, — 22-4 


HNC >x _>=NH +HA 


The following scheme shows the continuous series. of i : 
changes thus postulated. 


and —23-1 respectively. Thus the isotopic oN i ee 

ratios found in the dissolved organic matter H | ee - 

most closely approximate those of the cel- {HA HNC [L L NN H, -+ H, 
lulose and lignin fractions. This similarity = me AEN 

assumes that the 8 C values for these frac- H.N oe ae NH,+HA ae ae ee 
tions are valid for plankters collected off San ee eee + XS x a a a ll 


Diego. 

The dissolved organic matter in the deeper 
waters of the ocean, < 300m, has a relatively uniform con- 
centration and does not vary markedly in space, m time or 
with depth (refs. 11, 12, and unpublished reports from 
this institute). This situation implies that deep-water 
organic matter is stable with respect to chemical and 
biochemical oxidation. The uniform distribution of § °C 
in the dissolved organic carbon with depth supports 
this hypothesis and suggests that the dissolved organic 
matter is derived from the cellulose and lignin fractions 
of the plankters, and that the more labile proteins and 
earbohydrates are biochemically oxidized and utilized 
in the upper several hundred metres of the ocean. 

Carbon isotopic data may be a useful means of under- 
standing the chemical nature, origin and stability of 
dissolved organic matter in the sea. 

I thank L. I. Gordon for technical assistance and 
advice. This work was supported by the US Atomic 
Energy Commission. 
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Benzidine Rearrangement 


THE mechanism of benzidine formation from hydrazo- 
benzene has been the subject of incessant consideration}. 
Kinetic study? has shown the reaction to be bimolecular 
in respect of acid participation, but the idea? that this 
involves initial formation of a doubly charged cation 
from such a weak base as hydrazobenzene is totally 
unacceptable. The singly charged cation, like other 
ammonium ions, would be in equilibrium with aniline 
and the nitrogenous anion, associated with it by a x 
bond‘, were it not that para-substitution ensues. Finally, 
the quinonoid substituent is rendered aromatic by action 
of the second molecule of acid, or, alternatively® to a 
subordinate extent, by a suitably constituted hydrazo- 
compound if such be present. 


It must be emphasized that this scheme represents 
phases of the continuous transition from hydrazobenzene 
to benzidine rather than a series of separate reactions. 
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Effect of X-rays on the Electrical 
Conductance of Phospholipid 
Bilayer Membranes 


A LONG-STANDING hypothesis suggests that a significant 
contribution to the radiobiological effects of ionizing 
radiations comes from the damage they cause to cell 
membranes'. The production in this way of massive 
damage to the membranes-—allowing the movement of 
macromolecules across them-—-would be of considerable 
importance, but a smaller change affecting only their 
permeability to simple electrolytes could also have notice- 
able biological effects. We have studied the possibility of the 
latter phenomenon using a system recently introduced as a 
partial model of the cell membrane. The model mem- 
branes are optically black structures formed of phospho- 
lipid dissolved in a hydrocarbon; they can be made 1 man? 
or more in area, are probably two molecules thick®, are 
stable for several hours and have readily measurable 
electrical characteristics? ?. 

Using pure lecithin prepared in the laboratory from 
hens’ eggs, dissolved in n-heptane, we formed membranes 
of about 1 mm? area in various electrolyte solutions and 
measured the electrical conductance (c) before, during and 
after X-irradiation. The X*rays were 220 kVp from a 
therapy machine and the dose rate (which was up to 600 
rads/min) was measured at the position of the membrane 
in subsidiary experiments. 

The ratio to the initial conductance (c) of the change of 
conductance (o-s,) on application of the X-rays is shown 
in Fig. 1. In all cases the conductance returned to its 
initial value (~ 5 x 10 Q-1) when the X-rays were switched 
off. With our present apparatus it was not possible to 
measure the time constant for the appearance of these 
conductance changes; we were able to conclude only 
that the time constant had a value less than 2 min. To 
probe the nature of the charge-transfer process manifested 
as membrane conductance, we formed membranes and 
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Fig. 1. Relative change of conductance, (o-9,)/#,, as a function of dose 

rate of 220 kVp X-rays for membranes formed in 6-01 M solutions of 

NaCl, KCl or CaCl, The conductance of the unirradiated membrane, 

oy, Was measured before and after irradiation and found to be unchanged; 
ois the conductance of the membrane during irradiation. 


irradiated them in several different electrolyte solutions. 
For a given dose rate the conductance change was unal- 
tered with electrolyte concentration, but it increased by a 
factor of 1-4 if KCl was substituted for NaCl and by a 
factor of 2-6 if CaCl, was substituted for NaCl. These 
ratios lie close to the ratios of molar conductances of the 
salts used, but also close to the ratios of the ion conduc- 
tances of the cations. 

In the hght of the evidence the inereased membrane 
conductance brought about by the ionizing radiation must 
be taken to derive from ionic rather than electronic 
movement. The results are consistent with a model 
in which the ionizing radiation causes the appearance of 
temporary holes (or channels) through the membrane of 
radius large enough to permit the free diffusion of ions 
present. It is not yet clear whether there is passage 
through the membranes of both anions and cations or of 
cations only; either case, however, would assist the inter- 
pretation of the effects of X-irradiating frog nerves*§, 

This work was supported by the Medical Research 
Council. 
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BIOLOGICAL SCIENCES 


Photoparamagnetism in Solid Nucleic 
Acid-Cationic Dye Complexes 


Usrne electron paramagnetic resonance (EPR) techniques, 
we have demonstrated that when complexes between 
cationic dyes and the naturally occurring anionic poly- 
sactharides (heparin and hyaluronic acid) or the synthetic 
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polyanion sodium poly(ethylene sulphonate) are exposed 
to light, the complexes become paramagnetic. The EPR 
spectra showed no hyperfine splitting and the intensity of 
the signal was not temperature-dependent. The action of 
the light promotes eleetron transfer within the complex}, 
We report here that the solid complexes between DNA, 
RNA and a range of cationic dyes exhibit a similar type 
of behaviour. 

Two methods were used to prepare the complexes. 
Aqueous solutions of nucleic acids were titrated with the 
cationic dye to the equivalence point, when the complex 
precipitates. Alternatively, a mixture of the water solu- 
tion of nucleic acids and dyes was lyophilized. In each case 
the complexes were dried in vacuo before use. Care was 
taken to exclude light during the preparations. Denatura- 
tion of DNA was achieved by heating a solution for 15 
min at 100°C, and subsequently cooling it in ice’. The 
DNA (calf thymus, A grade) and RNA (yeast, highly 
polymerized, A grade) were commercial preparations 
(Calbiochem), and the thiazine, triphenylmethane and 
acridine dyes were procured and purified as described 
before}. 

EPR measurements were made with a Varian V-4502 
(12 in. magnet) spectrometer operating at a magnetic 
field modulation of 100 kHz with a reflexion cavity and 
phase-sensitive detection. Each spectrum was recorded 
as a first derivative curve. The build-up and decay 
curves for the paramagnetic species were obtained by 
setting the field at the position of maximum signal 
amplitude and following the change with time. The 
samples, contained in quartz tubes, were illuminated 
directly in the spectrometer cavity with a 500 W high- 
pressure mercury lamp (P.E.K. Laboratories, Inc.), and 
a constant temperature was maintained by using a Varian 
temperature control unit. 

Crystal violet (hexamethyl-p-rosaniline chloride; CI 
681) is the most convenient dye for the demonstration of 
photoparamagnetism because of its high electron affinity. 


rO Gauss 


Fig. 1. Light-induced EPR spectrum of DNA crystal violet complex. 
Anionic site-to-dye ratio was 1:1in this complex. Temperature 20° C, 
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2 The uncomplexed free crystal violet samples used in 
- these experiments showed a weak non-symmetrical EPR 


= signal, which extended over approximately 2,500 gauss. 


These background signals were most pronounced in 
lyophilized samples of crystal violet. 

Ulumination of the DNA-~crystal violet complex led 
to the production of a new singlet with a g-value close to 
that of the free electron and which could readily be isolated 
from the weaker background signal (Fig. 1). This photo- 
induced signal in the solid DNA-~crystal violet complexes 
is identical with those previously reported in solid glycos- 
aminoglycan-dye complexes. 

A typical build-up and decay curve of the signal for 
the DNA-—crystal violet complex is shown in Fig. 2. The 
decay time is much shorter than that reported for heparin- 
crystal violet complexes'. This is because in the ex- 
periments reported here only the visible part of the 
spectrum was used for illumination of the sample. The 
decay of the signal with time usually shows a first-order 
dependence, and a typical semilogarithmic plot is shown 
in Fig. 3 for the complex of denatured DNA and crystal 
viclet. The initial rate of production of the signal was 
not significantly changed after introduction of suitable 
light filters in the visible range of the spectrum. Appre- 
ciable change was found, however, in the final signal 
level. A light filter that excluded all ight below 630 mu 
cut down the signal to 50 per cent of the original, and when 
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Fig. 3. First-order decay of the light-induced signal in the complex of 
denatured DN A-crystal violet complex. Anionic site-to-dye ratio was 
Temperature 20° C. 
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Fig. 4. Absorption spectra of thin films of DNA-crystal violet com- 

plexes. Spectra A and B represent complexes in which the anionic 

site-to-dye ratios were 10:1 and 1:1, respectively. The absorbance 

of the two spectra is not comparable because the films were not of the 
same thickness. 


135°) 


Absorbance 





Wavelength (mu) 


Fig. 5. Absorption spectra of thin films of DNA~methyi green come 

plexes. A, Methyl green; B, DNA-methyl green complex; C, denatured 

DNA-~methyl green complex; D, heparin-methyl green complex. The 

anionic site-to-dye ratios in each complex were 2:1. The absorbance 

of the spectra is not comparable because the films were not of the 
same thickness. 


light below 720 mu was excluded only 25 per cent of the 
original signal amplitude was found. 

The absorption spectra of thin films of DNA~erystal 
violet and DNA~methyl green complexes were obtained. 
with a Beckman DK-2 recording spectrophotometer. 
These spectra are shown in Figs. 4 and 5 for complexes 
with anionic sites-to-dye ratios of 100, 2 and 1. 

We have found similar light-induced signals for RNA 
complexes with erystal violet also. Furthermore, corn- 
plexes of RNA, DNA and denatured DNA with acridine 
orange (2-amino-8-dimethylaminoacridine chloride; CTI 
46005), azure A (3-amino-7-dimethylammophenazathion- 
ium chloride; CI 52010) and methyl green (hepta-methy!- 
p-rosaniline chloride; CI 42590) behave similarly. Qualita- 
tive observations did not reveal differences between the 
photoparamagnetic signals of solid DNA-—dye complexes 
prepared with DNA before or after denaturation. Dif- 
ferences have been observed in the rates of decay of the 
signals. For example, the rates of decay of light-induced 
signals are consistently lower in nucleic acid complexes 
with methyl green compared with crystal violet. Con- 
sidering the differing solid state formations of the im- 
dividual complexes, however, it is difficult at this tame to 
assess the significance of differences in rate. It is clear 
from these and our previous results! that electron transfer 
induced by light in solid polyanion-dye complexes is 
dependent on the nature of the polyanion, the dye counter- 
ion, and on the nature of complex formation. 

It is well known that certain cationic dyes are light- 
sensitive and exhibit photoconduction®*. There is also 
evidence of pure dyes becoming paramagnetic on exposure 
to light*. Our observations, however, are usually in accord 
with those of other workers who have found little or no 
photoparamagnetism in the dyes alone?*, with a marked 
effect being observed only for absorbed dyes* or dye- 
polyanion complexes!. 

The build-up and decay curves that have obtained for 
the DNA-crystal violet complex photoparamagnetism 
(Fig. 2) are reminiscent of those obtained by Terenim® 
for the photeconduction of pure crystal violet. Further- 
more, the action spectrum for the photoconduction® is 
very similar to the absorption spectrum of concentrated 
erystal violet solutions or polyanion~—crystal violet com- 
plexes!. Although we have not obtained a full action 
spectrum for the photoparamagnetisrn of the nucleic 
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acid—dye complexes, we have been able to show that 
paramagnetism can be induced with light corresponding 
to the long wavelength end of the absorption spectrum of 
the complex. The reduction observed in signal amplitude 
of DNA-~erystal violet complexes with the filters that 
exclude light below 630 and 720 mu is also consistent with 
the spectra shown in Fig. 4. 

Photoconduction studies on solid crystal violet have 
shown? that the thermal activation energy of the dark 
conduetion is equal to the quantum threshold of the 
photoconduction, which is about 1-7 eV. This value is 
also the quantum threshold approached for the DNA- 
erystal violet photoparamagnetism. Further indication 
that the species produced by photoexcitation is associated 
with the dye moieties within the complex is given by the 
fact that the g-value of the paramagnetic signal varies 
with the dye and not with the anion portion of the 
complex’. Photoconductivity and the photoparamagnet- 
ism we have described could therefore be separate 
manifestations of the same phenomenon. 

We thank Mrs Y. Park for technical assistance. 
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Organization of Actin ina 
Mammalian Smooth Muscle 


THe study of the relation between structure and function 
in striated muscle has been successful largely because 
the components of its contractile system are organized 
in a very regular manner, such as a precise grouping of 
filaments into bands and a precision of arrangement of 
one filament relative to another in the bands. This has 
made possible structural investigations of living muscles 
at rest and during contraction by light microscopy! and 
X-ray diffraction®:*, Furthermore, comparison with living 
material has shown that order is well maintained in fixed 
and dehydrated muscles! which can therefcre provide 
significant information when studied by electron micro- 
scopy. Using these various techniques, such structural 
investigations have in recent years given much insight 
into the contractile mechanism of striated muscles. 

In smooth museles no underlying order has yet been 
demonstrated in the organization of the components of 
the contractile system. Intensive structural studies have 
been made of molluscan ‘“‘catch’’ muscles and of mam- 
malian visceral muscles. In both types discrete dense 
bodies were found to which actin filaments are attached’. 
In obliquely striated muscles dense bodies also oecur and 
are located in planes analogous to Z lines’. From this it 
has been suggested that the presence of dense bodies in 
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Fig. 1. X-ray diffraction diagram from unstimulated, living taenia 
coli muscle of the guinea-pig. The fibre axis is vertical, and the clear 
equatorial reflexion has a spacing of about 115 À, 


the smeoth muscles indicates some underlying order in 
the organization of their contractile system, 

The only direct evidence for an orderly arrangement 
between filaments in any part of the smooth muscle 
contractile system has been the demonstration of a regular 
lattice of actin filaments in a molluscan type, the anterior 
byssus retractor of Mytilus edulis (ABRM). X-ray dif- 
fraction studies of living muscles revealed an equatorial 
reflexion’ which could be assigned to the actin lattice’. 
A hexagonal lattice of actin filaments in the ABRM has 
also been seen by electron microscopy (personal com- 
munication from H. E., Huxley). Here we present evidence 
for the presence of a regular lattice of actin filaments in 
the taenia coli muscle of the guinea-pig (TCGP). 

The muscle was studied mm the living unstimulated 
state. It was kept taut by a small weight and irrigated 
at room temperature with a mammalian Ringer solution 
of a composition given by Bilbring and Golenhofen®. A 
low-angle X-ray camera was used as modified by Elliott 
and Worthington’ from a design by Franks". 

With a rotating anode X-ray source an exposure time 
of about 30 min was required to obtain an equatorial 
diffraction pattern such as is shown in Fig. 1. The reflexion 
measures about 115 A and its spacing does not appear to 
depend on the length of the muscle. We found that 
changes in the tonicity of the external medium signi- 
ficantly affect the spacing of this reflexion. Thus in one 
experiment the spacing decreased from 115 A to about 
100 A in a Ringer solution of twice the normal strength 
whereas in a half-normal solution the spacing increased to 
about 125 A. Experiments designed to observe an effect 
of a change in pH have so far been inconclusive, for it is 
difficult to change the internal pH of the muscle cell. 

It is very probable that, as in the ABRM, the equatorial 
reflexion in the TCGP is a consequence of an orderly 
side-by-side packing of actin filaments. No other explana- 
tion is really plausible because actin appears to be the 
only component of the contractile system of the TCGP 
which is present in a well organized filamentous form??. 
When suitable preparative procedures have been de- 
veloped, electron microscopy might also show the regular 
packing of actin filaments in this muscle. 

As in the case of the myosin lattice in vertebrate 
skeletal muscle, we think it likely that van der Waals 
and electrical double-layer effects are responsible for main- 
taining the actin lattice in the two types of smooth muscle. 
We also suggest that an orderly arrangement between 
actin filaments might be found in striated muscles with 
very long I bands, or in highly stretched vertebrate 
skeletal muscles examimed in suitable conditions. 
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Molecular Pattern in Native Collagen 


THE length of the tropocollagen (TC) molecule is about 
4:4 times that of the native collagen period (D) (refs. 1-4). 
The standard appearances of negatively and positively 
stained fibrils are shown in Fig. 1 and the correlation 
between the two staining patterns in that figure is based 
on the findings of Nemetschek'. 

Many recent observations®-* strongly suggest that each 
molecule of TC consists of five segments. Four of these 
have a length equal to D and, although they exhibit dis- 
similar charge profiles, each corresponds to, without being 





Fig. 1. On left, negatively stained collagen fibril x 246,000. Centre, 

diagrammatic representation of tropocollagen molecule at same longi- 

tudinal magnification and arbitrary transverse magnification. On right, 
positively stained collagen fibril x 240,000. 
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Fig. 2. Diagram of two-dimensional aggregate of TO molecules. 


identical to, an A zone plus a B zone in negatively stained 
native collagen, and to the period between adjacent a 
bands in positively stained material. The fifth segment 
is only 0-4 D long and corresponds, in the same way, to 
an A zone, and to the region from an a band through the 
b bands to the ¢ bands. The fact that in dimorphic 
aggregations of SLS on native collagen’, each SLS aggre- 
gate extends from an @ band through four collagen 
periods to the ¢ band of the fifth period confirms this 
view. The form of the TC molecule and its relationship 
to positively and negatively stained fibrils may therefore 
be represented diagrammatically as in Fig. 1. 

As a result of the optical synthesis of native collagen 
periods by the staggered superimposition of positively 
stained SLS aggregates®®, it now seems clear that when 
TC molecules aggregate to form native fibrils, adjacent 
molecules must be staggered by 1 D and each molecule 
must be separated from its immediate longitudinal neigh- 
bours by intervals of 0-6 D. 

Aggregation by this pattern is shown diagrammatically 
in two dimensions in Fig. 2, and it is evident that, extended 
to a large number of molecules, this model would produce 
a monomolecular sheet with identical pemods 1 D long. 
The fault in this model is that it is geometrically impossible 
to extend it directly from two to three dimensions in such 
a way that each molecule would still be staggered by 1 D 
in relation to all the other molecules with which it would 
then be in contact!?™. It has been suggested that this 
difficulty could be overcome by a random intermolecular 
stagger of 1, 2, 3 or 4 D (refs. 6-8). In view of the differ- 
ences which exist in the charge profiles of the five mole- 
cular segments, as manifested in SLS collagen, such an 
arrangement appears unlikely on chemical grounds. 
Furthermore, it is not in agyeement with optical synthesis 
experiments? ®, 

Constant 1 D stagger between adjacent molecules is 
only possible in a molecular monolayer, and so the only: 
three-dimensional figure which can possess this property 
is a monolayer in the form of a hollow eviindrical filament, 
Furthermore, because the marginal molecules which are 
brought into contact by the fon mation of such a cylinder 
must also be staggered by 1 D, the number of molecules 
in a cross-section of the cylinder must be a multiple of 
five. Of the possible aggregations of this form, that 
containing the minimum number of five molecules would 
have the highest ratio of molecules to lumen, and would 
also be the most stable under bending stresses. j 
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As Fig. 3 shows, in such a five molecule (5 M) fila- 
ment, successive 1 D periods would contain one each of 
the five dissimilar tropocollagen segments plus one 0-6 D 
gap. Furthermore, the gaps would be disposed in a dis- 
continuous spiral which would be interrupted by direct 
relationships between fifth segments and the proximal 
parts, that is, the A zones, of first segments. It is inter- 
esting that observations on the lateral aggregation of 
SLS segments? and on FLS* both suggest that cross-linking 
between TC molecules occurs preferentially between these 
two regions, 

It can be shown (Fig. 4) that the dimensions of a tubular 
5 M filament of the type proposed are linearly related to 
the domain occupied by each TC molecule. If r represents 
the radius of this domain, then the outer diameter of the 
filament is 5-4 r and the diameter of its lumen is 1-4 r. 
X-ray diffraction studies!?-! indicate that the domain of 
a TC molecule varies from a diameter of 10-4 A in dry 
collagen to one of about 16 A in wet collagen. It follows 
therefore that in collagen dried on filmed grids 
and negatively stained, the diameter of a 5 M filament 
would be about 30 A, whereas in sections of embedded 
material the expected diameter would be 40-50 A. 

The primary aggregation of TC molecules into 5 M 
filaments would necessarily be followed by the aggrega- 
tion of these filaments into the collagen fibrils of mature 
connective tissues. It is evident that, because the 5 M 
filaments already possess uniform 1 D periods, this 
secondary stage need not involve any further exact 1 D 
stagger. The only necessity is for the periods of all aggre- 
gating filaments to be in register, and this could be 
achieved by a stagger between adjacent molecules in 
different filaments of any integer multiple of D. 

The proposed model thus utilizes both the strict 1 D 
stagger which seems essential to the formation of collagen 
periods of constant charge profile, and the random type 
of stagger which is geometrically necessary in the forma- 
tion of collagen fibrils. 

Structures with the dimensions of the theoretical 5 M 
filaments are evident in several tissues, and it seems 
probable that the manner in which they are cross-linked 
into larger units is inconstant. Thus negatively stained 
tendon fibrils (Fig. 1) contain longitudinal filaments which 
are considered to be cross-linked at the eight subsidiary 
light bands**, Estimates of the filament size have 
varied®®718 and all must necessarily contain a high per- 
centage error. But taking into account the nature of 
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a, Diagram of cross-section through 5 M collagen filament. 


Fig. 3. ! 
Š, The 5 M collagen lament in g seen, on the left, from above, and, on 
the right, from below, 
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Fig. 4. Diagram of cross-section through 5 M collagen filament. 
r, Radius of TC molecule. 


negative staining, it seems reasonably certain that the 
filaments are 20-30 A in diameter so that, as Olsen? has 
suggested, they must represent some grouping of a small 
number of TC molecules. If this is so, the suggested 5 M 
structure appears to be the only grouping which is geo- 
metrically reasonable. 

In negatively stained fibrils from corneal stroma (my 
unpublished work with J. Frame) the central three cross- 
linking light bands in the A zones are missing, that is, 
interfilament cross-linking sites are reduced from eight to 
five in each period. 

Filaments which again conform to the expected size of 
5 M filaments have also been noted in the matrix of the 
young nucleus pulposus" and in embryonic dermis'®, In 
both tissues there appears to be only one interfilament 
cross-linking site in each period, though its situation 
relative to the negative or positive staining pattern of 
collagen has not been determined. 

It is interesting with regard to cross-linking sites that 
treatment of tendon fibrils with acid'* appears to disrupt 
all interfilament cross-links, leaving the fibrils as aperiodic 
bundles of apparently intact 30 A filaments. 
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Equal Transfer of both Parental 
T7 DNA Strands to Progeny 
Bacteriophage 


THE extent of transfer of parental DNA to progeny phage 
has been the subject of a number of studies!-*. These 
investigations have shown that approximately half the 
parental DNA (isotopically labelled) can be found among 
the progeny phage. In addition, certain experiments have 
suggested that, at least in the case of T4 phage, only one 
of the two DNA strands transmits the genetic information 
to the progeny virus®!°, In the case of T7 phage, how- 
ever, the available data in the literature suggest that sig- 
nificantly less than 50 per cent of the parental DNA is 
transmitted to the progeny. Mackal and Kozloff? reported, 
for various experiments, 32, 18, 12 and 9 per cent trans- 
mission of parental label to progeny. Recently, Miller® 
reported 26 per cent transfer. For the closely related 
bacteriophage T3, Watson and Maalge* reported 46, 38, 
38, 38 and 32 per cent of the parental DNA label trans- 
ferred to the progeny in five separate experiments. 

One might conceive of various models for replication 
of bihelical (double-stranded) phage DNA in which one 
of the DNA strands is preferentially conserved and trans- 
mitted to the progeny, while the other strand is lost after 
serving as a template in replication. A somewhat similar 
mechanism has been shown to exist for the replication of 
the single-stranded DNA virus 9X 174, in which there is 
a total loss of the parental DNA strand'!\'*. This possi- 
bility is rendered less likely, for phage T2 at least, by the 
results of a “second generation” transfer experiment 
reported by Watson and Maaløe? in which the labelled 
progeny were used to infect cells for another lytic cycle. 
In this case the percentage recovery of label was approx- 
imately comparable with that in the “first generation” 
transfer. If strict conservation of one certain part of the 
genome were to obtain, then a significantly larger fraction 
of the input label would be expected to be transferred in 
the “second generation” than in the “first generation.” 
In “second” and “third generation’ transfer experiments 
with T4, however, Stent, Sato and Jerne” found evidence 
for non-random transfer of a certain fraction of the 
parental label. 

In view of the somewhat lower transfer and also the 
wide variability in the data for phage T7, the possibility 
of a model in which one strand is conserved to the extent 
of 20 to 80 per cent while the other strand is entirely 
eliminated could not be ruled out, especially because no 
“second generation” data for T3 or T7 seem to be avail- 
able in the literature. With the development of tech- 
niques for the high resolution of the complementary 
strands of T7 DNA (ref. 13) it became possible to study 
this problem in a different and rather more precise way. 
The plan of the experiment was as follows. Parental T7 
phage was labelled in both DNA strands with phos- 
phorus-32. This phage was used to infect Escherichia coli 
B/5, and after one lytic cycle the progeny phage was 
isolated. The complementary DNA strands from the 
progeny were separated and examined for the presence 
of parental phosphorus-32 label. The results of this 
experiment, described in detail later, show that both 
parental DNA strands of T7 phage are transmitted to 
progeny virus with no preference of one strand over the 
other. 

T7 phage is a convenient and pertinent model for several 
reasons: (1) the complementary DNA strands are easily 
resolved in a CsCl density gradient by complexing the 
denatured DNA with guanine-rich ribopolymers'®; (2) 
transcription is from only one of the two DNA strands"; 
(3) replication is “dispersive”, in that the parental DNA 
is fragmented and appears in many progeny phage; 
(4) the ends of the DNA contain terminally redundant 
sequences'4; and (5) the intracellular form of the DNA is 
that of a larger “replicating structure”. 77 is similar to 
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T4 and several other phages with respect to the last three 
features. E 
To prepare labelled phage, E. coli B/5 was grown at 


37° C with aeration in 1x 121 medium! supplemented =- 


with 0-1 per cent casein hydrolysate but without added. 
phosphorus. At a cell density of 10%/ml., Nag PO, (carriere 
free) was added at a concentration of 1-2 pCi/ml.) and 
when the cell density reached 5 x 108/ml. the culture was 
infected with T7 at a multiplicity of infection three. Lysis 
occurred in 30 min and the phage was collected by dif- 
ferential centrifugation and purified by banding in 
CsCl. 

The labelled phage was used to infect an exponentially 
growing culture of E. colt B/5 in VB medium”? containing 
0-5 per cent glucose. Because unabsorbed phage would. 
confuse the results, the following preabsorption procedure 
was used. At a cell density of 3x 10*/ml. the cells were 
collected from 200 ml. of culture and resuspended im 
10 ml. of absorption medium (10-4 M tris Ci, 10°* M 
MgSO,, pH 7:4) and the phage was added at a multi- 
plicity of one phage per bacterium. Phage absorption is 
facilitated by very dilute salt solutions, After a 5 min 
absorption period at 0° C, the salt concentration was 
increased to 0-2 M NaCl to decrease the rate of absorption 
and to prevent desorption of phage which can occur in 
the dilute absorption medium‘’. The cells with attached 
phage were sedimented away from unabsorbed phage by 
centrifugation. These cells were resuspended m 200 mil 
of VB medium with glucose and shaken at 37° C. Partia. 
lysis occurred at 25 min after dilution into complete 
medium, whereupon the culture was cleared by filtration 
through diatomaceous earth (‘Celite’) and the free phage 
was concentrated by differential centrifugation and puri- 
fied by banding in a CsCl density gradient. 

The resolution of the complementary strands of T7 
DNA was accomplished as previously reported. A 
sample of phage which contained 50 ug of DNA was 
suspended in 0-5 ml. of 10-* M EDTA, pH 8, containing 
0-01 ml. 20 per cent sodium dodecyl sulphate (SDS) and 
50 ug of ‘Poly 1,4’ (Miles Co., Elkhart, Indiana, a gift 
from Florence Haseltine Cahn). This mixture was heated 
in a screw-capped vial at 95° C for 3 min and then quenched 
in ice to disrupt the virus and denature the liberated 
phage DNA. A sample of 2 ml. of saturated aqueous 
solution of CsCl was added to give a final density of the 
suspension of 1:720 g/cm’. The sample was centrifuged 
at 10° C in an SW-39 rotor in a Spinco L ultracentrifuge for 
48 h at 35,000 r.p.m. Fractions (100 ul.) were collected 
from the bottom of the gradient and the optical density 
(260 nm) was determined for each fraction using a 20 yl. 
quartz microcell. Twenty ul. aliquots were also assayed 
for radioactivity by precipitation with cold 10 per cent 
trichloroacetic acid (in the presence of 100 ug of bovine 
serum albumin carrier) followed by collection of the 
precipitate on nitrocellulose membrane filters and sub- 
sequent counting of the dried filters in a low-background 
gas-flow proportional counter. 

The parental phage DNA is labelled in both strands as 
would be expected, for it received label from the host 
whch contained phosphorus-32 and also from the phos- 
phorus-3? in the growth medium. Progeny DNA is also 
equally and symmetrically labelled in both strands of the 
DNA. The progeny DNA can be labelled in two ways: 
(1) directly from macromolecular contributions of parental 
DNA, or (2) indirectly from breakdown of parental DNA 
and re-utilization of labelled precursors to synthesize 
progeny phage. The former route of labelling has been 
shown by Miller? to be a major means of parental to 
progeny transfer in phage 77 where the average size of 
the transferred fragment is 17 per cent of the parental 
genome. The re-utilized label from degraded parental 
DNA would be expected to be distributed evenly between 
the complementary strands and so label could appear in 
both of the progeny DNA strands even though only one 
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Fig. 1. The separation of the complementary DNA strands (H and L} 
from coliphage T7 in a CeCi density gradient in the presence of ‘Poly 1,6 
which binds to only one strand. Fractions were assayed for absorbance 
at 260 nm (— A —} and for radioactivity {(— + —). Technical details are 
described in the text. The upper plot shows the uniform labelling of both 
strands of the parental DNA with phosphorus-32. The lower plot 
shows the equal distribution of parental label to both strands of progeny 
T? DNA after one cycle of infection in the absence of any label except 
for that carried by the parental phage inoculum. The small amount of 
ultraviolet absorbing material at the bottom (left) of the gradients is 
residual uncomplexed ‘Poly 7,G’. This material occasionally traps small 
fragments of DNA which accounts for the presence of radioactivity at 
the bottom of the gradient. The L strand of 77 DNA does not bind "Poly 
1. and hence remains at the density of denatured 77 DNA (1-723 g/em$). 


of the parental DNA strands might be transferred to the 
progeny DNA as a macromolecular structure. This case, 
however, would be detected in this experiment because 
this symmetric distribution of parental label among the 
progeny would be superimposed on the asymmetric dis- 
tribution of the macromolecular fragments to progeny 
DNA. This would still yield an asymmetry in the specific 
activity of the parental label found in the two separated 
DNA strands from the progeny virus. Because this is not 
seen in these experiments, we can conclude, in the light of 
Miller's experiment’, that either both strands of the T7 
DNA are transmitted to the progeny phage or, alterna- 
tively, only one strand is transmitted to the progeny of 
any given phage, but with random selection of which 
strand is to be transmitted in each case. While this latter 
alternative cannot be excluded, it is considered unlikely 
because any mechanism for entire restriction of one strand 
over the other would probably be specific so as always to 
select the same strand. For example, a mechanism which 
requires a specific sequence of nucleotides on the DNA for 
initiation of replication would impose a strand-specific 
orientation that could influence which strand would be 
transferred. Similarly, in transcription, the RNA poly- 
merase always selects a unique strand from which to copy 
the genetic information’. 

In summary, it appears that during the replication of 
phage T7 (1) some sort of larger “replicating structure” is 
formed in analogy with such structures found in T4 
infected cells; (2) a “dispersive” replication process 
occurs which distributes the parental DNA among many 
progeny DNA molecules’, and (3) both strands of the 
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parental DNA are equally transmitted to the progeny 

DNA. i 
I thank Dr W. Dean Rupp for discussions which led to 

the conception of these experiments. I also thank Dr 

Cyrus Levinthal, in whose laboratory these experiments 

were performed, for helpful discussions and criticism. 
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Model for DNA Polymerase 


{VIDENCE which has accumulated over the past decade 
from mammalian and non-mammalian sources about the 
enzyme(s) involved in DNA synthesis has indicated the 
possibility of a multiunit structure for this enzyme. 
Mammalian DNA polymerase DNA nucleotidyl-trans- 
ferase (E.C.2.7.7.7) was first isolated from a high speed 
supernatant fraction of ceil homogenates, instead of a 
nuclear fraction where DNA synthesis takes place!. Later 
it was shown that cytoplasmic fractions, obtained by non- 
aqueous techniques? and also by the use of a homogeniza- 
tion medium containing Ca*+ (ref. 3) to retain morphological 
integrity of nuclei, contained substantial amounts of this 
enzyme. 

Using the low speed supernatant and nuclear fraction 
of L-cells, whieh were partially synchronized with 5- 
fluorodeoxyuridine, it was shown that 3 h after thymidine 
release of inhibition there was a considerable decrease of 
polymerase activity in the supernatant and a correspond- 
ing increase in the particulate fraction’. After the synthe- 
sis of DNA was completed, the activities of the two 
fractions were found to be normal again. Baby hamster 
kidney cells that have been infected by herpes simplex 
virus show an increase of about 600 per cent of poly- 
merase activity in nuclear fraction compared with an 
increase of 50 per cent for cell soluble fraction®. Until 
two recent publications appeared®’, all these enzymes 
had a definite preference for the denatured DNA template. 
Both calf thymus? and Landschutz ascites turnour poly- 
merase? are competitively inhibited by actinomycin D. 

The fact that plots of 1/v against 1/s for these enzymes 
yield mostly upward curvature, and that plotting I/v 
against 1/S (ref. 2) yields a straight line, suggests that 
there are two binding sites for DNA. All this evidence fits 
very well into the following picture. DNA polymerase 
units are held together in a “native” form in substantial 
quantity only during DNA synthesis when they show 
considerably more activity in nuclei. When the DNA 
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synthesis is completed, this organization is no longer 
needed, so the units are dissociated and then pass freely 
through the nuclear membrane into the cytoplasm. In 
this form the enzyme can still be assayed by classical 
assay procedures, but a denatured template is required. 
The observation that all polymerase preparations seem 
to have some activity with double stranded DNA (dsDNA) 
about 5-20 per cent of the activity obtained by using 
single stranded DNA (ssDNA) template—might indicate 
the amount of the native form of the enzyme present 
in the sources at the time of isolation. This view seems 
to be supported by the fact that the enzyme isolated from 
partially hepatectomized rat liver has a definite prefer- 
ence for dsDNA. 

In the case of bacterial sources, some work that has a 
great bearing on this problem will be cited. An enzyme 
has been isolated from E. coli which, when fresh, synthe- 
sizes a hybrid nucleic acid double helix that consists of one 
polydeoxyribonucleotide and one  polyribonucleotide 
strand’, Ageing as well as certain treatments that 
have been shown to dissociate subunits of proteins result 
in a decrease of hybrid activity with a concomitant 
increase of DNA and RNA polymerase activities. This 
work indicates the possibility of the presence of multi- 
units for the polymerase. Nuclei isolated from sea urchin 
embryos were shown to contain all of the polymerase 
activity of the cells during early cleavage states*, 

DNA polymerase is made up of at least three structural 
units. These units are associated with each other and the 
DNA molecule only during the S period of the cell cycle, 
and are dissociated during the rest of the cell cycle; in 
mammalian cells they can be found in the cytoplasm. 
Two of these units are responsible for the synthesis of the 
two antiparallel strands of nascent DNA. The third unit, 
which I shall call “the wedge”, has two functions and 
consists of two subunits synthesized together but capable 
of separating into individual particles. 

The first function of the wedge is the recognition of the 
starting region for DNA replication. This region of the 
DNA contains not only the base sequence for initiation of 
DNA synthesis, which should not be too different for 
most, if not all living systems, but also those that control 
species specificity. It is proposed that the initiation 
sequence is rich in A and T residues and the recognition 
subunit of the wedge (RW) contains exposed lysine 
residues. 

The second function is to act as the foundation which 
holds the two enzyme active units together with a certain 
geometry, and which facilitates the unwinding of the 
parental double helix. This function is performed by the 
second or “leading” subunit of the wedge (LW). 

The attachment of the synthesizing units to the wedge 
results in the formation of two grooves~*DNA_ binding 
sites—through which the individual strands pass during 
replication. One means of orientating the strands would 
be through the electrostatic interactions between lone 
election pairs on the phosphate oxygens and the basic 
amino-acids located on the wedge. During this passage 
the parental strands twist open by about 90° exposing the 
bases for complementarity recognition by the incoming 
deoxynucleoside triphosphates. This opening up of the 
double helix might be assisted by hydrogen bond forming 
groups that keep the bases in proper configuration once 
their mutual hydrogen bonds are disrupted, for example, 
arginine, asparagine, methionine sulphoxide, located on 
the leading edge. I propose that the wedge is the key for 
the beginning of DNA replication and is the last molecule 
synthesized or activated in G,. Once active, the wedge 
recognizes the starting region on the DNA and lodges 
itself between the two parental strands causing a localized 
“melting”. The hydrogen bond forming groups listed 
above might aid the insertion of the wedge through the 
large groove of the double helix. The enzyme active 
units of the polymerase, which had been synthesized in 
advanee, then attach themselves to the wedge and the 
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DNA replication starts. Some time during this period two 
parts of the wedge separate, the recognition piece remains 
attached to the starting region until the replication is 
over, while the rest of the “wedge” and enzyme assembly 
move down the double helix. 

The movement of the synthetic complex is effected by a 
pushing force or torque generated by the formation of two 
new double helices as the newly synthesized strands issue 
from the grooves on the enzyme complex and rewind 
around the parental strands. Because the active sites 
of the enzyme are on the leading subunit of the wedge, 
the starting region is not replicated at the beginning and 
remains as two single strands in close association with the 
protein (RW), As replication proceeds toward the end 
of the segment being replicated, the wedge pushes the 
initiator out and finishes the replication of the initiation 
section. ‘This is true for circular as well as linear chromo- 
somes. 

Models for the structure of DNA poiymerase**-1* as 
well as the unwinding of DNA have frequently been 
offered. Many of the ideas here also stem from these 
previous publications. Certain points, however, are being 
propounded for the first time in this model. 

One model, which probably comes closest to this one, 
postulates that polymerase acts as a linker of parent 
strands during the entire cell cycle and also as the starting 
point for the replication. Both polymerase and a particle 
called the co-ordinator are attributed contractile proper- 
ties!®, If the assumption is right that the starting region 
is rich in A and T sequences, then there is no need for 
anything to hold the parent strands together, for this 
occurs spontaneously for native crab satellite DNA‘. 
This assumption stems from the following observations: 
(a) the early mRNA synthesis on phage ) starts from the 
AT-rich half of the light strand"; (6) oncogenic adeno- 
viruses contain regions rich in AT whereas non-oncogenic 
ones do nott’; (e) among a variety of micro-organisms 
and T, phage, isostichs rich in C are infrequent; the 
frequency of T rich isostichs, however, often exceed 
random prediction”, 

The idea that a particular protein, which is referred to 
here as the wedge, has to be synthesized for DNA synthesis 
to start and continue has been substantiated in various 
systems. A requirement for a specific protein for the 
initiation of DNA replication in Æ. colt has been demon- 
strated**, Nuclear transplantation experiments per- 
formed in Amoeba% and in Stentor”? have indicated that 
this compound is more likely to be an initiator than an 
inhibitor. 

In this model it is proposed that this particular mitiator 
is synthesized at the end of G,. In this way, once the 
initiator is synthesized it would—for mammalian cells— 
recognize the starting region and the cell would be com- 
mitted to DNA synthesis. One observation made during 
experiments on Stentor seers to be hard to reconcile with 
this viewpoint. Here nuclei taken from cells in 5 and 
transplanted into cells in G, are stated not to corporate 
tritiated thymidine, which seerns to indicate that the 
initiator must also be present continuously during S. 
If Stentor acts like the mammalian cells in which some 
chromosomes replicate earlier and some later, however, 
then one can explain this observation by saying that for a 
satisfactory replication and, hence, a satisfactory auto- 
radiography, the presence of the initiator may be needed 
during a considerable period in S. 

The assumption that the recognition part of the wedge 
might contain exposed lysine residues is based on the 
demonstration of a definite preference of polylysine toward 
DNA rich in AT (ref. 23). 

For the continuous chromosome concept, that is, one 
where there are no protein linkers between DNA moiecules 
one inescapable corollary of this model is that cells which 
have more than one growing or initiation poimt/chromo- 
some, and cells that have circular chromosomes, must have 
a ligase to join the terminating ends of a chain with the 


162 


initiating ends of the one ahead. In view of the close 
similarities between repair and replication, I wonder 
whether ligase could be somehow related to the poly- 
merase complex. 

I thank R. J. Rutman for his criticism of the manu- 
script. This work was supported by a grant from the 
US Public Health Service. 

Note added in proof. S. Makover has shown that the 
replication of ADNA starts preferentially in or near the 
AT-rich section of the phage molecule (Proc. US Nat. 
Acad. Sci., 50, 1345; 1968). 
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Turnover of DNA and Function 


Various observations!-* seemed to support the concept 
of stability of DNA while others contradicted it. The 
experiments, using autoradiography and counting tech- 
niques, showed in some cells Incorporation of precursors 
in excess of requirements for cell-division or permanent 
polyploidy®*:1¢-12, significant differences in the DNA 
content of cells depending on the functional state (re- 
viewed in ref. 9), and the appearance and disappearance 
of transient DNA", 

It was suggested®? that the existence of metabolice DNA 
connected with protein synthesis could explain the 
findings, but until recently biochemical evidence for the 
existence of different kinds of DNA was lacking. The 
terms gene amplification and redundant DNA have been 
used to describe phenomena which are likely to represent 
different aspects of metabglic DNA; the latter term is 
used here. E 

Recent data support the following postulates: (a) stable 
and metabolic DNA exist in cells of higher organisms; 
(b) in some organs metabolic DNA is formed immediately 
after the last mitosis; (c) metabolic DNA is closely con- 
nected with the functional activity of differentiated cells; 
(d) metabolic DNA is renewed or repaired periodically 
rather than continuously. 

Stroun et al. injected adult and weanling BALB/c mice 
with *H-thymidine, extracted the DNA from skeletal 
muscle, heart muscle and intestine and chromatographed 
it on DEAE cellulose paper'*. The resulting spots were 
pooled into a fraction I containing DNA with molecular 
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weights of 0-5 x 10° to 4x 10%, comprising 36 to 43 per 
cent of the total DNA, and a fraction If of molecular 
weight above 4x 10% In adult animals the specific 
activity of fraction I was fourteen times higher than that 
of IT in heart muscle and skeletal muscle. It was shown 
that the difference in specific activity could not be the 
result of degradation of labelled DNA of high molecular 
weight. In the intestine, where mitosis is frequent, the 
ratio of specific activities is 4-6. This ratio is obtained 
Wf it is assumed that 25 per cent of the labelled cells turn 
over DNA. In preliminary experiments, labelled DNA of 
low molecular weight was also found in liver and seminal 
vesicle, 

Autoradiographs show 06-5 per cent labelled nuclei in 
heart muscle of normal adult mice, tests showing no 
indication of ensuing mitosis or permanent polyploidy, so 
the high specific activity in fraction I shows that this 
must be the metabolic DNA and that fraction TI contains 
the genetic DNA. 

Autoradiographs of longitudinal sections of roots of 
Vicia faba labelled with *H-thymidine show the expected 
labelling of meristematic cells preparing for division, and 
in addition, labelled nuclei with twice the grain count of 
meristematic cells in the elongating region", Unlabelled 
thymidine can chase the label out of cells that were 
labelled in the elongating region, but not from those 
labelled in the meristem'*. The DNA labelled in the newly 
differentiated cells must therefore be regarded as labile. 

Cells prepare for mitosis in the crypts of the small 
intestine and their DNA becomes labelled if *H-thymidine 
is applied. If all labelled cells divide, the number of 
grains per nucleus in the villi after cells have moved out 
should be one half of the original count in the crypts. 
Appleton and Pele (unpublished results) counted 13-4 + 
0-6 grains per nucleus in the crypts at 40 min after 
injection and 12-1 + 0-5 in the villi at 24 h, instead of the 
expected 6:7. This discrepancy can be explained if it is 
assumed that at 24 h after injection 78 per cent of the 
labelled cells in the villi have not divided after their last 
period of incorporation of *H-thymidine. 

This incorporation of thymidine into DNA after the 
last division can be regarded as the first known step in 
differentiation. At present it is uncertain whether in all 
tissues metabolic DNA is formed after the last division, 
and in some organs it may be synthesized during or 
immediately after premitotic synthesis (S) but before 
mitosis. 

The experiments of Roels!® suggested that in the 
thyroid the amount of DNA per cell can change with the 
functional state of the cells. Ficq and Pavan’ observed 
labelling of DNA in some bands of giant chromosomes of 
Ehynchosciara, angeiae during certain stages of develop- 
ment. Labelling of RNA in the bands starts after some 
additional DNA has been synthesized. During the forma- 
tion of keratin in squamous epithelium the cells which 
synthesize the protein lose up to 75 per cent of their 
DNA (refs. 20 and 21). 

Cells of the adrenal medulla produce more adrenaline 
when animals are kept at a low temperature than at a 
normal temperature. Viola-Magni®** has shown by 
Feulgen-photometry that cells of the adrenal medulla of 
rats of the Italico strain lose up to 45 per cent of their 
DNA when subjected to intermittent cold treatment for 
300 h during 20 days. The loss is considerably less in 
Sprague-Dawley rats and in Wistar rats. Other workers 
were unable to obtain the same results by Feulgen- 
photometry, but recently the discrepancies have been 
explained by using autoradiography. The labelling index 
in animals kept at room temperature is higher at 2-2 per 
cent for Wistar rats than the 1:3 per cent found for 
Italico rats, most of the labelled nuclei being weakly 
labelled. If rats are injected with *H-thymidine shortly 
after 300 h cold treatment and autoradiographs of the 
adrenal medulla are prepared at various times afterwards, 
it is found that the biological half-life of the labelled 
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DNA is 10 days in animals subjected to further inter- 
mittent cold treatment and 40 days in animals kept at 
room temperature (unpublished results of Pele and Viola- 
Magni}. The daily loss of DNA from nuclei in the adrenal 
medula is thus due to a loss during the actual cold treat- 
ment, which is partly made good by synthesis at room 
temperature. ‘The total loss during prolonged inter- 
mittent cold treatment will therefore depend on the 
respective rates of these processes. 

Transient bodies of DNA were found in secondary 
oocytes of Tipula lateralis; in cells of the latter, the 
transient DNA can be labelled and the chromatin un- 
labelled. 

Because cells can lose and re-synthesize DNA, at least 
one copy of the original template must have been pre- 
served. In many experiments changes in DNA content, 
incorporation of precursors or loss of labelled DNA are 
correlated with a definite stage in development or with 
stimulation of activity, suggesting a definite correlation 
of metabolic DNA with function. 

In populations where labelling of DNA does not lead to 
mitosis, the proportion of labelled cells is usually small, 
and weakly labelled nuclei are found in addition to those 
showing approximately the same grain count as cells im 
the S-phase in the same animals. At a given time weakly 
and heavily labelled nuclei form two distinct populations 
because cells with intermediate grain counts are absent**. 
Weakly labelled nuclei are found in high numbers in the 
adrenal medulla during recovery from cold treatment 
{unpublished results of Pele and Viola-Magni) and in the 
germinal centres of mouse spleen®*’, The labelling index 
of liver, heart muscle, brain and seminal vesicles of mice 
is increased when suitably spaced multiple injections of 
3H-thymidine are given, which suggests that all or most 
cells renew DNA periodically. 

The average biological half-lives of DNA in organs of 
adult animals shown in Table 1 were compiled from the 
results of biochemical work!®® and of autoradiography’. 


fable 1. BIOLOGICAL HALF-LIFE IN DAYS OF DNA IN ADULT ANIMALS 


Organ Half-life of DNA (days) 
Beh Arg Div 
Intestine 1-2, 20 1-3 
Liver, normal i4 21 400 
hepat. 480 
Muscle, skeletal 18 inf. 
Muscle, smooth 15 inf. 
Muacle, heart 40 Inf. 
Brain 115 Inf. 
Mast cells 15 inf, 
Seminal vesicle 12 350 
Adrenal medulla 
Cold 10 700 
Room temp. 40 700 


Bech, Biochemical determinations (refs. 3, 9 and 24 Arg, determined 
by autoradiography (refs. 7 and 19); Div, the expected biological half-life 
of DNA as calculated from mitotic indexes, assuming that the mitoses 
represent renewal of dead cells. Inf. denotes infinite half-life because no 
divisions are found. 


I suggest the following hypothesis. The metabolic 
DNA of a given type of differentiated cell consists of 
extra copies of the genes which are active in the cell; 
the metabolic DNA is the working DNA which regulates 
and performs the transcription to RNA and possibly 
other functions of DNA®:28.27: while active, molecules of 
metabolic DNA are subject to wear and tear and are 
periodically renewed. DNA can thus be labelled during 
three periods: premitotic synthesis, formation of meta- 
bolic DNA and renewal or repair. 

High stability will be observed in experiments in which 
DNA is labelled chiefly in cells during S phase, as in the 
case of regenerating liver), or if the first determinations 
of the specific activity are done at long times after appli- 
cation of the precursor’ allowing loss of labelled metabolic 
DNA in the meantime. Low stability is observed when 
mainly metabolic DNA is labelled in normal adult liver 
or musele, where mitoses are infrequent or absent and 
therefore the genetic DNA is only weakly labelled. 


163 


Cells of Æ. coli have six gene-copies of the DNA (rDNA) 
which hybridizes with ribosomal RNA (rRNA) while the 
number is 440 for human cells (HeLa), 200 for chicken 
and 1,600 for X. laevis®®. During oogenesis in X. laevis, 
the number of molecules of rDNA increases by a factor of 
several hundreds; the number of nucleoli and synthesis 
of rRNA increases similarly. By gastrulation the number 
of molecules of rDNA has decreased to a normal level. 
The hybridization experiments thus show in a direct way 
the existence of additional gene-copies. 

DNA can be damaged by the action of various agents, 
whether deliberately applied or naturally occurring in cells. 
and through causes such as misreading or the presence of 
unsuitable molecules during transcription. If the gene- 
copies of genetic DNA were directly involved in trans- 
scription, any accident to them would involve permanent 
damage to a cell. If, instead, multiple, replaceabie gene 
copies are damaged, substitution can take place through 
resynthesis, for which experimental evidence is available. 
The experiments on the adrenal medulla have shown. that 
more DNA is lost when greater demands are made and 
that subsequently more DNA can be synthesized. A 
second advantage accruing to cells from this system 
might be the possibility of using a number of gene copies 
simultaneously, resulting in a higher rate of production 
of RNA during periods of high demand. 

Mutation has been suggested as the cause of processes 
such as ageing, carcinogenesis and antibody formation. In 
the light of the findings outlined here, a re-appraisal seems 
indicative of ideas which were rejected because an un- 
usually high rate of mutation would have to be assumed 
for some genes. If additional gene-copies are subject to 
wear and tear in the manner envisaged here, a high rate 
of mutation, which in this concept may better be called 
modification, would result for the active genes. 

Zamenhof?* has found loss of labelled DNA from bac- 
teria, and repair of DNA in bacteria is well established®’, 
But altogether the experimental evidence referring to 
micro-organisms is too incomplete to suggest at present 
that metabolic DNA functions in the same way in bacteria 
and in higher organisms. 

5. R, Price 
MRC Biophysics Research Unit, 
London. 
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Diaryloxazole and Diarylthiazolealkanoic 
Acids: Two Novel Series of 
Non-steroidal Anti-inflammatory 
Agents 


Since the reports of the anti-inflammatory activity of 
indomethacin (1-p-chlorobenzoyl-5-methoxy-2-methyl- 
indol-3-ylacetic acid)! and ibufenae (p-isobutylpheny]- 
acetic acid)*, there has been much interest in the pharma- 
cological properties of aryl and heteroarylalkanoic acids. 
This paper describes the anti-inflammatory activity found 
in two series of new alkanoic acids, namely the 2,4-di- 
phenylthiazol-5-ylacetie acids (I) and the §-(4,5-dipheny!]- 
oxazol-2-yl) propionic acids (II). The thiazoles (1) were 
prepared by the Hantzsch method from thioamides and 
&-bromo-8-ketoacids, and the oxazoles (II) were prepared 
by the procedure of Davidson’. 


ACH .CO,H 
7 ails 


| | b i i 1 
| > CH,CH,CO,H 


II 


Compounds from both series showed anti-inflammatory 

tivity in a variety of animal tests. In the rat, they 
inhibited the oedema response of the hind-paw to injected 
earrageenin, the duration of action of maximally effective 
doses being of the order of 4—8 h. This anti-oedema action 
was not caused by the release of endogenous adrenocortical 
steroids, for it occurred in bilaterally adrenalectomized 
animals, Both the immediate and the delayed inflam- 
matory responses of the rat to injected Freund’s adjuvant 
were Inhibited and the granuloma response to implanted 
cotton wool pellets was also suppressed. In the anaesthet- 
ized guinea-pig, many compounds in the two series 
resembled aspirin and phenylbutazone in blocking the 
bronchoconstrictor response to intravenous bradykinin. 
in vitro studies showed that compounds from both series 
inhibited the heat denaturation of serum albumin and 
reduced the binding of trinitrobenzaldehyde to albumin, 
the concentrations used being similar to those required 
for comparable activity with phenylbutazone. 

Although the spatial arrangement of the two phenyl 
rings with respect to the alkanoic side chain is different 
in the two series, the structure-activity patterns in the 
carrageenin oedema experiments were very similar. In- 
creasing the length and/or branching of the alkanoic side 
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chain and the preparation of ester, amide and hydroxamic 
acid derivatives reduced the activity. Substitution in the 
para-position of either or both of the phenyl rings generally 
increased activity and, in some cases, the increase was 
pronounced (Table 1). 


Table 1. RELATIVE ANTI-CEDEMA POTENCY OF SELECTED THIAZOLES AND 
OXAZOLES ADMINISTERED ORALLY TO RATS 
sa . l Relative potency 
Series R R (phenyvl- 
butazone = 1} 
I H HO 0-6 
HO peN(CHa)e 2-0 
p-Cl H 5-0 
H H H 0-3 
pea p-OCH, 1-0 


_ Carrageenin (0-05 mi. of 1 per cent solution) was injected subcutaneously 
m the hind-paw 1 h after dosing with compound and the effect measured 
3 ater, 


Treatment of disorders of connective tissue in man with 
anti-inflammatory drugs is often complicated by evidence 
of gastrointestinal bleeding. Lange’ reported occult 
blood m the faeces in a majority of patients treated with 
2-5-3 g aspirinjday. Kuzell® reported gastrointestinal 
symptoms in 16 per cent of patients treated with phenyl- 
butazone, and in an early trial of indomethacin Wanka* 
recorded occult blood loss in twelve of thirteen patients. 
Similarly, rats treated with doses of aspirin, phenyl- 
butazone or indomethacin which were sufficient to cause 
significant inhibition of the oedema-response to car- 
rageenin showed severe gastric mucosal erosion and 
haemorrhage at post-mortem examination. The thiazoles 
and oxazoles reported here have not been evaluated in 
man, but the evidence obtained in the rat indicates that 
gastric mucosal erosions and haemorrhage are absent or 
less severe with these compounds than with equi-effective 
doses of aspirin, phenylbutazone or indomethacin. 


K. Brown 

J. F. CAVALLA 
Davin GREEN 
A. B. WILSON 


John Wyeth and Brother, Ltd, 
Huntercombe Lane South, 
Taplow, 

Maidenhead, Berkshire. 
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Disappearance of y BHC from 
Avian Liver after Death 


From 1956, the dressing of cereal seeds with organo- 
chlorine insecticides was responsible for the deaths of 
many grain feeding birds? and analyses suggested that 
the mortality was chiefly caused by dieldrin, aldrin and 
heptochlor?. Following these events the Nature Con- 
servancy undertook a nationwide survey of organochlorine 
residues in wild birds. Nearly all the specimens examined 
contained detectable arnounts of organochlorine insecti- 
cides, the more common of which were dieldrin and DDT 
and its metabolites. Although y BHC (gamma 1,2,3,4,5,6- 
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hexachlorocyclohexane) has been and is used widely in 


oo ... Jarge quantities‘, unlike dieldrin, very little was found 
in the bodies and eggs of predatory birds* or even in the 
= dead bodies of woodpigeons, 





l pheasants and partridges 
- eollected at the scene of seed dressing incidents'*, Because 
© DDT is known to break down after death in the avian 
liver’, the organ most commonly used for organochlorine 
analysis, we decided to examine the post-mortem fate of 
y BHC in this tissue to see if its previously assumed 
stability was correct. 

A preliminary in vitro study was carried out by placing 
0-5 g samples of fresh pigeon liver slices into each of four 
flasks containing 5 ml. of buffer (7-8 g sodium dihydrogen 
phosphate plus 1-6 g of sodium hydroxide in 1 l. of solu- 
tion), pH 7-4, to which had been added 10 ug of pure y BHC 
in solution in 0-1 ml. of ethyl alcohol. The mixtures were 
incubated in a water bath at 24° C and the reactions 
stopped at 2, 4, 8 and 24 h by shaking the buffered liver 
mixture ten times with freshly distilled n-hexane. The 
resulting hexane extracts were subjected to the clean-up 
procedure of de Faubert Maunder et al. and the y BHC 
residues determined with a Perkin-Elmer gas liquid 
chromatograph incorporating an electron capture detector 
and an Apiezon ‘Epikote’ column. The results showed an 
increasing loss of y BHC with time; 10, 17, 41 and 72 
per cent disappearance at 2, 4, 8 and 24 h, respectively. 
Blank incubations (without liver) were carried out for 
24 h and losses of the residue were always less than 5 
per cent. 

The preliminary test showed that the avian liver was 
capable of breaking down added y BHC in vitro, so we next 
investigated the degradation of this compound as it would 
occur in field conditions—the conditions prevailing in the 
body of a dead bird which had previously consumed 
y BHC. Five homing pigeons (Columba livia) were used 
for this test and their body weights were each reduced 
by some 40 g by limiting the diet for 1 week before dosing. 
This eliminated the major part of the storage and organ 
fat of the birds and provided a body condition similar 
to that usually found after organochlorine insecticidal 
poisoning®. y BHC was then force fed to the birds in 
gelatine capsules after overnight starvation. Food was 
then withheld for a further 2 h after administering the 
capsule. The predetermined dose of y BHC was given by 
dividing it into several portions and feeding these in 
capsules at intervals of 72 h. These measures were taken 
in an attempt to stop the vomiting noted by Turtle et al. 
but were unsuccessful. Food, grit and water were freely 
available during the remainder of the experiment but in 
most cases the birds stopped feeding after ingestion of 
y BHC. 

Two pigeons were fed doses of 75 mg/kg in their capsules 
and three at a lower dose rate of 30 mg/kg. "After the third 
dose (225 mg/kg in 144 h) the two high dose rate birds 
died. Immediately after death a small sample of liver was 
removed from one of the birds and the incision closed 
leaving the remainder of the liver in situ. This process 
was repeated at intervals of 2, 4, 21, 90, 192, 310 and 430 h 
after death with the body maintained at room tempera- 
ture (24° C). Each sample of liver was extracted immedi- 
ately after removal. The results (Fig. 1) showed a reduc- 
tion of the residue from 153 p.p.m. at death to 2-0 p.p.m. 
after 430 h with a very rapid degradation of almost half 
in the first day. The body of the remaining pigeon main- 
tained unopened in similar conditions was analysed at 
430 h only, when a residue of 4-0 p.p.m. was found in the 
liver, thus confirming the rapid degradation found in the 
first. bird. The three low dose rate birds were killed 48 h 
after the second dose (60 mg/kg in 72 h). Incisions were 
made and liver samples removed and extracted immedi- 
ately after death. Two of the bodies were maintained at 
room temperature (24° C) and samples removed at inter- 
vals as in the first bird. Again the results (Fig. 1) showed 
a rapid degradation of the residues in the livers. Com- 
parison of the rates of breakdown in the three birds 


analysed at intervals showed that they were similar oo. 
despite the eleven-fold difference in residue levels. A 
21-24 h the degradation was 44, 49 and 45 per cent, and. 
at 70-96 h, 72, 71 and 64 per cent. Thus there is no. 
indication of a concentration effect of the type sometimes 
seen with enzymatic reactions. ag 

The liver of the remaining low dose rate bird was eorne > 
pletely removed after the initial sample and divided mto 
five samples which were placed in individual airtight 
containers in the deep freeze ( — 20° C}. This procedure was 
adopted for the deep freeze study in order to facilitate 
easier handling of the specimens during the experiment. 
Samples were removed at intervals for analysis as im the 
first four birds. Degradation of the y BHC residue still 
oceurred but at a much slower rate (Fig. 1). Calculation 
of the equation of the line (y= 1975-00067; y == time 
in hours, æ= residue in p.p.m.) using the last five results 
showed that a 50 per cent reduction from the original 
content (24-5 p.p.m.) would occur in 7-5 weeks even when 
the bird is placed at — 20° C within 2 or 3 min of death, 
The rapid degradation in the first 24 h probably occurs 
while the body is cooling. 

A further pigeon was fed a single capsule containing 
75 mg/kg and killed 1 h later. The liver was removed, 
sliced into three equal portions and analysed. The residues 
found were 6-0, 67 and 6-1 ppm, showing that the 
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Fig. 1. Residues found in the livers of birds fed at high (4) and low dose 
rates (B and C) of y BHC at increasing intervals after death, Bodies of 
birds maintained at 24° C (4 and Byand - 20° C {Ch 
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y BHC content of the liver would not have altered greatly 
from sample to sample at any one time in the degradation 
tests. 

Studies made on fat birds (without the 7 days on a re- 
duced diet) provided different results from those with thin 
birds. Two fat birds were given one dose of 75 mg/kg 
and killed after 2 h. Two bodies were maintained at 
24° C and the liver samples removed and extracted at 
intervals of 2, 4, 21 and 90 h. In both birds the residues 
decreased up to 21 h and then increased again (Table 1). 
This could be caused by release of y BHC from the large 
amount of omental fat to the liver on autolysis. This was 
tested by feeding two fat birds three doses of 75 mg/kg, 
killing the birds and enclosing the liver in a foil boat 
within the body. The results (Table 1), however, again 
showed some indication of an increase in residue at 22 h. 


Table 1. RESIDUES OF y BHC IN THE LIVERS OF FAT BIRDS AT INCREASING 
INTERVALS AFTER DEATH 


Livers not isolated from body fat Livers isolated in foil boats 


Interval P.p.m. { Interval P.p.m, BHC 
after death (h) (1) (2) after death (h) (3) (4) 
2 2-35 1°21 ü 9-93 8:66 

4 1:33 0-95 2 6-96 5-84 

21 0-95 0-71 4 3°39 5:33 

90 2°70 ERS 22 6-48 5-95 


It seems likely that the differing results obtained when 
using fat birds could be caused by a secondary release of 
y BHC from the organ fat on autolysis. Extraction pro- 
cedures are known to vary in their ability to recover 
organochlorine residues from animal tissues, particularly 
from avian lipids’. It is possible that autolysis could 
render the y BHC more available to the extraction pro- 
cedure used. 

The post-mortem degradation of y BHC in the liver could 
be brought about by one or more of the following mechan- 
isms. (a) In living vertebrates y BHC is broken down to 
1,2,4-trichlorobenzene by enzymatic dechlorination at the 
liver microsomes"! Some enzymatic breakdown may 
continue after death, which could account for the very 
small loss of residue in 7 days noted by Turtle et al. 
using y BHC in pigeon muscle, (b) The micro-organisms 
Clostridium sporogenes and Bacillus coli are both known 
to dechlorinate y BHC!*, Micro-organisms from the gut 
may invade the liver after death. (c) Recent work! 
was suggested that dechlorination of DDT after death is 
breught about by a simple chemical redox reaction in 
tissues and micro-organisms containing large quantities 
of porphyrins and other metalloproteins. Other organo- 
chlormes may be degraded in a similar way. The mechan- 
isms involved in post-mortem y BHC degradation are 
being studied further. 

These experiments explain the low residues of y BHC 
found in field samples. Specimens sent to the Nature 
Conservancy and other laboratories! lie in the open for 
several days before being found and postage involves a 
further delay. After reception they are stored in deep 
freeze until sufficient have accumulated for analysis. 
Field observations have shown that woodpigeons (Columba 
palumbus) and other birds (sixteen species) feed equally on 
y BHC dressed and non-dressed cereal seed*, so it seems 
likely that large doses are consumed (up to 80 mg/kg/day 
by woodpigeons'). The present work shows that it is 
possible that such doses, together With inappetence, are 
lethal to pigeons with low fat reserves in early spring. 
Murton and Vizoso? recorded the bodies of four species 
of birds and two mammals as possible casualties in an 
area where only y BHC and organomercury dressed seeds 
had been sown. Mortality was not attributed to y BHC, 
however, because the residues found were much lower 
than those found in experimentally poisoned birds which 
had been frozen or extracted soon after death. Our 
results show the practical difficulties involved in attribut- 
ing field deaths to y BHC by the usual methods and that 
birds could have died from y BHC poisoning without the 
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cause being realized. The importance of rapid extraction 
for laboratory experimental material is also clear. 
M. C. Frencu 
D. J. JEFFERIES 
Monks Wood Experimental Station, 
Abbots Ripton, 
Huntingdon. 
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Amino-acid Composition and Thermal 
Stability of the Skin Collagen of the 
Antarctic Ice-fish 


THE various families of fish (for example, Chaenichthyidae, 
Nototheniidae, Zoarcidae) in the order Perciformes— 
found exclusively in the Antarctic and adjacent waters— 
have become known as ice-fish because of their trans- 
parency. The reason for their transparency and for the 
interest shown in them in recent years is that they are 
vertebrates with no red blood cells and no haemoglobin. 
A general discussion of the ice-fish which contains a list 
of more specialized references has been given recently by 
Ruud. 

I report here the following properties of skin collagen 
of this group of fish: amino-acid composition, thermal 
shrinkage temperature in 0-9 per cent saline 7's, and the 
thermal shrinkage temperature of skin swollen in 0-1 N 
HCl which I have shown elsewhere to be equivalent to 
the melting point of the tropocollagen molecule in water, 
Tp (refs. 2 and 3}. 

The primary reason for selecting ice-fish collagen was 
to check further the relationships between the thermal 
stability of different collagens and their amino-acid 
composition, and the temperature of the habitat of the 
animal concerned. The ice-fish collagens are useful for 
this purpose because they live at an extremely low uniform 
temperature, namely, — 1° to +3° C. Thus, together with 
the mammals, they allow the entire range of animal 
environmental temperatures to be examined. 

The skin samples were obtained from Dr H. DeWitt 
of the Marine Science Institute, University of Southern 
Flonda. Three had been fixed in formalin and preserved 
in isopropyl aleohol—those of Rhigophila dearbornii, 
Trematomus bernacchii and Chionodraco kathleenae. Eight 
more samples were obtained which had been frozen while 
fresh and stored in the frozen state. Of these, three were 
distinet species-—Racevitzia glacialis, Trematomus eulepi- 
dotus and Trematomus leonnbergii—and the remainder con- 
sisted of four species from the genus Chionodraco and 
one from the genus Cryedraco. All these fish are found in 
the Ross Sea and along the coasts of the Antarctic con- 
tinent. 

The samples from the distinct species, including the 
preserved samples, were analysed for amino-acid content. 
Scales and any adhering flesh were removed, and then the 
skin was successively extracted with 10 per cent NaCl, 
saturated NaH,PO, solution and distilled water. The 
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residue was then extracted for 30 min in hot 0-1 N HCl 
and the resulting solution was centrifuged. The clear 
solution was vacuum dried and the residue subsequently 
hydrolysed for 24 h in boiling 6 N HCI under reflux. The 
HCl was removed under vacuum at low temperature and 
the residue redissolved in water and filtered. The amino- 
acid composition of the filtrate was determined using a 
Beckman Spinco amino-acid analyser. No corrections 
have been made for destruction of labile amino-acids. 

It was assumed that in the ease of the samples which 
had been treated with formaldehyde all reactions with 
formaldehyde, except perhaps for the residue tyrosine, 
would be reversed during acid hydrolysis. There is little 
tyrosine in the samples, so the analyses should be un- 
affected by the treatment. In support of this assumption 
no unusual features were noted in the elution pattern of 
residues. 

High angle X-ray diffraction of dried, stretched samples 
yielded well orientated collagen diagrams, and samples 
stained with phospho-tungstic acid showed fibrils with the 
600-700 A repeat in the electron microscope. The amino- 
acid compositions are shown in Table 1 together with the 
composition of cod skin collagen, another cold water fish 
for which thermal data also exist. 


Table 1. AMINO-ACID COMPOSITION OF ICE-FISH SKIN COLLAGEN RESIDUES/ 
1,000 RESIDUES 


Rhigo- Raco- Chiono- Trema- Trema- Trema- Cod 


Amino- phila  vitzia draco tomus tomus tomus (Gadus 
acid dear- glacialis kath- bernac- eulepi- leonn- morrhua) 
bornit leenae chit dotus bergit 
Ala 83 B4 80 85 92 103 107 
Gly 332 342 227 246 339 350 345 
Val 25 21 45 45 23 22 19 
Leu 45 29 63 60 30 28 23 
Tle 15 13 35 31 13 il ik 
Pro 104 120 83 110 OR 100 102 
Phe 16 15 28 26 15 15 13 
Tyr 2 4 8 7 3 4 5 
Ser 70 68 65 66 67 65 69 
30 26 45 20 28 28 25 
Met il 14 20 20 12 10 13 
49 50 45 43 47 47 51 
His 7 7 13 12 8 8 8 
Lys 23 2R 30 29 32 32 25 
As 61 56 47 28 63 57 52 
Glu 77 7 132 130 T 7 75 
Hyp 47 42 29 37 45 47 53 
Hy 4 2 5 5 
Pro -+ Hyp 151 182 112 147 14 147 155 
Pro : Hyp 2-2 2.9 3.9 30 2-2 21 19 


The first point of interest is that Chionodraco kathleenae 
and T. bernacchit form a group distinct in many ways 
from the remaining four species, which also form a group. 

The most noticeable differences are that members of 
the first group (those listed here) have (i) gbout twice the 
number of residues of the following amino-acids: valine, 
leucine, isoleucine, phenylalanine, methionine; (ii) about 
two-thirds the amount of glycine, one-half the amount 
of aspartic acid and three-quarters the amount of hydroxy- 
proline, as does the second group. Also, members of the 
first group have proline: hydroxyproline ratios of 3 
whereas three of the other group have ratios of 2-1. 

Some general comments on the six species are: (i) four 
have glycine quantities typical of all other vertebrate 
collagens (~ 330 res/1,000) whereas the remaining two 
have much lower amounts and which are similar to the 
quantities found in a number of invertebrate collagens 
recently studied’. (ii) All six species have higher ratios 
of proline : hydroxyproline when compared with verte- 
brate collagen (c. 1-2) and a number of worm collagens 
(c. 0-05-0-5). Ascaris cuticle collagen still has the highest 
ratio (value 15). (iii) The sum of proline and hydroxy- 
proline is similar for all species, except for C. kathleenae, 
which has the smallest amount on record and which is 
similar to that of the cuticle collagen of two giant earth- 
worms studied recently’. (iv) The serine content is uni- 
form and much higher than for all other collagens except 
those of the earthworms’. 
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When cod skin collagen is compared with that of the 
ice-fish it is immediately apparent that it is a member of 
the second group as defined here. It is very similar to 
T. leonnbergii. In particular, the constancy of serine 
contents for all seven collagens should be noted. | 

Turning now to the thermal behaviour summarized in 
Table 2, the most striking feature is the constant value 
of Tp. The values of Ts are more variable, but this is 
not surprising as the skins are rather fragile, and J's is 
sensitive to mechanical disturbance and consequent swell- 
ing of the structure. Tp of course would not be affected 
in this way. The transition temperatures for cod skin 
collagen are both about 10° higher than those of the 
ice-fish collagen. The mean value of T's Tp for the ice- 
fish is 21° which is close to that of all other collagens. 

The data presented do not support very well the 
known correlation between Ts, T p and the sum of proline 
and hydroxyproline*-’. For example, T p for the ice-fish 
is 10° below that of cod; yet the proline + hydroxyproline 
content is about the same. 


Table 2. THERMAL TRANSITIONS IN ICE-FISH SKIN COLLAGEN. T's IS SHRINK- 
AGE TEMPERATURE OF BULK MATERIAL IN 0-9 PER CENT NaCl 


Skin sample T Te Prot Hyp 
Trematomus eulepidotus 27 8 143 
Trematomus leonnbergit 26 aD 147 
Racovitzia glacialis 29 SG 162 
Chionedraco 1 23 ord woe 
Chionedraco 2 28 5-3 cm 
Chionodraco 3 23 5-5 om 
Chionodrace 4 27 pD meserie 
Cryodracčo a7 8 e 
Cod (Gadus morrhua} 37 15 150 


T pis melting point of molecular collagen, 


Similarly, the negative correlation between serine and 
T p which I have discussed elsewhere? loses its linearity, 
as the serine content is the same for all the ice-fish and 
cod, whereas, of course, the Tp values are separated 
by 10°. 

Ns, taken over a wide range of species, the 
trend between thermal stability, proline plus hydroxy- 
proline and serine exists. This suggests that it is an over- 
simplification to use the absolute amounts of these residues 
in such considerations. It seems that their distribution 
along the single polypeptide chains of the molecule is 
important (as Josse and Harrington’ have suggested for 
proline and hydroxyproline), and furthermore the thermal 
and mechanical stability of each individual chain is prob- 
ably different so that the stability of the molecule may be 
governed by one chain. 

Finally, it is clear that values of T p for the ice-fish are 
quite close to the upper limit of their environmental 
temperature, and thus they agree with the general correla- 
tion between these two temperatures, which holds for 
a wide range of speciest ®t, 

I thank Dr B. Harrap and Mr A. Inglis of the Division 
of Protein Chemistry, CSIRO, Parkville. for the amino- 
acid analyses. 
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Stable Nitroxides as Lipid 
Antioxidants 


STABLE nitroxides have been shown by Neiman et al? 
and Brownlie and Ingold? to be inhibitors of polymeriza- 
tion. Hoffman* mentioned that di-t-butyl nitroxide was 
an effective antioxidant, polymerization inhibitor and 
radical trap, but no details were given. According to 
Neiman et al? and Brownlie and Ingold? the nitroxide 
radical reacts with an alkyl radical, stopping the chain 
reaction as follows 


R: + RNO’ — RNOR 


Tke nitroxides compete favourably with oxygen for the 
R radical, and propagation is said to be prevented with 
little or no peroxide formation. Work in this laboratory’ 
suggested that nitroxide radicals were involved in the 
antioxidant activity of secondary aliphatic hydroxyl- 
amines toward unsaturated lipids. Some of the known 
stable nitroxide radicals have now been examined. 

Antioxidant activity was measured in purified® squalene 
(Eastman Chemicals) by the weight gain method previ- 
ously described’. The three nitroxides used (Table 1) 
were obtained by oxidation of the parent amines (Aldrich 
shemical or K and K Labs) by the method of Briere et al.*. 
They were homogenecus by thin layer chromatography 
(Silica gel H, acetone: methanol 60:40) and had the 
electron spin resonance, ultraviolet, visible and infrared 
spectral properties described by previous authors’. The 
antioxidant effects were compared with that of ethoxy- 
quin (EQ, Monsanto Chemical Co.), a known lipid anti- 
oxidant’. 
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Table 2. ANTIOXIDANT ACTIVITIES OF THE STABLE NITROXIDES IN PURIFIED 
SQUALENE AT 24° O AND 37° c* 


Induction period (days) 


Additive (eM/g) FPipNO 40=OpipNO 4 OH pip NO EQ 

At 24°C 

{x 0-5 4: 4 4; 4 3: f4 4: 4 

ax l0-5¢ 6: 7 i; 12 7; 8 4; 4 

1x i0- 7; 8 16; 19 1i; 1l 4; 4 

ax 10-+ 20; 20 43; 44 49; S1 4: 4 

1 x 10-4 “me m 5; 6 

5x 10-3 cone —— mron 17; 18 
At 37°C 

5x10 2.2 es 3,53 ~= 

5x10- 4: 5 8; 8 $: 9 ne 

5x10- 7; 9 16; 20 22; 28 — 


The results are shown in Table 2. Concentrations of 
1x 10- uM/g and below were without effect at 24° ©. At 
concentrations of 5x 10 uM/g and higher at 24° C the 
induction periods were greater than 100 days. The 
greater effectiveness of 2,2,6,6-tetramethyl-4-piperidinol 
nitroxide over the other nitroxides at 37° CŒ compared 
with the results at 24° C may be a result of its lower 
volatility’. The beakers were incubated in force-draft 
ovens. All the nitroxides have sharp odours but these 
were not detectable at the levels used. The stable nitrox- 
ides are obviously extremely effective antioxidants in 
squalene by the assay procedure used. This property 
and their apparently low toxicity (about 500 ug/g intra- 
peritoneally for 2,2,6,6-tetramethyl-4-piperidone nitroxide 
in mice?!) suggest that they may be potentially important 
antioxidants for the in vitro protection of unsaturated 
lipids. Preliminary observations (not shown) suggest, 


Name 


Table 1 


Formula 


Molecular weight 
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_ Melting points (°C) 
Found Literature 


38-39 


2,2,6,6-tetramethyl piperidine nitroxide (pip NO) 39 (ref. 8) 
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: however, that they are an order of magnitude less effective 
‘jn a methylene-interrupted unsaturated lipid system 


nn (menhaden oil) than in the ethylene-interrupted unsatur- 


ated lipid (squalene). Additional data on toxicity are also 
needed. 
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Preparation of a New Visual Pigment 
Analogue of Cattle Opsin using 
5,6-Dihydroretinal 


OnLy two compounds, 11-cis-retinal I and 11-cis-3- 
dehydroretinal I1, have been found to act as chromophores 
in naturally occurring visual pigments’. These compounds 
contain one and two double bonds respectively in the 
cyclic portion of the structure. The analogous compound, 
5,6-dihydroretinal ITI which is similar in all other respects 
to retinal except that the ring is saturated, has not been 
isolated from the retina. Recombination experiments, 
in which visual pigments are formed from the correspond- 
ing visual protein and one of the naturally occurring 
retinals, show further selectivity on the part of the pro- 
tein?. This selectivity is manifested by the protein's 
ability to discriminate between the geometrical isomers of 
naturally occurring retinals. Consequently, the 11-ets and 
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Fig. 1, Incubation of all-trans LU, Amax 356 my, in M/15 phosphate 

buffer, pH 6-7, containing 2 per cent digitonin, in the dark at 23° C with 

cattle opsin. AH incubations were performed under these conditions, 

Curves 1-3 were recorded at time oes of l min, 3 hand 5 h respec 
tively. 
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Fig. 2. Incubation of irradiated all-trans IH with cattle opsin. Curves 
1-4 were recorded at time intervals of 2, 75, 20 and 300 min respectively. 
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Fig. 3. Formation of the random Schiff base of LIF and cattle apein. 

Curve 1, irradiated all-trans HI incubated with cattle opsin at pH G7. 

Curve 2, addition of sodium hydroxide solution untll the pH of the inen- 

bation medium is 12. Curve 3, addition of hydrochloric acid untit incuba- 
tion medium has a pH of 5. 


9-cis isomers combine with visual proteins to produce 
visual pigments, whereas the all-trans and 13-cta isomers 
do not. Only the Il-cis isomer combines with a visual 
protein to form a pigment identical to those which occur 
naturally. In this article, we report the formation of a 
new synthetic pigment from 5,6-dihydroretinal TT and 
cattle opsin; we also describe some of its spectral proper- 
ties and photochemical behaviour. Apparently, this is 
the first report of a direct recombination of a retinal 
other than the naturally occurring compounds. 

All-trans III absorbs at 356 my at pH 6-7 in a suspen- 
sion of digitonin in water. Fig. 1 shows that only a small 
amount of new pigment is formed when all-trans OT is 
brought in contact with cattle opsin. On irradiating 
all-trans IJ] with monochromatic light, Amas #25 my, 
and subsequently mixing with opsin, a new absorption 
was observed at a longer wavelength (Fig. 2). This is 
not a result of random Schiff base formation between 
TI and opsin, because the reaction was carried out at 
pH 6-7—conditions under which non-specific amino 
groups do not condense with I or TI (ref, 3). Fig. 3 shows 
the spectrum of the random Schiff base formed between 
TIT and opsin at pH 12. It can be seen that the Amay of 
the random Schiff base is displaced from 343 mu to 418 mu 
on acidification, whereas the new synthetic visual pig- 
ment absorbs at approximately 460 mu. 

In the examination of visual pigments of cattle opsin, 
hvdroxylamine* and sodium borohydride® are frequently 
used to further distinguish between formation of a true 
photopigment and a non-specific Schiff base formed by 
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random attachment with protein amino groups. These 
reagents at low concentration reaet with any non-specific 
Schiff base formed from retinal to give either the oxime 
or the retinyl Schiff base respectively; however, they have 
no effect on unbleached visual pigments formed from 
cattle opsin®. Figs. 4 and 5 show the effect of hydroxyl- 
amine and sodium borohydride on two preparations of 
the new pigment. In the presence of these reagents the 
pigment exhibits a distinct 3 max at 463 mu. When the 
new pigment, Amax 463 mu, was irradiated (Fig. 6) with 
white light in the presence of hydroxylamine, typical 
bleaching behaviour was observed. Similar results were 
obtained in the presence of sodium borohydride (Fig. 5). 
The new compound thus exhibited all established criteria 
for photosensitive pigments formed with cattle opsin. 

These data show that the protein exhibits a selectivity 
for particular isomers of III, the all-trans isomer showing 
little activity. On irradiation of the all-trans isomer to 
form a mixture of isomers and subsequent incubation with 
opsin, the production of pigment was enhanced. These 
results parallel those reported in preliminary investiga- 
tions on the synthesis of rhodopsin’. 
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Fig. 4. The effect of hydroxylamine on the new pigment. Irradiated 


all-trans ITI was coupled with cattle opsin (curves 1-2), Hydroxylamine, 
03 M, was then added in the dark to remove excess ILI as the oxime 
{curve 3). Hydroxylamine has little effect on the new pigment in the 
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Fig. 5. The effect of sodium borohydride on the new pigment. The new 

pigment (curve 1) was treated with sodium borohydride, 0-5 mg/ml. of 

sample, in the dark for 20 min at 22° C (curve 2). The pigment was then 
bleached in the presence of sodium borohydride (curves 3-4). 
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Fig, 6. The new pigment (curve 1) was treated with hydroxylamine, 
0-03 M, in the dark {curve 2), The pigment was then bleached in the 


presence of hydroxylamine (curves 3-4}. These curves show the forma- 
tion of the oxime of LIT, Amas 362 and 345 with shoulder at 230 tops, 


The experimental data indicate that 1l-cis IIT reacts 
with cattle opsin to form a new synthetic pigment that 
exhibits a Amax of 463 mu. Preliminary results show that 
its spectrophotometrie and photochemical properties are 
identical with those of known pigments. The stability 
to chemical attack leads us to believe that the chromo- 
phore is at the same reactive site and is protected in the 
same way as the chromophore in other pigments. 
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Increase in the Complexity of 
a-Crystallins during Differentiation of 
Lens Cells 


PRELIMINARY studies of the changes in crystallin proteins 
occurring during development of the lens have indicated 
that the a-crystallins of foetal, calf and adult lenses differ 
in their chromatographie properties when fractionated 
on DEAE-cellulose’. The studies reported here indicate 
that the types of subunits present in bovine a-crystallins 
change during lens development. In a previous study, 
we showed that the «-crystallins can be resolved into five 
components by DEAE-cellulose chromatography, and 
that these multiple forms of «-crystallin contain identical 
subunit chains’, As they vary only in their proportions 
of these subunits, we have combined the five «-crystallin 
components into one fraction in the following experi- 
ments in order to get an overall picture of the types of 
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Fig. 1. An agar diffusion analysis of a-crystallin from foetal (well-1), 
calf (well-2) and adult (well-3) lenses. Wells (4) and (5) contain saline. 
The central well contains antiserum to adult cortex a-crystallin, 


a-erystallin subunits produced at different stages of 
development. 

The a-crystallins have a molecular weight of about one 
million and can be dissociated by 7 M urea into peptides 
of molecular weights about 25,000 (ref. 3). These sub- 
units can be fractionated on DEAE-cellulose in the 
presence of 7 M urea‘. The subunits making up the 
a-erystallins from bovine lens cells at different stages of 
development were studied by this procedure. 

Epithelial and fibre cells are the two types of cells 
found in the lens. The development of the lens involves 
the differentiation of the epithelial cell into a fibre cell. 
The bulk of the adult lens is composed of layers of fibre 
cells formed during prenatal and postnatal growth. In 
the adult lens, the central or nucleus fibres represent 
those formed during embryonic development, and the 
peripheral or cortex fibres represent those formed in the 
postnatal and adult stages. 

Epithelial cells, cortical fibre cells and nucleus fibre cells 
were separated according to a procedure described previ- 
ously. The a-crystallins from these cells were prepared 
by isoelectric precipitation and further purified by DEAE- 
cellulose chromatography*. The a-crystallins prepared 
in this manner gave rise to one peak in the ultracentrifuge 
and were immunochemically pure. The «-crystallins 
isolated from foetal, calf and adult lenses are immuno- 
chemically identical (Fig. 1). The protein was concen- 
trated by precipitation with 60 per cent (NH,),SO, and 
dissociated into its subunits by dialysis against 7 M 
urea+0-005 M Na-phosphate buffer (pH 7-0). The 
elution profiles of the urea-treated «-crystallins from 
foetal, calf and adult lens cortices are shown in Fig. 2. 
To facilitate comparisons between the different column 
profiles, the peaks have been divided into three groups 
(regions I, II and ITI) according to the buffers with which 
they were eluted. We have previously shown by finger- 
print analysis that regions I, I and ITI contain distinct 
polypeptide chains*. 

It can be seen in Fig. 2 that there are significant 
differences in the subunit composition of the «-erystallins 
extracted from lens cortices at three different stages of 
development. The «-crystallin of the adult cortex con- 
tains at least seven subunits (labelled with Arabic numer- 
als). Subunit peak 7 is present in very small amounts 
in the foetal and calf cortex fibre cells. There is a large 
increase in the amount of this subunit in the adult cortex 
a-crystallin. Thus a considerable increase in the produc- 
tion of subunit 7 is associated with fibre cell formation 
in the adult lens. Further differences between the sub- 
unit composition of foetal and adult «-crystallins may be 
seen in subunit peak 5 (region II) which is entirely absent 
from the foetal protein and apparently is not synthesized 
until after birth. These data indicate that the development 
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Table 1. THE SUBUNIT COMPOSITION OF THE @-CRYSTALLINS FROM LENSES 
AT DIFFERENT STAGES OF DEVELOPMENT 


Percentage of each subunit region 


Age in total protein 

I II Il 
4 month foetal cortex 57 39-6 3:4 
4-5 month foetal cortex 43-4 52:1 4-4 
Calf cortex 22-6 73°38 8:5 
Adult cortex 18-2 63-5 18:3 
Adult nucleus 28-9 64-2 6-9 
Adult epithelium 26-4 63-9 97 


of the lens is accompanied by an increase in the com- 
plexity of «-crystallins. 

Finally, to determine whether the synthesis of any of 
these subunits is associated with fibrogenesis, «-crystallin 
subunits from adult epithelial cells, cortex fibre and 
nucleus fibre cells were compared (Fig. 3). The elution 
profiles from these three columns are qualitatively 
similar. There are, however, significant quantitative 
differences between the homologous subunits from the 
different cell types. This may be clearly seen in the 
elution profiles for epithelial cell and nucleus fibre cell 
proteins, where subunit 6 is almost undetectable and 
subunit 7 is present in very small amounts. The per- 
centage of the total protein present in each subunit 
region for each of the urea~DEAE columns is seen in 
Table 1. The distribution of the «-crystallins from the 
adult nucleus is similar to that in younger lenses. This is 
to be expected as the fibre cells of the nucleus region are 
formed during prenatal and early postnatal growth. 
Subunit 7 comprises about 4 per cent of the total protein 
of the embryonic and calf «-crystallins. This increases to 
about 10 per cent in the adult epithelium and 18 per cent 
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Fig. 2. The fractionation of a-crystallin subunits from (A) 4-month 
foetal, (B) 4-5-month foetal, (C) calf, and (D) adult cortical a-crystallins 
on 7 M urea-equilibrated DEAE-cellulose. The elution system used is as 
follows: (I) 0-005 M Na-phosphate (pH 7:0)+7 M urea (250 ml.); (II) a 
convex gradient using 300 mi. of (I) in the mixing vessel and 350 ml. of 
0-03 M Dg? gine x ct (pH 57)+7 M urea as the upper limit buffer; 
(IIT) 0°03 M Na-phosphate (pH 5-7)+0-1 M NaCl+7 M urea (200 mi.). 
The fractions were collected in 7 ml. aliquots at a flow rate of 6 min/ 
fraction. (Based on 280 : 260 my ratios, peak 2a does not sopas to be 
protein in nature and may be a nonprotein substance leached from the 
DEAE-cellulose. ) 
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Fig. 3. Fractionation of subunits from (A) adult epithelial cell, (B) adult 

cortex, and {C} adult nucleus fibre cell a-crystallins on 7 M urea-equili- 

brated DEAE-cellulose. The elution procedure is the same as that 
described in Fig, 1. 


in the adult cortex. The fact that the adult cortical 
a-crystallin contains the largest quantities of subunit 7 
indicates that the synthesis of this subunit is probably 
accelerated during the differentiation of the adult epithe- 
lial cell, 

In conclusion, the development of the lens is accom- 
panied by a gradual change in the subunit composition 
of the «-erystallins. As the lens matures from ths foetus 
to the adult, there is a successive appearance of different 
x-erystallin subunits. It is possible that lenses from 
foetuses still younger than the ones we have studied may 
be even less complex with respect to their a-cerystallin 
subunits. 

This work was supported by the US Atomic Energy 
Commission under contract with the Union Carbide 
Corporation. 
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Phytohaemagglutinin: an ‘Early Effect 
on Lymphocyte Lipid Metabolism 


SMALL lymphocytes do not usually synthesize DNA or 
divide when incubated in vitro, but they can be induced 
to do so by adding phytohaemagglutinin (PHA) or a 
number of other stimulants to the culture mediumi. 
Several lines of evidence suggest that PHA has a rapid 
effect on the cell membrane, possibly by binding to 
mucoprotein groups on it?-*. Hirschhorn has suggested 
that this may lead to increased endocytosis*, which may 
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trigger the sequence of changes leading to DNA synthesis 
and cell division’; the order and interdependence of the 
early events in this sequence, however, are not well 
established. I report here that PHA causes a rapid 
increase in the rate of incorporation of precursors into the 
lipid fraction of lymphocytes, and that this increase is 
independent of the effects of PHA on RNA and protein 
synthesis. 

Lymphocytes were prepared from human venous blood 
as previously described’. The erythrocytes were allowed 
to settle and the phagocytic cells were removed from the 
Supernatant by passing it through a nylon fibre column. 
The cells which eluted from the column (more than 98 per 
cent lymphocytes) were then centrifuged and resuspended 
at a concentration of 2x 108/ml. in Eagle's medium con- 
taining 10 per cent calf serum. They were then incubated 
at 37° C with a gas phase of air containing 5 per cent 
carbon dioxide. For determining the incorporation of 
4C-glycerol, 4C-glucose or 4C-choline into lipids the cells 
were concentrated to 10°/ml., and the medium was 
replaced by fresh medium containing the radioactively 
labelled precursor. Incorporation of NO-glucose or 
“C-choline was determined using Eagle’s medium not 
containing the corresponding unlabelled compound. After 
incubation the cells were washed twice with 0-15 M NaCl 
and then resuspended in about 0-25 ml. Lipids were then 
extracted by a method based on that of Folch, Lees and 
Sloane-Stanley*®. Cells were shaken with 25 ml. of 
chloroform : methanol (2: 1, v/v) and the chloroform layer 
was then extracted sequentially with 0-5 ml. of 100 mM 
KCl, 1 ml. of chloroform : methanol : 100 mM KC! (3: 
48:47, v/v), and 1 ml. of chloroform : methanol : water 
(3:48:47, v/v). Aliquots of 0:25 ml. of the chloroform 
layer after the final extraction were mixed with 16 ml. of 
toluene scintillator (42 ml. ‘Liquifluor’ (manufactured by 
Pilot Chemicals, Ine., for Nuclear Chicago, Ince., Des 
Plaines, Tilinois) to 1 1. toluene) and incorporation was 
determined. The incorporation of SH-uridine into lympho- 
cyte RNA was determined as described previously”. 

Two batches of partially purified PHA, donated 
by Burroughs Welleome and Co., were used in these 
studies. The concentrations used to study the incor- 
poration of precursors into lipids during the first few 
hours after the addition of PHA were those found to 
cause the greatest stimulation of *H-uridine incorporation 
at this time. Those used for longer periods were ones 
found to stimulate the maximum incorporation of 
‘H-thymidine into DNA under these conditions. 


Table 1. EFFECT OF PHA ON THE INCORPORATION OF GLYCEROL, HC- 


GLUCOSE AND MO-CHOLINE BY LYMPHOCYTES 


Without PHA PHA forth PHA for 49 h 
e.p.m./ Epaf e.p.m./ 
Isotope 10° iymphocytes* 10° lymphocytes 10* Ismphacytes 
SC-glycerol 245 363 (148 per cent) 830 (339 per cent) 
NC .ghlicose 73 149 (204 per cent) 858 (1,175 per cent) 
MC-choline 312 519 (167 per cent) 1,455 (467 per cent) 


* This refers to the number of cells putin culture at Oh. 

Cultures were incubated for 48 h with or without PHA. The culture med- 
ium was then replaced by medium containing 5 #Ci/ml. of isotope, with or 
without PHA, and incorporation was determined after incubation for a 
further one hour. Results shown are the means of duplicate determinations, 
All individual values were within +10 per cent of the mean values. 


Table 1 shows the incorporation of U-™C-glycerol, 
U-"C-glucose and choline-1,2-4C into lipids during a l h 
pulse by cultures containing resting lymphocytes, lympho- 
cytes exposed to PHA simultaneously with the isotope, 
and lymphoblasts that had been incubated with PHA for 
48 h. The incorporation of all three precursors into the 
lipid fraction is stimulated by PHA within 1 h and a 
much larger stimulation is observed after incubation with 
PHA for 2 days. The incorporation of MC -glucose is 
stimulated to a greater degree than that of the other 
precursors. 

The kinetics of incorporation of one of these precursors, 
4C-choline, have been studied in greater detail. Choline 
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was selected as the most suitable precursor because of the 


-presumed specificity of its incorporation into the phospho- 
lipid component of membranes. Fig. 1 shows the effect 
of PHA added simultaneously with 'C-choline on the 
incorporation of the isotope during the first 4 h after 
its addition. A 50 per cent stimulation of “C-choline 
incorporation is found within 30 min of adding PHA, 
and the degree of stimulation increases at later times. 
The stimulatory effect of PHA on the incorporation of 
4C.choline is very similar to its effect on the incor- 
poration of *H-uridine at this time (Fig. 2). 


Table 2. BEFECTS OF ACTINOMYCIN AND CYCLOHEXIMIDE ON THE INCOR- 
FORATION OF 4C-CHOLINE BY LYMPHOCYTES INCUBATED WITH OR WITHOUT 
PHA 


Without PHA With PHA 
Additions c.p,m./10° lymphocytes c.p.m./10* lymphocytes 
None 367 1,043 
Actinomycin 340 942 
Cycloheximide 319 1,056 


Cultures were incubated with 3 uCi/ml. 'C-choline, with or without PHA 
for 2h. Where indicated, 12-5 ug/ml. actinomycin or 25 ug/ml. cyclohexi- 
mide was added 30 min before '*C-choline. Results shown are the means of 
duplicate determinations. All individual values were within +10 per cent 
of the mean values. 


It was not clear from the experiments shown in Figs. | 
and 2 whether the stimulatory effect of PHA on the 
incorporation of 'C-choline was dependent on its effect 
on RNA synthesis. To determine whether the increase in 
the rate of incorporation of “C-choline depends on new 
RNA synthesis, the effect of addition of actinomycin 
30 min before the ''C-choline and PHA was investigated. 
Table 2 shows that the addition of a concentration of 
actinomycin sufficient to inhibit the incorporation of 
‘H-uridine into RNA by lymphocytes by 85-90 per cent”! 
has little effect on the incorporation of **C-choline by 
resting lymphocytes or on the stimulation of this incor- 
poration by PHA. This findmg was unexpected because 
low concentrations of this drug have been found to produce 
rapid inhibition of the incorporation of precursors into 
the phospholipids of chick embryo fibroblasts'*. Table 2 
also shows that the incorporation of 4C-choline both with 
and without PHA was not greatly affected by incubation 
of the lymphocytes with a concentration of cycloheximide 
sufficient to inhibit protein synthesis by 95 per cent??. 


Cpm 





Hours 


Fis. i. Effect of PHA on the incorporation of “C-choline. Cultures were 

incubated with 4 #Ci/ml. of “C-choline with or without PHA for the 

periods shown. Points shown are the means of duplicate determinations. 

AH individual values were within t5 per cent of the mean values, 
D, Without PHA; ©, with PHA. 
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Fig. 2. Effect of PHA on the incorporation of *H-uridine into RNA. 

Cultures containing 2 x 10" lymphocytes were incubated with 10 @(i/al. 

$H-uridine with or without PHA for the periods shown, Pointa shown 

are the means of triplicate determinations. All individual values. were 

within +10 per cent of the anya pen: O, Without PHA: @, with 
PHA. 


Fisher!’ has recently reported that PHA leads to a rapid 
increase in the incorporation of *P-phosphate into 
lymphocyte phospholipids, and that there was a par- 
ticularly rapid stimulation of incorporation mto some 
fractions. He also found that cycloheximide did not 
affect this stimulation. The results reported here are im 
agreement with his findings, and suggest that PHA causes 
a rapid increase in the synthesis or turnover of lymphocyte 
phospholipids and that this effect is not dependent on 
the effects of PHA on lymphocyte RNA and protein 
synthesis. Such an independent effect might be expected 
if an increase in the rate of endocytosis were a primary 
event in lymphocyte activation, as suggested by Hirsch- 
horn’. Jt remains to be established, however, whether 
this effect is causally related to lymphocyte activation 
and whether it is a prerequisite for the subsequent events 
to occur. 
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Tumour Production in Adult Mice by 
Syngeneic Embryonic Cultured Cells 
containing the Incomplete 

Rous Virus 


THe Carr—Zilber strain of Rous sarcoma virus (RSV-CZ) 
is capable of inducing tumours in about 1 per cent of mice 
atter repeated inoculation of large doses of chicken tumour 
tissue into newborn micet, 

Adult mice are not susceptible to this strain of virus, and 
subcutaneous inoculation of cultured mouse cells morpho- 
logically transformed by this virus into isologous newborn 
mice does not result in the development of tumours? 
(Table 1). 

Polymorphic sarcomas, however, are regularly induced 
in adult Af mice as a result of introduction of syngeneic 
embryonic tissue cultures infected but not transformed by 
RSV-CZ virus. 

These tumours were first observed in experiments 
designed to obtain mouse sera reacting with the com- 
plement-fixing group-specific antigen of sarcoma-leucosis 
avian complex, synthesized in mouse embryonic tissue 
cultures infected by the Rous virus*. For the purpose of 
obtaining isologous immune mouse sera, thirty-four adult 
Af males were immunized with syngeneic embryonic 
tissue cultures collected between the second and fourteenth 
day after infection with RSV-CZ virust, 

As a source of the virus a supernatant of 30 per cent 
homogenates of chicken sarcornas serially passed on White 
Leghorn chicks was used. The virus titre in supernatants 
was about |: 10° as estimated by an intradermal titration 
on chicks; 30 ml. of virus containing supernatant diluted 
1: 6 with Hanks saline was used for every 70-80 million 
colls. The infection was carried out for 2 h using an 
electromagnetic stirrer. The infected tissue cultures were 
maintained in medium 199 supplemented with 20 per cent 
bovine serum and glutamine. Morphological transforma- 
tion was not detected in the cultures during the first 20 
days after infection, Mice were given from four to ten 
injections of increased doses (5 x 10'-10*) of infected cells 
at 3—4 week intervals. 

Tumours developed in twelve of the thirty-four injected 
mice. The tumours were designated as I Af to XII Af 
in order of occurrence in the micet. 

These results were verified in a second experiment. 
Three groups of ten adult male Af mice were injected with 
syngeneic tissue cultures infected by the same virus once, 
twice and three times respectively at 10 day intervals. 
The tissue cultures were collected on the tenth day after 
infection and were inoculated into mice in doses of 10% 5 x 
10° cells per injection. 


Table 1. APPEARANCE OF TUMOURS IN 


Mouse strain Material injected 


Af adult Syngenelec tissue culture 


+ a 
'è +. + 
è so 9 os 
Culture of CC,,B embryonic tissue 
Culture of rat embryonic tissue 


CC, Br adult 


Af 3 days old Syngeneic tissue culture intracerebrally 


Syngeneic tissue culture subcutaneously 


Af adult i ss s? js 
C',,BU10Sn newborn A S es 

CL,HA newborn ; i ki 
BALB/c newborn ve ; jò 
Af adult RSV-CZ 

Af suckling ~ a 

CC,-Br 


MICE INJECTED WITH 
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Fig. 1. Rous sarcomas in adult Af mice injected with infected syngeneic 


tissue cultures, Haemorrhagic exudate is visible. 


After latent periods of 1-5-3 months, tumours were 
found in twenty-nine out of thirty mice in all three 
groups (Table 1). 

A preliminary study of mouse embryonic cultures 
infected by the virus isolated from the same pool of 
chicken tumours had already been carried out®, On 
the second and fourteenth days after infection the cells 
contain neither the virus separable from cells nor cell mem- 
brane virus-specific antigen; the viral coat antigen dis- 
appears completely by days 10-12. A group-specific 
antigen of leucosis-sarcoma ci mplex, however, appears in a 
large percentage of cells by the seventh day after infection. 
Some infected tissue cultures used for introduction into 
Af mice gave an analogous result. 

The mouse tumours grew at the site of inoculation, sub- 
cutaneously, and were polymorphic sarcomas. The 
tumours were Characterized by the early development of 
central necroses and the accumulation of large amounts 
of haemorrhagic exudate. The tumours were 
therefore similar in appearance to the prominent sub- 
cutaneous cysts which develop in rats after infection of 
newborn rats by RSV-CZ virus® (Fig. 1). The tumours 
could be easily passed in Af mice. The threshold dose was 
10-10" cells. 

Sera of tumour-bearing mice as well as antigen from 
mouse tumours were subjected to complement fixation tests 
with the antigen from the Rous tumours of hamsters and 
their sera, respectively. Mouse sera reacted with hamster 
Rous tumour antigen, and mouse tumour antigen st rongly 
reacted with sera of hamsters tumours 


INOUE 


tous 


bearing 


F'ISSUE CULTURES AFTER INFECTION BY ROUS VIRUS 
No. of cells (ml, Days after infection Tumours 
NO. of ol virus preparation) by virus (for tissue induced /mice 


injections introduced cultures) injected 
re 5x 10*, 10* 5.0 O/4 
4 5 x 10-10" 5-14 3/4 
N 5x 10-107 5-9 0/13 
10 5x 10-107 5-14 2/3 
3 1-5 x 10*-3 x 10° 2 4/5 
s 1-5 x 10-3 x 10 5 Sih 
I 10° 10 9/10 
2 105, 10* 10 10/10 
5 10*-10" 10 10/10 
] 10° 10 0/10 
4 1-5 x 10%3 x 10° 3 0/10 
4 1:5 x 10"-3 x 10* 3 0/10 
] 2 x 10* iz 0/8 
(Transformed cells) 
2x 10° 62 0/5 
(Transformed cells) 
l 10° 35 0/2 
(Transformed cells) 
! 10’ ob 0/7 
(Transformed cells) 
l 5x 10° “4 Os 
(Transformed cells) 
l 10° RAN 0/7 
(Transformed cells) 
6 0-5-1 ml. 0/15 
2 0-2-4 ml. 0/16 
6 05-1 mil, 0/10 
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Table 2. COMPLEMENT FIXATION TEST WITH MOUSE SARCOMA ANTIGENS 
CF-test with ee from mouse tumours 
Sera of hamaters with Rous I Af I Af ; 
virus-induced tumours seventh eighth Primary Primary twelfth Primary Primary (5) 
passage passage IH Af IV Af passage Ay Aa La Af 
I + + = + j = - =- 
H 5 + + = ~ ~ — ~ 
HI — + + =» + + + 4- 
IV — + = + + + + + 
vy a — T + + + + 4 
VI _ — — + + + ~ =- ~ 
Vit a z = + + + — s š 
Serum of hamsters with polyoma tumours = ~ _ - - _ ~ ne $ 
~, Not tested. 
Table 2). Neither mouse sera nor mouse tumour antigen Table 3. IDENTIFICATION OF VIRUS ISOLATED FROM MOUSE TUMOURS IN 


reacted with polyoma tumour antigen or sera of hamsters 


VIRUS NRUTRALIZATION TEST 


. . : ae ER . Virus preparations from 
bearing polyoma tumours, respectively. l Chicken serum Carr- 1 Af ie 
The presence of the avian leucoses group-specific antigen against Zilber second thirteenth (2) 5 
in the tumours suggests that they were induced by Rous strain passage = passage lady Taa 
oja aii os ’ i Carr-Zilber strain  3270* $000 3-204 8-804 3-000 
Virus. jia Af 2-079 ~~ ~~ 2-079 TOTO 


Oncogenicity of infected non-transformed tissue cultures 
is manifested only in a syngeneic system: neither embry- 
onie cells of CC,;,Br mice nor those of rats infected in a 
similar way induced tumours in Af mice (Table 1). 

We tried to find out whether the Af strain possessed 
increased sensitivity to RSV(CZ) or to the oncogenicity of 
embryonic cells transformed by this virus. 

Fifteen adult and sixteen newborn and suckling Af 
mice were injected with uncentrifuged homogenate of 
chicken sarcoma taken from the same pool of frozen 
chicken tumours used for infection of embryonic Af 
tissue cultures. Adult mice were injected six times with 
doses of between 0-5 ml. and 1 ml. of tumour homogenate 
diluted with Hanks saline, 1:3. Injections were carried 
out at 3 week intervals. Young mice were injected with 
two doses-——0-2-0-4 ml. of the same homogenate at 
daily intervals. No tumours developed in mice during 
the observation period of 8 months (Table 1). 

Several flasks containing tissue cultures infected with 
Rous virus and used for inoculation into adult Af mice 
were carried in serial culture. Morphological transforma- 
tion occurred after 26 days. The transformed cells were 
inoculated intracerebrally and subcutaneously 36 days 
after their first appearance into eight 
5 day old mice. They were moculated 
with doses of 2x 10° cells each. No 
tumours appeared in the mice during a 
period of 4-5 months (Table 1). 

Thus Af mice were not found to be 
hypersensitive to RSV-CZ virus, nor to 
oncogenicity of embryonic tissue cul- 
tures transformed by this virus. 

The tumours which developed in mice 
proved to be virogenic, that is, capable 
of inducing Rous sarcomas in chicks. 
Virogenicity of mouse tumours did not 
decrease with serial passages in mice. 

Homogenates of the chicken sarcomas, 
induced by mouse tumour material, were 
capable of inducing tumours in suckling 
and adult Af mice (Fig. 2). Thus the 
homogenate of the second passage I Af 
mouse tumour induced tumours in 
injected adult mice after a single transfer 
through chicks; these mouse tumours 
were designated (1) Ib Af and (2) Ib Af. 
Material from the same mouse tumour 


cell-contained <@ 
semen 


—, Not tested. 
* Logarithm of neutralization indices is done. 


At each passage an attempt was made to transfer the 
tumour from chick to mouse and vice versa and from 
mouse to mouse by using cell-free homogenates. For 
this purpose minced mouse or chick tumour tissue was 
disintegrated using a 60 W MSE ultrasonic disintegrator. 
Sonication was carried out eight to ten times with | min 
intervals. After disintegration the homogenate was 
centrifuged at 4,000g for 15 min. The supernatant was 
decanted and introduced into chicks or mice respectively 
in doses of 1 ml. per chick and 0-3-0-4 ml. per mouse. 

Previously only cell-contained homogenates possessed 
oneogenicity for chicks and mice. But during the transfer 
of (5) I a Af mouse sarcoma from mouse to chick and 
vice versa (Fig. 2) cell-free supernatant of sonicated 
homogenate of mouse sarcoma acquired oncogenicity for 
chicks, and cell-free supernatant of sonicate of the respec- 
tive chick sarcoma could induce multiple tumour in 
seven out of eight mice when injected at 8 days of age 
(Fig. 2). The transfer of cell-free homogenates from 
mouse to mouse has not produced tumours. 
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induced eight tumours from thirteen i eee. 
injected suckling Af mice after two-fold ——_»> %&, @ 


transfer through chicks (Fig. 2). These 
tumours were designated as (1) I a Af 
and (2) la Af to (8)Ta Af. We are now 
continuing the passage of (5) La Af and 
(2) [I a Af tumours from mice to 
-e¢hicks and vice versa by a single 
-introduction of cell-contained tumour 
homogenate. 
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The antigenic comparison of the original RSV-CZ 
strain with the virus isolated in chicks from I Af mouse 
tumour was studied. Virus from the second and thirteenth 
passages of I Af tumours in mice as well as from (2) Ia Af 
and (5) I a Af mouse tumours was compared. 

The virus neutralization test was applied, making use of 
two sera: (a) Hyperimmune ehicken serum obtained 
from chickens in which RSV-CZ sarcoma tumours had 
regressed. The serum was stored at — 25° ©. (b) Serum 
from a chicken bearing (5) I a Af tumour transferred 
from a mouse as a cell-free homogenate. 

The heat inactivated sera were diluted 1:3 with PBS; 
the virus preparations (supernatants of chick tumour 
homogenates) were used in serial dilutions of from 1: 10 
to 1:8 x 10° with the virus titre in preparation being 
l: 20x 103, 

The neutralization test was carried out by wing-web 
titration in 3 week old chicks of mixtures containing equal 
volumes of serum and diluted virus after they had been 
incubated for 45 min at 37° C. The neutralization indices, 
computed by subtraction of the logarithm of the virus 
titre of the antiserum mixture from the logarithm of the 
virus titre of the control (normal bovine serum) mixture, 
are presented in Table 3. Both sera possess similar 
neutralizing activity for the virus preparation under test. 

The change in the capacity of the Rous virus isolated 
from mouse tumours to induce tumours in suckling and 
adult mice seems to be associated with a change in the viral 
genome and not the viral coat. 

This phenomenon—high oncogenic activity of infected 
non-transformed mouse tissue cultures--might be ex- 
plained by the selection of some variants of viral particles 
from mixed viral populations during their cultivation 
in the embryonic Af mouse cells. The cells infected, and 
later transformed (after being introduced into mice), by 
these selected viral particles might have an advantage over 
the cells infected by other particle variants, which act 
preferably in in vitro transformation. Incomplete Rous 
virus might be more oncogenic for mice than the infectious 
virus, as is known to be the case for polyoma SV40 and 
hybrid SV40 adenovirus 7 (ref. 7). 

Other explanations of this phenomenon are, however, 
possible, 
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Carbonic Anhydrase Activity of Mucosa 
of Small Intestine and Colon 


THERE is evidence that in the small intestine and colon 
of mammals the transport of Cl ions and of HCO, is, to 
a certain extent, interdependent. Thus the movement of 
bicarbonate ions across the small intestine shows some 
dependence on the presence of Cl ions in the lumen, and 
it has been suggested that some Cl ions are absorbed in ex- 
change for bicarbonate ions secreted into the lumen of the 
small intestine and colon'-*. Because a relationship may 
exist therefore between CO, metabolism and ion transport 
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in the intestine, the question of the presence of the 
enzyme carbonic anhydrase (E.C.4.2.1.1) in the intestinal 
tract 1s important. | 

One of the principal ditficulties in assaying tissue car- 
bonic anhydrase is the extreme activity of the enzyme in 
erythrocytes; the presence of even small amounts of 
blood in a tissue may give rise to substantial errors. 
Carbonic anhydrase has been described as present in the 
mucosa of the mammalian duodenum, jejunum and 
ileum’*, but van Goor! stated that it was absent from 
the intestine perfused free of blood. Others have described 
the presence of the enzyme in perfused small intestine. 
Korhonen et al? have prasented histochemical evidence 
that all the epithelial cells of rat small and large intestine 
and caecum contain earbonic anhydrase. According to 
Kuriaki and Magee, the carbonic anhydrase activity per 
unit weight of the mucosa of the “appendix” (? caecum) 
and proximal colon, taken from previously bled rat and 
dogs, is as high as that of the stomach and greater than 
that of the small intestine. 

We report here measurements of the distribution of 
carbonic anhydrase in the gastrointestinal tract taken 
from both perfused and bled animals. The enzyme was 
assayed at 0° C and at a constant pH using a pH-stat 
method!', In this method the velocity of hydration of 
CO, is measured as the rate at which OH ions have to be 
added to 5 ml. of reaction mixture in order to maintain 
the pH constant at 7-40 to + 0-05 units. Tissue was taken 
from animals which had been well bled and also from 
animals which had been perfused with ice-cold heparinized 
saline (150 mM NaCl) through a catheter introduced into 
the thoracic aorta. The intestinal tract was removed and 
rinsed through with ice-cold saline, the segment of 
jejunum, ileum, colon or caecum opened and the mucosa 
gently blotted to remove excess fluid. Mucosal scrapings 
were homogenized in ice-cold CQO,-free distilled water 
(0-2 g in 2-5 ml.) and stored at 2° C. Tissue samples were 
also obtained frorn the gastric fundus and gall bladder. 
Samples of gastric mucosa were taken by plucking the 
mucosa off the underlying muscular layers with a pair of 
curved forceps. The gall bladder was cut into small 
pieces and the whole wall gently homogenized. It was 
possible to rernove most of the smooth muscle as intact 
pieces after this treatment. The assays were undertaken 
within 1-2 days of preparing the homogenate, although 
the activity of a homogenate prepared and stored as 
described remained unchanged for several weeks. Repli- 
cate assays were done on each homogenate. For each 
assay, measurements of the activity were made using at 
least two different amounts of homogenate in the reaction 
vessel, and a correction was made for the rate of the 
uncatalysed hydration reaction at 0° C. A linear relation- 
ship between fhe amount of homogenate, in terms of 
protein, and the enzymatically catalysed rate of hydrolysis 
has always been found. 


Table 1, CARBONIC ANHYDRASE ACTIVITY OF TISSUES OF PERFUSED ANIMALS 


isuinea-pig Hamster Rat 
Jejunumi 09+ (5) 28+ 1 (3) 564 7 (5) 
lleum 116+ 15 (5) Tis 23) 202 3 (5) 
Proximal colon 1,470 = 390 (5) 401+ 68) 1,220 + 190 (5) 
Caecum a30 + 61 (4) 10104188 (B) me 
Stomach 1,100 + 295 (33 508 + 199 (3) 1,130 + 135 (5) 


Gal bladder 625 + 149 (4) 248+ 16 (3) ee 
Whole blood 843 +118 (6) 1,250 + 339 (5) 1,185 + 173 (4) 


Units: nM CO, hydrated s~ mg protein. Values are of means + standard 
error of mean. Number of animals in parentheses. 


The results obtained with the various tissues from 
perfused animals are shown in Table |. The enzyme 
activities of the tissues from bled (non-perfused) animals 
were generally similar to those of the perfused tissues. In 
the case of the jejunal mucosa of guinea-pig and rat, the 
enzyme activities of the perfused mucosae were less than 
those of the mucosae from bled animals. As in the stomach. 
there is a very high activity of the enzyme in the mucosae 
of the colon and the caecum. The finding of carbonic 
anhydrase in the gall bladder is of mterest in connexion 
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<- with effects of carbonic anhydrase inhibitors on transport 


processes in the organ’. 

: In the case of the small intestine, the answer to the 
~ question of the presence or absence of carbonic anhydrase 
in the intestinal mucosa depends on the extent of residual 
contamination with blood in the perfused tissue. Thus, 
consider a model tissue containing two sorts of cell. 
Suppose ¢ g of protein is associated with one type of cell 
for which the carbonic anhydrase is of specific activity 
8, units/unit of protein and that b g of protein is associated 
with another type of cell, for which the carbonic anhydrase 
is of specific activity sẹ. Then if b=/.t and s,/s;= R, then 
the apparent specific activity of the enzyme in the whole 
tissue is Sp=s,(1+fR)/(1+f). Hence, if f=0-05, and 
R=10, then sp/s,=49. On the other hand, if f=0-01 
and R = 20, then sp/s;= 1-2. On this basis, if, of the protein 


in the tissue assayed, 1/100 is derived from the blood of 


specific activity 1,000 units per unit of protein, then with 
a mucosal cellular specific activity of about 50 units per 
unit of protein the specific activity for the whole tissue 
would be estimated as 60 units per unit of protein. 

The presence of blood in homogenates of perfused small 
intestine was not detectable spectrophotometrically with 
the alkaline haematin method. We propose as one in- 
terpretation of our findings that the carbonic anhydrase 
found in the small intestinal mucosa of the animals studied 
is confined to certain specific cells and that these cells 
occur only relatively infrequently among the others. 

We thank the Medical Research Council for support. 
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Influence of Efferent Fibres 
on a Receptor 


T Er 7s eer eee hg Pak Jo 
wo types of nerve fibres terminate close to the hair cells 
of lateral line organs, and have been reported as afferent 
and efferent. Evidence for this view has been largely 
derived from electron microscopy':*, and by analogy with 
labyrinthine hair cells? it has been assumed that efferent 
fibres may exert an inhibitory influence on the sensory 
system. Even though afferent and efferent impulse 
traffic has been recorded from lateralis nerves in the South 
African clawed toad‘, recent work suggests that sensory 
activity is not influenced by efferent impulses’. 

Each lateral line “stitch” in Xenopus is typically sup- 
plied by a nerve bundle comprising two afferent myelin- 
ated fibres (8-15u.), two myelinated efferent fibres (3-5y), 
and at least one unmyelinated fibre (0-25-0-8) to which 
an inhibitory role has also been ascribed®. 

The object of this investigation was to examine the 


<> mechanism and significance of the action of myelinated 
_.. efferent fibres. For this purpose a method was devised 
<o whieh enabled controlled electrical stimulation of the small 


efferent fibres in a pithed Xenopus without stimulating at 
<o the same time the afferent and the small unmyelinated 
fibres. This was achieved by delivering a tram of square 
wave pulses to the branch of the vagus which innervates 










Fig. 1. A schematic diagram of the right hand side of a Venepus. The 

skin has been reflected to one side and pinned out revealing the lateralis 

nerves. Only two branches of the vagus nerve have been shown, namely 

the branch innervating the medial lateral row of lateral line organs M, and 

that innervating the dorsal row D. Their relationship to the vague 

ganglion V and the positions of the stimulating S and recording electrodes 
R are shown. 


the dorsal lateral row of ‘‘stiteches’’. In these conditions, 
recording electrodes, placed under the proximal cut end 
of the vagus branch innervating the middle lateral row of 
“stitches” of the same side, reveal a train of efferent comi 
pound action potentials which follow the applied stinnal: 
inal: 1 relationship up to frequencies of about 200/s 
(Fig. 2 (A). Examination of these two branches of the 
vagus nerve shows that they become confluent just before 
entering the vagus ganglion (Fig. 1). By sectioning the 
vagus immediately distal and proximal to the ganglion it 
was established that the trains of stimulating pulses 
caused nerve impulses to travel up one branch of the 
vagus, through the vagus ganglion and down the other 
branch. ‘There is no appreciable delay at the vagus gang- 
lion. It is therefore tentatively suggested that either the 
cell bodies of the efferent nerve cells are present in the 
ganglion and each sends an axon into both of the vagus 
branches. or that the cell bodies are in the medulla and 
each sends out a single axon which bifurcates in the 
ganglion. 

Spontancdus afferent activity was recorded from a single 
lateral line ‘‘stitech” in the dorsal medial row by using a 
preparation schematically drawn in Fig. 1. To obtain this 
preparation a pithed Xenopus was secured to a ‘Perspex’ 
plate and the skin of the dorso-lateral surface of one side 
of the animal was reflected to that side and pinned out 
revealing the lateralis nerves. The preparation was kept 
moist by a Ringer solution containing 115-6 mM/1. NaCl; 
2-0mM/l. KCl, and 2-3mM/I. CaCl,. Bipolar platinum stimu- 
lating electrodes (S, Fig. 1) were slipped under the proximal 
portion of the severed vagus branch innervating the dorsal 
lateral row. A ‘‘stitch’’ was selected in the medial lateral 
row and all lateral line organs in that row both proximal 
and distal to it were denervated. Bipolar recording elec- 
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Fig. 2, Action potentials recorded from a nerve supplying a single lateral line organ of 
Aenopus (upper trace), and stimulating pulse train exciting efferent fibres (lower trace). 
A, Response of efferent fibres alone; B, inhibitory effect of efferents (f, e) on spontaneous 
activity of two afferents (h, 0; C, same preparation in a Ringer solution containing 7-2 mM 
CaCl; D, same preparation in a Ringer solution containing 23 mM CaCl, and 8 mM 
Mgh; #, same preparation in a Ringer solution containing 7-2 mM CaCi, and 15 mg/l, 
of dTC, Note the absence of inhibition in (D) and (E), and the decrease in spontaneous 
Osmotic pressure of the Ringer solution was main- 
The pH and concentration of KC) were 


afferent activity in (C), (D) and (£). 
tained constant by adjusting the NaCl content. 
kept constant at 7-2 and 2 mM/1. respectively. 


trodes (R, Fig. 1) placed under the medial nerve, proximal 
to the “stitch”, recorded spontaneous afferent activity 
exclusively from this organ. 

Spontaneous activity from two afferent units was detec- 
ted. One unit (hk, Fig. 2 (B)) responded by an increase in 
frequency of discharge to headward displacement, while 
the other unit (t) responded to tailward displacement. 
When the small myelinated efferent fibres were stimulated 
by a train of pulses, both afferent units were completely 
inhibited for the duration of the stimulus train, which was 
l s in this case. During longer periods of inhibition the 
spontaneous activity returned after a period of 5 s, but 
even after 10 s it was only a fraction of the resting fre- 
quency. In most preparations inhibition takes some 20 ms 
to become fully effective and inhibition persists for some 
50 ms after the last efferent action potential has reached 
the lateral line organ. Immediately after inhibition there 
is & period of accelerated spontaneous afferent activity. 

In view of these observations, it is worthwhile attempt- 
ing to give reasons for Gérner’s® failure to obtain similar 
results. As in the case of the neuromuscular junction? and 
the inhibitory synapses of cochlear hair cells’, the inhibi- 
tory synapses of lateral line hair cells are dependent on 
calcium for their action. If the preparation is soaked in a 
Ringer solution containing 1-8 mM/l. of CaCl, or less, the 
inhibitory effect is greatly attenuated and ntay not even 
manifest itself. Thus it is ufilikely that Gérner would have 
observed the inhibitory effect because the Ringer he 
specifies contains less than 1-8 mM/L of CaCl,. 

It is interesting to note that while Ca* and Mg++ 
antagonize each other at the lateral line efferent synapse in 
apparently the same way as at the neuromuscular junc- 
tion®, that is, Mgt+ blocks transmission across the 
synapse, they complement each other in reducing the 
resting level of spontaneous activity. This is illustrated 
in Figs. 2C and 2D. The record in 2C was made while 
bathing the preparation in a Ringer solution containing 
7-2 mM/l of CaCl, instead of the normal 23 mM. In 2D, 
the CaCl, was kept at 2-3 mM/L, but 8 mM of MgCl,/l. was 
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substituted for some of the NaCl. Both 
rentin Ringer solutions share the property of 
sepnut reducing spontaneous afferent activity, 
but whereas the inhibitory synapse is 
capable of transmission in a medium con- 
taining 2:3 mM/i. of CaCl, the further 
addition of MgCl, to this medium blocks 
transmission. 

If a Ringer solution containing a high 
concentration of calcium (7-2 mM/I. CaCl,) 
and 15 mg/l. of d-tubocurarine chloride 
(ATC) is pipetted over the lateral line 
“stitch”, the inhibitory effect of the 
efferent fibres becomes reversibly blocked. 
An example of this effect is shown in Fig. 
2H. The site of action of the dTC is not 
yet known; it may possibly have blocked 
conduction in the fine efferent nerve 
endings, or have blocked transmission 
across the synapse itself. This effect 
could be another reason why Gorner failed 
to observe the inhibitory action of the 
efferent fibres, as he immobilized his 
animals by injecting dTC into their 
ventral lymph sacs. 

In conclusion it is possible to attribute 
an mbhibitory role not only to the efferent 
fibres innervating vestibular organs but 
also, in the light of these observations, to 
the lateral line efferent innervation. The 
lateral line efferent system has, however, 
an advantage over the vestibular system 
in that it is superficially located and there- 
fore more accessible for study. 

I thank Dr H. W. Lissmann for his 
help and encouragement. This work 
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Couneil studentship and a Trinity Hall, Cambridge, 
research studentship. 
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N-Acetylcystathionine: a New 
Urinary Amino-acid in Congenital 
Cystathioninuria 


We recently described two children with congenital 
cystathioninuria who enjoy excellent health, and show no 
evidence of neurological or mental disease associated with 
their metabolic disorder’. Chromatography of their urines 
revealed not only eystathionine but also an unidentified 
ninhydrin-positive compound which, together with eysta- 
thionine, disappeared from urine when the children were 
given large doses of pyridoxine. The unknown compound 
appeared to be a thioether, based on its positive reaction 
to the chlorplatinate reagent, its negative reaction to 
cyanide followed by nitroprusside, and its replacernent 
by a different ninhydrin-positive spot on paper chromato- 
grams after urines had first been treated with hydrogen 
peroxide. We have isolated the unusual compound in 
relatively pure form from the urine of each of our patients, 
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and have identified it as N-acetyleystathionine. This 


amino-acid has apparently not previously been en- 


countered in nature. 

Quantities of urine containing 100 mg of creatinine were 
first lyophilized to reduce their volume, and were then 
applied to preparative columns of Dowex 50 x 8, 200-400 
mesh. The ion exchange columns, 45x 2-16 cm, were 
developed with a pH 3-50 pyridine acetate buffer (0-2 M 
in pyridine) at a flow rate of 50 ml./h and a temperature 
of 50° C. Fractions of effluent (10 ml.) were collected, 
and a few drops of each fraction were tested on paper for 
the presence of ninhydrin and chlorplatinate-reactive 
compounds. The unidentified sulphur-containing ninhy- 
drin-positive compound was found to be eluted from the 
preparative columns between 120 and 200 ml. effluent 
volume. Appropriate fractions were then pooled, and the 
volatile buffer was removed under reduced pressure on a 
rotary evaporator. 

The urinary compound was further purified by chroma- 
tography on Whatman No. 3MM paper, first in a mixture 
of pyridine, acetone, ammonium hydroxide and water 
(45: 30:5:20), and then in a mixture of isopropanol, 
formic acid and water (75:12-5: 12-5). The purified 
material contained only trace amounts of other ninhydrin- 
reactive compounds. It co-chromatographed on paper 
with the unknown substance in untreated urine; and on 
the amino-acid analyser, it was eluted as a sharp peak at 
exactly the same time as an unidentified peak observed 
in the original urine specimens. 

A portion of the purified urinary compound was hydro- 
lysed in 6 N hydrochloric acid at 110° C for 16 h. This 
yielded a single ninhydrin-positive substance, which was 
identified as cystathionine by its behaviour both on paper 
chromatography and on the amino-acid analyser. 

The ninhydrin-negative moiety of the hydrolysed urin- 
ary compound was identified as acetic acid. The hydro- 
lysate was first neutralized with potassium hydroxide, 
and the cystathionine and potassium ion were then separ- 
ated by adsorption onto a column of Dowex 50 in the 
hydrogen form. The eluate from the Dowex column 
contained the acidic moiety produced on hydrolysis, 
together with hydrochloric acid. Chloride ions were 
removed by electrolytic desalting, and the acidic moiety 
was then converted to its ethylamine salt by addition of an 
excess of an aqueous solution of ethylamine. The ethyl- 
amine salt was then identified by descending paper chroma- 
tography, followed by visualization of spots on chromato- 
grams with bromeresol green, using the technique of 
Lindqvist and Storgards*. The ethylamine salt of acetic 
acid was easily demonstrated in acid hydrolysates of the 
urinary compound, but not when the unhydrolysed 
compound was similarly treated. = 

N-Acetyleystathionine was then synthesized by con- 
densing homocysteine thiolactone hydrochloride with 
N-acetyldehydroalanine, as described by Sehöberl and 
Tauber?. The synthetic compound and the compound 
isolated from urine were shown to have the same migration 
rates when chromatographed on paper in six different 
solvents. Their behaviour on high voltage paper electro- 
phoresis was identical. When chromatographed on the 
short column (65 em) of an amino-acid analyser (Technicon 
Chromatography Corp.. New York) using the gradient 
buffer elution system recommended for protein hydroly- 
sate analysis’, both the authentic compound and the 
substance isolated from urme were eluted as a sharp peak 
32-34 min after the front, or at about the same point 
that methionine sulphoxide is eluted. These data are 
summarized in Table 1. 

Treatment of synthetic N-acetyleystathionine and of 
the purified urinary compound with Raney nickel in 
each case resulted in production of only one ninhydrin- 
positive substance, a-aminobutyric acid. Approximately 
l umole of N-acetyleystathionine was heated with about 
100 mg of Raney nickel at 110° C for 6 h, and the resulting 
dlesulphurated amino-acids were then identified by chroma- 
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tography on the amino-acid analyser. The appearance of 
a-aminobutyric acid, rather than alanine, after treatment 
with Raney nickel indicates that of the two possible 


isomers of N-acetyleystathionine, the urinary compound — 


was S-(8-N-acetyl-8-carboxyethyl)-homocysteine 


HOOC-—-CH(NH,)--CH,--CH,--S--CH, — 
CH(NHCOCH,)--COOH 


A girl aged 8 with cystathioninuria excreted 1,040— 
1,545 umoles of cystathionine, and 443-474 umoles of 
N-acetyleystathionine every 24 b. Her brother aged 2 
excreted 572-627 umoles of cystathionine, and 134-246 
umoles of N-acetyleystathionine every 24 h. The chid- 
ren’s parents, who are heterozygous for the abnormal gene 
causing cystathioninuria, exhibited normal urinary amino- 
acid chromatograms when they consumed a normal diet. 
When given an oral load of L-methionine, however, they 
excreted abnormally large amounts of cystathionine’, as 
well as smaller amounts of N-acetyleystathionine. 


Table 1. PROPERTIES OF AUTHENTIC CYSTATHIONINE AND N-ACEPYLOYSTA- 


THIONINE AND OF THE URINARY COMPOUND 


Authentic Authentic _ Compound 

Property cysta- N -acetyl isolated from 
thionine cystathionine urine 
PAA 0-12 0-29 O29 
IF 0-08 6-46 0-46 
‘iy. BuAc 0-09 0-27 0-25 
Renin ys 0-08 0-08 0-08 
| MBF 0-13 0-O4 Qm 
ANF 0-04 is 17 


Electrophoretic mobility t ~42 cm +42 orn 
Emergence of peak on amino- 


acid analyser chromato- 


gram 7 157-162 min 32-34 min 32-34 min 
Hydrolysis in 6 N HCI Cystathionine Cysevativonine 
Acetic acid Acetic acid 
Ninhydrin-positive com- 
pounds after treatment 
with Raney nickel a-Aming- a-Aming- t- ATO 
butyric acid butyric acid butyric acid 
Alanine 


* Solvents used in paper chromatography were: PAA » pyridine-acetone- 
ammonium hydroxide—water (45: 30:5: 20), LP = isopropanol- forniet achki- 
water (75:1253 12-5); BuAc =n-butanol-acetie acid-water 120525); TA = 
isopropanol-ammonium hydroxide-water (8 : 1 : I; MBF = S-methyl-3- 
butyn-2-ol-formic acid-water (75 : 5: 20); ANF = acetonitrile—formic acid~ 
water (80:2: 18). . 

+ Electrophoresis was carried out in pH 43 pyridine acetate buffer, 0-3 M 
in pyridine, for 1-5 hat 1-5 kV (29 Vem). + Indicates migration cowards the 
anode, and — towards the cathode. . . 

Technicon amino-acid analyser, 65 cm column, developed with gradient 
buffer elution system recommended for protein hydrolysates*. Times repre- 
sent minutes after emergence of the front. 


In congenital cystathioninuria, the apoenzyme cystathi- 
onase fails to bind its coenzyme pyridoxal phosphate 
normally’, and as a result, cystathionine accumulates 
in tissues and blood and is excreted in the urine. When 
this happens, part of the cystathionine must be acetylated 
on the amino group originally derived from serine. 
Presumably acetyl-coenzyme A is the acylating agent, 
and the enzyme involved is the same as or similar to the 
enzymes which form N-acetylaspartic and N-acetyl- 
glutamic acids in mammals®, 
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Menstrual Function and Pregnancy 
in Narcotics Addicts treated 
with Methadone 


CHRONIC opiate addiction in women is generally con- 
sidered to be associated with amenorrhoea, anovulation 
and infertility!, but the number of observed pregnancies 
in drug addicts, as well as case reports of pregnancy in 
women with chronic addiction? *, casts doubt on this 
belief. The irregular life of these women and the clouded 
sensorium make it difficult to define the effects of opiates 
on the hormonal state, A unique opportunity to observe 
gynaecic function in women maintained on large doses of 
a narcotic drug under close medical supervision was 
provided by the methadone maintenance treatment pro- 
gramme‘, ‘This is a programme for the voluntary rehabili- 
tation of the “hard core” addict. The patients are given 
gradually mereasing doses of methadone to induce a state 
of tolerance and then are maintained on a constant dose 
of 60-120 mg/day. It is thought that such large doses 
induce ‘narcotice blockade’, so that heroin becomes 
neither necessary nor desirable and the addict can return 
to a normal, useful hfe’. 

During the past 2 yr seventy-six women have been 
admitted to this methadone maintenance treatment. 
programme. While on heroin before starting the pro- 
gramme, fifty of these women stated that they were 
amenorrhoeic or menstruating infrequently ; sixteen stated 
that their menses were normal. Thirteen women left the 
programme for various reasons, so that sixty-three women 
have been observed. Four of these women have had 
previous hysterectomies and five were post-menopausal, 
leaving fifty-four women with menstrual function. Forty- 
three of these women began to menstruate regularly after 
the institution of methadone maintenance, usually within 
1-2 months, Eight women have become pregnant (Table 1). 


Table i. DISTRIBUTION OF PATIENTS 
Number of patients originally on the programme 786 


Number of patients continuing on the programme 63 
Number of previous hysterectomies 4 
Number of post-menopausal patients 5 
Number of women of childbearing age . 54 
Number of women who began to menstruate regularly 43 
Number of pregnancies 8 
Infertility study 1 


The women who became pregnant were all between 
24 and 36 yr old. All of them were multiparous. Each 
had previously had one or more living children and 
several abortions. The interval between the present 
pregnancy and last previous pregnancy (including abor- 
tions) varied from 3 to 9 yr. Pregnaney occurred from 
2 to 18 months after the institution of methadone main- 
tenance therapy in seven of the eight patients. In one 
patient, because of the urgent need for therapy, metha- 
done maintenance was begun when she was 3 months 
pregnant. 

Each of these patients received from 60 to 120 mg of 
methadone daily, before, during and after the pregnancy. 
In the beginning, because of the fear of the possible 
teratogenic effect of methadone, an attempt was made to 
reduce the dose, but this proved to be unsatisfactory. At 
present the methadone maintenance dose is continued at 
the same level as that neceSsary before pregnancy. The 
antepartum course on all patients Was uneventful with 
no toxaemia or undue gain in weight. One patient with 
a positive serology was treated with penicillin. 

Of the eight pregnant women, one has not yet been 
delivered; five delivered normal children—four by easy 
vaginal delivery and one by repeat caesarean section. 
One pregnancy ended in abortion, and one in intrapartum 
death secondary to strangulation by the umbilical cord. 
Autopsies performed on each foetus disclosed no evidence 
of congenital malformation, and death could not be related 
to methadone therapy. 

Of the five living children, all had Apgar scores of nine 
or ten at birth. Four of the babies weighed more than 
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2,800 g, and one weighed 1,260 g. This is in striking 
contrast to the low weights at birth of infants delivered 
to mothers who are actively addicted to heroin. There 
was minimal evidence of “withdrawal syndrome” in the 
infants, and no active therapy was required for any child. 
AH went home after observation for 10 days. No con- 
genital abnormalities were noted. The children now range 
in age from 2 to 12 months, are at home with their families 
and seem normal in every way. 
GEORGE BLINICK 

Department of Obstetries and Gynecology, 
Beth Israel Medical Center, 
New York, 
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Definition and Quantitation in Ecology 


AUSTIN', in commenting on my communication?, has 
provided an example of the problems which arise in justify- 
ing a non-quantitative epproach to a subject such as 
ecology. Austin attaches significance to an imprecision 
of definition in my examination of the relationships among 
functional properties of Californian grasslands, and con- 
cludes “more adequate definitions are necessary before 
McNaughton’s suggestions . ean profitably be exam- 
ined”. A critical examination of this proposition shows 
it to be erroneous. A summary of the data required by 
such an examination is included (Table 1). 


Table 1. SUMMARY OF DaTA ON CALIFORNIAN GRASSLANDS 


Produc- 
Biomasa tivity Na. of a Di D Corrected 
(g/m) (g/m*/yr) species DI 
189 122 16 3°25 52:5 OSIS 19-2 
216 53 11 2-17 60-6 0-553 37-1 
150 92 1} 217 53:7 0-488 30-2 
205 146 13 2-50 67-6 0-839 40-1 
399 316 7 1-30 TOS 0-767 64-5 
326 306 8 1-08 BS-9 GRAZ 68-4 
442 219 ii >17 63-0 0-661 40-4 
257 6: 10 OS 80-7 0-508 39-2 


The first point in Austin’s criticism is that my defini- 
tions are insufficient. An alternative definition widely 
circulated in the literature and often employed in estimat- 
ing diversity is Margalef’s? approximation of biotic 
diversity 


where S is number of species and N is number of in- 
dividuals in the sample. All the definitions of diversity 
in the literature with whieh I am familiar? are some 
variation of this, relating the number of individuals in 
the sample to the distribution of individuals among the 
species. So long as N is constant, as it is in the grassland 
samples, da S, and the regression of d on number of 
species documents this relationship (r= 0-997; 0-001 > P). 
So, although “species number is not usually equated 
with diversity'”’, there is no reason, in this case, not to do 
so. As Whittaker has pointed out®, definitions of diversity 
such as those of MacArthur! incorporating an importance 
estimate are really expressions of concentration of domin- 
ance, 
Austin proposes a definition of dominance 


X.S 
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where X is standing crop of species X, C is the total 
tanding crop, and S is as before. Because my dominance 
“index was based on the two most important species in the 
stand, a slight modification of Austin’s index is required 
to make it comparable. That is, X is redefined as the 
standing crop of the two top species on the dominance~ 
diversity curve’. In this modification S>3 while in the 
original definition S22. The modification seems not 
unreasonable, for the original definition would seriously 
under-represent dominance in the shared dominance com- 
munity’. The regression of Austin’s redefined D on my 
estimate of dominance shows that the estimates are 
equivalent (r= 0-947; 0-001> P). 

The second point in Austin’s criticism is that im- 
precision of definition makes the examination of relation- 
ships I presented “unprofitable”. The first relationship 
which I tested, derived from Margalef’s model’, was 
between dominance and diversity. I found them to 
be inversely associated (r= — 0-842; 0-01>P). Using 
Margalef’s d and Austin’s D, I find dominance and diver- 
sity inversely related (r= — 0-813; 0-02 > P). 

The second significant relationship defined in the pre- 
vious paper was a positive association between dominance 
and productivity (r=0-852; 0-01>P). The regression 
of Austin’s D on productivity gives r= 0-729 (0-05 > P). 

Up to this point I have accepted Austin’s argument 
that “percentage composition is not logically independent 
of species number” and used other definitions of domin- 
ance and diversity to indicate the flexibility of the model 
in accepting variations in definitions of those terms. This 
statement of interdependence between dominance and 
diversity, and the functional recognition of it in the 
incorporation of a diversity term in the dominance index, 
as Austin does, however, indicates a serious misunder- 
standing of the proposition which I proposed to test in 
the previous communication. The tenets of the model 
are (Fig. 1): (1) suppose the niche space® of all the species 
in the community is represented as an area, with the area 
occupied by each species proportional to its share of the 
total niche space; (2) suppose that the niche space 
occupied by each species is proportional to the tendency 
for that species to immobilize community resources® (that 
is, that biomass = community control, importance, or, 
if you will, dominance); then increasing species diversity 
in the community may result in alternative effects; 
(3) partition of the biomass of all species, including the 
dominants, among the additional species (alternative a, 
Fig. 1); or (4) partition of the biomass of only the sub- 
ordinate species among the additional species (alternative 
b, Fig. 1). These alternatives describe two quite different 
types of models for diversification and demonstrate that 
percentage composition is logically indepegdent of species 
number. Implicit in Austin’s statement that “percentage 
composition is not logically independent of species 
number” was an acceptance of alternative a as the only 
correct diversification model. Austin made the error of 
presupposing, in his definition of dominance, a certain 
distribution of abundance in the community. My defini- 
tion makes no such assumption. In fact, using my defini- 
tions of dominance and diversity, or d if N is variable, 
it is possible to detect the third alternative model of 
diversification effect, that diversification would result in 
increasing pre-emption of niche space by the dominants 
(alternative c in Fig. 1). In this case, the regression of 
number of species on percentage of biomass in the top 
species on the dominance-diversity curve would be 
positive. 

Austin’s argument that the species number sets the 
minimum value of the dominant’s percentage is correct. 
If, however, the slope between percentage composition 
(DI) and number of species is generated by this minimum 
value, subtracting the minimum value from DI should 
produce a flat (or non-significant) relationship between 
dominance and diversity. The regression of the “‘cor- 
rected” DI on Margalef’s d gives r= — 0-936 (0-001 > P). 
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Fig. 1. Diagrammatic representation of alternative models of the 
effect of diversification on distribution of dominance with diagram 
area equivalent to niche space occupied by the species. 4, Pnecreasimix 
diversity decreases the niche space of all species; b, increasing diversity 
does not affect the niche space of the dominanta; e, increasing diversity 
increases the niche space of the dominants at the expense of the 
subordinate species; D, niche space of dominants. 





This indicates that the dominance-diversity relationship 
is independent of the slope generated by definitional 
interdependence. | l 

While it is clear that adequacy of definitions is Im- 
portant in defining meaningful relationships in ecology. 
or any science, Austin’s viewpoint, that current definitions 
are so erroneous as to make the collection of data futile, 
is likely to be severely contraproductive. I subnut that 
not “more adequate definitions’, but more hard data, 
“are necessary (so that) suggestions regarding the relation- 
ships between the functional properties, species number 
and dominance, and between productivity and domm- 
ance, can profitably be examined”?. | 

I thank L. L. Wolf for helpful discussion of the ideas 
presented here. 

S. J. MCNAUGHTON 

Biological Research Laboratories, 
Syracuse University, 
Syracuse, New York. 
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Hygroscopic Food: a Source of Water 
for Desert Antelopes ? 


Oryx (Oryx beisa) and Grant's gazelle (Gazella granit) 
survive droughts in hot semi-deserts, apparently without 
drinking. Zebu cattle (Bos indicus), however, must drink 
frequently to survive. The actual water requirements of 
the three species are 2-4 per cent of their body weight 
per day'. “All eat dry food, which at mid-day contains 
only 1 per cent free water. Where do the antelopes get the 
water they require? Schmidt-Nielsen? suggested that 
hygroscopic plants might be an important source of water 
for nocturnal animals. I collected plants which were eaten 
by antelopes during a drought, determined the rate at 
which the dry leaves gain water at temperatures and 
humidities measured during the drought, and calculated 
the amount of water available to the antelopes if they 
feed at night. 

Observations of food selection by oryx and Grant's 
gazelle, and measurements of temperature and humidity, 
were made during a severe drought in September 1965 
on the El Barta plains in the Northern Frontier Province 
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Fig. 1. Leaves of Disperma sp. were dried to a constant weight in an 


oven at 110° C and placed at 17° C, 85 per cent relative humidity, 23° C, 

30 per cent relative humidity, and 40° C, 17 per cent relative humidity, 

The figure demonstrates the hygroscopic nature of these leaves and the 

length of time required for equilibration in each condition. Leaves 

which had not been oven dried equilibrated at the same moisture 
contents as those represented in the figure. 


of Kenya. The local cattle, herded by nomadic tribesmen, 
were absent and thousands of carcasses testified to the 
severity of the drought. Oryx and Grant’s gazelle were 
followed for 4 days and they apparently did not drink. 
The plants they were eating were identified by observa- 
tion with binoculars, and samples were collected and 
returned to the laboratory for identification and de- 
termination of calorie value. The animals ate primarily 
a dry shrub, Disperma sp., which is the predominant 
plant in this area. Disperma has a high ash content 
(27-7 per cent) and a low caloric value (3-14 kealories/g). 
The crude protein content was 13 per cent of the dry 
weight. The maximum observed air temperature in shade 
was 41:8°C. Temperature and relative humidity (RH) 
at night, measured at 3 h intervals during 4 nights 
between 19.00 and 07.00 h, were averaged, giving 16-5° C 
and 85 per cent RH. 

Samples of Disperma were dried at 110° C until constant 
weight. They were then placed in three environments: 
17° C, 85 per cent RH; 23°C, 39 per cent RH; and 
40° C, 17 per cent RH. Fig. 1 shows the increase in 
moisture content of these samples with time. The samples 
at 17° C, 85 per cent RH (approximately the same con- 
ditions as the average night temperatures), equilibrated 
in 10 h and then contained 72g of H,O/100 g of dry 
matter (42 per cent water); samples at 23° C, 39 per cent 
RH, equilibrated in 2 h and contained 11 g of H,O0/100 g 
of dry matter (10 per cent water): and the samples at 
40° C, 17 per cent RH, equilibrated in 2 h and contained 
2 g of H,0/100 g of dry matter (2 per cent water). Leaves 
which had not been oven dried equilibrated at the same 
moisture contents. 7 

Oryx and Grant’s gazelle, by adjusting the time of 
feeding to evening, night and early morning, would be 
able to take in food containing much free water. During 
che 12 h between 19.00 and 07.00 h the food would prob- 
ably contain an average of about 43g of H,O/100 g of 
dry matter (30 per cent water). Table 1 gives the amounts 
of water required by these animals (a) in a constant 
environment of 22°C or (b) with a periodic heat load of 
12 h/day at 40°C. Table 1 also gives the amount of 
preformed and metabolic water which they would obtain 
from eating Disperma containing 20 per cent, 30 per cent 
and 40 per cent water. It is obvious that the hygroscopic 
nature of the food of the oryx and Grant’s gazelle could 
offer an important souree of water to these animals. 
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Table 1. COMPARISON OF WATER REQUIREMENT AND WATER AVAILABLE 
TO ANTELOPE FEEDING ON Disperma 
Mimmum water Preformed and metabolic water 
requirements availabic from eating 
(1./100 kg body wt/day) Disperma sp. containing: 
22°C 23° 46° E 20% 30 40% 
water water water 
ates 1-88 3°66 1-81 2-47 3°44 
rant’s HÖR we > ¢ z Pi EA i 
gazelle 2-08 BSE 2-30 3°10 4-12 


Daily minimum requirement determined at constant moderate tempera- 
ture (22°C) and at 12 h heat load (40° C) alternating with 12 h moderate 
temperature (22° C). Calculations of water intake based on twice fasting 
metabolic rate (oryx-——~6 |. of O./kg/day: Grant’s gazelle--7 L of O./kg/day), 
50 per cent digestibility of feed, 4-3 kealories/!. of O, and 0:54 g of metabolic 
water/g of digested dry matter. 


Table 1 shows that, by eating predominantly at night, 
oryx and Grant’s gazelle would be nearly independent of 
surface water, 

At first it seems curious that local zebu cattle do not 
survive the droughts, for they require similar amounts of 
water, but cattle are unable to take advantage of the moist 
food at night because they are kept in enclosures to protect 
them from cattle raiders. It would be interesting to 
determine the time spent feeding at night by oryx and 
Grant's gazelle during a drought, and thereby find how 
effectively these animals exploit the hygroscopic nature 
of their food. 

This work was supported by a grant from the National 
Institutes of Health, US Public Health Service. I thank 
Mr H. R. Binns and Mr M. L. Burdin for providing space, 
facilities and staff and for supporting this project. I also 
thank Dr Andrew Agnew for identifying the plants and 
Dr Alan Rogerson for determining the caloric value and 
protein content of the plants. 
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Detection of the Scrapie Agent in 
Tissues of "Normal Mice 


Pattison and Jones! suggested that the scrapie agent is 
present in normal tissues and “unmasked” in the patho- 
genesis of the scrapie lesions, and this is at first sight 
attractive. If it is accepted that the lesions of scrapie 
can on occasion be induced by the inoculation of normal 
tissues. even with the irregularity described, one is 
reminded of the early history of experimental allergie 
encephalomyelitis before the use of adjuvants®. The fact 
that the phenomenon is not regularly reproducible is not 
by itself conclusive. It should be emphasized, however, 
that there is no evidence that experimental scrapie is 
influenced by the addition of adjuvants to the inocula?-4, 

The authors recognize one other possible explanation 
of the results and that is the presence of a “low-grade” 
scrapie infection in their mice, but they simply state, 
without giving their reasons, that they do not subscribe 
to this view. Such a serapie infection in mice could 
influence the results whether it occurred in the recipients 
or the donors of the “normal” tissues. 

In the case of recipients in which the injection of normal 
material gave rise to the disease, the incubation periods 
cited were shorter than those reported to be required for 
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disease to develop as a result of contact transmissions 
between mice held in the same cages as affected mice*-’. 

“Furthermore, these periods were considerably shorter 
than those required in the single recorded example of the 
spread of the infection to uninoculated control mice housed 
in the same room, but in separate cages from mice with 
scrapie’. The fact that it is possible to carry out repro- 
ducible titrations of infectivity in mice kept in such condi- 
tions also implies that cage to cage transmission has not 
in the past been an important source of confusion over 
the normal duration of such experiments®-?. No cases of 
scrapie were observed in a large series of experiments in 
which mice inoculated with normal materials were maim- 
tained in the same room as mice affected with scrapie’. 
Although it is not explicitly stated, if it is assumed that 
the mice injected with fractionated normal materials in 
which scrapie has now occurred were kept in the same 
conditions, such a change in pattern might reflect a 
build-up in the level of contamination in the environment 
which has taken place progressively over the years and 
thus was not evident in the earlier series. 

In relation to the donors of the “normal” tissues it 
could be argued that the chance of encountering “low- 
grade” scrapie increases with the age of the animals 
concerned as previously reported indirect contact trans- 
mission showed very prolonged periods of incubation®. 
This is of some importance because resemblances between 
the lesions seen in old age, kuru, scrapie and multiple 
sclerosis have stimulated speculation on the possibility 
of common underlying factors in these processes’. 
Information about the age of the donors and whether they 
were maintained in a separate animal house before being 
used in these experiments is clearly relevant and it would 
also be of interest if their brains have been histologically 
examined. If undetected scrapie were the explanation it 
is difficult to understand why unfractionated inocula 
should fail to produce the disease, for it has been shown on 
a number of occasions that simple extracts of tissues of 
mice injected with scrapie and collected at intervals 
before clinical and pathological signs developed are 
capable of inducing the disease". 

The results are quoted as indicating that with one 
exception unfractionated tissue inocula prepared from 
normal mice did not produce scrapie whereas inocula 
prepared from normal tissues subjected to various frac- 
tionation procedures did sometimes do so. The authors 
suggest that this may be related to the release of the agent 
by the techniques used to break cells, the irregularity of 
the observed results being attributed to the relative 
inefficiency of these procedures. It is not clear except 
in the case of the experiment with tumours whether the 
fractionation procedures were applied to the same pools 
of normal tissue from which simple extracts had been 
shown to fail to produce the disease. Even if this were so, 
there is an alternative explanation. The possibility of 
accidental contamination increases directly with the 
number of steps used in preparing the inoculum. In 
experiments with known viral agents, if a similar propor- 
tion of norrnal control materials had been shown to elicit 
disease, the possibility of such contamination would be one 
of the first to be considered. Attention would be directed 
particularly to the use of techniques such as lyophiliz- 
ation!!, which by their nature involve a high risk of acci- 
dental contamination. In view of what is known about the 
resistance of the scrapie agent to physical and chemical 
agencies, the requirements for work with this agent in the 
laboratory must be at least as stringent as those customary 
with more conventional agents. It is, perhaps, pertinent 
to this discussion that when the technique of dialysis was 
modified to reduce the chances of contamination, attempts 
to show dialysability of the scrapie agent were uniformly 
negative’ as opposed to earlier work which apparently 
showed it to be irregularly dialysable?®. 

The need for the confirmation of the work with normal 
mouse tissues is evident to the authors, but it must be 
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clear from the present communication that there is a 
further requirement which is that such work must be 
carried out in laboratories where there is no possibility 


that known strains of scrapie have been used in the past, 
and using mice from colonies which have not previously 
been exposed to the experimental disease. This require- 


ment has been clearly expressed in previous publications 
relating to similar problems'?!*. It can be readily appre- 
ciated that there may be difficulty in initiating such con- 
firmatory work when it involves the introduction of 
disseminated sclerosis, kuru or even known serapie 
material into mouse colonies of the type described above, 
but there are no apparent reasons for the failure to do so 
with normal mouse tissues in view of the wide implications 
of this work. 

Despite the manifest difficulties of the subject there is a 
considerable body of evidence attesting to the infectious 
behaviour of the scrapie agent whatever its chemical 
nature may finally prove to be!. This view is based on 
results which have been shown to be regularly reproducible 
and has formed a framework of reference for most of the 
work to date. To discard all this in favour of a tenuous 
hypothesis which is based on results which are not only 
erratic but clearly require confirmation would be unwise. 


J. M. K. MACKAY 
Moredun Research Institute, 
Edinburgh. 
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Antiserum for Tomato Spotted Wilt 
Virus 


Tomato spogted wilt virus (TSWV) is characterized by its 
marked instability in vitro. A reflexion of this situation 
is the fact that there are no reports in the literature on 
the production of an active antigen preparation and of an 
antiserum for TSWV. In addition, Matthews’? points to 
a personal communication by Bawden, according to whom 
TSWV is among those viruses giving negative results in 
serological tests. 

In our attempts to prepare an antiserum, this extreme 
instability of TSWV was our primary concern. Although 
the particles of many plant viruses may retain their gross 
morphology intact while still losing their infectivity, as 
Black et al.? suggested, TSWV particles may disrupt in the 
process of inactivation and thereby become non-infective. 
Many authors agree that it is reasonable to suppose that 
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immunodiffusion tests with TSWV antiserum (after 


l and 2, 
incubation for 6 days), The wells contain: (1) TSWV antiserum prepared 
with heated antigen; (2) normal serum; (3) expressed sup from N. 


Figs. 


rustica plants systemically infected with TSWV: 
healthy N. rustica plants. 


(4) expressed sap from 


in order to function as an antigen a molecule should 
possess astablestructure. Wethought that arather high tem- 
perature might possibly give to TSWV denatured protein 
a fixed configuration which might preserve its capacity 
for eliciting the formation of antibodies active against 
the virus. Whether or not the resultant antiserum might 
be of any real value could easily be tested experimentally. 

Our source of virus was systemically invaded leaves 
ot Nicotiana rustica L. (ref. 2), which had been inoculated 
with an isolate of TSWV obtained from naturally infected 
tomato plants in Mendoza, Argentina. Serial transfers 
were performed on N. rustica by dusting the youngest 
fully expanded leaf with carborundum and rubbing with 
an extract prepared by macerating systemically invaded 
tissue from a previously infected N. rustica host. After 
11-14 days, the tops of the plants were excised just 
above the inoculated leaf, and then ground in a mortar 
having added, before grinding, 0-0063 g of powdered 
sodium sulphite/g of fresh material. The extraction was 
performed at about 2° C. The extract was pressed through 
cheesecloth and the crude plant sap obtained was heated 
at 70° C for 10 min, with constant homogenization. 

A dose of 1-5 ml. of the extract thus treated was emul- 
sified with an equal volume of Bacto Freund;s complete 
adjuvant, and injected intgamuscularly into a rabbit. 
The serum obtained 40 days later wae tested using the gel 
immunodiffusion technique on plates, with negative 
results. At this time, a second stimulus was given in the 
ferm of two additional doses of antigen prepared in the 
same manner, one in each of the hind legs of the animal. 

The serum obtained 18 days later was assayed by the 
Ouchterlony agar double diffusion technique. The gel was 
prepared by dissolving 7 g Bacto agar (Difco), 2 g of 
sodium azide and 8-5 g NaCl in 1,000 ml. of phosphate 
buffer (monopotassium and disodium salts), 0-01 M, 
pH 7-2. The Petri dishes were kept at about 2° C. The 
antigens tested simply consisted of the expressed sap 
from fresh leaves obtained from both healthy and sys- 
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temically infected N. rustica plants which had been 
inoculated with TSWV 11-14 days before. The results— 
already visible 4 days later—clearly showed the formation 
of a specific precipitation line in addition to the pre- 
cipitation line corresponding to normal plant proteins 
(Figs. 1 and 2). Similar results were obtained using as 
antigen the sap from systemically invaded leaves of 
Nicotiana glutinosa L. and Lycopersicon esculentum Mill. 
var. ‘Roma’. 

Preparations of both tobacco mosaic and tomato bushy 
stunt viruses failed to react with the heterologous TSWV 
antiserum, while a positive reaction with homologous 
antisera for each virus was obtained. In addition. a 
reaction of identity was observed between normal plant 
proteins of different hosts (Nicotiana tabacum L. var. 
‘Sansum’, L. esculentum Mill. var. ‘Roma’. N. glutinosa, N. 
rustica) vis-à-vis with TSWV antiserum. 

Using the gel precipitin tests, serial dilutions of TSWV 
antiserum and undiluted sap samples from fresh leaves 
of healthy and systemically infected N. rustica plants 
(11-14 days after inoculation), the limiting dilution for 
the reacting antiserum was determined as 1/10 and 1/6 
against TSWV antigen and normal plant components, 
respectively. The last value was exactly the same for 
both healthy and infected plants. 

A similar antiserum obtained with unheated ant igen 
failed to give a positive serological response to TSWV 
antigens. 

It would be useful to know the degree of specificity of 
the antiserum and the most suitable temperature for 
denaturation. Our work is being continued at present 
with a view to improving the titre of the serum by using 
partly purified virus preparations. 

We have been unable to find any reference to this 
technique for the production of plant virus antisera, and 
hope that the method will be of value for similar studies 
with other unstable viruses. It would be interesting to 
know whether antisera obtained with the procedure 
described could be used in routine serological diagnosis 
and also in the comparative study of the different virus 
strains. 


J. M. FELDMAN 
J. A. BONINSEGNA 


Department of Plant Pathology, 
Facultad de Ciencias Agrarias, 
Universidad Nacional de Cuyo, 
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Mendoza, Argentina. 
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Transplantation Antigens from Human 
Spleens 


Ir has already been shown that soluble material can be 
obtained from human spleens which specifically inhibits 
lymphoeytotoxic human isoantisera directed against 
transplantation antigens of the HL-A system'*. The 
method used in these experiments was based on one 
which had proved successful in the preparation of mouse 
H-2 transplantation antigens’, and involved the autolysis 
of crude spleen cell membranes. We have continued our 
studies of human H antigens by investigating whether 
proteolytic enzymes can release specifically active soluble 
material from crude human spleen cell membranes. This 
communication describes the use of papain in liberating 
soluble material and gives details of specificity tests 
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-earried out on the enzyme-liberated products. It was 
ound that unseparated material liberated by enzyme 


digestion showed considerable non-specific inhibition. 


Material of high specific activity, however, was obtainable 
by further purification using ion-exchange chromato- 
graphy. 

Tests for inhibitory activity of the various preparations 
against well characterized cytotoxic antisera were carried 
out as previously described}. Briefly, the test consists of 
measuring the capacity of a preparation to inhibit the 
eytotoxie action of a standard amount of antiserum. In 
the present experiments one unit of inhibitor is defined 
as that amount which causes a 20 per cent reduction of 
lysis in standard test conditions. 

Because activated papain can destroy gamma globulin, 
the enzyme can be expected to function as a non-specific 
inhibitor of lymphocytotoxic sera. Fig. 1 shows that this 
expectation is correct. Nor does the addition of iodo- 
acetate in the usual amounts used as an enzyme poison 
completely prevent inhibition, as Fig. 1 also shows. We 
feel that the addition of enzyme poisons is undesirable in 
principle because it may interfere with subsequent steps 
in analysis or purification. For these reasons use has been 
made of insoluble papain! to study the kinetics of the 
release of sero-inhibitory material. All proteolytic 
activity of the insoluble papain could be removed, after 
digestion, by centrifugation. 


Table 1. INHIBITORY ACTIVITY OF PRODUCTS FROM SPLEEN NO, 44 (ANTIGENS 
i—-, 2-—, 5+) 
Dilution of inhibitor 
causing 20% reduction 
in lysis by a standard. 


Fraction amount of antiserum Vol. SR Units 
AntiS Antil.2 (mhl) 
Crude spleen cell membranes 6,120 1,460 50 4-2 P-R x 108 
Soluble products obtained by 
papain digestion 1,600 244 10 6-6 bixi 
Active fractions eluted from 
DEAE column 2,480 33 5 76 1-1 x 16° 


SR, specificity ratio = column 2/column 3, that is specific antiserum /non- 
specific antiserum. 
Units = tetal inhibitory activity minus non-specific activity. 


Fig. 2 illustrates the release of soluble inhibitory 
material from the insoluble membrane preparation by 
digestion with insoluble papain. In this experiment the 
kinetics of inhibitor release were being examined, and the 
specificity of inhibitor released was not quantitatively 
studied. It should be pointed out that there is consider- 
able variation in the amounts of inhibitors released by 
different spleens when digested with papain. 

The results of quantitative tests for specific and non- 
specific activity performed on samples from another 
spleen are shown in Table 1. Data from © further stage 
in purification—namely, ion-exchange chromatography 
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Fig. 1. Papain inhibition of cytolysis by antiserum Gill 67 (dilution 
1:2). x, Papain only (0-5 mg/ml); @, papain plus neutralized lodo- 
acetic acid (0-01 M). 
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Fig. 2. Release of soluble inhibitory activity from spleen cell membranes 
using insoluble papain. Spleen donor No, %. 


on diethylaminoethyl (DEAE) cellulose—are included in 
Table 1. 

The following points in Table 1 should be noted. The 
spleen donor, No. 44, was known to possess antigen 6 and 
lack antigens 1 and 2. Crude starting product and soluble 
digested material before chromatography showed sub- 
stantial inhibition of anti 1, 2 serum. Inhibition of anti 4 
was stronger by factors of 4-2 and 6-6 respectively. The 
ratio of these inhibitions is a measure of the true speci- 
ficity of the material and we regard this “specificity 
ratio” as being of the utmost importance. Unless the 
contributions of specific and non-specific components are 
known, quantitation of any active material is bound to 
be misleading. Soluble material has been obtained in 
which non-specific activity contributes more than 30 per 
cent of the total inhibition measured. It is also evident 
that soluble material obtained following papain digestion 
has a specificity ratio essentially the same as that of the 
starting product. After chromatography on DEAE, 
however, the specificity ratio increases more than ten- 
fold and material with negligible non-specific activity is 
obtained. 

Specific inhibitor of high activity could be obtained by 
chromatography on DEAE columns, and so it seemed 
likely that soluble papain could be used for digestion and 
that the enzyme could be separated afterwards from 
specific inhibitors by ion exchange chromatography. This 
expectation has proved to be correct. In one typical 
experiment spleen cell membrane (300 mg of protein) was 
digested with 15 mg of soluble papain in 30 mil. of solution 
which was 5 mM in cysteine. Digestion was carried out 
for 4 h at 37° C, and then the mixture was centrifuged 
at 100,000g for 1 h. The supernate was removed, con- 
centrated by pressure filtration, and dialysed against 
0-005 M tris phosphate buffer, pH 8. This material was 
applied to a column of DEAE (30x 1-6 cm) equilibrated 
with the same buffer, and a concave gradient elution was 
performed using 0-5 M tris phosphate, pH 4:5, m the 
reservoir chamber. Fractions of 10-12 mi. were cob 
lected. Fig. 3 illustrates the results obtained. Te can be 
seen that papain was eluted in fractions 2-6, whereas 
specific inhibitory activity was eluted in fractions 28-30. 

These experiments show that both specific and non- 
specifie mhibitors of eytotoxié HL-A antisera are released 
by digestion of insdluble spleen cell membranes with 
papain. Further purification of specific inhibitors can be 
achieved by ion-exchange chromatography on DEAE. A 
recent report has described release of inhibitory material 
from cultured leukaemic cells usmg soluble papain, but 
unequivocal data on the specificity of the released material 
were not presented’. In our experience rigorous tests for 
specificity are important, particularly at the stages of 
purification before ion-exchange chromatography. The 
presence of non-specific inhibitors in mixtures resulting 
from enzyme digestion obviously has to be taken mto 
account when measuring the amount of specific mhibitor 
present. 
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Elution pattern from DEAE cellulose of soluble papain digested 
products from spleen cell membranes. 


Fig. 3. 

The relationship of papain liberated inhibitors to the 
inhibitory material released by autolysis is as yet un- 
known, We also do not yet know whether all HL-A 
specificities are similarly affected by papain treatment. 
Nevertheless, the combination of papain digestion and 
ion-exchange chromatography is proving of value in 
isolating specifically active material which can be used in 
further characterization studies. 

This investigation was aided by grants from the Medical 
Research Council and the East-Grinstead Research Trust. 


A. R. SANDERSON 
J. R. BATCHELOR 


McIndoe Memorial Research Unit, 
Queen Victoria Hospital, 

East Grinstead, Sussex, 

Received May 6, 1868, 


* Batchelor, J. R., and Sanderson, A. R..in H istocompatibility Testing (edit, 
by Curtoni, E. 5., Mattiuz, P. L., and Tosi, R. M), 139 (Munksgaard, 
Copenhagen, 1968), 

* Davies, D, A. L., Colombani, J., Viza, D. C., and Dausset, J., in H ixtorom- 
patibility Testing (edit. by Curtoni, E, S., Mattiuz, P. L..and Tosi, R. N,), 
287 (Munksgaard, Copenhagen, 1968), 

* Nathenson, 8. G., and Davies, D. A. L., Proe, US Nat. Acad. Sei.. 56, 476 
(1966). 

* Cebra, J. J., Givol, D., Silman, H. T. and Katehalski, E., J. Biol, Chem. 286, 
1720 (1961). 

* Mann. D. L., Rogentine, G. N., Fahey, J. L, and Nathenson JS... Nature. 
218. 1180 (1968). 


Labelled Antibodies and 
Immunological Assay Systems 


ALL assay procedures which do not rely on the direct 
detection of a specific property of the unknowp substance 
must depend on the reaction of an unknown with a 
reagent to give a product which can then be assayed. 
The product can be estimated directly or indirectly (for 
example, as a result of a further reaction). If the unknown 
is regenerated after the primary reaction it may then 
react with more reagent and a cycling assay is established. 
The advantage of such a system is that one molecule of 
the unknown gives rise to several molecules of product 
with a consequent increase in sensitivity. The reagent 
can be as diverse as a dye, neutron irradiation, an enzyme 
substrate or an antibody. Adequate assay systems must 
be shown to have suitable specificity, sensitivity, precision, 
range and convenience. In order to obtain maximum 
sensitivity and precision: (1) all the unknown should be 
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reacted at least once and preferably several times; ( 2) the 
amount of product should be assayed by a procedure 
which gives a low background and shows changes in 
direct proportion to the change in product concentration ; 
(3) the property measured should be capable of detection 
at very low concentrations of the product. The use of 
one or more cycling reactions is one well recognized way 
of achieving suitable amplification (compare the assay of 
metabolic intermediates and enzymes). 

Some proteins have unique properties which (usually 
in biological systems) can be measured with great sen- 
sitivity, but antibodies are the only reagents known to be 
capable of reacting specifically and at low concentration 
with a great many proteins. The use of radioactive iso- 
topes has enabled the immune reaction to be more easily 
observed and has permitted the development of radio- 
immunoassays (largely for the assay of polypeptide 
hormones). At present radioimmunoassay procedures use 
an anti-(hormone) serum as the reagent and the product 
(polypeptide hormone - anti - (hormone) complex) is 
measured indirectly by observing the amount of radio- 
actively labelled hormone bound in conditions in which 
unlabelled and labelled hormone compete for binding to 
a limited amount of antibody. It seemed to us, however, 
that radiolmmunoassavs are unsatisfactory because, first, 
neither points (1) or (2) are satisfied because a variable, 
but often large proportion of the unknown remains un- 


for its physiological activity. Finally, on account of the 
wide variation in properties of polypeptide hormones, 
and the fact that usually many are of low molecular weight, 
they are often difficult to label satisfactorily to high specific 
activity. On the other hand, antibodies have a highly 
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Fig. 1. Protocol for immunoradiometric insulin assay. 
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_ uniform general structure and high molecular weight and 
-| are relatively stable. 


A 0.o". The use of a labelled antibody to produce a substance 


directly detectable at very low concentrations seems 
therefore to offer advantages, although it may require a 
method for the removal of any antibody not bound to the 
antigen by the immunological reaction. We report the 
results of attempts to devise a system along these lines. 
Because of the large amount of information available 
about the chemical and immunological behaviour of in- 
sulin, it was used as the model antigen. Usually, the only 
large difference between antibody bound to antigen and 
unbound antibody is that the former has lost its ability 
to combine with antigen. It seemed that insulin fixed to 
an insoluble matrix might offer a means for the removal 
of excess antibody, although a rapid, non-immunological 
method would clearly be preferable. In practice it was 
also found that the use of an insulm-immunoadsorbent 
offered advantages during the preparation of the purified 
labelled antibody (see below). 

An immunoadsorbent containing insulin (ins-ImAd) was 
prepared by a method described for other proteins? and 
was capable of binding 660 mg of antibody/g of immuno- 
adsorbent. The immunoglobulin (IgG) fraction was pre- 
pared from pooled guinea-pig anti-bovine insulin serum. 
The insulin antibodies were isolated by being specifically 
bound to the ins-ImAd, and were labelled while bound 
to the ins-ImAd in order to protect at least one antigen 
binding site’. It was not considered necessary to protect 
the second binding site; on the contrary, damage to this 
site might be a considerable advantage in the use of the 
labelled antibody (see below). The insulin antibodies 
were labelled with 121 to give an iodine content of 0-5-15 
atoms/molecule of immunoglobulin, and a specific activity 
of 0-3-125 mCi/mg. The antibodies labelled with t'I 
were eluted with dilute HCI and collected in veronal buffer 
pH 8-0, 0-1 M, containing bovine serum albumin (1 mg/ 
mil.), non-Immune guinea-pig immunoglobulin (10 ug/ml.)}, 
0-9 per cent NaCl, and NaN, (0-1 mg/ml.). 

Up to 94 per cent of the radioactive antibody prepara- 
tion could be bound to ins-ImAd and this could be 
completely prevented by pre-incubation of the radioactive 
antibody with a large excess of insulin. The labelled anti- 
body did not form precipitating complexes with unfixed 
insulin, and did not bind to immunoadsorbents made 
with other polypeptide hormones. {fn studies using 
insulin labelled with !4I, there was no evidence that the 
antibody preparations were binding unfixed insulin with 
one antigen-binding site, and later binding to the ins- 
ImAd with the other antigen-binding site. This may have 
been a result of the method of iodination. 
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185J-antibody preparation contained 0-5 atoms of iodine/molecule, and 
had a specific activity of 0-65 mCi/mg. 
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Fig. 3. Insulin assays using four concentrations of antibody, The 
datain Fig. 2 have been replotted as percentage of increase in supernatant 
radioactivity. 


The protocol for the insulin assay method is shown m 
The ins-ImAd used for the removal of excess 


4° C and requires efficient mixing throughout. 

If all the added insulin is bound to I-AB and the 
bound I-AB does not later exchange onto the ins-ImAd, 
the relationship between the amount of added insulin 
and the radioactivity not bound to the ins-ImAd should 
be linear and independent of the amount of 1°1-AB used, 
Similarly, the amount of ins-ImAd should not be critical 
provided it is in excess, the only critical assay component 
being the added insulin. In order to test these predictions, 
insulin assays were carried out using different concentra- 
tions of a low specific activity I-AB preparation (Fig. 2). 
It was found that for 60 per cent of the total radioactivity 
there was a linear relationship between the concentration 
of added insulin and the radioactivity of the supernatant, 
and the absolute increment of supernatant radioactivity/ 


simply by increasing the amount of I-AB used. In 
order to obtain maximum precision, however, one should 
avoid the use of an unnecessary excess of }1-AB. The 
sensitivity can be increased by raising the specific activity 
of the I-AB as in Fig. 4. In this assay the insulin was 
rendered radioactive by combination with I-AB to 
give an approximate specific activity of 80 mCi/mg in- 
sulin. This antibody, although only moderately radio- 
active, provides an insulin” assay as sensitive as any 
so far reported, and 1s of greater precision. The potential 
sensitivity is remarkable. Thirteen sarnples of human 
plasma (containing 0-14—0-84 ng insulin/ml.}) were assayed 
using (a) the immunoradiometric method. and (8) the 
method of Hales and Randle*®. The values obtained by 
the method of Hales and Randle averaged 99-24 per cent 
(S.E.M. 4-34) of the values obtained by the iromuno- 
radiometric method and this difference was not significant. 
Successive dilution of two plasma samples caused a 
parallel reduction in the apparent insulin content (Pig. 5). 

As the assay depends on the immunological conversion 
of unknown insulin into a radioactive product, the radio- 
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Fig. 5. Assay of the insulin concentrations in successively diluted 


human plasmas-—-L.H. (©) and N.H. (Ci). 


activity of which is then measured directly, we have called 
it an immunoradiometric assay. 

It can be seen in Fig. 2 that the initial linear relation- 
ship between the concentragion of added insulin and the 
radioactivity in the supernatant ig not maintained at 
high concentrations of added insulin. A possible explana- 
tion of this is that it represents non-specific binding of 
radioactivity by ins-ImAd. This is unlikely, because the 
binding is specifie for ins-Im-Ad and is prevented by a very 
large excess of added insulin. The probable explanation is 
that the failure to maintain the initial linear relationship 
is caused by antibodies of low affinity, the rapid rate of 
dissociation or both. ‘The assay itself selects the high 
affinity antibodies to bind to the low concentrations of 
added insulin; consequently a satisfactory assay can be 
achieved with a relatively low proportion of the desirable 
antibodies. The content of high affinity antibodies can 
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be increased, however, by selection during saturation of 
the ins-ImAd with antibody for iodination, and during 
recovery of iodinated antibodies from the '*51-AB-ins- 
ImAd complex. Hughes-Jones, Gardner and Telford‘ 
showed that more slowly dissociating antibodies are 
eluted from an antigen/antibody complex at pH 2-4 than 
at pH 5-0. We have found that '5I-AB eluted from a 
single }#5].AB—ins-ImAd preparation at pH 2-3 showed a 
greater proportion of high affinity antibody than that 
eluted at pH 5-0 or pH 7-6, as judged from insulin ASSAYS 
carried out with each of the three fractions (Fig. 6). 

The practical procedure which involves the use of an 
insulin-immunoadsorbent has been shown to allow the 
selection of high affinity antibodies, and the protection of 
the antigen cornbining site during iodination. The method 
should be capable of providing a wide variety of very 
sensitive antigen assays if a suitable immunoadsorbent 
can be made. 

The method also demonstrates the validity of the basic 
approach and allows the exploration of additional ways 
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Fig. 6. Insulin assays using '*"I-antibody prepared from an iodinated 
antibody-insulin-immunoadsorbent complex and eluted at pH 7-6 (A), 
pH 3-0 (0) and pH 2-3 (0). 
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in which such assay procedures may be made even more 
sensitive. Because the antigen is not irreversibly altered 
by combination with antibody, it is theoretically possible 
to regenerate the antigen by dissociating the complex 
and recycling the antigen after removal of the liberated 
antibody. The sensitivity can also be increased by re- 


placing the iodine label with a compound which is itself 


capable of taking part in a eycling reaction, the most 
obvious possibilities being enzymes, co-enzymes or viruses 
(Fig. 7). 
3-p-galactosidase can be detected by the use of a fluoro- 
genic substrate and this system has been used to detect 
200-400 molecules of non-neutralizing antibodies’. Such 
an enzyme would appear to be an obvious candidate for 
use in our system. Viruses have also been shown to be 
active when bound to specific antibodies', and can he 
detected at very low concentrations. 

We thank Mr M. J. Brittain and Mr G. F. Winter for 
technical assistance, and Professor F. G. Young for his 
interest and encouragement. This work was supported 
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Ontogenesis of Two Components 
of Human Complement: 
Bie and ~ic-1a Globulins 


THE introduction of techniques for separating serum 
proteins has made it possible to isolate and identify several 
components of human complement (C’) (ref. 1). The 
fourth component of complement (C’,) has been identified 
as Bn globulin*; the classical third component of com- 
plement (C’;) has been shown to consist of six factors'; 
the component which reacts with red cell antibody com- 
plex (EA) in the state EAC’, „2a has been termed (6, ~-fy4 
globulin’. 

Using immunoelectrophoresis and serological tech- 
niques, $,, and $,,-8,4 globulins were detected in the 
serum of foetuses older than 15 weeks‘. During an 
investigation on the sites of synthesis of complement 
components these two serum proteins were found to be 
produced by four foetuses about 25 weeks old®. 

This report presents the results of studies on the 
ontogenesis of C’, and C’,, in human foetuses from 10 to 
20 weeks old. 

The production of $y, and $,~—3,, globulins was studied 
by means of the incorporation of labelled amino-acids 
into the proteins, using in vitro cultures. The technique 
used was a minor modification of that described earlier’. 
Fragments of liver and spleen were collected from all 
foetuses; peritoneal cells and lung were obtained from 
some foetuses only; the wet weight of the fragments 
varied from 80 to 140mg. Peritoneal cells were obtained 
by injecting 1 ml. of medium (TC 199) in the peritoneal 
eavity; after 2 min the medium was collected. Frag- 
ments and peritoneal cells were incubated in 2 ml. of 
medium to which 0:8 uCi of '*C-L-lysine (The Radiochemi- 


Rotman? showed that a single molecule of 
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Immunoelectrophoretic pattern of an adult serum (3), th 
serum from & 20 week old foetus (1) and the serum from a 14 week old 
foetus (2 and 4), tested using antisera against fix and fc globulins (a), 
8,» globulin (b) and human serum proteins (A); f globulin was detected 
in allsera; ig globulin was present in the 20 week old foetus, but it was 
absent in the 14 week old foetus. 


Fig. 1. 


cal Centre, Amersham) and 0-8 “Ci of L-isoleucine (The 
Radiochemical Centre, Amersham) added. The 
cultures were gassed with 5 per cent CO, and incubated 
at 37° C for 24h. The culture fluids, separated by centri- 
fugation, were dialysed for 48 h against several changes of 
buffered saline and concentrated by ultrafiltration to 
0-5 ml. 

The culture fluids were then analysed by 
electrophoresis, using freshly collected adult serum as 
a carrier. The newly synthesized proteins were identified 
by autoradiography of the immunoelectrophoretic pat- 
terns, using an antiserum against human serum protems, 
an anti-yG globulin serum and rabbit antisera against 
8.2 and 6,>¢-f.4 globulins”. Autoradiography was per- 
formed using ‘Kodirex’ X-ray films (Kodak); the exposure 
time was 6 weeks. 

Fig. 1 shows the reaction of two antisera against $,» and 
8.¢-8,:, globulins tested against normal adult serum 
and the sera obtained from a 14 and a 20 week old foetus; 
8.9 globulin was detected in both foetal sera; ım was 
observed only in the 20 week old foetus. 

The in vitro synthesis of the two components of com 
plement was studied, using eight foetuses; the age of 
the foetuses, their crown-rump length and the causes of 
abortion are indicated in Table 1. 


were 


immuno- 


Table 1. PRESENCE OF LABELLED p;x AND fo GLOBULINS IN FOETAL LIVER 
CULTURE FLUIDS 
Crown-rump Components of comple- 
No. ot length Age Cause of ment* in culture fluids 
foetus (mm) (weeks) abortion ha ut 
F 376 56-5 ~ l0 Ss f+) 
S Fl 5R ~ 10 T 
F 498 5R ~ 10 ş 
F 448 90 l4 | 
F 479 90 14 I’ 
F 572 100 14 T 
F 545 118 15 S 
"516 e 126 16 S 
F 456 130 18 . y 
F 490 150 s 20 = 


T, therapeutic; S, spontaneous; U, unknown. 

* The reaction is graded: —, negative; (+), faint line 
precipitation. 

t Culture infected. 


lear tine ol 


The autoradiographs of the immunoelectrophoretic 
patterns showed that 8, o-$,,4 globulins were synthesized 
in vitro by the fragments of liver obtained from foetuses 
older than 10 weeks (Table 1 and Fig. 2); labelled Sy, 
globulin was observed only in the supernatants of liver 
cultures prepared from foetuses more than 14 weeks old, 

The two components of complement were not synthe- 
sized by the fragments of spleen collected from all foetuses 
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Fig. 2. 
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Immunoelectrophoretic pattern and autoradiography of the supernatants of liver cultures from three foetuses (F 376, F 470 and F 458). 


On the left: culture duids tested against anti-f,o (a) and anti-f,o globulin (b) sera; on the right: autoradiography showing labelled 8,» and 


ĝo globulins, 


studied. Labelled yG globulin, however, was detected in 
the supernatant of spleen cultures prepared from foetuses 
more than 18 weeks of age (Fig. 3). 

Peritoneal cells and lung from foetuses more than 
12 weeks of age were found to synthesize 8,, globulin. 

Studies involving autoradiography of immunoelectro- 
phoretic patterns of culture fluids have shown that various 
tissues are capable of incorporating labelled amino-acids 
into ıı and fy. globulins**. Our finding that Bo 
globulin is synthesized by foetal lung and peritoneal cells, 
as well as by liver, is in good agreement with the observa- 
tion that this component of complement is synthesized 
in vitro by the lung and peritoneal cells obtained from 
adult rats, mice, rabbits and guinea-pigs’. 

The question arises as to whether the labelling of 
3.2 and 6,9 globulin is a result of the synthesis in vitro 
of Big and Bo globulins or of the interaction, within the 
culture medium, of these two components of complement 
with newly synthesized proteins. Protein—protein inter- 
action within components of complement and between 
complement and yG globulin is known to oeeur!. In our 
experimental conditions, however, these interactions are 
not likely to occur; furthermore, the finding that yG 
globulin molecules were synthesized only in the spleen 
cultures, while Bp and §,¢-8,, globulins were produced 
in the liver cultures, seems to exclude the possibility of 
an interaction between these serum proteins. 

Using a serological technique, the levels of C’, and C’y, 
in two sera from foetuses respectively 18 and 20 weeks old 
were compared with the levels of these two components 
of complement in a normal adult serum. The complex 
red cells (E), antibody (AP, complement (C’), in the state 
ZAC’, was obtained by incubating Lefa+b—) red cells 
with an EDTA-treated anti-Le4 serum at 37° for 1 h; 
one volume of a 20 per cent suspension of the sensitized 
red cells (EA) was mixed with three volumes of serial 
doubling dilution of fresh adult serum or foetal serum. 
After incubation at 37° C for 20 min the cells (EAC’) 
were washed and tested against anti-B, and anti-8,¢ 
sera’, 

As shown in Table 2, the two components of complement 
were detected in the foetal sera; the levels of Big and 
8:0 globulins in these two foetal sera were found to vary 
between 10 and 20 per cent of the levels found in a normal 
adult serum. 


Arrows indicate £,« globulin. 


These data and our previous findings* suggest that the 
human foetus can synthesize Bı and 8,.-8,,4 globulins 
during the second trimester of gestation. Van Furth, 
Schuit and Hijmans™ have shown that yM and yG 
globulins also start to be synthesized when the human 











Fig. 3. 


Labelled A, 
and spleen (S) cultures from an 18 week old foetus (F 456). The arrow 
indicates P,e globulin synthesized by the foetal liver; yG globulin was 
synthesized only by the foetal spleen. 


and yG zlobulins in the supernatant of liver (L) 
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Table 2. AGGLUTINATION OF RED CELLS IN INTERMEDIATE STATE OF REACTION WITH HUMAN COMPLEMENT USING ADULT AND FORTAL SERA 


Anti-C’ Intermediate Source of 
ee serum complex complement 1 
 Anthfyo+ EA None ~ _ 
anti-A, EAC Ad. bb + + +4 
` EAC Foet. h+ + + + 
Antig” EA None — ~ 
EAC’ Ad. + ++ +++ 
BAC’ Foet. + + + -+ 


Ad., “adult” fresh serum. Foet., serum from a 20 week old foetus. 


foetus is about 20 weeks old, and so it seems that in 
humans the development of serum proteins involved in 
immunological reactions occurs at an early stage of foetal 
life. 
Tt is interesting to compare the present observations 
on the ontogenesis of complement with the reports dealing 
with the presence of complement components in lower 
vertebrates. Amphibians possess measurable haemolytic 
levels of complement’?; components of complement 
similar to those present in high vertebrates have been 
observed in elasmobranchs'*:"*. 
Lamprey serum has been found to lyse in vitro red cells”. 
Components of complement similar to those present in 
higher vertebrates, however, seem to be absent both in 
Petromizon marinus'* and Petromizon fluviatilis (unpub- 
lished work of Adinolfi, Gardner, Spector and Yap). 
We thank Dr R. K. Dhadial for her help. This investi- 
gation was supported by the Spastics Society and the 
Medical Research Council. 
M. ADINOLFI 
B. GARDNER 
C. B. 8S. Woop 

Paediatric Research Unit, 

Guy’s Hospital Medical School, 

London. 
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Effect of Neuraminidase on the 
Immunogenicity of Early Mouse 
Trophoblast 


ATTEMPTS to demonstrate the antigenicity of mouse 
trophoblast!? using conventional transplantation tech- 
niques have led to the commonly held assumption that 
trophoblast owes its privileged immunological position 
to an intrinsic deficit of transplantation antigens. The 
results of this work could, however, be explained by the 
presence of an extracellular barrier, the so-called peri- 
placental fibrinoid material’. This has been identified 
in the mouse as an electron-dense acidic mucoprotein 


Dilution of serum used as C’ (expressed as reciprocals) 
4 8 16 32 


128 
+++ ++ + b+ ++ + ~ 
++ (+) - -= ~ ~ 
++ ++ + (+) ~- ~ 
+ es sid PA = v- 


layer, rich in sialic acid, which provides a continuous 
coating of the trophoblastic epithelium’. 

Experiments involving enzyme disruption of this layer 
were therefore performed to assess the antigenicity of 
mouse trophoblast and the possible role of periplacental! 
fibrinoid in the masking of antigens. 

Ectoplacental cones were collected from A,G inbred 
mice 7-5 days after coitus as described by Billington’. 
These were washed in medium 199 and gently triturated 
in a loose fitting glass manual homogenizer. After further 
washing the suspension was divided into two aliquots, 
Lissamine green exclusion tests revealed approximately 
70 per cent viability of intact cells in the suspension. 
Half the cell suspension was centrifuged and resuspended 
in neuraminidase solution (Behringwerke, 500 v/ml.) for 
30 min at 37° C. The cells were then washed five times in 
medium 199. Cell viability after this treatment was still 
about 70 per cent. The remainder of the trophoblast cell 
suspension was incubated in a control buffered saline 
solution for 30 min. Spleen cells were obtained from the 
minced and filtered spleens of adult A,G male mice, 
washed in medium 199 and suspended in an identical 
buffered saline for 30 min. After incubation all cells were 
washed five times in medium 199. 

The cell suspensions were injected intraperitoneally 
into adult male CBA mice. These mice were divided into 
four groups receiving treated or untreated ectoplacental 
cone cells, spleen cells or medium 199. Each mouse was 
injected with 0-2 ml. of medium 199 containing the cells 
from six ectoplacental cones or an equivalent number of 
nucleated spleen cells. The fourth group received 0-2 mil. 
of medium 199 only. After 14 days these injected CBA 
mice received A,G skin grafts. The grafts were applied 
to the interscapular region using a punch technique®. To 
avoid the problems of subjective assessment of skin 
graft survival, all grafts were examined histologically 
10 days after application. They were fixed in 10 per cent 
formalin and stained with haematoxylin and eosin. The 
sections were given code numbers and examined by un- 
biased observers. Each graft was scored for epithelial 
survival as described by Haskova’. 

The results are presented as ‘mean epithelial survival” 
for each group of mice and are shown in Table 1. It can 
be seen that mice treated with A,G spleen cells showed 
very low epithelial survival scores whereas those that 
received control medium only have very high scores. 
Untreated trophoblast cells induced no obvious second set 
response in the skin grafts whereas treatment with 
neuraminidase produced very low scores; that is, a 
second set reaction similar to that induced by spleen 
cells. i 

These results indicate thaf neuraminidase treatment 
of ectoplacental cone cells unmasks the presence of 
transplantation antigens and reveal that there is no 
intrinsic deficit of such antigens on early mouse tropho- 
blast. Ectoplacental cone cells are, of course, not the 


Table 1 
Mean 


Intraperitoneal injection Percentage epithelial survival epithelial 


of individual grafts survival 
Medium 199 100 100 100 75 50 — 85 
AG spleen cells 0 9 0 G 23 —~ 5 
Untreated A,G ectoplacental cone 
cells 100 100 100 100 03 75 25 
Neuraminidase treated A G ecto- 
placental cone ceils ğ 0 0 0 25 25 10 
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definitive barrier trophoblast, but it seems 
unhkely that their immunological proper- 
ties would vary with their development 
into such cells. Consequently, the immuno- 
logical barrier separating foetal antigens 
from maternal lymphoid cells is most likely 
to be extracellular. The only known strue- 
ture which could fulfil such a role is the 
periplacental fibrinoid material. Similar 
conclusions were reached after a study of 
the antigenicity of normal and malignant 
human trophoblast in tissue culture’, 

The neuraminidase preparation used in 
these experiments is a purified extract ob- 
tained from cultures of Vibrio cholerae. It 
could be argued that contaminating bac- 
terial antigens could cross-react with A,G 
strain histocompatibility antigens and thus 
mimic the antigenicity of the injected trophoblast. cells. 
Preliminary studies have indicated that the unmasked 
immunogenicity of treated cells is specifically dependent 
on the neuraminidase content of the preparation. 

The unmasking of transplantation antigens by neur- 
aminidase may indicate the mode of action of the extra- 
cellular barrier. Neuraminidase disrupts the O-glycoside 
link between sialic (n-acetyl neuraminic) acid and its 
underlying amimo-sugar*, thus removing terminal sialic 
acid groups from cell wall sialomucoproteins. 

To be effective the foeto-maternal barrier must prevent 
contact between foetal antigen and maternal Ivmphoid 
cells. The role of sialic acid in inhibiting such contact 
remains unclear. Preliminary studies (anpublished work 
of G. A. C.) of the surface of experimental tumour cells 
so far suggest that the sialic acid moiety acts by steric 
hindrance to prevent access to underlying antigenic groups. 
It is not yet possible, however, to discount the electro- 
static effects of the highly ionogenic carboxyl group of 
sialic acid, 

One of us (G. A. C.) thanks the Royal College of Physi- 
cians of London for a Saltwell scholarship. 
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Fig. 1. 


Suppression of Contact 
Hypersensitivity and Acute Inflammation 
by Anti-complement Serum 


In an analysis of the effect of anti-lymphocyte serum, it 
has been found that the intravenous injection of the serum 
-—just before skin testing—ihibits the manifestations 
of contact hypersensitivity to 2,4-dinitrochlorobenzene 
(DNCB) and acute inflammation caused by intradermal 
injection of turpentme!?. We interpreted this as being an 
effect on the peripheral manifestations of the reactions, 
and not related to the central effect found in lymphoid 
tissue*. It seemed likely that both these effects could 
have been the result of a depletion in the concentration of 
circulating complement as a result of the in vive immune 
reaction involving membranous antigens’. 


@ 
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Immunoelectrophoresis pattern of the reaction between anti-complement serum 
and aged guinea-pig serum showing reactions with 8, and fe globulins and also a trace of 


anti y? globulin. 


Antiserum against guinea-pig complement (Bie) was 
prepared m the rabbit by the method of Mardiney and 
Muller-Eberhard’, The immunoelectrophoretic pattern 
of the reaction between this serum and normal guinea-pig 
serum is shown in Fig. 1. Twenty guinea-pigs were 
sensitized to DNCB®. Ten were treated with 2 ml. of 
anti-complement serurn inoculated intravenously imme- 
diately before skin testing with 1 per cent, 0-5 per cent and 
0-1 per cent DNCB. Ten were left as controls and were 
skin tested in the same way. It can be seen (Fig. 2) that 
treatment with anti-complement serum reduced the 
intensity of the contact reactions at 24 h by 79 per cent. 
A further group of ten animals treated with 2 ml. of anti- 
complement serum was skin tested immediately after intra- 
venous injection with 1/5, 1/20 and 1/100 turpentine in 
olive oil. There was a similar reduction in the intensity 
and size of this non-specific inflammatory reaction when 
compared with the reactions found in ten normal controls. 
All treated animals showed a significant reduction (mean 
of twenty animals, 90 per cent suppression) in total 
haemolytic titre of complement. It has been found 
previously’ that antiserum against whole guinea-pig serum 
given in the same way failed significantly to affect both 
contact sensitivity to DNCB and non-specific inflamma- 
tion induced by turpentine. This is probably a result 
of the fact that this antiserum contained insignificant 
amounts of antibody against complement, but contained 
antibodies against a wide range of serum proteins including 
gamma globulin. 


100 





Percentage of control reaction 


20 






RO Anti 
treatment wh ole 
Z.-pig serum 


Anti e” 


Fig. 2. The effect of various treatments on the inflammatory responses 
to intradermal turpentine (tinted columns) and contact sensitivity to 
DNEB (black cohimns). 
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These findings are consistent with the hypothesis that 





. complement can play a part in the mediation of these two 


distinctly different types of inflammatory responses*’. 
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Frequency of Certain Gm and Inv 
Factors in the United Kingdom 


We wish to report the testing of 1,000 consecutive serum 
samples for the presence of the gamma-globulin factors 
Gm(1) (ref. 1), Gm(2) (ref. 2), Gm(4) (ref. 3), Gm(10), 
Gm(11) and Gm(12) (ref. 4). Gm(10) is identical with 
(im(13) and Gm(12) is identical with Gm(5) (ref. 5}. In 
addition, 500 consecutive samples were tested for the 
presence of Inv(1) (ref. 6). Samples which were positive 
for Inv(1) were then tested for Inv(2) (ref. 2). 

The samples to be tested came from donors of bigh- 
titre anti-A, anti-B and anti(A+B) (group QO) sera. 
They had been sent to the Blood Group Reference Labora- 
tory from seventeen regional transfusion centres of the 
National Blood Transfusion Service. The reagents used 
are shown in Table 1. All the agglutinators used came 
from normal healthy donors. Group O CDe/eDE red 
cells from one donor were used. 

The sera were tested for the Gm factors by the dis- 
agglutination technique of Lawler’, the test sera being 
used undiluted, and by the agglutination and inhibition 
test of Ropartz and Rivat®. When the latter method was 
used the test sera were diluted from 1/4 to 1/94. Wherever 
possible different reagents were used, one with one tech- 
nique and one with the other. No anomalies were observed 
when comparing the results obtained by these two 
methods. The sera were tested for the Inv(1) factor by 
the disagglutination method of Lawler. Those sera which 
were positive for the Inv(1) factor were then tested for 
the Inv(2) factor by the agglutination-inhibition tech- 


Table 1. REAGENTS USED 
Factor Agglutinator Anti-D 
Gm (1) 473 Hne 

G.5 Cor 
Gm (2) 248 Hne 
G4 Bol 
Gm (4) 802 Csp 
Aud, Net 
Gm (10) 090 Sel 
090 Cum 
Gm (11) G.6 Sel 
(3.6 Cum 
tim. (12) No, 3 Sel 
No. 5 Cum 
Inv (1) G. 13 Lov 
G. 14 MeN 
Lec* No. 3* 
Inv (2) itm No. 3 
Virm MeN 


Table 2. FREQUENCIES OF INDIVIDUAL GM AND Inv ANTIGHNS =. 
Antigen Gm(1) Gm(2) Gm(4) Gm(10) Gm(ii) Gm(12) Inv(i) Inv) 


Percentage 


positive 58:3 225 887 887 887 887 176 16 


Table 3. FREQUENCIES OF INDIVIDUAL Gm PHENOTYPES ae 
Phenotype Gm(1j4, Gm(1,24, GAI, 00” 
10,11,12) 10,11,12) IRP oc 


Gmi{1) Gm(1,2) 
Percentage positive 54 5:9 
Table 4. FREQUENCIES OF INDIVIDUAL Inv PHENOTYPES 
Phenotype Invii} Invii,2) 
Percentage positive 1-6 16 


nique. Those sera which have the phenotype (Inv 1+2-—) 
were then tested for the Inv(1) factor using the reagents 
marked with an asterisk (*) in Table 1. The specificities 
of all systems used for phenotyping were checked against 
fifty sera of a World Health Organization reference panel 
of genetic factors of human immunoglobulins which had 
been received from Dr C. Ropartz. Table 2 shows the 
frequency of the individual Gm antigens; Table 3 shows 
the frequency of the individual Gm phenotypes, and 
Table 4 shows the frequency of the individual Inv pheno- 
types. In addition to the findings reported in Tables 
2 and 3 it was found that 38-6 per cent of Gm(1) positive 
samples were also Gm(2) positive. All Gm(10) (11) and 
(12) positive samples were also positive for Gm(4}). Of 
Inv(1) positive samples 90-9 per cent were also Inv(2) 
positive. Eight sera in a total of 500 samples had the 
phenotype Inv(1+2-—). 

We thank Dr L. Martensson for anti-Gmi4), A. J., Dr 
C. Ropartz for supplying the WHO reference panel of 
genetic factors of immunoglobulins, a gift of anti-Inv(1) 
Lee and Inv(2) Virm and anti-D No. 3, the directors of 
the British regional blood transfusion centres for sending 
the serum samples that were tested and Miss J. Poole for 
technical assistance. 
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Wick Chromatography for Rapid and 
Reliable Immunoassay of Insulin, 
Glucagon‘ and Growth Hormone 


THE essential principle of competition for a given amount 
of anti-hormone between standard or unknown quantities 
of hormone and a fixed amount of labelled hormone in 
Yalow and Berson’s! radio-immunoassay has been rosin- 
tained in all modifications. The modifications have 
simplified the apparatus and have achieved a more rapid 
and complete separation of free and antibody-bound 
radioactive hormone after the immunological reaction 
has taken place. This has been achieved best by double- 
antibody techniques**. The introduction of a second 
antibody has made these immunoassays sensitive to 
factors in serum and plasmat’ which may give rise to 
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Fig. 1. Wick chromatography, showing distribution of radioactivity in 
a standard insulin. The strip was cut in 1 em pieces (mean of three 
samples +2 S_2),). 


spuriously high, or spuriously low, or even “negative” 
plasma values’. Another drawback is the difficulty in 
evaluating and correcting for the increased denaturation 
in serum or plasma of labelled hormone. This is inherent 
in modifications where free radioactive hormone cannot 
easily be isolated. Yalow and Berson! called this phen- 
omenon “incubation damage” and estimated the per- 
centage breakdown in individual sera by incubation with- 
out anti-hormone. Their chromato-electrophoresis, as 
does all paper chromatography, allows for a correction, 
because free polypeptide hormone is isolated at the site 
of application. The evaluation of breakdown is important 
in assay of peptide hormones, particularly glucagon, 
because pancreatic glucagon is very rapidly destroyed in 
serum or plasma unless special precautions are taken. 

We describe here a modification of chromato-immunvo- 
assay using small, vertical, dry paper wicks. It is an easy 
technique for accurate measurement of insulin, glucagon 
and growth hormone in serum. The apparatus is simple, 
migration is rapid and free and antibody-bound radio- 
active hormones are located at opposite ends of the paper 
strips. Migration is finite and the chromatography is 
open, so free and antibody-bound radioactivity is better 
separated than by horizontal chromatography on moist- 
ened or dry paper (refs. 7 and 8 and unpublished results 
of H. G. T.) 

For all dilutions, we use phosphate buffer 0-05 M, 
pH. 7-5, for growth hormone assay, and 0-04 M, pH 8-0, 
for insulin and glucagon assay. The buffer contains 
0-6 mM merthiolate sodium and 0:2 per cent bovine 
albumin (Ortho). Special features of the reaction mix- 
tures and incubation periods used in assay of each of the 
three hormones are summarized in Table 1; further 
details are given elsewhere (refs. 7 and 8 and unpublished 
results of H. G. T.). 

After incubation of the reaction mixtures (Table 1), 
aliquots are pipetted into test tubes (100 x 325 mm). Dry 
Whatman 3 MC paper strips (120 x 20 mm), lightly folded 


Table 1. COMPOSITION, INCUBATION AND APPLICATION OF REACTION MIXTURES 


Serum or Labelled Anti- incuba- Appli- 

Assay standard hormone hormones’ tion cation 
al, al. wl, h ul. 
Insulin 67* 160 160 24 100 
Glucagon 50* 100% 100 24 200 
Growth hormone 507 50 50 $8 50 


* Standard buffer contains 7 per cent bovine albumin and 0-9 per cent 


Nat 
t Standards: 25 ui. + 25 wi. serum from totally hypophysectomized person. 
Sera 25 «l.+ 25 ul. buffer. 
t Containing 500 units ‘Trasoly! (proteinase inhibitor)/mil. 
y Anti-hormone is replaced by buffer in test-tubes used for determination of 
incubation damage. 
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lengthwise to keep them upright when wet, are placed 
with a pointed end in the sample (Fig. 1). After absorp- 
tion, which takes 2 min, 300-400 ul. of buffer is added 
twice, rinsing the bottom of the tubes and forcing the 
hormone bound to antibody, and/or denaturation pro- 
ducts, to the top while free radioactive hormone stays at 
the lower end of the wick. Distribution after migration 
and the uniformity of separation are shown in Fig. 1. 
After the second addition of buffer, the chromatograms 
are left to dry either at room temperature or at 120° C 
without any change in the distribution of radioactivity. 
The radioactive strips need not be touched while they are 
wet and fragile. Length of migration is always the length 
of the wick (120 mm), so addition of dye and surveillance 
are not necessary. Because free and antibody-bound radio- 
activity is at opposite ends of the paper (Fig. 1), the 
wicks are cut through the middle and the two halves are 
placed vertically into counting tubes without further 
folding (or the pointed end may be folded once (Fig. 1)). 
After correction for incubation damage as the percentage 
of undestroyed labelled hormone im individual sera 
(Table 1), the percentage activity of bound hormone or 
the bound/free ratio is calculated for serum and standard 
samples according to Yalow and Berson!. 

Fig. 2 shows standard curves for chromato-immuno- 
assay of insulin, glucagon and growth hormone. Single 
determinations are adequate for routine hormone de- 
ternunations. 

Fasting concentrations in samples from normal, non- 
obese adults, average: insulin 20-2463 microunits/ml. 
(NV = 30), glucagon 0-7+0-1 pem: (N = 24), and growth 
hormone 2-8 + 2-1 mug/ml. (N = 42) (mean+S8.D.). In the 
assay of these three E oe we find the results satis- 
factory and reproducible from dilution and recovery 
experiments (Table 2). 

Sera from patients with active acromegaly show in- 
creased concentrations of growth hormone, 47-4+ 4-4 
mug/ml. (mean t S.E.M.; N=8), while zero values are 
obtained in sera from hypophysectomized persons. With- 
in technically reasonable limits, the serum growth hormone 
concentrations are unaffected by variations in the titre 
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Fix. 2. Standard curves, obtained through means of three samples 

(insulin) or six samples (glucagon and growth hormone) + 2 S.E.M 

The nearly parallel standard curves are obtained at approximately 
equimolar abscissae. 
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‘fable 2. RECOVERY AFTER ADDITION OF UNLABELLED HORMONE TO SERUM 


Growth Ry 
- Serum Insulin ae Glucagon  °. hormone uy 

No. Ejmi. magiml, magji. 

1 Added 46 2.5 E T- ? 
Measured 128 97-0 2-2 B4-6 15-5 115 
Calculated 1382 2-6 13-5 

2 Added 46 25 i T5 A 
Measured 98 96-1 238 S24 13-6 113 
Caiculated 102 2:8 12-0 

% Added 46 25 7 i 
Measured 638 106-2 2. 9 103-6 1 3 Fed 96 
Caicukated 64 2-8 16-5 

4 Addó 46 25 o 75 oo 
Measured Ti 105-7 2-8 96-6 14-0 v2 
Calculated 70 2a 15°3 

5 Added 101 R a, 75 
Measured 186 99-5 2-9 gT 1-1 110 
Calculated 187 3-0 10i 

6 Added 101 4G a 7-5 
Measured 150 95-5 4-2 82-1 3:8 H) 
Calculated 157 Sl oR 

7 Added 101 
Measured i118 99-2 
Caleulated 119 

8 Added {OL i 
Measured 146 1416-3 


Calculated 125 
Mean recovery percentage 


SD 


? 
aay oad 


103211 
per cent 


102 +972 
per cent 


Olt ol 
per cent 


of anti-growth hormone used in this assay. This is not, 
however, the case in some double-antibody assays of 
growth hormone®. 

With this technique, a trained assistant is able to 
perform chromatography on 200 samples in little more 
than ł h. Paper wicks of the kind we use are commer- 
cially available (Frisenette A.G. and Sønner, Bygvaenget 
21A, Farum, Denmark). 

We were aided by a grant from the Danish Science 
Foundation. 

We thank Professor Steen Olsen and Dr C. B. Madsen 
for excellent laboratory facilities, and Dr J. Schlichtkrull 
and Lise Heding (NOVO) for human insulin and pork 
and beef glucagon. 
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Role of Antigenic Conformation 
in the Antigen—Antibody 
Complex Formation 


THE immunochemical reactivity of a protem molecule 
may be affected by its conformation in two ways: (1) a 
particular conformation may expose or mask primary 
antigenic sites on the polypeptide chain; (2) the con- 
formational flexibility (allosteric properties) of a protein 
may determine the steric fit between antigen (Ag) and 
antibody (Ab) molecules'-'. The effect of conformation 
may be particularly significant in the soluble Ag-Ab 
lattice formation, for the availability of antigenic sites 
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and the steric fit between Ag and Ab would determine 
the size and stoichiometric composition of the lattice. A 
conformationally flexible protein would be expected to 
form Ag-Ab lattices more readily than a rigid protein, 
and this would be expressed either by an increased rate 
in lattice formation, an increased size of the Ag-Ab lattice, 
an increased amount of Ab in the lattice or an increased 
stability of the formed lattice. 

To test the role of conformational flexibility in Ag-Ab 
lattice formation, we compared the immunochemical 
reactivity of ovotransferrin (OT) and its iron complex 
(FeOT). Iron binding imparts a structural rigidity to the 
OT molecule which may be responsible for an observed 
resistance to enzyme degradation? or unfolding La urea’. 
Our earlier results indicate that the immunochemical 
reactivity of OT significantly decreases on Fe binding, 
but this decrease is apparent only in the secondary phase 
of the Ag-Ab reaction, the Ag-Ab lattice formation". 
These results, however, were obtained by direct mamuno- 
chemical tests, which did not tell whether or not the 
observed differences were a result of a preferential 
reactivity of OT over FeOT or of a steric hindrance for 
forming larger Ag-Ab complexes with FeOT. 

In this comparative study of the immunochemucal 
reactivity of FeOT and OT we therefore used a fluorescence 


labelled OT (FOT) when it competes with either OT or 
FeOT for Ab binding in a standardized bovine anb- 
ovotransferrin serum. This test is suitable for such com- 
parative studies because (1) the fluorescence polarization 
gives a relative measure of Ag-Ab complex size; (2) the 
competition test assures that the only variable in the 
system is the competing Ag (OT or FeOT): (3) the 
competition test permits an evaluation of preterential 
reactivity of one or the other competing antigens, and 
thus shows whether or not the decreased antigenic 
reactivity of FeOT is caused by a change in primary 
antigenic structure or by a conformational rigidity 
which causes a steric hindrance in Ag-Ab complex 
formation. 

Antigens (OT, FOT, FeOT), and antisera, whieh have 
been described already*-", were diluted in 0-1 M borate 
buffer, pH 8-2. Fluorescence polarization was measured 
with an Aminco Bowman spectrophotofluocrometer at 
495/519 mu wavelength’. Fluorescence polarization data 
were corrected for the non-specific adsorption of POT on 
normal serum proteins. The correction factor was signi- 
ficant only if the FOT concentration in the reaction Tax- 
ture was less than 10 ug/ml. The soluble Ag~Ab complexes 
were precipitated with saturated (NH,),.SO, (SAS, essen- 
tially by the original Farr technique, as described earlier”. 
For this test }*T labelled OT or an iron—-ovotrensferrin 
made with **Fe was used, and the isotopes were counted 
in the precipitate. 

In the first test the competing antigens (OT asd FOT, 
or FeOT and FOT) were mixed in varying proportions 
but in a constant total amount, and reacted with a 
standard amount of antiserum. Fig. 1 shows @ typical 
result. The experimental fluorescence polarizatioa values 
obtained in the control FOT-OT competition test were 
constant through the entire mêxing range and agreed well 
with the value obtained with FOT alone, indicating that 
the fluorescent labelled and unlabelled OT reacted equally 
well. On the other hand, the fluorescence polarization 
curve obtaied in the FOT-FeOT competition test ran 
lower than either the control FOT curve or the FOT-OT 
curve. This indicates that the average size of the com- 
plexes formed in the FOT-FeOT competition test was 
smaller than those in the FOT-~OT test. 

As the ratio of the FOT/FeOT increased in the Ag~Ab 
complex, the fluorescence polarization also inereased, 
indicating that either larger complexes were formed or 
that FOT reacted preferentially over FeOT. Te decide 
this point, we reacted a 1:1 mixture of FeOT aad FOT 
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at an increasing total Ag concentration against a constant 
amount of antiserum. As a control an OT-FOT competi- 
tion test was performed in identical conditions. The 
result is shown in Fig. 2. The fluorescence polarization 
curve of the FeOT-FOT competition test ran lower but 
almost parallel with the control OT-FOT curve. If FOT 
had a preferential reactivity over FeOT, then with in- 
creasing Ag excess more and more FOT would be expected 
in the complexes, causing the fluorescence polarization 
curve of the FeOQT-FOT system to rise gradually above 
that of the control OT-FOT system. This was not the 
case, and so the results indicate a random distribution of 
FeOT and FOT in the Ag-Ab complexes. This further 
indicates that in these competition tests both FeOT and 
FOT participate equally in primary Ab binding, and thus 
the observed smaller fluorescence polarization in the 
FeOT-FOT competition test must be due to a smaller 
average size of the formed complexes. 

We verified the random distribution of the competing 
antigens in the FeOT-FOT and OT-FeOT competition 
tests. When the soluble Ag-Ab complexes formed in the 
competition tests (Fig. 2) were precipitated with SAS, 
the amount of #2°J-labelled OT or 5*Fe~-OT found in these 
precipitates was always in the same 1:1 proportion as 
the mixing ratio of the fluorescent labelled and competing 
antigen. A random distribution between two competing 
antigens is possible only if the antigenic sites of the two 
antigens are approximately equal in binding strength. It 
remains to be verified whether or not this is so. 

To corroborate these findings by a slightly different 
approach, the competition test was set up as follows. A 
variable amount of °I-labelled OT or **Fe-OT and a 
constant amount of FOT was mixed and added to the 
standard antiserum. Fig. 3 shows that the Ag/Ab ratio 
increased gradually. The sharp decrease in fluorescence 
polarization is in agreement with the expectation that 
with increasing Ag excess the average size of the Ag-Ab 
complexes should decrease, with more Ag in the free form. 
The lower curve obtained in the FeOT~FOT competition 
test indicates that the size of Ag-Ab complexes is con- 
sistently smaller when the competing Ag is FeOT rather 
than OT. 

This experiment was performed in the Ag excess zone, 
and was designed to emphasize differences in the primary 
reactivity of the competing antigens, if any existed. As 
the Ag/Ab ratio increased in the test, more and more Ag 
remained unreacted (at the 100 ug total Ag level, only 
35 per cent ##*J-labelled OT was precipitated by SAS). 
The fluorescence polarization of the free FOT is much 
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Fig. 1. Fluorescence polarization competition with ovotransferrin or 
iron~ovotransferrin at a constant Ag/Ab reacting ratio. FOT and OF 
(or FeOT) were mixed in various proportions to give a total of 40 ug 
of protein in 1-0 ml, To this 1-0 mi. 25x diluted antiserum (0-146 mg/ 
mi. Ab) was added and the fluorescence polarization was measured 
after 15 min, The reaction represents a moderate Ag excess, where 
&5 per cent of the added Ag precipitated with saturated (NH,),50, (was 
bound to Ab). $, OT; A, FOT; ©, FeOT. 
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Percentage of fluorescence polarization 
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Total antigen in test (ug) 
Fig. 2. Fluorescence polarization competition with ovotransferrin or 


iron~ovotransferrin at a constant 1: 1 ratio of fluorescent and competing 
antigen. Equal amounts of FOT and I-labeled OT or “‘Pe-OT were 
mixed in varying dilutions to give varying amounts of total Agin 1-0 ml. 
Jo this 1-0 mi. 25x dihited antiserum (2-146 mg/ml. Ab) was added 
and the fluorescence polarization was measured after 14 min. A sample 
of the reaction mixture was precipitated with an equal amount of 
saturated (NH,),80, after 24 h, and the Fe or 1] content of the 
precipitate was counted, Symbols as Fig. t. 
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Fig. 3, Fluorescence polarization competition with ovotransferrin or 
iron—ovotransferrin at an increasing Ag/Ab reacting ratio. I-labeled 
OT or *Fe-OT (25 ag) was mixed with increasing amounts of FOT to 
give a total volume of 1-0 ml. To this 1-0 ml. 25x diluted antiserum 
(0-146 mg/ml. Ab) was added and the fluorescence polarization was 
measured after 15 min. The test was performed in the Ag excess zone. 
A sample of the reaction mixture was precipitated with an equal amount 
of saturated (NI,).80, after 24 h, and the “Fe or I content of the 
precipitates was counted, Symbols as Fig. 1, 


lower than that of any of the Ag-Ab complexes, thus 
even a slight increase in free FOT can be measured 
sensitively. If FOT had a preferential reactivity over 
FeOT (but not over OT), the fluorescence polarization 
curve in the FeOT-FOT competition test would be higher 
than in the OT-FOT test, for more FOT would have 
been bound in the mixed FeOT-FOT complex. This was 
not the case. The SAS precipitable fraction of #*°T-labelled 
OT or *Fe-OT was equal at equal mixing ratios of 
fluorescent and competing Ag in the two competition 
tests. The **Fe-OT precipitated by SAS was always pro- 
portional with the FeOT : FOT mixing ratio. 

These results agree with our previous observations in 
which we could not detect differences in the rate of 
primary binding of FeOT or OT by the same antiserum, 
but detected about 50 per cent slower Ag-~Ab lattice 
formation with FeOT than with OT* A recent m- 
vestigation did not reveal any difference between FeOT 
and OT by gel precipitation techniques, indicating that 
antigenic reactive sites are identical in the two proteins". 
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Fig. 4. Scheme of Ag-Ab complex formation in the FeOQT-FOT 

competition test. This represents a 1:1 mixture of FeOT and OT 

in the moderate Ag excess zone, corresponding to the conditions of 
Fig, 1. 


We therefore conclude that the primary Ab binding 
sites are similar or equal both in OT and FeOT, but 
their accessibility for Ag-Ab lattice formation may be 
different. 

We offer a tentative model for the relative conforma- 
tional rigidity of FeOT as compared with native ovo- 
transferrin. This model may explain the observed 
immunochemical behaviour and agrees with structural 
studies and the chemical behaviour of these proteins?~’. 
According to this model free native ovotransferrin is a 
conformationally flexible molecule, that is, it can undergo 
structural modifications to assume a thermodynamically 
stable configuration in various chemical environments. 
Free FeOT may have a conformation similar or identical 
to OT in aqueous solutions. Iron binding merely stabilizes 
the conformational form that is most stable in an aqueous 
solution. This stabilization prevents conformational 
changes in changing chemical environments such as when 
enzymes or Ab interact with the protein. In the primary 
Ag~Ab reaction OT and FeOT bind Ab equally well, for 
their primary antigenic structure is similar or identieal, 
and molecular flexibility is probably not critical for a 
single Ab binding. In the Ag—Ab lattice formation, how- 
ever, OT undergoes conformational modifications to permit 
the formation of the thermodynamically most stable, 
optimally packed lattice. FeOT, which cannot be modified 
conformationally, is not accessible to as many Ab mole- 
cules as would be necessary for formation of an optimally 
packed lattice and smaller, loosely fitting complexes would 
form. Fig. 4 illustrates the statistical probability for the 
formation of predominant type Ag-Ab complexes in the 
Ag excess zone with the conformationally rigid FeOT and 
the conformationally flexible OT molecules. 

_This work was supported in part by a grant from 
the National Institutes of Health, US Public Health 
Service. 
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Comparative Effect of Two Strains of 
C. parvum on Phagocytic Activity 
and Tumour Growth 
FoLLowine the report of Halpern et al.’ that single or 
repeated injection of a killed suspension of a strain of 
Cornyebactertum parvum causes intense stimulation of 
lymphoreticular tissues, it was shown in our laboratory* 
that intravenous injection of the same material either 2 
days before or 8-12 days after subcutaneous inoculation 
of 10° or 104 viable mammary carcinoma cells in A stram 
mice significantly delayed the appearance of the tumour, 
Subsequently Halpern et al. found that the same strain 
of C. parvum markedly inhibited the growth of a trans- 
planted mouse sarcoma. | 

In the present experiments we have compared two 
different strains of C. parvum in respect of (a) capacity to 
stimulate the phagocytic activity of the reticuloendothelial 
system and (b) capacity to inhibit the growth of our A 
strain mouse mammary carcinoma. n 

One strain of C. parvum (Pasteur) was the strain 8868 
used in our previous experiment (provided by Professor 
Halpern). The other strain (Wellcome) was obtained from 
the National Collection of Type Cultures, Colindale, and 
was cultured for us by Dr M. Sterne of the Wellcome 
Research Laboratories. The cultures were sterilized by 
heating to 65° C for 1 h and preserved in 0-2 per cont 
formalin or thiomersalate. Suspensions of equal optical 
density were prepared. The nitrogen content (determined 
by Dr W. McBride by the micro-Kjeldahl procedure) was 
0-50 mg/ml. for the Pasteur suspension and 0-65 mg/ml. 
for the Wellcome suspension. Both suspensions con- 
tained approximately 5 mg wet weight bacteria/ml., and 
this figure has been used in calculating doses, all of which 
are expressed as wet weight of bacteria. a 

To test the effect on tumour growth, twenty-four adult 
(18-26 g) A strain female mice were subdivided into four 
groups of six animals and treated as shown in Table 1. 
Two days later (day 0) all the mice, including the untreated 
controls, were given a subcutaneous injection of 108 
viable tumour cells, prepared as described previously* by 
treating with pronase a first generation transplant of a 
mammary carcinoma which had originated in an old 4 
strain female mouse. The animals were examined three 
times weekly and when a tumour was present its diameter 
was measured with callipers. The values obtained for 
each mouse are shown in Table 1 and the means for each 
treatment group are plotted in Fig. 1. The means were 
compared by Student’s ¢ test, except when there were 
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Fig. 1. Effect of C. parvum on the growth of transplanted niammary 

carcinoma, The curves relate to animals treated as follows; I, No 

C. pareum (untreated controls); H, C. parvum (Pasteur strain) 1 mg 

intravenously on day 2; IHH, C. parvum (Wellcome strain) 1 rag inira- 

venously on day 2; IV, C. parvum (Wellcome strain) 2 mg intravenously 

on day 2; on day 0 all mice received a subcutancous injection containing 
10° viable tumour cells. 
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Fig. 2. The phagocytic index, A, in four control mice, and in two other 
groups of three mice which received a single injection of 1 mg of C. pareum 
of one or other strain 2 days before the determination. 


significant differences in variance between the populations 
concerned, in which case the modified ¢ test of Bailey’ 
was used. 


based on the clearance of intravenously injected colloidal 
carbon, as described by Biozzi et al. The values arc 
plotted in Fig. 2. 

It will be seen that both strains were effective in increas- 
ing phagocytic activity, but the Pasteur strain was signifi- 
cantly more effective than the Wellcome strain (P < 0-01). 

Both strains caused a delay in the time of appearance 
of tumours and a reduction in the rate of growth. There 
was no significant difference between the behaviour of the 
tumour in animals which received 2 mg of Wellcome 
C. parvum as compared with that in animals which 
received 1 mg of this strain. If these two groups of 
animals are pooled and compared with the tumour 
bearing animals treated with Pasteur C. parvum, the 
Pasteur organism appears to have had a slightly more 
marked anti-tumour effect, but the differences in respect 
of mean time of tumour appearance and of subsequent 
mean growth rate are in fact not significant at the 5 per 
cent probability level. 


Table 1. EFFECT OF Č. parvum ON THE GROWTH OF TUMOUR TRANSPLANTS 
All mice received a subcutaneous injection containing 10° viable tumour cells 


on day 0 
Treatment Mouse Mean diameter of tumour in mm on days: * 
on day 2 No. 21 28 35 42 49 56 
No treatment 1249 — 5 9 17 4 
ve tt 1& 10 F 
= 8 13 18 + 
Aes cr x Ls 2 5 + 
p 7 7 27 ii 
+) 1G 7 24 t 
Pasteur 4 2 we p 5 5 12 21 
C, parvum a = _ Soe gl ee 3 
1 mg Lv, — s —~ ~~ a ~ 
p 6 1 15 + 
te at mes 6 10 16 
Wellcome ~e- _ ji 2 4 g 
C, partum 5 hi ix 27 a 
f mg iv. Sethe Wee Rees Sites ee ay ji 
ste oe ee p 6 1i 
p 4 10 16 20 t 
i A poe 5 Q 13 1s 
p z 4 Gg 16 18 
Wellcome £20,000 2 = 9 16 is t 
C parvum == p B 12 id 19 
2mg ivy, a oe 3 x 14 20 
dn sa p 7 14 1s 
EN 3 # il Li f 


iv.. intravenous; p. tumour just palpable, 
* Weekly measurements only given. 
+ Mouse killed. 


NATURE. VOL. 219. JULY 13. 1968 


it seems clear that so far as the two strains of C. parvum 
which we have tested are concerned there is no close 
correlation between the effect on phagocytic activity and 
the inhibition of tumour growth. On the data available 
the interpretation of this finding remains a matter for 
speculation. 
This work was supported by a grant from the Medical 
Research Council. 
Linpsay H. SMITH 
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Inhibition by Ouabain of Human 
Lymphocyte Transformation induced 
by Phytohaemagglutinin in vitro 


During a study of the blastogenic action of phyto- 
haemagglutinin (PHA) on small lymphocytes in vitro’, 
we found cause to speculate that interference with mem- 
brane ion transport might selectively inhibit part of the 
sequence of events?-? required for cell transformation. 
We therefore investigated’ the effect of the cardiac 
glycoside, ouabain (“G-Strophanthin’), which is known 
selectively to inhibit coupled sodium and potassium 
transport*-"". We now report that in vitro ouabain, at 
relatively low concentrations, inhibits the blastogenic 
action of PHA as well as the incorporation of tritiated 
nucleosides into nucleic acid; excess potassium in the 
culture medium diminishes or prevents this effect of 
ouabain. 

Peripheral blood of healthy male volunteers was treated 
with dextran to assist red cell sedimentation, and the 
supernatant plasma containing leucocytes was inoculated 
into modified medium-199 (ref. 12) (Grand Island Bio- 
logical Company, New York) containing heparin (20 u/ml.) 
to give a final plasma concentration of 15 volumes per 
cent. The initial cell density was approximately 750,000 
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Fig. 1, Effect of ouabain on *H-uridine incorporation by PHA- 
stimulated leucocyte cultures. Control represents mean incorporation 
+8.D. of eight cultures untreated with onabain. Vertical lines for 
each point (mean for four cultures) represent the SD. in this and 
subsequent figures. PHA-M (0-4 mg/ml.) was added after 1 day in cul- 
ture. Ouabain was added 2 h after the PHA. Incorporation of *H- 
uridine was measured on the an day of culture after 1 day in 
ouabain. 
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leucocytes/ml., of which about 60 per cent were small 
_ lymphocytes. In these experiments, no attempt was made 
to separate lymphocytes from polymorphonuclear cells; 
the latter were observed to disintegrate in culture. 
0-4 mg/ml. of PHA-M (Difco Laboratories, Detroit) was 
added after 1 day of culture and ouabain (Laboratoire 
Nativelle, Paris) was added at various concentrations 
either shortly after PHA or 1 or 2 days later. 

When ouabain (4:4 x 10- M) was added to cultures to 
which PHA had been given 1 h earlier, typical clumping 
occurred as with PHA alone. After 2 days, however, 
pronounced cellular lysis and disintegration were observed. 
At a more dilute concentration of ouabain, 4:4 x 10-8 M, 
blastogenesis occurred but mitosis did not take place. 

Incorporation of labelled nucleosides was measured in 
the following way. After adding the tritiated compounds 
to the medium to give an initial concentration of 0-2 
uCi/ml., the 3 ml. cultures were incubated at 37° C for 
2 h, after which they were centrifuged at about 500 r.p.m. 
for 5 min. The supernatant was removed and the cells 
were gently washed three times in phosphate-buffered 
Krebs-Ringer solution. After adding 5 ml. of 5 per cent 
trichloroacetic acid (TCA), the cells were recentrifuged, 
the supernatant removed, and the precipitate taken up 
in hyamine. The preparations were then counted by 
liquid scintillation in dioxane using a Packard “Tri-Carb’ 
counter. 

Fig. 1 shows the effect of ouabain on the incorporation 
of °H-uridine by the cultures in the presence of PHA. At 
concentrations higher than 10-§ M, ouabain caused a 
progressive decrease in the incorporation of this nucleoside 
into RNA. In the absence of ouabain, incorporation of 
3H-uridine was stimulated by a factor of ten to fifteen 
times after 1 day of treatment with PHA and by thirty 
to seventy times after 2 days’ treatment. 

Fig. 2 shows that the effect of ouabain on the incorpora- 
tion of *H-thymidine into DNA was qualitatively and 
quantitatively similar. The ouabain concentration re- 
quired for 50 per cent reduction was about 5x 10-8 M, 
whereas values greater than 2x 10-7 M resulted in an 
almost complete inhibition of *H-uridine (95 per cent) and 
of §H-thymidine (> 99 per cent) incorporation. A similar 
dose-effect curve was obtained when the ouabain was 
given l] and 2 days after PHA. 

When the effect of ouabain was measured in the 
absence of PHA, a smaller decrease in ?H-uridine in- 
corporation was observed at the same ouabain concentra- 
tions; the maximum levels of incorporation could not 
be reduced below 25-50 per cent of the control values. 
Thus, the increment of *H-uridine incorporation induced 
by PHA was extremely sensitive to ouabain; the residual 
incorporation following ouabain treatmént of PHA- 
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Fig. 2. Effect of ouabain on *H-thymidine incorporation by PHA- 
stimulated leucocyte cultures. Control represents mean incorpora- 
tion + S.D. of three cultures untreated with ouabain, PHA (0-4 mg/ml.) 
was added after 1 day in culture. Quabain was added after 1 day in 
PHA and 2 days in culture. Incorporation of ‘H-thymidine was 
measured on the third day of culture after 1 day in ouabain. 
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medium on ouabain induced inhibition. A, *H-uridine incorporation: 
ouabain concentration 1-7 x 10-7 M for each experimental point (mean 
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B, *H-thymidine incorporation: ouabain concentration 21x107 M 
for each experimental point (mean of four cultures). PHA added after 
1 day in culture. Isotonic KCI added 1 day after PHA. Ousabain 
added 0-5 h after KCI Control cultures were treated with isotonie KC: 

but were not given ouabain. 


activated cells was quantitatively about the same as the 
residual incorporation of the cells which had not been 
treated with PHA. No incorporation of *H-thymidme 
was observed without PHA treatment, confirming the 
results of others?)}*, 

Corticosteroids are known to cause damage to iym- 
phoid tissues!*'*, Because ouabain has a steroid moiety, 
the specificity of its action was tested by comparison 
with prednisolone and hydrocortisone, all given 2 h after 
PHA administration. Prednisolone did reduce incorpora- 
tion of *H-uridine, consistent with the finding that this 
steroid reduced incorporation of *H-cytidine'*®. A con- 
centration higher by two to three orders of magnitude, 
however, was required to produce a reduction equivalent 
to that produced by ouabain. Some inhibition of in- 
corporation was also caused by hydrocortisone, but con- 
centrations even higher than those for prednisolone were 
required. Details of these studies will be presented in a 
later report. 

In order to test the hypothesis that ouabain produced 
its effect by inhibiting ion transport, isotonic KOI was 
added to leucocyte cultures to give potassium concentra- 
tions above normal levels. The ouabain concentrations 
used were 1-7-2-1* 10-7 M, which caused a marked de- 
pression of *H-uridine incorporation at PHA concentra- 
tions of 0-4 mg/ml. 

Fig. 3 shows that the inhibition by ouabain of uridine 
and thymidine incorporation was reduced or prevented 
at higher potassium concentrations. This effect was rather 
like that observed by Lubin!’ with respect to the effect of 
potassium on the inhibition of protein synthesis in sarcoma 
cells caused by amphotericin B. 

The effect of ouabain was found to be reversible. When 
cells were maintainedein the presence of the inhibitor for 
up to 3 days and then washed free of the ouabain, they 
responded to subsequent treatment with PHA in the 
normal way, at least with respect to the incorporation of 
3H -uridine. 

In some experiments, leucocyte cultures were treated 
with both PHA and ouabain; after incubations of up to 
3 days, the cells were twice washed and re-incubated in 
fresh medium without either agent. In these conditions 
*H-uridine was found to be incorporated into the RNA of 
the preparations at the accelerated rates characteristic 
of control cells (that is, without ouabain) maintained in 
the presence of PHA for 1 day. Indeed, further addition 
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of PHA to these pretreated cultures did not increase 
incorporation rates. Thus some initial effect of PHA 
must have been irreversible and was not prevented, but 
was masked, by the presence of ouabain. 

We are studying the mechanism of the potassium effect 
and are also investigating the action of ouabain on anti- 
genic responses in vitro and in vivo. If the ouabain effect 
oceurs in the intact animal, this might have an interesting 
application to the problem of homograft rejection. 

We thank Dr J. D. Abbatt for helpful suggestions and 
the Medical and National Research Councils of Canada 
for grants. 

M. R. QUASTEL 
Radiation Protection Division, 
Department of National Health and Welfare, 
Ottawa. 
J. G. KAPLAN 
Department of Biology, 
University of Ottawa. 
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APPLIED SCIENCES 


Thermohygrometric Analysis 


Tue development of an electrolytic hygrometer by which 
moisture or water at very low levels may be detected and 
measured has been described elsewhere!. The instrument 
has many applications, but our principal uses have been 
for the measurement of the concentration of water in gas 
streams and for the determination of small discrete 
amounts of water in various devices such as lamps, valves 
and relays. Another use of the instrument is to measure 
water produced indirectly in appropriate conditions by 
the reduction of an oxide im a stream of hydrogen gas; 
for example, iron oxide or tungsten oxide. 

Our purpose here is to outline a new application of the 
hygrometer, to the more detailed study of temperature- 
dependent chemical reaction phenomena involving the 
evolution of water. 

A few mg of the material to be examined are subjected 
to temperature-programmed heating m a tube furnace 
through which a dry inert carrier gas is passed. The 
gas conveys to the hygrometer cell any water evolved from 
the sample material, and the signal from the hygrometer 
and the furnace temperature are both displayed on 
recorders. This permits observation of the temperature 

range or ranges over which water is evolved, and by means 
of an integrating attachment to the recorder a quantitative 
measurement can be made of the amount of water evolved 
over any particular temperature range. The method is 
particularly useful, for example, for measuring the decom- 
position temperature(s), and the corresponding amount(s) 
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Fig. 1. Thermohygrometrie analysis of nemalite. Nemalite, 1 


“2049 meg; 
total water, 31-0 per cent. 


of water evolved, for various clay minerals such as 
kaolinite, chrysotile (hydrated magnesium silicate), 


brucite (magnesium hydroxide) and goethite (ferric oxide 
monohydrate). Some more complex minerals, such as a 
granite, yield recorder traces showing as many as six 
peaks for water evolution, and this may prove to be a 
useful “finger printing” method as an aid to characterizing 
minerals. 

Fig. 1 shows the recorder trace for water evolution, 
obtamed on heating a particular sample of nemalite 
(fibrous brucite) in the way described. This shows that the 
nemalite specimen decomposed just above 300° C, and 
the integrated water signal corresponded to a water 
content of 31-0 per cent, the theoretical value for Mg(OH), 
being 30-9 per cent. There is some analogy with examina- 
tion by differential thermal analysis, in which an endo- 


thermic reaction at approximately 400° C would be 
observed. By the method described here the actual 


quantity of water evolved is measured. 

The extension of the technique in which dry hydrogen 
is substituted for the inert carrier gas provides a new 
method for the examination of mixed oxide systems. 
The progressive reduction of oxide, for example, iron 
oxide, in such a system can he followed and a distinction 
can be made between combined and uncombined forms. 
X-ray diffraction examination of the products at various 
stages of the process is invoked to assist interpretation of 
the results. 

We propose to describe this technique as thermo- 
hygrometric analysis (THA) and in due course to publish 
a more detailed account of a variety of applications. 

We thank Mr L. J. Monkman of Turner and Newall 
Ltd for providing us with a sample of nemalite. 

J. E. STL 
R. C. CHIRNSIDE 
General Electric Company Limited, 
Central Research Laboratories, 
Hirst Research Centre. 
Wembley. 


Received May 31, 1968. 
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BOOK REVIEWS 


FOR THE PUBLIC GOOD 


The Continuing Purpose 

A History of the National Trust, its Aims and Work. By 
Robin Fedden. Pp. xi+226+45 photographs. (London: 
Longmans, Green and Co., 1968.) $11; 99s. 


A success story is always heartening, and that in the main 
is what Mr Robin Fedden unfolds with precision, clarity 
and unfailing readability in his definitive history of the 
National Trust. He deals authoritatively with the origins, 
development, administration and present day vast respon- 
sibilities, all with the intimate inside knowledge of one of 
its leading experts and senior officers. No one else could, 
I think, have even attempted such a task and certainly 
not have achieved it so completely or with such literary 
grace. The first tentative inaugural meeting was held 
exactly three-quarters of a century ago and was well 
reported : 

“Mr Ruskin. the Daily News said, ‘would have been 
spared many a mournful page’, if a body such as the 
proposed National Trust had existed earlier, and The 
Times in its enthusiasm surprisingly envisaged ‘a future 
neither dim nor distant (when) the association may 
possibly go so far as to seek powers of compulsory pur- 
chase in cases where the public interest is clearly involved’. 
It saw no reason why ‘a bit of beautiful seenery should not 
be the subject of a forced sale under equitable conditions 
just as much as a bit of ugly country for a railway’.” 

Not all great causes have the leaders they deserve, but 
throughout its whole history, from its founding fathers 
down to the present, the National Trust has been for- 
tunate indeed in being guided and served by devoted men 
and women whose shrewdness and worldly wisdom 
matched their zea]. Lacking such, there could have been 
no success story nor, indeed, any National Trust at all, as it 
has been struggles all the way, financial, political, social 
and personal, and any failure in patience, understanding, 
foresight or tact could, time and again, have placed the 
whole enterprise in jeopardy. 

There is nothing of “the dead hand” about the Trust. 
It is indeed most alertly alive to the changes taking place 
around it and continually adapting its pdiicies to serve 
posterity as faithfully as it serves us, that is in protecting 
what is beautiful and/or of historic interest, 

Thus the author, having referred to the shift of public 
interest from medieval and Tudor architecture to the 
Palladian and Baroque and the Trust’s response thereto. 
proceeds: 

“In the period 1945-65 a reinterpretation altogether 
more fundamental was required in respect of buildings 
which are the concern of industrial archaeology. These 
have been defined as ‘any building or fixed structure— 
especially of the period of the Industrial Revolution— 
which either alone or in association with plant or equip- 
ment, illustrates or is significantly associated with the 
beginnings and evolution of industrial and technical 
processes’, Britain is incomparably richer in such build- 
ings than other countries and, as the first great industrial 
power, possesses in its early factories, mills, bridges and 
eanals a mixed treasure that is of great historic interest 
and often of considerable beauty. ... The year in which 
the Stratford Canal was opened saw the acquisition of 
some fifteen miles of the River Wey Navigation, dating 
from the mid-seventeenth century. In 1966 and 1967 
four of the famous Cornish beam-engines, associated with 
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the old tin-mining industry, came to the Trust, as did 
Thomas Telford’s splendid suspension bridge over the 
Conway River. The latter would have been demolished, 
but for the intervention of the Trust. Almost unthinkable 


guardianship. l 

Most people probably conneet the Trust first with 
“stately homes" and ancient monuments, and secondly 
with “areas of outstanding natural beauty”, but besides 
these and its other concerns, it is deeply isvolved 
also in nature conservation. 

“The preservation of flora and fauna has always been 
the special interest of many Trust members. A panel of 
experts advises the Trust on such matters. Wieken fen 
was secured as early as 1899, Blakeney Point bere the 
First World War, Scolt Head in 1923, and the Farne 
Islands two years later. In the Nature Conservancy the 
Trust acquired an ally to whom it could not only ‘ook for 
specialist advice in the management of its nature reserves, 
but to whose keeping it seemed wise in the best interests of 
nature conservation to commit the care of certain proper- 
ties. 1952 saw the lease of Scolt Head and other reserves 
to the Conservancy. The latter now manages seven 
properties on behalf of the Trust.” 

Under the heading “Battles” in which the Trust is 
reluctantly yet inevitably involved, the author writes: 

“It is characteristic of the postwar years thet whuile 
central and local government show increasing concern, for 
the preservation of open spaces many of their under- 
takings are calculated to destroy them. Different.policies 
are coincidentally pursued and Jekyll remains uneware of 
Hyde’s existence. The same government which provides 
money from the Land Fund to save moor and coast, areets 
microwave towers of extreme inelegance with little thought 
to the effect that their siting will have on the landscape, 
carries overhead cables up remote dales, and permits roads 
to be carved in inappropriate places. The local authorities 
which generously contribute to the maintenance of the 
Trust’s open spaces promote schemes which will irreparabl y 
damage them. 

“Tt is thus as inevitable as it is ironic that the Trust in 
recent years has had to fight an increasing number of 
battles, sometimes victorious, and sometimes mot, to 
protect properties.” 

One of the Trust’s increasing problems is how to receu- 
cile its role as protector and guardian of the status quo with 
the ever mounting flood of visitors, whose trampung feet 
have in some cases already worn away the very turf and 
caused really serious erosion. 

James Fisher, deputy chairfhan of the National Parks 
Commission, has wryly referred to this trouble as ‘Solitude 
for the Masses” which neatly sums up a very veal and 
menacing dilemma. 

Quoting G. M. Trevelyan who many years ago wrote 
“The importance of the Trust is a measure of the constant 
diminution of all that is lovely and solitary in Britain’. 
the author himself continues to amplify this sorry truth 
with: 

“The problem is so large, and the forces of destruction 
so active, that in isolation the Trust’s achievement must 
always be limited. Increased cooperation with govern- 
ment and local authorities can alone realise the Trast’s full 
potential. ... 
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“This is still true. Technology and the very instruments 
devised for our well-being accelerate the destruction of our 
habitat. The bulldozer turns savagely upon its masters. 
Without harmonious contact between men and buildings, 
between men and landscape, people are adrift. In an era 
of remote decisions made on maps and carried out by 
mammoth firms, the forces of conservation, though they 
grow, marshal too slowly. In a context of irreparable loss, 
the achievements of the Trust and other preservation 
societies are pitifully inadequate. Determined and costly 
government action alone can save more than a fragment of 
the setting which the founders of the Trust, and those who 
furthered its work, have seen as essential to civilised life.” 

Of course ““Government Action” gave us the 1947 Town 
and Country Planning Act which was largely concerned 
with our environment, and there has been further recent. 
legislation aimed at promoting a greater and more intelli- 
gent respect for our habitat—whilst the many amenity 
bodies such as the Council for the Preservation of Rural 
England and that for Wales are all staunch allies of the 
Trust. 

But indeed it is as yet nothing like enough and, as the 
author laments, with no money to spare for public rela- 
tions or publicity there is still widespread ignorance about 
just what the Trust is and does and is legally required or 
permitted to do. 

As a first step towards general enlightenment I can 
think of none better than the widest possible readership 
for this admirably organized, comprehensive and per- 
suasively written book with illustrations worthy of its 
elegant text. 

I greatly hope that in due course it may appear as a 
paperback, literally pro bono publico. 

CrLrocen WILLIAMS-ELLIS 


ASPECTS OF GALILEO’S WORK 


Galilée 

Aspects de sa Vie et de Son Oeuvre. (Centre International 
de Synthése: Section d’Histoire des Sciences.) Pp. viii+ 
382. (Paris: Presses Universitaires de France, 1968.) 
24 frances. 


THE quatercentenary of Galileo’s birth was celebrated 
by historians of science either by conferences or by the 
collection of contributed papers; the delays of publica- 
tion (and of scholars’ revisions) being what they are, 
the results are just beginning to appear in book form. 
The French are among the most prompt, as this volume 
demonstrates; they had also in some measure forestalled 
the delays of book production by devoting two issues 
(vol. 17, No. 4, 1964, and vol. 18, No. 2, 1965) of the 
Révue d` Histoire des Sciences to Galileo. This journal is, of 
course, the official organ of the very active history of science 
section of the Centre International de Synthése, which 
also organized a “Journée Galilée” in June 1965, when 
six papers were read. The book under review in fact 
combines these two activities of the Centre, being com- 
posed of the papers read on the Journée Galilée and the 
articles published in the Révue in 1964 and 1965, with the 
addition of one published ® 1966. 

As the sub-title indicates, there*is no clear thread or 
topic to the book as a whole. Moreover, some of the 
papers—René Taton’s able account of Galileo’s life 
(supplemented by a chronological table of Galileo’s life 
and work) and Père Russo’s translation of the “Letter 
to the Grand Duchess Christina”, especially—are of impor- 
tance only for French audiences, because English readers 
are well served in these respects. Several of the papers— 
Vasco Ronchi on Galileo’s astronomy, M. D. Grmek and 
D. Nedelkovitch on Gahileo’s scientific personality—are 
clearly written to be listened to, rather than to be read. 
There are good, thoughtful papers by Pére Dubarle, 
Emile Namer and Maurice Clavelin on Galileo’s approach 
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to science; Clavelin’s paper on Galileo’s denial of the 
equivalence of hypotheses is particularly well presented. 
Excellent though these papers are, it seems a pity that 
in the revision for publication in this volume the authors 
did not attempt to correlate their discussions. 

The remaining papers are either translations or discus- 
sions of particular aspects of Galileo’s work. There is a 
competent study of Galileo’s work in mechanics by 
Père Dubarle and a meticulous and scholarly analysis by 
Père Costabel, “La roue d'Aristote et les critiques fran- 
çaises à lPargument de Galilée”. Namer has surveyed 
Galileo’s astronomical work; Bernard Dame has presented 
a detailed study of Galileo’s work on and controversies 
about Sun spots from 1610 to 1613; and Serge Moscovici 
has written about Galileo’s theory of the tides in relation 
to its development by Giovanni Battista Baliani. This is 
based in part on Baliani’s correspondence with Galileo 
and discusses Baliani’s criticisms of Galileo, his own 
theory, and comments on this theory, particularly by 
John Wallis whe knew of it through Riccioli’s summary. 

This is net a work for the layman, but there is much 
to interest those who already have some first hand know- 
ledge of Galileo’s work. Marie Boas HALL 


CYBERNETICS AND FORECASTING 


Cybernetics and Forecasting Techniques 

By A. G. Ivakhnenko and V. G. Lapa. Translated by 
Seripta Technica, Inc. Translation edited by Robert N. 
McDonough. (Modern Analytic and Computational 
Methods in Science and Mathematics.) Pp. xxvii+ 168. 
(New York: American Elsevier Publishing Co. ; Amsterdam 
and London : Elsevier Publishing Co., 1967.) 130s. 


THIS is an intriguing and exasperating book. The field 
of knowledge encompassed by the term cybernetics is 
embarrassingly wide and there is some danger that in 
England this book's title will appeal primarily to the 
statistician and the operations research worker whereas in 
fact its background is strictly that of the communications 
and control systems engineer. 

I happen to be a statistician and digital computer man 
by background, and I began reading this book therefore 
with lively interest to see what headway a communications 
engineering approach might make with forecasting and 
classification problems, which we would naturally tend to 
solve using such familiar statistical tools as regression 
analysis and canonical analysis. My interest, however, 
began to flag because of the inadequacy of the pre- 
sentation of the subject, which largely accounts for my 
exasperation. * In order to check my impression I 
looked therefore for a book on communications engineer- 
ing. In so doing I lighted on a beautifully clear exposi- 
tion of the fundamental topics described in the first three 
chapters of this book—a book by another Russian, An 
Introduction to Statistical Dynamics of Automatic Control 
Systems, by V. V. Solodovnikov. 

In both books, the authors start from the assumption 
that their readers are engineers who are unacquainted 
with any statistical theory, but whereas Solodovnikov 
develops this theory in a clear, comprehensive manner 
which is both lucid and rigorous, Ivakhnenko and Lapa 
leave a great deal to the reader's imagination. There are 
numerous examples of new terms being introduced with 
inadequate explanation and sometimes none at all. Thus 
whereas Solodovnikov takes three carefully argued pages 
to define the concept of a stationary random process 
which is fundamental to both books, Ivakhnenko and Lapa 
consider that one short paragraph will do. On page 35 
we meet “wide sense Gaussian’? without explanation, 
and similarly we have “noise whitener’’ on page 58, 
“Wiener Hopf integral equation” (page 72), and “Hilbert 
spaces” and “projection operators’’ (page 70). 

The diagrams are numerous but poorly reproduced, 
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and the usefulness of the book would be enhanced for a 
wider readership if the control engineering notation used 
‘in many of these diagrams was more clearly explained. 

So much for the exasperation. The book remains 
intriguing on two counts. First, the writers have applied 
the methods described in an interesting variety of situa- 
tions which are illustrated with graphical comparisons of 
actual and forecast results. These examples include the 
end boiling point temperature of a petroleum plant, short- 
term forecasting of electricity demand, power station 
load variations, prediction of the internal pressure during 
brain haemorrhage, predicting the profile of a river bottom 
for optimal control of navigation, prediction of the 
amplitudes of ocean waves and prediction of atmospheric 
pressure. The apparent agreement is striking, but 1 would 
like to have seen a more extensive discussion of cases 
where the techniques proposed did not work, as there are 
many failures for each success in the forecasting business. 
Indeed, the statistician will be struck by the difficulty of 
establishing the significance of the results using these 
techniques. 

Secondly, the fourth and last chapter is devoted to the 
use of adaptive pattern recognizing systems of the per- 
ceptron type as a forecasting aid, and evidently this is 
where the authors’ real enthusiasm lies. They put the 
ease for computing networks of this type in situations 
where such digital computing methods as discriminant 
analysis and clustering might otherwise be used but where 
digital computers may be too slow or too costly at present. 
The techniques proposed represent a considerable advance 
in sophistication on the analogue computing networks 
generally in use for control purposes. 

C. M. BERNERS-LEE 


FAST REACTORS 


Fast Breeder Reactors 

Edited by P. V. Evans. (Proceedings of the London 
Conference on Fast Breeder Reactors organized by the 
British Nuclear Energy Society, May 17-19, 1966.) Pp. 
vili +951. (Oxford, London and New York: Pergamon 
Press, 1967.) 240s.; $837. 


Ix recent years, the British Nuclear Energy Society has 
arranged a number of international meetings on different 
aspects of nuclear technology, and this thick volume forms 
the proceedings of the 1966 London one on fast breeder 
reactors. The cost of publication is always a problem to 
the planning committee of any unsubsidized conference; 
the easiest solution, and in some cases the best, is to 
publish nothing, but BNES is firmly in the other camp 
with everything presented, including the discussion, 
verbatim. For the London meeting, publication has 
been through a well known scientific house and the result 
is a volume with a clear and elegant format but at a price 
which will almost certainly exclude individual buyers. 
Librarians of nuclear institutions will have to budget 
accordingly because the volume should certainly be on 
their shelves. Moreover, they should bear in mind that 
the proceedings of the International Atomic Energy 
Agency’s 1967 Karlsruhe meeting on fast reactor physics 
will soon be available; comparison will provide an interest- 
ing check on progress. 

The first section of the present volume is concerned with 
the place of fast reactors in the energy programmes of the 
United Kingdom, the United States, the Euratom coun- 
tries (with France also reported separately) and Japan. 
For the UK, Searby and iffe of the Atomic Energy 
Authority consider various national atomic energy pro- 
grammes for the last quarter of the present century and 
estimate that several hundred million pounds would be 
saved by the installation of fast rather than thermal 
reactors. They do not give the total cost involved, but 
from the assumed installed capacity it seems likely that 
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their savings would be some 10 to 20 per cent of the total. 
More British estimates on generating costs were given in a 
later session of the conference by Tattersall, Bell and 
Emerson, who presented the results of a design study for a 
2x 1,000 MW(e) fast reactor station undertaken jointly 
by the three British industrial consortia concerned with 
nuclear power. This particular session, devoted entirely 
to the design of fast power reactors, also included a 
description of the British prototype fast reactor under 
construction at Dounreay, as well as information from 
France, the United States and Russia. 

One of the two Russian stations described is being 
built on the shores of the Caspian sea to provide electricity 
(150 MW) and fresh water (12,000 tons per day). Although 
gas and steam cooling received some attention in this 
session and an earlier one, the greatest design interest 
was in liquid metal cooling. The similarity of the separate 
designs was commented on by Carruthers of the English 
Central Electricity Generating Board, who wondered, as 
a potential customer, whether international collaboration 
could be arranged to avoid duplication of effort, either 
by concentration on a smaller number of prototypes or 
by deliberately pursuing different possibilities. Appro- 
priately, the design session was preceded by one on 
operating experience with the three sodium-cooled 
systems, the Dounreay fast reactor and the American 
reactors EBRI and Enrico Fermi, which were operating 
at thermal powers of 50 to 70 MW at the time of the 
meeting and with the Russian 5 MW system, These 
operating reactors, and experiments in thermal ones, 
have provided much information on fuels and liquid 
sodium coolants. Two conference sessions were devoted 
to these topics and two others to the detailed behaviour 
of neutrons in fast reactors. J. WALKER 


ORGANOMETALLIC COMPOUNDS 


Organometallic Compounds 
Vol. 1: The Main Group Elements. By G. E. Coates and 


K. Wade. Third edition. Pp. xiv+573. 120s. Vol. 2: 
The Transition Elements. By M. L. H. Green. Third 


edition. Pp. xiii+376. 100s. (London: Methuen and 


Co., 1968.) 
In the first edition of this book, published im 1956, 


first edition the much awaited third edition has been 
published as a two volume work comprising some 950 
pages, and written by three authors. Not only has the 
number of pages substantially increased with each 
succeeding edition but so have the dimensions of the 
printed pages, so that the latest edition represents in 
terms of its size and scope a notable work indeed. 

Volume 1 reviews the chemistry of the organometallic 
compounds Qf the main group metals, the term organo- 
metallic being defined, as is eustomary, as a compound 
containing a metal-carbon bond. Thus metal alkoxides 
and some other metal-organo compounds are excluded. 
As in the previous editions, compounds of boron are 
included, but not those of silicon or arsenic. The book 
has a well designed table of contents, and a detailed subject 
index enabling a reader to locate quickly information on 
a particular compound or class of compound. Some of 
the subject index entries seem unnecessary, for example, 
“dollars, millions of”, while others such as smell” lead 
to amusing anomalies. Thus the index carries an entry 
for the apricot smell of one organogallium cornpound but 
not the vanilla smell of another, both having the same 
acceptable fragrancy for the reviewer. 


* 
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The chapters in volume | are organized acco rding to 
the groups of the Periodie Table of the Elements. Accord- 
ingly, the third chapter reviews the organo-derivatives 
of boron, aluminium, galium, indium and thallium. 
Each chapter gives a comprehensive account of the 
subject matter, for example, the 118 page section on 
organo-boron compounds has well over 600 references, 
several of which are from the literature of 1966. One 
suspects that at certain times readers of the book will be 
impeded when wishing to refer to the original literature 
by the fact that six or more different references are 
grouped together under one entry number. Hence, for 
example, a reader sometimes cannot know without 
examining several different journals which reference 
concerns a particular reaction. The volume is singularly 
devoid of tables, and I believe that the book would have 
been enhanced by the inclusion of a few tables listing the 
physical properties of seleeted compounds and giving 
references as to where a reader could find the best method 
of synthesis, infrared or NMR spectra, and so on. 

The above criticisms notwithstanding, the authors are 
to be congratulated for writing a book which is a significant 
contribution to organometallic chemistry and one con- 
taining a unique conspectus of facts. 

Because volume 2 is written by a different author, 
some changes in approach from that used in the second 
edition, and in volume 1 of the third edition, are inevitable. 
Thus the classification of transition metal complexes by 
periodic group, which was a feature of the first two editions, 
has been abandoned in favour of coverage bv ligand type. 
The organic parts of the complexes are separated into 
two- to seven-electron ligands and are described in 
successive chapters. The x-cyclopentadieny] complexes, 
for example, are considered in the section on five-clectron 
ligands, and the chapter includes some sixteen pages 
giving a brief summary of the organic chemistry of such 
molecules as ferrocene and cymantrene (m-cyclopeptadi - 
enylmanganese tricarbonyl). Both here, and throughout. 
this book, effective use is made of “exploding” diagrams, 
iterrelating several reaction schemes, although in 
several cases it has not been possible to include all 
the derivatives prepared from the complex under dis- 
cussion. 

A further chapter is concerned with one-electron 
ligands, whieh are discussed after the sections mentioned 
earlier. This is justified because many of the stable 
compounds containing one-electron groups (that is, 
s-metal-carbon bonds) also contain a m-ligand. The 
final two chapters, on organometallic complexes from 
acetylenes, and on the role of organo-transition metal 
complexes in catalysis, highlight two fascinating areas of 
research of current industrial significance. 

It is unfortunate that no discussion of metal carbonyls 
is included, because these compounds fall within the 
usual definitions of organometallic compounds and, 
moreover, they are the source of many of the complexes 
described in this volume. I would like to have seen also 
some account of the many complexes containing metal- 
metal bonds given in one place, instead of being scattered 
through this volume and seemingly added as an after- 
thought to chapter 4 of vojume 1. ° 

The author has drawn freely frpra the now extensive 
structural determinations of organometallic complexes 
(which are also fully indexed separately at the end) which 
have revealed so many surprising and unusual molecular 
arrays. To accompany this, a general molecular orbital 
description of the bonding is detailed for common ligands, 
and this, together with the pictorial representation of the 
orbitals used in bonding, is yet another useful feature of 
this book, 

Tt is one of the facts of chemical life that books are 
invariably out of date before they appear. A judicious 
examination of the reference lists suggests that the main 
account was compiled towards the end of 1965, with 
supplementary references covering important recent 
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findings added later; some of these refer to work reported 
in the early part of 1967. In a field which is still moving 
forward rapidly, it is to be hoped that further revisions 
will appear at frequent intervals. The treatment of the 
various topics is necessarily brief, but the reader is often 
referred to many, more detailed, reviews. 

Typographical errors seem to be few, but the distorted 
perspective of many of the structural diagrams is some- 
times disturbing. Structure 6-16 (page 200) does not 
contain the delocalized system that is indicated. 

In summary, these two volumes are to be highly recom- 
mended and it is difficult to see how any practising 
organometallic chemist can afford to be without them 
in spite of the substantial cost, which, however, seems 
reasonable in today’s book market. F. G. A. STONE 


DIFFUSION PHENOMENA 


Diffusion Processes 

By M. H. Jacobs. (Reprint from Ergebnisse der Biologie, 
Zwolfter Band.) Pp. iv+160. (Berlin and New York: 
Springer-Verlag, 1967.) 24 D.M.; $6. 


Tuis book is an English translation of the work published 
in German by M. H. Jacobs in Ergebnisse der Biologie, 
in 1935, and is well known by chemical physicists working 
on diffusion. 

My only criticism is related to the obsolescence of the 
bibliography (the more recent reference is dated around 
1935), and its form. It is regrettable that the thermo- 
dynamical aspect of diffusion is missing in this work. 
The thermedynamics of irreversible processes is much 
more important nowadays because this theory leads to a 
better understanding of whole transport phenomena like 
diffusion. There is a certain lack of unity in the mathe- 
matical formulation of the various problems treated, 
which are presented as a series of particular cases solved 
by particular “recipes”. A development, maybe more 
complicated, of the general continuity equation resolution 
would permit scientists to apply it to specific laboratory 
situations, 

It is extremely rare in biological experiments to meet 
simple diffusion phenomena. In contrast, diffusion is 
embedded in complex processes when “cross phenomena ` 
are predominant. Apart from this, the book is stall 
valuable for biologists and biochemists interested in 
chemical physics research, as Solomon points out in the 
preface. The matter is stated clearly and the mathematics 
kept simple. 

In a short introduction, which gives a physical idea of 
the phenomenon, the author stresses the importance 
of the initial and boundary conditions in the resolution of 
the Fick equations. Then he undertakes the resolution of 
these equations in several cases corresponding to different 
physical conditions, either general or specific, to biochem- 
ical problems. First, treating the one-dimensional prob- 
lem, he deseribes the methods generally used in the 
laboratory for measuring D. It is regrettable to see that 
the more recent methods are omitted. However, the 
usual methods in biological laboratories are the classic 
ones, 

Closed and open systerns are then investigated. In each 
case, examples of biological applications are given. The 
author then studies the evolution of a diffusing system as 
a function of time and the non-equilibrium stationary 
state with different conditions. In this last case, he studies 
diffusion through a body of variable cross-section, diffusion 
through two different layers, and also the influence of the 
concentration dependence of the diffusion coefficient. 

An important chapter is on thin membranes which are 
particularly important in biology. Nevertheless, the 
phenomenon is so complex that the physical interpretation 
of the apparent phenomenological coefficient becomes 
impossible. The treatment of diffusion through a mem- 
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brane dividing two phases is an example of a problem 
which could be solved by chemical thermodynamics. 
The chapter on Brownian motion and diffusion will be 
certainly appreciated by biochemists who wish to under- 
stand the kinetics of such a phenomenon. Cylindrical and 
spherical diffusion is discussed in relation to experimental 
situations. The problems of diffusion in an external field 
and diffusion in a reacting medium are also solved. 

In spite of the fact that this book was obviously written 
for biochemists, it will certainly be very useful for all 
people working in laboratories and for scientists con- 
cerned with problems of diffusion. G. THOMAES 


SOLVING EQUATIONS 


Approximate Methods for Solution of Differential and 
Integral Equations 

By S. G. Mikblin and K. L. Smolitskiy. Translated by 
Seripta Technica, Inc. Translation edited by Robert E. 
Kalaba. (Modern Analytic and Computational Methods 
in Science and Mathematics.) Pp. xi+308. (New York: 
American Elsevier Publishing Co.; Amsterdam and Lon- 
don: Elsevier Publishing Co., 1967.) 140s. 


I~ recent decades great advances have been made in 
devising methods for approximating to the solutions of 
differential and integral equations; and nowhere has 
more progress been made than in Russia. The book at hand 
gives an account of these methods and it is no surprise 
that emphasis is given to the Russian contributions. 

Apart from a short first chapter on the Cauchy problem 
for ordinary differential equations, the book consists of 
three further chapters, dealing respectively with numerical 
methods, analytical methods and methods for solving 
integral equations. _In all cases approximate methods 
are described. In the numerical case the idea is to 
cover the domain involved with a grid and to replace 
the derivatives by the appropriate finite difference 
approximations based on this grid. This idea is not new, 
and is in no sense a Russian preserve, as the book may 
give the impression, and it is perhaps a justified mild 
criticism that no reference is made to the English work 
of Southwell and his colleagues of about two decades 
ago. 

There is a brief description of what is called the line 
method. The basic idea here is to substitute finite differ- 
ences for the derivatives with respect to one variable, and 
retain the derivatives relating to other variables. This 
replaces the equation by a system of differential equations 
in one fewer variables. The method is intermediate 
between grid methods and analytical Methods and, 
according to the authors, needs more assessment before 
it can be considered as established. 

There is a large chapter, about one third of the book, 
on variational methods. These include various analytical 
methods such as those of least squares, the Ritz method 
and the Bubnov-Galerkin method. Variational methods 
in nonlinear problems are discussed. Application is made 
to a wide variety of problems in classical applied mathe- 
matics, but there appears to be no discussion of any prob- 
lems in the field of fluid dynamics. 

The last chapter, on integral equations, covers methods 
for the usual equations of Fredholm and Volterra. Singular 
integra] equations are also covered. 

In a total list of about 140 references there are only 
about 25 references to work published outside Russia. 
This one-sidedness seems deplorable in an age when 
communication should be better, and it is perhaps of 
little surprise if young mathematicians, and particularly 
those in Russia, grow up with the erroneous idea that 
most of the existing knowledge originated in Russia. But 
this is a criticism of the authors and not of the excellent 
translation now published by Elsevier. 

L. S. GODDARD 
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BEATING HEARTS 


Factors Influencing Myocardial Contractility 

Edited by Ralph D. Tanz, Frederic Kavaler ard Jay 
Roberts. Pp. xxv +693. (New York: Academic: Press; 
London: Academie Press (London), 1967.) 261s. 

Tars book collects more than fifty papers given to the 


layer cell cultures. 

Like many such publications, it makes little songes- 
sion to non-experts like myself and my numercus cob 
leagues practising cardiac pathology, nor to cardislogists 
dealing with patients. It is not enough to orgaraze the 
publication of the papers, which the editors have done 
admirably. What is lacking is a simple introduction 
telling how the whole subject has been revolutionized by 
the electron microscope. This instrument has shewn the 
orderly interdigitating arrays of thick myosin and thin 
actin filaments (producing the cross striations cf myo- 
eardium), the transverse and longitudinal tubules which 
ramify in the sarcoplasm of the muscle cell for its 
electrochemical and metabolic transport, arq the 
myriads of mitochondria, the large complex granules 








between the bundles of filaments, which utilize the food- 
stuffs from the blood to manufacture adenosine triphos- 
phate (ATP). ATP is acted on by ATPase of the myosin 
filaments, so providing energy for the fibrillar arrays to 
slide in and out of one another--rather like the bristles 
of two brushes pressed together and pulled apart again. 
The whole amazing process depends on the continuous 
supply of oxygen (since no “debt” can be tolerated, and is 
profoundly influenced by ions, including calcium, sodium 
and potassium, and by catecholamines. 

Exactly how all these factors influence heart action 
is the purpose of these papers, most of which I found 
of absorbing interest. Despite the obvious clinical 
effects of heart failure, no specific defect has been un- 
covered; experimentally, it seems that the arrays ef thick 
and thin myofibrils become pulled apart too widely once 
the limit of the Frank—Starling principle (whick states 
that contraction force is related to previous fibre length) is 
exceeded. 

Several papers deal with monolayer cultures of chick 
myocardial cells; their beating is influenced by potas- 
sium, sodium, barium and serum, but not by caleram, 
magnesium, noradrenaline, acetylcholine, histamine or 
curare. The cells can survive at — 190° C for three 
months. 

Of current relevance are the studies of the denervated 
heart, whether by surgery, drugs or by tmmurological 
sympathectomy. The myocardium becomes depleted of. 
and is very sensitive to, catecholamines, which mereas« 
excessively its rate and force of contraction. The tonic 
action of cardiac glycosides is still not understood; some 
evidence suggests that they make more calcium ions 
available to the myofibril by inhibiting calcium in the 
sarcoplasmic reticulum. 

Some ingenious apparatus has been designed to measure 
the thickness and capacity of the heart chambers in living 
horses and dogs during the cardiac cycle, under various 
conditions. s 


There are many papers dealing with the infleence of 


thyroid, corticosteroids, sex hormones, angrotensin. 
vasopressin and oxytocin. 

Altogether, then, this is a most stimulating end well 
produced book, which should have a wide sale unless 
handicapped by its price. I would like to have seen more 
courageous and ruthless editorship, to cut out all the 
repetitious overlapping by so many experts. Ths would 
both reduce the book to popular proportions and present 
a more coherent account of what is known today eoncern- 
ing the wondrous phenomenon which keeps us alive. 


R. E, B. Hepson 
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BRAIN SLABS 


The Uncertain Nervous System 
By B. Delisle Burns. Pp. viii+ 194. 
Arnold, 1968.) 65s. 


Dr Burns says, disarmingly, in his preface: “... I wrote 
the pages that follow primarily for my own amusement”, 
A reviewer must assume that he succeeded and apply 
some other criterion for judging his book. Its public 
function, which is obviously not to be a text in the 
accepted sense, must be either to stimulate thought, or 
at least to bring together data not available so conveni- 
ently elsewhere. The theme of the book is the statistical 
analysis of central neuronal activity. The author’s own 
work, which forms the bulk of the material considered, is 
mostly concerned with recordings of single-unit activity 
with extracellular microelectrodes. The activity of the 
cortex is deduced from these recordings alone. Within 
these limits I found the account coherent and indeed 
stunulating, although it was not always easy to assess the 
true significance of a result from the material presented. 

The introductory chapters discuss the various models 
proposed for integrated neuronal activity and their 
statistical implications. There is no discussion of whether 
it is a justifiable approach to average analyses over time; 
of whether, for example, one should expect successive 
neuronal responses to a repeated stimulus to be super- 
posable to form a linear average. Indeed, this method of 
analysis is applied to a “conditioning” paradigm described 
in the penultimate chapter of the book, where the expected 
behaviour is non-linear. But even though the brain is not 
performing an averaging operation on a temporal sequence 
of events, it is probably unfair to cavil at this approach; 
the problem of the cortex is so obscure that all conceptu- 
ally simple tools should be used wherever possible. 

The climax of the book, reached after a consideration 
of more established neurophysiology, particularly that 
of the cat’s visual system, is the attempt to uncover the 
laws that underlie the changes in conductivity across 
central synapses that are assumed to be the basis of 
learning. Dr Burns’s technique is to prepare an isolated 
slab of unanaesthetized cortex, stimulate it by two path- 
ways, one from the white matter below the slab and one 
from the pial surface. If this is accepted as a reasonable 
model of the learning brain, then the results presented 
seem to rule out any simplistic notion of “synaptic 
facilitation’. It is difficult to be sure what conclusions 
are really justified, at least from the data presented in 
this book; but Dr Burns and his colleagues have published 
an account of the relevant experiments and the somewhat 
original mathematical analysis in the Journal of Physiology 
(195, 339-367; 1968), with more detail of methods and 
results. 

In the last chapter Dr Burns shows that he is well aware 
of the limitations placed on neurophysiologists by the 
complexity of the brain and he suggests some alternative 
approaches to the problem. This book is amusingly and 
clearly written, with a pleasantly idiosyncratic style. 
As an investment it is expensive for its size, but it does 
contain an unusual colleetion of facts and ideas. 

į ANTHONY ROBERTSON 


* 


SMOOTH SKINNED VERTEBRATES 


Amphibians of Malawi 

By Margaret M. Stewart. Pp. ix + 163 + 20 plates. (Albany, 
New York: State University of New York Press, 1967.) 
$7.50, 

Nor only the children of Malawi, to whom the book is 
dedicated, but the naturalists who are keen to further their 
knowledge, the specialists and the students of herpetology 
will benefit greatly from reading and using this expert 
account. 


(London: Edward 
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Professor Stewart's book could justifiably be described 
as a field guide on a grand scale, blown-up but not padded. 
Often a field guide suffers from over-condensed deserip- 
tions and from various omissions such as data on life 
history and sex dimorphism and authorities for statements 
on habits and habitats; this one does not. The book 
provides the reader with a comprehensive species list with 
scientific names, authorities and common names and a 
wealth of accurate information on each form known to 
occur m Malawi. An added attraction is the author’s 
artistic and technical ability with both pen and camera, 
each species being illustrated with line drawings and some 
with a colour photograph. For diagnostic purposes the 
drawings could searcely be better, but aesthetically the 
photographs have the greater appeal. A glossary, a key 
for the identification of the species and instructions on 
how to use a taxonomic key, and a guide to collecting and 
preserving techniques increase the scope of the book. 
Mrs Stewart’s field experience and familiarity with the 
species and their biotopes are particularly worthwhile 
ingredients, but the bock is further enriched by her having 
discussed her work with experts on amphibian taxonomy, 
by her knowledge of the pertinent literature and by her 
having had access to museum research collections. 

It is unfortunate that her basie definition of amphibians 
is given as “vertebrate animals with smooth skins” and 
is followed by two colour plates of rough and warty 
skinned toads. Despite her qualifying statements, one 
cannot help wondering whether some readers would 
confidentially classify as an amphibian a naked ape with 
webbed toes, 

This book will slip inte only a poacher’s pocket, but that 
does not detract from its value as a field guide, for how 
many collectors grabbing agile frogs on slippery banks of 
streams, in marshes and in bush would want to be en- 
cumbered with a book ? Better that Amphibians of Malawi 
should be on the library shelves, in the home or in camp 
ready to be seized upon when a collector returns with his 
eatch A. G. C. GRANDISON 


DISPOSAL OF WASTE 


Agriculture and the Quality of Our Environment 
Edited by Nyle C. Brady. (A Symposium presented at 
the 133rd Meeting of the American Association for the 
Advancement of Science, December 1966. Publication 
No. 85.) Pp. xv+460. (Washington, DC: American 
Association for the Advancement of Science; London: 
Bailey Bros. and Swinfen, 1967.) 162s. 


Human food producing systems must be capable of 
increased output to meet the demands of increasing and 
often wealthier populations and, at the same time, be 
persistent over decades and indeed centuries. Both 
increased food output and persistence are exposed to three 
major sources of long term ecological instability: soil 
erosion, soil salinity, especially in irrigated areas with hot 
or warm dry climates, and environmental pollution. 
Though developed countries have made some progress in 
combating the first two, the third but growing problem, 
pollution, is substantially unsolved. It is largely the 
product of industrialization, urbanization, automobiles, 
rising living standards and technologically advanced 
agriculture. “Domestic, industrial and agricultural 
activities generate unwanted materials (wastes) which 
must be collected ...and transported to sinks for ultimate 
disposal, i.e. the land or the oceans’. Air and water 
cannot be “means of permanent disposal’ but ‘means of 
transport from source to sink. ... Limited air, land and 
water resources must not only support a society in which 
population, industrialization, urbanization and mobility 
are constantly increasing but also assimilate” the materials 
it rejects as wastes. 

This quctation from a paper (at page 367) by C. D. 
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Gates on “The Disposal of Domestic Wastes in Rural 
Areas” effectively summarizes the scope of this wide 
ranging syraposium, held in Washington DC in 1966, on 
environmental pollution in the United States. The meeting 
was sponsored by the American Association for the 
Advancement of Science, the American Society of 
Agronomy, the American Society of Animal Science and 
other relevant professional societies. There are thirty 
contributions from a wide variety of disciplines and 
organizations; the papers are grouped under four heads: 
air quality, water quality, soil pollution, human and 
animal wastes. 

Under air quality, industrial, domestic or automotive 
pollutants, in particular sulphur oxides, ozone, fluor- 
ides, peroxyacyl nitrates (PAN), ethylene, chlorine and 
nitrogen dioxide, are discussed, as well as airborne 
pathogens (possibly foot and mouth disease, for example), 
wind drift of agricultural pesticides, radioactive fall-out, 
and wind erosion. Under water quality, such pollutants 
as pesticides, leached fertilizer residues, household wastes, 
including detergents, food processing and other industrial 
effluents, soil in run-off water and its resultant sedi- 
mentation and salinity, receive attention. The section on 
soll pollution has papers on radioactive fall-out, heavy 
metal contamination, pesticides and their bio-degradation, 
and nitrogen compounds and their leaching on which 
Stout and Buran offer one of the few quantifiable models 
in the book. Finally, there are useful contributions on 
the disposal of the excreta of livestock and humans, 
and on other household wastes. 

This is an important book on a growing problem that 
is found in all industrial societies, most of which also 
have advanced agricultures, intensively using fertilizers 
and pesticides. Therefore, although the subject is re- 
stricted to the United States, the content is of inter- 
national value. 

Most of the papers are short reviews, defining a par- 
ticular problem and outlining counter-measures; few 
report original research. There are full bibliographies, and 
good author and subject indexes. The book would have 
been more useful if it had included a concluding synoptic 
paper, and if it had more diagrams and flow charts. In 
fact, the interactions within the various links of, and along, 
human and other food chains receive only passing 
attention, even in qualitative terms. Quantification and 
evaluation of the balance of advantages between pollu- 
tion, higher living standards and greater food output 
must come in the future. Possibly, as E. H. Castle 
(page 251 ff) and Gates suggest (page 383), cost-benefit 
analysis and systems analysis offer useful approaches in 
a field where synoptic quantification is difficult and rare 
and emotions common. A. N. | DuckHAM 


BIOLOGICAL EDUCATION 


Journal of Biological Education 

Vol. 1, Nos. 1-4 (March, June, September, December 
1967). (London and New York: Academic Press, 1967. 
Published for the Institute of Biology.) Annual subserip- 
tion, 60s. 


Tms new journal was dedicated to those engaged in 
biological teaching in schools, technical colleges, colleges 
of education, universities and other institutions. The 
appearance of the first volume in March 1967 was wel- 
comed by teachers of biological subjects at all levels. 

The periodical set out to establish a forum for the 
interchange of experience and ideas in current biological 
education, and it has made a good beginning. So far most 
of the advertised features have been represented and 
there has been a refreshing variety in content and in the 
treatment of themes. The high standard maintained over 
the first year’s issue has come to be recognized and 
expected. 
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It might be rash to suppose that any one publication 
could provide worthwhile material for readers with such 
widely ranging interests. What need does it supply 
which was not already met by such periodicals as The 
School Science Review, School Natural Science, Biology and 
Human Affairs, and the numerous more specmlized 
biological or educational journals, all of which are con- 
cerned wholly or in part with biology or education or 
both? The two peculiar merits of this periodical are: 
extensive, in that its features and articles range ower the 
whole (or almost whole) of biological education, and 
intensive, in that it concentrates attention on biological 
science rather than on science at large. Policies ef bio- 
logical education often lack coherence and continuity. 
Divisiveness in aims and methods between teaching at 
one level and another has sometimes led to frustration 
and wasted effort. Through this new journal as, I think 
by no other means, biology teachers in different establish- 
ments may be made aware of what is going on elaewhere 
in work related to their own. This knowledge and under- 
standing should lead to a very fruitful unification of 
endeavour and continuity of purpose from one stage of 
biological learning to the next. 

In his article (1 (2); June 1967), “Crisis in Biclogy”’, 
Dr K. F. Dyer urges that more provision should be made 
for training in medicine, agriculture and certain sspects 
of “orthodox” biology, such as marine biology—-which, he 
claims, do not now receive recognition commensurate 
with their economic and social importance. Similarly, 
one might suggest that this journal, admirable in con- 
ception, catholic in breadth of interest and setting a high 
standard of scholarship, could with advantage include 
from time to time articles embodying that broader inter- 
pretation of biological education mentioned by Dr H. P, 
Ramage (1 (2); June 1967) in his article, “Principles and 
Perspectives for Educational Biology”. A high proportion 
of the children in our secondary schools study biology less 
perhaps as a specialist science than as one of the liberal 
arts, and on the values and attitudes engendered by 
their education depends the climate of thought and gapinion 
in which biology, pure and applied, will develop urtil the 
end and over the turn of this century. 

E. J. VINNICOMBE 


OBITUARIES 


Professor W. B. Pennington 


Proressor W. B. Pennineron died suddenly on March 3 
at the age of 44. He was professor of pure mathematies 
at the University College of Wales, Aberystwyth, a post 
which he had held since 1961. 

William Barry Pennington was educated at Lough- 
borough Grammar School and Jesus College, Cambridge, 
which he entered as a scholar in 1941. He was classed 
as a wrangler in Part II of the mathematical trypos in 
1943 and then left Cambridge to serve as a radar officer 
in the Royal Navy Volunteer Reserve. He returned to 
Cambridge in 1946 to take Part HI, and began research 
on the analytigal theory of numbers under the supervision 
of the late A. E. Ingham; for his he obtained his PhD 
in 1951. After spending two years at Harvard University 
as Choate Memorial Fellow and later as Benjamin Peirce 
Instructor in Mathematics he returned to a research 
fellowship at Jesus College. He was appointed to a reader- 
ship in the University of London (Westfield College} in 
1953 and held this post until he went to Aberystwyth. 

Pennington was elected to the council of the London 
Mathematical Society and appointed editor of its ‘ournal 
in 1955. He remained on the council until his death, The 
expansion of the society and the increase in growth of its 
activities and influence owe much to his untiring efforts. 

Pennington’s list of publications was small, but included 
substantial contributions to the analytic theory of nambers 
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and other related analytic topics. Perhaps his best known 
work is his paper on the order of magnitude of Ramanu- 
jan’s function t(v). This function is defined by the power 
series expansion 
i 
A(z) = Eray =2z{(1—2z) (1—2?) (1—23)... 3m 
n= tT 
as the nth coefficient of the “discriminant” function A, 
which plays an important part in the theories of elliptic 
and modular functions and their applications to repre- 
sentation problems in the theory of numbers. Pennington 
was concerned with the behaviour of the sum function 
T(x) = Urn) 
R =z 
for large v. The exact order of magnitude of this oscillatory 
function is still unknown, and it is likely that the best 
known estimate, T'(x)=O(x°*"°), is capable of improve- 
ment. Pennington was interested in finding how large 
(both positively and negatively) T(x) could be infinitely 
often and he succeeded in showing! that the upper and 
lower lines of T(x)/x?5 are +% and — œ, respectively. 
This implies the weaker result that the estimate T(x) = 
O(x**!4) is false. The gap between the two indices 25/4 and 
59/10 is extremely difficult to fill and any progress will 
require new ideas of a very powerful nature. Pennington’s 
work on this problem is based on some earlier work of 
Ingham and his analysis contains several very interesting 
and elegant ideas. 

Three of his other papers are on summability of series 
and involve ideas of a number-theoretie type. Although 
he did not publish any more work on 7(7%), he continued 
to be fascinated by the many unsolved problems connected 
with this function. Those who have heard him lecture on 
this subject will rernember the clarity of his exposition 
and the way in which he transmitted his enthusiasm to 
his audience. 

He organized and took part in many musical activities, 
for he had a deep love for music and a fine baritone voice. 
He is survived by his wife and four daughters. 

R. A. RANKIN 


* Pennington, W. B., Proc. Cambridge Philos. Soe., 47, @68 (1981). 


University News 


The California Institute of Technology has received an 
award of $216,000 from the US National Science Founda- 
tion for an “Ultra High Resolution Nuclear Magnetic 
Resonance Spectrometer’, a chemistry research instru- 
ment which will be used to analyse the structure, bonding 
and conformation of molecules. This is the first installa- 
tion of its kind at an academic institution in the United 
States. 

Dr C. W. Miller, Associated Electrical Industries, 
Manchester, has been appointed to succeed Professor 
Poynton as head of the department and professor of 
physics in the City University. 

The title of professor has been conferred on Dr D. A. 


Price Evans, at present senior lecturer in the depart- 
ment of medicine at the University of Liverpool. 


Dr G. S. Brindley, Unjversity of Cambridge, has been 
appointed to the Fitzmary chay of physiology at the 
Institute of Psychiatry, London. 


The Science Research Council has awarded a grant of 
£630,000 over four and a half years to the Department of 
Computer Science, University of Manchester, for the 
study of computer systems design in its widest sense. 


The Otto Meyerhof chair of molecular biology has been 
established at the Weizmann Institute of Science by 
the Volkswagen Foundation in honour of Otto Meyerhof, 
the German Nobel Laureate. Professor Leo Sachs, 
head of the institute’s department of genetics, has been 
appointed first holder of the chair. 
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Appointments 


Dr L. R. Shepherd, formerly deputy chief executive of 
the OECD High-Temperature Reactor Project (Dragon), 
has been appointed chief executive to the project in 
succession to Mr C. A. Rennie, who has relinquished his 
appointment to act as a consultant, primarily in the field 
of high temperature reactor technology. 


Errarcum. In the article “Submillisecond Radio Intensit ¥ 
Variations in Pulsars” by H. D. Craft, jun., J. M. Comella 
and F. D. Drake (Nature, 218, 1122; 1968) the last 
sentence of the first paragraph should read “Similar short 
time structure for CP 0950 at a frequency of 2,295 MHz 
was also reported at the conference by R. D. Ekers and 
A. T. Moffet. J. H. Taylor has reported observations of 
occasional circularly polarized pulses made on a lower 
frequency and with a longer time constant.’. In the 
eighth line of the fifth paragraph the total power in the 
fine structure should read: the total energy in the fine 
structure. 


Erratum. In the article “Stepwise Reconstruction of a 
Ternary Complex in Protein Synthesis’? by Michael Jost. 
Nadja Shoemaker and Hans Noll (Nature. 218, 1217: 
1968) the formula in the first paragraph was incorrect; it 
should be 
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CORRESPONDENCE 


New Name.for the Kilogram 


Sir,—lIf, as seems likely, a new name for the kilogram 
within the SI system of units is to be selected, I would 
like to add my support to the most attractive suggestion 
(In my opinion) yet proposed: the name “quilo” with 
symbol “qg” (Fulton, M., Nature, 218, 707; 1968). C. W. 
Allen (Nature, 218, 209; 1968) has suitably narrowed the 
possibilities, but the suggestion “baram” is ugly and not 
easily remembered. 

The arguments advanced in favour of “kilo”, symbol 
“k”, by P. J. Groenen (Nature, 218, 797: 1968) are 
dubious. “Milli-” and “metre” both have the symbol “m”, 
but quite different names and functions; Groenen’s 
suggestion introduces the same symbol with the same name 
for both multiple and unit. “kq” avoids the objections 
to “kk”. 

Yours faithfully, 


I. G. ©. DRYDEN 
(Editor of Fuel). 


The British Coal Utilisation Research Association, 
Randalls Road, 
Leatherhead, Surrey. 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the publie) 


Wednesday, July !7 


INSTITUTION OF ELECTRICAL ENGINEERS (at the Borough Polytechnic, 
Borough Road, London, SE1), at 10 a.m.—Colloquium on * Lectures-—Dead 
or Alive 7" 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on cr before the 
dates mentioned: 

ASSISTANT LECTURER/LECTURER (with a higher degree with appropriate 
teaching experience in some field of biochemistry or clinical chemistry, and 
with research and/or industrial experience) in BIGCHEMISTRY-——The Academic 
Registrar (LFG), University of Surrey, Battersea Park Road, London, 3W1} 
(July 15). 

Eprron/ INFORMATION OFFICER (with a degree or equivalent in entomology 
ora related subject, a flair for writing, and preferably some overseas exper- 
ience), to assist in the production of a quarterly journal devoted to the 
scientific aspects of pest control in the tropics—The Director, Tropical 
Peaticides Research Headquarters and Information Unit, 56-62 Grays Inn 
Road, London, WC1 (July 15). 

JUNIOR RESEARCH ASSOCIATE (with a good honours degree in an approp- 
riate botanical discipline with an interest in ecological genetics) in the 
DEPARTMENT OF PHYSIOLOGY AND ENVIRONMENTAL STUDIES, to assist Dr 
W, J. Whittington in his studies on natural populations of hybrids between 
perennial rye grass and meadow fescue--The Registrar, University of 
Nottingham, University Park, Nottingham, NG7 2RD (July 15). 

NATURAL ENVIRONMENT RESEARCH COUNCIL STUDENTIN GEOCHEMISTRY 
—DPr A. Walton, Chemistry Department, University of Glasgow, Glasgow, 
W2, Scotland (July 15). 

SCIENCE RESEARCH COUNCIL RESEARCH STUDENTS (preferably with an 
interest in one of the following fields: computer-aided design with graphical 
display; elastohydrodynamic lubrication; electrochemical machining; 
industrial aerodynamics and fluid flow: pressure vessel design) in the 
DEPARTMENT CF ENGINEERING-~-Head, Department of Engineering, The 
University, Leicester (July 15). 

TUTORIAL RESEARCH FELLOW or STUDENT (man or woman graduate) in 
(epooRapay-—-The Secretary, Bedford College (University of London), 
Regent's Park, London, NW1 (July 15). 

DEMONSTRATOR or LECTURER in the DEPARTMENT OF PHuystoLoGy—The 
eared and Secretary, The University, Leeds, 2, quoting Ref. No. 6&/43/1 
(duly 16). 

Tutor (preferably with interests in human geography) in the DEPARTMENT 
OF GROGRAPHY—-The Registrar, The University, P.O. Box 147, Liverpool, 3 
(July 17). 

Assistant LECTURER or LECTURER in the DEPARTMENT OF PHYSIOLOGY 
—The Registrar, University College, Cathays Park, Cardiff (July 18). 

DEPUTY DIRECTOR of the ROYAL OBSERVATORY, EDINBURGH, to be respon- 
sible, under the Astronomer Royal for Scotland, for the scientific adminis- 
tration of the Observatory, and to carry out research in one of the major 
fields of the Observatory'’s work—-Room 1423, Science Research Council, 
State House, High Holborn, London, WC1 (July 20). 

LECTURER or ASSISTANT LECTURER in PLANT PuystoLoGy—The Registrar, 
University of York, Heslington, York, quoting Ref. 68/29/C (July 20). 

DEMONSTRATOR (with an honours degree in agriculture or graduating in 
1968) in the DEPARTMENT OF AGRICULTURE AND HorticuLtTURE—The 
Registrar, University of Nottingham, University Park, Nottingham (July 
22). 

JUNIOR LECTURER in INORGANIC CHEMISTRY—The Secretary, Trinity 
College, University of Dublin, Dublin 2, Republic of Ireland (July 22). 

LECTURER in the DEPARTMENT OF Puysics—The Secretary, The Medical 
toa, St Bartholomew’s Hospital, West Smithfield, Londer, EC] 
(July 22), 

SCIENTIFIC INFORMATION OFPICER (with a degree in a biological science, 
preferably including entomology, a good reading knowledge of at least two 
other European languages, accuracy, critical sense and ability to write good 
concise English) at the COMMONWEALTH INSTITUTE OF ENTOMOLOGY, 
London, SW7, to prepare English language abstracts in applied entomology 
~The Secretary, Commonwealth Agricultural Bureaux, Farnham House, 
Farnham Royal, near Slough, Bucks (July 22). 4 

LECTURER in PALABONTOLOGY and STRATIGRAPHY in the DEPARTMENT OF 
yRoLOGY, University of Thadan, Nigeria—The Inter-University Council, 33 
Bedford Place, London, WC1 (July 26). 

TEMPORARY ASSISTANT LECTURER (preferably primarily interested in plant 
physiology, myeology or morphogenesis) in the DEPARTMENT OF BIOLOGICAL 
Sciences -The University Seeretary, University of Lancaster, University 
House, Bailrigg, Lancaster (July 26). 

CHAIR OF COMPUTATIONAL SCIENCE—-The Registrar, The University, PO 
Box 147, Liverpool, 3, quoting Ref. RV/546/N (July 31). 

LECTURER or ASSISTANT LECTURER (interested in any branch of mathe- 
matical or applied statistics or operational research) fn STATISTICS-—The 
Registrar (Room 39, ORB), The University, Reading (July 31). 

LECTURER or ASSISTANT LECTURER (with interests in both botany and 
geology) in PALAEOBOTANY-——-The Registrar, The University of Manchester, 
Manchester, 13, quoting Ref. 114/68 (July 31). 

LECTURERS (with a degree in dairying) in the DEPARTMENT OF DAIRY 
TPCHNOLOGY (Auchincruive}—The Secretary, The West of Scotland College 
of Agriculture, 6 Blythswood Square, Glasgow, C2, Scotland (July 31). 

Seconp CHAIR OF CIVIL ENGINEERING at the University of Canterbury, 
Christchurch, New Zealand—The Association of Conunonwealth Universitics 
(Branch Office), Marlborough House, Pall Mall, London, SW1 (New Zealand 
and London, July 31). : 

SENIOR LECTURER/ LECTURER in CLINICAL PATHOLOGY at the University 
of Hong Kong--The Secretary-General, Association of Commonwealth 
Universities (Branch Office), Marlborough House, Pall Mall, London, SWI 
(Hong Kong and London, July 31). 

TEMPORARY LECTURER (with a medical degree registrable in the State of 
Queensland, and preferably postgraduate experience of same five years’ 
duration in clinical and pathological discipline) in PATHOLOGY at the Uni- 
versity of Queensland, Australia--The Association of Commonwealth 
Universities (Branch Office), Marlborough House, Pall Mall, London, SW1 
(Londou and Brisbane, July 31). 

SENIOR LECTURER IN X-RAY CRYSTALLOGRAPHY: and SENIOR LECTURERS! 
LECTURERS in HETEROCYCLIC CHEMISTRY, PHYSICAL ORGANIC CHEMISTRY, 
and ANALYTICAL CHEMISTRY (with specisl interest in either the inorganic or 
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organic field) at the University of Ibadan, Niveria—The Inter-University 
Council, 33 Bedford Place, London, WEL (August 1). 

LECTURER or ASSISTANT LECTURER IN Puysics at Fourah Bay College, 
University of Sierra Leone—The Inter-University Counci, 33 Bedford. 
Place, London, WC1 (August 5). l 

PROFESSORS, SENIOR LECTURERS or LECTURERS in CIVIL ENGINEERING 
and MECHANICAL ENGINEERING at the University of Zambia-~The Inter- 
University Council, 33 Bedford Place, London, WC1 (August 5}. 

TEMPORARY ASSISTANT LECTURER in INORGANIC CHEMISTRY for duties 
which will include both teaching and research-——The Registrar (University 
of London), Mile End Road, London, El (August #). 

ASSISTANT LECTURER in GEOGRAPHY -fhe Secretary of the University 
Court, The University, Glasgow (August 10). 

ASSOCIATE PROFESSOR, a SENIOR LECTURER, and a LECTURER in the 
DEPARTMENT OF MORPHOLOGICAL SCIENCES (Human Anatomy), College of 
Medicine of the University of Lagos—The Inter-University Council, 33 Bed- 
ford Place, London, WCi (August 10). 

LECTURER (preferably with an interest in human skills and performance) 
in the DEPARTMENT OF PsycHOLOGY— The Registrar and Secretary, Uni- 
versity of Durham, Old Shire Hall, Durham (August 10). 

PHYSICIAN SUPERINTENDENT at the STATE HOSPITAL, Carstairs Junction, 
and PROFESSOR OF FoRENSIC Psyculargy within the DEPARTMENT OF 
PSYCHIATRY, University of Edinburgh (combined post}—The Secretary, 
Scottish Home and Health Department, Room 102C, St Andrew's House, 
Edinburgh, 1, Scotland (August 10). 

CHAIRS (2) in the ScHooL OF AGRICULTURE, University of Melbourne, 
Australia—The Seeretary-Generajl, Association of Commonwealth (Univer- 
sities (Branch Office), Marlborough House, Pall Mall, London, SW (August 
15). 

COAGULATIONIST (graduate with particular interest in blood coagulation) 
in the DEPARTMENT OF HAEMATOLOGY, EQUINE RESEARCH STATION, for work 
directed to a fundamental study of blood coagulation in animals, starting 
with birds—The Joint Secretaries, Animal Health Trust, 14 Ashley Place, 
Westminster, London, SW1 (August 15). 

CHAIR OF APPLIED MATHEMATICS at Royal Holloway College- Phe Acn- 
demic Registrar (N), University of London, Senate House, London, WO) 
(August 20}. 

First ASSISTANT (with the Diploma of Psychological Medicine) tm the 
DEPARTMENT OF PsycHiatey (Austin Hospital), University of Mefhourne, 
Australia—The Association of Commonwealth Universities (Branch Office), 
Marlborough House, Pall Mall, London, SW1 (Australia and London, 
August 31). 

ASSISTANT PROFESSOR (national of the United Kingdom or the Republic of 
Ireland, with an MSc degree (preferably a PhD) and relevant practical 
experience) of PETROLEUM and GAS ENGINEERING at the Middle East 
Technical University, Ankara, Turkey--—The Appointments Officer, Ministry 
of Overseas Development, Room 404, Eland House, Stag Place, Victoria, 
London, SW1, quoting Ref. RC203/183/05. 

DEPARTMENTAL RESEARCH ASSISTANT (graduate in biochemistry or a 
related subject) in the DEPARTMENT OF PATHOLOGY, to work on the genetics 
and enzymology of the penicillinases of Staphylococcus aureus De Dyke, 
eb S a of Biochemistry, University of Oxferd, South Parks Road, 
Oxford. 

JUNIOR TECHNICAL OFFICER (male, 20-25, with at least a pass degree or 
equivalent in a biological subject) in the ANTMAL DIVISION, to assist with an 
investigation into the breeding and supply of laboratory animals locluding 
primates—-Mr P. G. Daly, Clinical Research Centre, Administrative Office, 
164 Tottenham Court Road, London, W1. i 

LABORATORY TECHNICIAN in the DEPARTMENT OF MATHEMATICS AND 
Puysics—The Establishment Officer, The Polytechnic, 300 Regent Street, 
London, Wi. 

LECTURER (preferably with interests In ecology, particularly environ- 
mental physiology of micrometeorology or in the fine structure of plant cells: 
in BOTANY at the University of Adelaide, Australia—The Secretary-General, 
Association of Commonwealth Universities (Branch Office), Marlborough 
House, Pall Mall, London, SW1: or the Registrar of the University. i 

POSTGRADUATE STUDENT in the CHEMISTRY DEPARTMENT for work which 
will involve the study of reactions of oxygen atoms as applied to gasequs 
reactions in gas-cooled atomic reactors Dr D. E. Hoare, Chemistry Depari- 
ment, University of Dundee. Scotland. 

RESEARCH ASSISTANT (with an honours degree in chemistry or equivalent) 
in the SCHOOL OF CHEMISTRY for work in the field of inorganic and radio- 
chemistry, intended to lead to a PhD—-The Registrar, Leicester Regiona! 
College of Technology, PO Box 143, Leivester. l 

RESEARCH ASSISTANTS in the DEPARTMENT OF PHYSICS for work on the 
physics of thin films, the thermal properties of gases and other topies--—(terk 
a e Governing Body, Woolwich Polytechnic, Wellington Street, London. 
SEIS. 

RESEARCH STUDENTS (with a first- or second-class honours degree or 
equivalent qualification) in ORGANIC, INORGANIC, PHYSICAL and THEORETICAL. 
CHEMISTRY for postgraduate study and research leading to the MSe ard Php. 
-Professor A. R. Katritzky or Professor 8. F. Mason, School of Chemical 
Sciences, University of East Anglia, University Plain, Norwich, Norfolk. 


REPORTS and other PUBLICATIONS 


(not weluded in the monthly Books Supplement) 


Great Britain and lreland 


University of Oxford. Committee for Advanced Studies. Students under 
the Committee as on 5 April 1968. Pp. 1373-1484. (Supplement (5) ta Oxford 
University Gazette No, 3355.) (Oxford: The University, 1968.) 2s. {116 

University of Oxford. Annual Reports, 1966-1967. Pp. 28. (Supplement 
No. 6, to the University Gazette, Vol. 98, May 1968.) (Oxford: The University, 
19068.) 5s. fide 

The Radiochemical Centre. Selected References to Tracer Techniques— 

Review 1. Compiled by B. J. Wilson. Revised edition. Pp, 17. Purity and 


Analysis of Labelled Compounds—Review R. By J. R. Catch. Pp. 24. 
(Amersham: The Radiochemital Centre, 1968.) [126 


Rank Audio Visual Limited. Geography Films Catalogue. Pp. 58. (Lor 
don: Rank Audio Visual Limited, 1968.) i he 
_ Bulletin of the British Museum (Natural History), Geology. Vol. 16, 
No. 5: The Caudal Skeleton in Lower Liassic Pholidophorid Fishes. By ©, 
Patterson. Pp. 201-2394+5 plates. (London: British Museum (Natura! 
History), 1968.) 325. 6d. f1B6 

Preservation of Historical Monuments and Archaeological Sites in France. 
Pp. 24. (London: Ambassade de France, Service de Presse et d'information, 
1968.) i136 
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Philosophical Transactions of the Royal Society of London. Series A: 
Mathematical and Physical Sciences, No. 1188, Vol. 2863 (13 June 1968): 
Free Tidal Oscillations in Rotating Flat Basins of the Form of Rectangles 
and of Sectors of Circles. By A. Pnueli and C. L. Pekeris. Pp. 149-171. 
(London: The Royal Society, 1968.) 128. 6d.; $1.66. . _ [136 

The Zoological Record, Vol. 102, Section 2 (1965): Protozoa. Part 1 
compiled by R. A. Neal and Mary Tobias. Part 2 compiled by Mary Tobias. 
Pp. v+196. (London: The Zoological Society of London, 1968.) UK and 
Eire 608,; Overseas 70s. (8 US 8.40). {146 

Northern Ireland: Ministry of Agriculture. Leaflet No. 71: Raspberries. 
Pp. 7. Leaflet No, 96: Varieties of Cereals. Pp. 8. (Belfast: Ministry of 
Agriculture, 1968.) . _ (146 

University of Cambridge, Report of the Observatories Syndicate for the 
year ending 1967 September 30. Pp. 5 (Cambridge: The University, 

968.) . . — [i46 

Cotton Research Corporation. Progress Reports from Experiment Stations. 
Season 1965-66. Kenya. Pp. 25. 28, 6d. Swaziland. Pp. 21. 2s. 6d. Season 
1966-67. North States, Nigeria. Pp. 37. 28. 6d. Western Nigeria. Pp. 28. 
28. Gd. (London: Cotton Research Corporation, 1968.) _ [176 

Fiora of Tropical East Africa. Edited by E. Milne-Redhead and R. M. 
Polhill. Sapotaceae. By J. H. Hemsley, Pp. 78. (London: Crown Agents 
for Oversea Governments and Administrations, 1968.) 8s. 6d. {186 

Rothamsted Experimental Station. Report for 1967. (Lawes Agricultural 
Trust.) Pp. 430, (Harpenden: Rothamsted Experimental Station, wine: 
208, RH 

University of Oxford, Report of the Joint Committee on the Size and 
Shape of the University. (Supplement No. 7 to the University Gazette, Vol. 98, 


June 1968.) Pp. 23. (Oxford: The University, 1968.) 5e. fis6 
International Nickel.  Ruthenjum—Precious Metal that Cuts Costs. 
Pp. 12. (London: International Nickel, 1968.) Gratis. [186 


Friends of the Lake District, Report and News Letter, 1968. Pp. 20+4 
plates. (Kendal: Friends of the Lake District, 1968.) . i {196 

Ministry of Technology: Royal Aircraft Establishment. Table of Artificial 
Satellites, 1957-67. Pp. 1+155. (Farnborough, Hants: Ministry of Tech- 
nology, Royal Aircraft Establishment, 1068.) ee i 

Central Office of Information Reference Pamphlet No. $1: Britain and 
International Scientific Co-operation. Pp. 64. (Londen: HM Stationery 
Office, 1968.) 6s. net. . 1 — {206 

The Royal Observatory, Edinburgh. Publications, Vol. 6, Noa, 4: Photo- 
graphic Measures of the Polarization of Starlight in h and x Persei. By N. M. 
Pratt. Pp. x+39-122. 24s. net. Publications, Vol. 6, No. 6: The Origin of 
the Peculiar A Stars. By B. N. G, Guthrie. Pp. 145-168, Be. 6d. net. {(Edin- 
burgh and London: HM Stationery Office, 1968.) __ [206 

Flora of Tropical East Africa, Edited by E. Milne-Redhead and R. M. 
Polhill. Aquifoliaceae. By Dr B. Verdcourt, Pp. 4. is, Brexiaceae. By Dr 
B. Verdcourt. Pp. 3. ls. Caprifoliaceae, By Dr B, Verdeourt. Pp. 3. 1s. 
Dilleniaceae. By G. LIL Lucas. Pp. 6. 1s. 6d. Dipsacaceae. By D. M. 
Napper, Pp. 11. 1s. 6d. Elatinaceac. By Dr B. Verdcourt. Pp. 5. Teacin- 
aceae, By G. Li. Lucas, Pp. 17. 2s. 6d. Monimiaceae. By Dr B. Verdcourt. 
Pp. 3. 1s. Pontederiaceae. By Dr B. Verdcourt. Pp. 8. 1s. 6d, Scytopetal- 
aceae. By Dr B. Verdcourt. Pp. 3. ls. Sphenocleaceae. By H. K. Airy 
Shaw. Pp. 3. 1s. Valerianaceae. By J. O. Kokwaro. Pp. 9. 1s. 6d. (London: 
Crown Agents for Oversea Governments and Administrations, 1968.) [216 

Royal Institute of Chemistry. Monographs for Teachers. No, 2: Principles 
of Oxidation and Reduction. By Dr A. G. Sharpe. Second edition. Pp. 36. 
6s. No, 4: Principles of Metallic Corrosion. By Dr J. P. Chilton. Second 
edition. Pp. 68. 8s, No. 8: Principles of Atomic Orbitals. By Dr N. N. 
Greenwood. Eevised edition. Pp. 48. 8s. (London: Royal Institute of 
Chemistry, 1968.) Bee plac _ _ {216 

Telephone Companion: a Guide to Telephone Facilities and Services. 
Pp. 32, (London: General Post Office, 1968.) ; _ [216 

Commonwealth Mycological Institute. Phytopathological Papers, No. B: 
Plant Virus Names—an Annotated List of Name and Synonyms of Plant 
Viruses and Diseases. Compiled by the Commonwealth Mycological Institute, 
and edited by E. B. Martyn. Pp. ix+204. (Kew: Commonwealth Myco- 
logical Institute, 1963.) 30s. Da cere 1216 

Gallenkamp. General Catalogue—sixteenth edition. Pp. 872. (London: 
Gallenkamp and Co., Ltd, 1968.) 2 


Other Countries 


World Health Organization. Technical Report Series. _No. 384: WHO 
Expert Committee on Biological Standardization—-Twentieth Report. Pp, 
100. 5 Sw. franes; 108.; $1.75. No. 386: Hormonal Steroids in Contra- 
ception—Report of a WHO Scientific Group. Pp. 28. 2 Sw. francs; da., 
$0.60. No. 387: Research on Human Population Genetics--Report of a 
WHO Scientific Group, Pp. 32, 2 Sw., francs; ds.) $0.60, No, 388: Exercise 
Tests in Relation te Cardiovascuiar Function—Report of a WHO Meeting. 
Pp. 30. No. 389: Morbidity Statistics--Twelfth Report of the WHO Expert 
Committee on Health Statistics, Pp. 29. 2 Sw. francs; 48.; $0.60. (Geneva: 
World Health Organization; London: HM Stationery Office, 1968.) [116 

Ministry of Agriculture and Lands, Jamaica, Bulletin No. 61 (New Series): 
A Catalogue of Some Plant Diseases and Fungiin Jamaica. By R. I. Leather. 
Pp. 92. Bulletin No. 62 (New Series): Investigations 1962-1063. Pp. 124. 
63. Bodles Animal Production Research Station. By L. E. MeLaren. 
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(Bulletin No. 1.) Pp. 20. (Kingston: Ministry of Agriculture and Lands, 
1966 and 1967.) [126 . 

Agricultural Research Council of Central Africa (Rhodesia, Zambia, 
Malawi). Annual Report for 1967. Pp. 147. (Salisbury, Rhodesia: Agri- 
cultural Research Council of Central Africa, 1968.) : 138 

The Non-Acid Complexing and Phosphorylating Theory of Dental Caries, 
By H. Eggers Lura. Pp. 49, (Holbaek, Denmark: H. Eggers Lura, 1967.) 
10s.; $1.50. 1136. 

Oceanographical Laboratory, Meteorological Research Institute. Cel- 
lected Reprints, Vol. 9. Reprints Nos. 154-184. (Tokyo, Japan: Oceano- 
graphical Laboratory, Meteorological Research Institute, 1967.) EES 

Field Museum of Natural History. Fieldiana: Geology. Vol. 12, Noa T: 
The Essex Fauna and Medusae. By Ralph Gordon Johnson and Eugene 8. 
Richardson, Jr. Pp. 109-114. Vol. 17, No. 4: Early Devonian Lungfishes 
from Wyoming, Utah, and Idaho. By Robert H. Denison. Pp. 353-413. 
(Chicago: Field Museum of Natural History, 1968.) {176 

Norsk Polarinstitutt. Meddelelser Nr. 97: Hvalfangst pa 1600-tallets 
ae By Svein Molang. Pp. 44. (Oslo: Norsk Polarinstitutt, 

968. 176 

Directoria de Cientificos e Instituciones de Centroamérica y Pama 
Pp. 251. (Montevideo: Centro Regional de la Unesco para el Fomento de la 
Ciencia en America Latina en solaboracion con la Organizacion de los Estados 
Americanos, 1968.) [176 

Journal of Biomechanics, Vol. 1, No. 1 (January, 1968) Editors-in-Chie?: 
Verne L. Roberts and F. Gaynor Evans. Pp. 1-64, Published quarterly, 
Annual subscription rates: for libraries, university departments, govern- 
ment laboratories, industrial and other miultiple-reader institutions, $36; 
for private subscribers who order from the Publisher certifying that the 
journal is for their personal use only, $15. Airmail subscription extra, 
(New York and London: Pergamon Press, 1968.) {176 

US Department of Health, Education and Welfare: Publie Health 
Service. National Library of Medicine. Evaluation of the Medlars Demand 
Search Service, January 1968. Pp. 276. (Washington DC: Government 
Printing Offce, 1988.) 176 

Institutt for Atomenergi, Kjeller Research Establishment. Kjeller Report 
No. 122: Neutron Scattering from Magnetite Below 119° K, By E. d, 
Samuelsen, E. J. Bleeker, L. Dobrynski and T. Riste, Pp. 14. Kjeller 
Report No. 126: A Flipper-Chopper for Polarized Slow Neutrons. By 
A, Virjo and O. Steinsvoll. Pp. 44. (Kjeller, Norway: Institutt for Atom- 
energi, Kjeller Research Establishment, 1967 and 1968.) 176 

Official Records of the World Health Organization, No. 164: The Work 
of WHO 1967--Annual Report of the Director-General to the World Health 
Assembly and to the United Nations. Pp. xii+197. (Geneva: World Health 
Organization; London: HM Stationery Office, 19683 6 Sw. man 

Blue Cross—a Report to the Nation, June 30, 1987. Pp. 94. (Chicago: 
Blue Cross Association, 1968.) [186 

Institut Royal Météorclogique de Belgique. Bulletin Trimestriel. Obser- 
vations d’Ozone, 3e Trimestre. Pp. 47. (Uccle-Bruyelles: Institut Royal 
Météorologique de Belgique, 1968.) {186 

Canada: Department of the Secretary of State. National Museum of 
Canada, Budetin 221: The Evolution of Branchiostezals and Associated 
Opercular, Gular, and Hyoid Bones and the Classification of Teleostone 
Fishes, Living and Fossil. By D. E. McAllister. Pp. xiv +239 (21 plates). 
(Ottawa: Qneen’s Printer, 1968.) $3. 196 

South Africa: Council for Scientific and Industrial Research. National 
Building Research Institute—Bulletin 43: A Guide to Special Housing for 
Aged People. Pp. vi+ 54. (CSIR Research Report, 245.) (Pretoria: Coun- 
cil for Scientific and Industrial Research, 1967.) {196 

Coconut Research Institute, Ceylon. Leaflet No. 4: Transplanting Coce- 
nut Seedlings. Revised edition. Pp. 6. Leaflet No. 9: The Use of Loeally 
Available Organic Materials for Manuring Coconuts. Revised edition. 
Pp. 10. Leaflet No. 5: The Utilization of Husks on Coconut Estates. 
Revised edition. Pp. 7. Leaflet No. 8: Manuring of Young Plants. Revised 


edition. Pp. 6. Leaflet No. 24: Cattle Under Coconuts—Farmyard Manure, 
Pp. 3. Leafiet No. 28: Control of Diuk. Revised edition. Pp. 4. Leaflet 


No, 37: Red Weevil and Its Control. Revised edition. Pp. 9. Leaflet No. 
39; The Black Beetle Pest and Its Control. Revised edition. Pp. 3. Leaflet 
No, 40: Nettle Grub, Locust, Bag Worm, Pests of the Coconut Palm. Pp. 6. 
Leaflet No. 41: Bud Rot. Revised edition. Pp. 4. Leaflet No. 42: Leaf 
Blight. Revised edition. Pp. 4. Leaflet No. 43: Magnesium Deficiency in 
Coconut Palms. Revised edition. Pp. 4. Advisory Leaflet No. 45: Pasture 
Under Coconuts. Second edition. Pp. 4. Leaflet No, 46: Planting Coconut 
in Home Gardens. Revised edition. Pp. 4. C.R.I, Leaflet No. 47: Con- 
trolled Pollination of Coconut Palms. Pp. 6. Leaflet No. 48: Toddy Tapping. 
Pp. 11. (Lunuwila. Ceylon: Coconut Research Institute of Ceylon, 1965, 
1966, 1967 and 4968.) [208 
Council for the Advancement of Science Writing. Seventh Annual Report, 
May 4, 1968. Pp. 86. (Leonia, New Jersey: Council for the Advancement 
of Science Writing, 1968.) HAt 
The Second Ten Years of the Worid Health Organization, 1958-1967, 
Pp. xi+413. (Geneva: World Health Organization; London: HM 
Stationery Office, 1968.) 26 Sw. francs: 52s8,- $8.75, 1206 
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We are a clear and 
precise reference for 
all who are interested 


in untraditional 
products 








We do not ignore tne past. If we did, we should be de- 


nying a long experience and neglecting a wealth of 
Knowledge and technological skill acquired over eighty 
years of activity. There is ample room in our catalogue for, 


let's call them, “routine” plastics, but our eyes are turn. 


ed to the future, since the more advanced converter 
industries need semi-finished products having new and 
_ futuristic characteristics To get an idea of what we are 
producing with a mind to the future, a glance at the 
following will be sufficient. 





Styrene-acrylonitrile copolymer 





Oriented and unoriented polypropylene film 





Ethylene-propylene rubbers 





Fluorinated rubbers 





Vinyl-based thermoplastic alloy 





Fiuorinated oils 





COE aeueroetiene in powder, dispersion and 
paint form 


High-purity silicon for electronics 
Sulphur hexafiuoride 











MONTECATINI EDISON S.p.A. Gn 


Divisione Estero 20121 Milano (italia) 


The Detection and 


Measurement of Infra- 
Red Radiation 


R. A. SMITH, F. E. JONES and 
R. P. CHASMAR 


Since the first edition of this book in 1957, many 
new developments have taken place, and the 
purpose of the new edition is to give an 
up-to-date account of the methods of detection 
and measurement of infra-red radiation, including 
recent advances in photoelectric techniques for 
the far and very far infra-red, and such topics 

as Fourter-transform spectroscopy. New data 
are also provided on the materials and optical 
arrangements used and on the transmission of 
infra-red radiation through the atmosphere. 

2nd Edition 5 plates numerous text figures 

84s net 

Monographs on the Physics and Chemistry of 
Materials 


The Determination of 


Molecular Structure 
P. J. WHEATLEY 


The second edition of this book, like the first, 
is designed to give an introduction to the main 
physicochemical methods that can be used for 
the determination of molecular symmetry or 
molecular geometry. Each technique is 
discussed from the point of view of a non- 
specialist who wishes to know which method is 
most suitable for a given molecule. The main 
additions and alterations are in the chapters on 
neutron diffraction, X-ray diffraction, and nuclear 
magnetic resonance, and reflect the advances 
made in recent years. 2nd edition 

numerous text-figures 508 net 


High-Voltage 
Technology 


Edited by L. L. ALSTON 


This book is based on a course held at Harwell 
and is intended for engineers who are new to 
high-voltage technology, or whose experience 
has been limited to a specialized aspect of the 
subject, The first part of the book deals with 
fundamental processes involved in electrical 
breakdown mechanisms i in gases, liquids, solids 
and vacuum, and methods of evaluating electric 
stress. The rest of the book illustrates the 
application of basic knowledge to the design of 
high-voltage equipment. numerous text figures 
90s paper covers 45s net 

Harwell Post-Graduate Series 


OXFORD 
UNIVERSITY PRESS 
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Classified Advertisements 


All copy is subject to the approval of the Pub- 
lishers, who retain the right to refuse or 
withdraw advertisements at their discretion. 
The Publishers will not be lable for any loss 
occasioned by the failure of any advertisement 
to appear from any cause whatever, nor do 
they accept liabilicy for printers’ errors, 
although every care is taken to avoid mistakes, 


Semi-displayed £6 per single column inch. 
Minimum £3, each additional 1/12th of an inch 
lOs, Full page £158, Half page across £80. 
Colour (orange) £20 extra. 2/6 is charged 
for the re-direction of replies to advertise- 
ments with a box number. 


ADVERTISEMENTS SHOULD BE ADDRESSED 
TO: T. G. Scott and San, Limited, | Clement's 
inn, Strand, Landon, W.C.2. Telephone: 
woo 4743. Telegrams: Textualist, London, 








APPOINTMENTS VACANT 


NEW ZEALAND 


University of Canterbury 
Christchurch 


Applications are invited for the following ap- 
pointments ; 

SENIOR LECTURER OR LECTURER IN 
GEOGRAPHY : The appointment will be made 
in one of the following ficids : (a) historical or 
economic geography for which special reference 
to North America, but also monsoon Asia and/or 
Europe will be desirable ; (b) physical geography 
with special reference to climatology and/or bio- 
geography. Experience in statistical techniques 
would be advantageous. 

SENIOR LECTURERS OR LECTURERS IN 
ZOOLOGY : The particular field in which ap- 
pointments are desired is in comparative physi- 
ology ; preference will be given to candidates with 
qualifications to undertake teaching and research 
in respiration, excretion or osmoregulation but, on 
the research side, other fields of comparative 
physiology, especially as applied to invertebrates. 
are acceptable. 

The salary attached to the positions is $NZ3,000 
to $N75S,400 per annum subject to a bar at 
$N74,400, commencing salary being in accord- 
ance with qualifications and experience. (The 
designation ** Senior Lecturer’ is used to denote 
members of staff who are at present above the 
$NZ4,400 bar) 

Approved fares to Christchurch will be allowed 
for an appointee and his dependent family, two- 
gether with actual removal expenses within speci- 
fied limits. 

Further particulars and information as to the 

ethod of application should be obtained from 
the Association of Commonwealth Universities 
(Branch Office). Marlborough House, Pall Mall, 
London, §.W.1. Applications close on August 
23, 1968. (115) 





WESTMINSTER MEDICAL SCHOOL, 17 
Horseferry Road, $.W.1. Research Biochemist 
required for new endocrine laboratory for work 
on urinary steroids. Previous experience required. 
Salary in range £1,400 to £1,800 per annum.— 
Applications as soon as possible to Professor 


N. F. Maclagan, Department of Chemical Path- 
glory. 


(135) 







UNIVERSITY OF 
SOUTHAMPTON 


RESEARCH ASSISTANT IN 
ATOMIC COLLISION PHYSICS 


Applications are invited for the above 
post in the Department of Physics to par- 
ticipate in crossed beam experiments involv- 
ing the study of inelastic cross-sections for 
electron-ion and ion-ion collisions. Most of 
the work will be carried out at the Culham 
Laboratory. Applicants should have a 
good degree in Physics and will be expected 
to register for a higher degree. 

Salary will be in the range £750 to £900 
per annum. 

Further details can be obtained from the 
Deputy Secretary, The University, South- 
ampton, $09 5 NH. to whom applications, 
guoting reference N should be sae 




















UNIVERSITY OF PAPUA AND 
NEW GUINEA 


Appkcations are invited for the following posts 
in faculties of the university for 1969. (These 
positions have not been advertised previously) 


SENIOR LECTURER OR LECTURER IN 
GEOGRAPHY 
‘Professor R. G. Ward-—~Head of Depariument) 
Candidates preferred with qualifications in 
economic geography, including quantitative 
methods and location analysis. 


SENIOR LECTURER OR LECTURER IN 
MATHEMATICS 
(Professor M, H. McKay—-Head of Department) 
Enquiries would be welcomed from applicants 
whose interests lie in pure mathematics or in the 
teaching of mathematics. 


SENIOR LECTURER OR LECTURER IN 
CHEMISTRY 
(Professor D. P. Drover—Head of Department 
Organic chemist with interest in natural pro- 
ducts or agricultural research preferred. 


SENIOR LECTURER OR LECTURER IN 
PHYSICS 
(Associate Professor B. Mainsbridge—- 
Head of Department) 

Applicants with Ph.D. preferred interested in 
micrometeorology or plant biophysics. 

SENIOR TUTOR OR TUTOR 
Geography 
Mathematics 

The University was established in 1965 and ap- 
pointees will have opportunities to contribute to 
the development of courses appropriate to a new 
university in an emergent community. 

SALARIES: Tutor, $A4,235 to $A4,775 per 
annum; Senior Tutor, $A5,225 to $45.765 per 
annum : Lecturer, $445,900 to $A7,800 per annum: 
Senior Lecturer, $A7,980 to $A9,250 per annum: 
plus $A360 per annum for a married male ap- 
pointec. * 

Further details, including the conditions of 
employment, accommodation, travel and remeval 
expenses provided, may be obtained from the 
Registrar, P.O. Box 1144, Boroko. T.P.N.G., or 
from the Secretary-General Association of Com- 
monwealth Universities (Branch Office). Marl- 
borough House, Pall Mall, London, S.W.1. 

Details of present and projected courses may be 
obtained from the Heads of Departments. 

For each position advertised the Council re- 
serves the right not to make an appointment at 
this stage. 

Closing date for applications August 30, 1968. 

(Hiv) 


ASTBURY DEPARTMENT 
OF BIOPHYSICS 


Applications are invited from graduates in 
chemistry or biochemistry for two S.R.C. Student- 
ships. The successful candidates would be regis- 
tered for the degree of Ph.D. and each would 
work as a member of a small team on a clearly 
defined project. 

One of these concerns the development, with 
Dr. W. Mackie, of a gel permeation chromato- 
graphy procedure to provide information on the 
degree of polymerisation and polydispersity of 
plant cell wall polysaccharides. The second, with 
Dr. P. Knowles, is designed to correlate the struc- 
ture and function of an electron transfer metafo- 
enzyme. 

In either case opportunity will arise for the 
successful applicant to acquire knowledge of a 
wide range of techniques including light scaner- 
ing, osmometry,  ultracentrifugation, electron 
microscopy and X-ray diffraction analysis. The 
work will be carried out in a new building which 
cames into commission in October, 1968. 

Applications, including the names of two 
referees should be sent by July 20 at the latest, 
to Professor R. D. Preston, F.R.S., from whom 
further particulars may be obtained. {147} 


CHAIR OF SHIP SCIENCE 

Applications are invited for the Chair of Ship 
Science to be established in Session 1968/69. 
Candidates may have interests in any aspect of 
Ship Science covering ships, hovercraft, hydrofoils 
or any form of marine craft. Salary within the 
professorial range £3,570 to £4,990. F.S.S.U. 

Further particulars may be obtained from the 
Secretary and Registrar. the University, South- 
ampton, SO9 SNH, to whom applications (four- 
teen copies from applicants in the United King- 
dom), quoting reference N, should be sent before 
August 3, 1968. {12%} 


NATURE, JULY 13. 1968 


ase areri rai i e i nana ine ine nee ener e e riser bev hen rtrd ereref ed referrer rie ender a a A e a ALIA ALAN tA LRH ANAM et eit tlh Mi Aten nr Asner its et arene ARH AINA A times oe a a mene ain! D, 


MEDICAL RESEARCH 
COUNCIL 
DUNN NUTRITIONAL LABORATORY 


MILTON ROAD, CAMBRIDGE 


Owing to expansion of this Laboratory 
three TECHNICAL OFFICER grade posts 
have been established. 

Successful applicants will be expected to 
work in the fields of electron microscopy, 
tiochemistry and physiology. 


The following is also required 


EXPERIENCED TYPIST 
Knowledge of shorthand an advantage 
but not essential. 

Salaries according to age, qualifications and 
experience. 

Apply, giving full particulars to the above 
address, (172) 





NEW ZEALAND 
University of Canterbury 
Christchurch 


CHAIR OF MECHANICAL 
ENGINEERING 


Applications are invited for this Chair, vacated 
by the retirement of Professor R. J. Rastrick. 
Applicants, who may be quahfied in any field of 
Mechanical Engineering, should have had con- 
siderable experience in a university teaching posi- 
tion and in research or should have had a 
responsible position in industry, together with 
teaching experience and research interests. The 
Department of Mechanical Engineering is one of 
four departments comprising the Faculty of 
Engineering and provides undergraduate and post- 
graduate courses. The salary will be within the 
range of $NZ7,200 to $NZ9,290 per annum. Ap- 
proved fares to Christchurch will be allowed for 
the appointee and kis dependent family, together 
n actual removal} expenses within specified 
imits. 

Further particulars may be obtained from the 
Association of Commonwealth Universities (Branch 
Office), Marlborough House, Pall Mall, London, 
S.W.1. Applications close in New Zealand and 
London on August 19, 1968. (116) 


UNIVERSITY OF SURREY 
DEPARTMENT OF ELECTRICAL AND 
CONTROL ENGINEERING 
LECTURER 


Applications are invited from Honours Gradu- 
ates in Electronic or Electrical Engineering or 
Physics with some years experience in an indus- 
trial research or development organisation. The 
duties will include lecturing and tutoring under- 
graduates and/or postgraduates, Haison with in- 
dustry, and the supervision of research students. 
In addition the successful applicant will be ex- 
pected to conduct his own research Hnked to one 
of the research groups alreacy existing in the 
Department. 

Wide experience of modern electronic tech- 
niques and measuring systems at both low and 
high frequencies is essential A high level of 
electronic design ability, founded on a sound 
and fundamental basis, will be expected, par- 
uicularly im solid state electronics. 

The department moves to new University build- 
ings at Guildford in August 1968. 

Salary scale: £1,470 to £2,630 per annum with 
a deduction of 5 per cem for superannuation 
(FSS. LE). 

Particulars of the post are obtainable from the 
Academic Registrar (LFG), University of Surrey, 
Battersea Park Road, London. S.W.11, to whom 
applications (with names and addresses of three 
referees) should be sent by July 31, 1968. 





(154) 


UNIVERSITY OF GLASGOW 
CHAIR OF ANIMAL HUSBANDRY 


Applications are invited for appointment to the 
Chair of Animal Husbandry in the Faculty of 
Veterinary Medicine. Applicants should hold an 
Agricultural Science or Veterinary degree. 

Applications (twenty copies), with the names of 
three persons to whom reference may be made, 
should be submitted not later than August 15, 
1968, to the undersigned from whom further par- 
ticulars may be obtained. 

ROBT. T. HUTCHESON, 
Secretary of the University con 
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AUSTRALIA 


Division of Animal Industry 


Agricultural Science or Science Graduates 


VICTORIA DEPARTMENT OF 
AGRICULTURE 





YEARLY SALARY RANGES: 


(a) 3 year degree, minimum $A3,281; maximum $A5,038. 
4 year degree, minimum $A3,623; maximum $A5,038. 


iCommencing salary will be determined according to experience, 
Appointees will be eligible to progress to SAG, OLS a year) 


(p) minimam $A5,193; maximum $A6,015. 


Generally appointment will be within the range shown in (a) above 
according to qualifications and experience. but applicants possessing 
special Qualifications or with extensive experience may be considered 
for appaintment in the range indicated in (b) above. 


The Division of Animal industry carries out research and exien- 
sion work in the sheen, cattle, pig and poultry industries, Biclogi- 
cal research on production and utilization of pastures and pasture 
products and on reproduccion, growth and nutrition of livestock is 
carried out in particular on two well-equipped research stations with 
associated laboratory facilities. 


Field research and extension work in these industries is carried cut 
by Specialist extension officers working in close co-operation with 
both farmers and research instiutions. 


At present a iotal of 65 graduate officers, together with support- 
ing staff, are engaged in this work and the Division offers excellent 
opportunities to participate in research and extension which is claseiy 
related io the needs of livestock industries. 


Opportunities are offered in the following felda: 


PIG HUSBANDRY ADVISER 


To carry out extension work on og husbandry, product quality 
and economic development in the pig industry, 


LIVESTOCK RESEARCH OFFICERS 


Position No. 1: To conduct research on utilization of pastures 
for prime lamb production. 

Position Ne. 2: To conduct research on utilization of Pastures 
for wool production. 


AGROSTOLOGIST 


To conduct research on major and minor elements in pasture-plan 
TTL ion, 

Liberal superannuation benefis, recreation, sick and jong service 
leave provisions. 

Assisted passages and contribution towards removal EXONS, 

Selected applicants will be imterviewed by a senior officer of the 
Department in London in August 1968. 

Applications are invited from persons expecting to graduate this 
year, 

Appointees would be expected to take up duty no later iban 
January 1969. 

Airmail applications to the Secretary, Public Service Board, 
Treasury Place, Melbournc, Victoria, 3002, Australia, by rae 
1968. {1a 


TECHNICIANS 


Pue to the expansion of our research 
programme in the Department of Chemo- 
therapeutic Research we need to recruit two 
JUNIOR TECHNICIANS. 

One will work in the Bacteriology Unit 
and will assist a team primarily concerned 
with the evaluation of the antibacterial 
activity of new antibiotics. 

Ref.: JT/CR/RS 

The other post is in the Microbial Bic. 
chemistry Unit and concerns biclogical wark 
involving the growing and handling of fungi 
and bacteria and the carrying out of inm- 
vestigations with substances produced by 


micro-organisms. 
Ref. IT/CR/MC 
Candidates for these positions will be 
YOUN men or women between 16 and 22 
and should be of at least “O” level 
GCE. standard of education and prefer- 
ably “ A“ fevel or O.N.C. in scientific 
subiects, Previous experience of this type 
of work is not essential, 


Beecham Research Laboratories is part 
of the Beecham Group and is situated in a 
pleasant area of Surrey within easy reach 
of London. The successful applicants will 
qualify for the Groups generous profit- 
shating and non-contributory pension and 
life assurance schemes. There are excellent 
dining facilities and a flourishing sports and 
social cub, 

Candidates, stating briefly age, qualifica- 
tions and experience, should apply to: The 
Personne} Officer, Beecham Research 
Laboratories. Brockham Park, Betchworth, 
Surrey or telephone BETCHWORTH 27202. 


{149} 


TECHNICAL ASSISTANT REQUIRED, FOR 
two years in the first instance, to work on a 
project concerning hydrolytic enzymes involving 
glycogen metabolism with particular reference to 
hereditary disorders. Starting salary up to £274 
a year.—Applications should be sent to the Seere- 
tary, Royal Holloway College, Englefield Green, 
Surrey. (166) 





statistician 


Fisons Pharmaceuticals Limited have a vacancy for a Statistician at their 
new research laboratories in Loughborough, Leicestershire. 


This is a new appointment arising from the expansion of the Company's 
activities in the medical and biological research fields. and wil! provide 
many challenging problems and opportunities for a statistician who is 
sapable of considerable personal development. The main emphasis will 
be in the biological field although participation in quality control problems 
will be encouraged, 


The person appointed is likely to be a graduate in his/her mid-twenties 
who has had some industrial or resezrch experience in statistical work, 
A good honours degree in statistics is preferred but a degree in a suitable 
main subject, together with statistics, will be considered. 


The successful candidate will be solely responsible for the development 
of a statistical service within the research laboratories and, in addition to 
ability in his own field, will need to be able to commanicate, at ali levels, 
with workers in other disciplines. x 


The Company posses.es an ICT 1902 which will be available for scientific 
programmes. 


Please write, giving brief details of age, qualifications and experience to : 


The Research Personne! 
Assistant (19), 

Fisons Pharmaceuticals Limited, 
Holmes Chapel, 

Nr. Crewe, Cheshire. 





£145) 
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ALDERLEY PARK 


RESEARCH LABORATORIES 


Pharmacologists 

Physiologists 
Experimental 

Biologists 


LCi. Ltd., Pharmaceuticals Division, has vacancies for 
research workers who are or who think they can become 
interested in the discovery of drugs for the control of 
cardiac function, of blood pressure, of gastric secretion, 
and of reproduction. Candidates must have research 
experience and a high qualification in an appropriate life 
science. Enquiries, either formal or informal, will be 
welcomed by Mr. J. Leak, Senior Personnel Officer or Dr. 


D. G. Davey, Biological 


Research Manager, Imperial 


Chemical Industries Ltd., Pharmaceuticals Division, Alder- 
ley Park, Macclesfield, Cheshire. Telephone: Alderley 


Edge 2828. 





THE QUEERS AWARD YO INDUSTRY 
SEH 2387 1366 


UNIVERSITY OF 
SOUTHAMPTON 


RESEARCH IN EM. 
HISTOCHEMISTRY 


Applications are invited for a- research 
appointment for work on E-M. Histochem- 
istry of nervous tissue. Preference will be 
given for a person with some postgraduate 
experience in either E.M. histochemistry or 
neuroanatomy. 

Salary in accordance with qualifications 
and experience. 

Please apply for furthe® details to the 
Departmental Administrator, Department of 
Physiology and Biochemistry. The Univer- 
sity, Southampton, SO9 5 NH. ci7&) 


TWO JUNIOR TECHNICIANS REQUIRED 
in the Biochemistry Section of the P.R.U.: one 
to assist in research on human metabolic errors, 
including operation of amino-acid analyser. Two 
“Aa Jevels fone in Chemistry) or Inter.I.M.L.T. 
qualification. Salary according to age, qualifica- 
tions and experience. -Applications with names of 
two referees. to the Secretary, Paediatric Research 
Unit, Guy's Hospital Medical School, London 
Bridge, S$.E.1. (128) 





(127) 


UNIVERSITY OF 
NOTTINGHAM . 


DEPARTMENT OF AGRICULTURE 
AND HORTICULTURE 


Applications are invited for the post of 
DEMONSTRATOR in Agriculture jn the 
above Department. Candidates should be 
Honours Graduates in Agriculture and sp- 
plications will be considered from those 


graduating in 19683. The duties will com- 
prise demonstrating to undergraduates and 
visiting parties and there will be every erp- 
couragement to conduct research for a 
higher degree. Salary within the range £500 
to £830. 

Forms of application and further particu- 
lars, returnable not later than July 22, from 
the Registrar, University of Nottingham. 
University Park, Nottingham, NG? 2 RD. 

C119) 





TECHNICIANS 


Junior—-Senior H Grade 


phone G.K. Bureau for details of current 
vacancies in BIOCHEMISTRY, HAEM- 


ATOLOGY., IMMUNOLOGY, PHYSIO- 
LOGY and PHARMACOLOGY. 
PHYSICS, CHEMISTRY and GEOLOGY 
TECHNICIANS also invited to phone 
01-636 6855. No fees ta pay. (X12) 





TECHNICIANS 


We have two vacancies for TECH NI- 
CIANS to work within the Department of 
Parasitology in the Malarial Unit. 

For one post we are aceking a young 
woman, aged between I8 and 25, to under- 
take technical duties connected with the 
testing of new drugs for anti-malarial 
activity in animals. The job will involve a 
considerable amount of microscopy, especi- 
ally the preparation and examination of 
Blood films. 

Applicants preferably should have G.C.E. 
“A” level, including Biology, and have 
had previous experience particularly of 
haematology or histology. 





Ref.: T/P/SP 

We also need a Junior Technician for the 
Chemistry Section to assist In the synthesis 
of organic compounds for biological exam- 
ination. 

Applicants should be qualified to at least 
© O7 Jevel in Chemistry and have an inter- 
est in synthetic organic chemistry, Previous 
laboratory experience is desirable but not 
essential as full training will be given. 

Ref.; JT/P/ PM 

These positions are at our Vitamins Re- 
search Station, Walton Oaks, Tadworth, in 
a pleasant arca of Surrey. Beecham Re- 
search Laboratories is part of the Beecham 
Group. The successful applicants will 
qualify for the Group's generous profit- 
sharing and non-contributory pension and 
life assuranee schemes. There are excellent 
dining facilities and a flourishing sports and 
social club. 

Applicants, stating briefly age, qualifica- 
tons and experience, should apply to: The 
Personnel Officer, Beecham Research 
Laboratories. Brockham Park, Betchworth, 
Surrey or telephone BETCH WORTH aa 

(156 


COM MON WEALTH 
AGRICULTURAL BUREAUX 
Vacancy for 
SCIENTIFIC INFORMATION OFFICER 
at the 


COMMONWEALTH BUREAU 
OF ANIMAL BREEDING AND 
GENETICS 
EDINBURGH 


Duties include preparation and editing of 
abstracts for the journal Animal Breeding 
Abstracts, indexing, information retrieval 
and dealing with inquiries, 

Applicants must have a degree in one of 
the biological sciences, with a reading 
knowledge of one or more foreign langu- 
ages (and preferably Russian}, or be willing 
to acquire this. Ability to write concise 
English essential. 

Salary in the scale £926 to £2,431. with 
provision for superannuation. Starting 
point according to age and experience. Two 
extra increments after two years’ satisfac- 
tory service for applicants aged 32 or under 
on date of appointment. 

Anplication forms and full particulars 
from the Director, Commonwealth Bureau 
of Animal Breeding and Genetics, West 
Mains Road, Edinburgh 9, to whom the 
completed forms should be sent, in dupli- 
cate, by August 31, 1968. (170) 


UNIVERSITY OF LONDON 
THE MEDICAL COLLEGE OF 
ST. BARTHOLOMEW’S HOSPITAL 
WEST SMITHFIELD, LONDON, E.C.1 
POST-DOCTORAL RESEARCH APPOINTMENT 


DEPARTMENT OF BIOCHEMISTRY AND 
CHEMISTRY 


Applications are invited from Physical-Organic 
Chemists and from Biochemists experienced in 
Enzyme Chemistry for a two-year Research Ap 
pointment from September 1, 1968, for work on 
the synthesis and kinetic evaluation of enzyme- 
ike catalysts with Professor E. M. Crook and 
Dr. K. Brocklichurst. Salary £1,240 by £80 ta 
£1,320 per annum plus F.S.S.1). 

Applicants should send for further details (and 
enchose a curriculum vitae naming two referees) as 
soon as possibi to the Secretary. (138) 
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| Victorian Department | 


` of Agriculture 





PLANT 
PATHOLOGIST 


VICTORIAN PLANT 
RESEARCH INSTITUTE 


YEARLY SALARIES: 
(a) 3year degree $A3,281 minimum; 
$A5,038 maximum. 


Ayear degree $A3,623 minimum; 
$A5,038 maximum. 


Or 


(b) $A5,193 minimum; $A6,015 
maximum. 


Note : Generally appointment will be 
within the range shown in (a) above 
according to qualifications and ex- 
perience but an applicant possessing 
special qualifications or with extensive 
experience may be considered for ap- 
poimiment in the range indicated in 
ib) above. 


Duties: Under the Chief Biologist, to 
conduct research and advisory wark 
on the control of cereal diseases and 
particularly cereal reot-rots. To survey 
cereal disease problems, deliver lec- 
tures and conduct field investigations 
as required. 


Qualifications: A degree in Agri- 
cultural Science or Science. Experi- 
ence in research in plant pathology, 
preferably in diseases of cereals or 
field crops; experience in the prepara- 
tion of scientific reports, in lecturing 
and in the conduct of field experi- 
ments is desirable but not essential. 


Note: After a limited period of train- 
ing at the Victorian Plant Research 
Institute, Burnley, the successful appli- 
cant will be located at the Victorian 
Wheat Research Institute, Horsham. 


Assisted passages and contribution 
towards removal expenses. Liberal 
superannuation benefits, recreation, 
sick leave, and long service leave 
Provisions, 


Applications to the Secretary, Public 
Service Board, Treasury Place, Mel- 


bourne, Victoria, 3002, Australia, by 


July 34, 1958. 
(1 88} 








HEAVY ORGANIC CHEMICALS DIVISION 


INFORMATION 
CHEMIST 


Are you a chemistry graduate with some experience in in- 
formation work and particularly in computerised information 
systems ? If so, you may be just the person we are looking for to 
fill an important post that we now have vacant in our Intellig- 
ence Section. This is for someone to be responsible for a systems 
investigations unit, and in addition to help to provide current 
awareness services for a large number of scientific and technical 
staff. Preference would be given to persons qualified in 
information science and capable of reading scientific French 
and German. 


We offer the usual comprehensive range of LC. benefits 
including profit-sharing and contributory pension schemes, 
For married men, assistance may also be given with house 
purchase and removal expenses. 


Please apply in writing to: 

Mir. H. Williamson, Personnel Officer, 
Heavy Organic Chemicals Division, 
1.C.1. Ltd., Organic House, 
Billingham, Teesside. 

Quoting Ref. No. 361 





(139) 


OXFORD COLLEGE OF TECHNOLOGY 


(Proposed Polytechnic) 


Applications are invited for the post of 


Senior Lecturer or Lecturer Il 
in Biochemistry 


for teaching duties in the courses for B.Sc. General, Higher National Certi- 
ficates in Medical Laboratory Science and Applied Biology, and ML 
Biology. 


Lecturer Il in Building Science 


for teaching duties in the Ordinary and Higher National Certificate Courses 
in Construction and Building and to assist in the development of high level 
courses in this field, 


Salary in accordance with the Burnham (Technical) scale: 
Senior Lecturer £2,280 to £2,595 per annum 
Lecturer H £1,725 to £2,280 per annum 


Further particulars and application forms from: The Principal, College 
of Technology, Headington, Oxford (enclosing self-addressed envelope, 
please}, to whom completed applications should be returned not later than 
July 12, 1968. 

(42) 
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JUNIOR 





RESEARCH 


BIOCHEMIST 


The man 
biochemistry, 
experience. 


The job 


a 21-24 year old with a good Honours degree in 
not 


necessarily with post-graduate 


To join an established team in our Biochemical Pharma- 


cology department, engaged in the study of biochemical 
evaluation of drugs which influence myocardial contract- 
ibility. Close liaison with pharmacologists and pathclo- 
gists promotes a versatile and stimulating environment. 


Our location 


if you 


in Sandwich, Kent. 


are interested why not drop a brief note to 


D. W. Selis, Personnel Manager, Research Division, Pfizer Limited, 


Sandwich, Kent. 


(143) 





Ph.D. 
in Biological Sciences 


A recent Ph.D. 


to become a member of research team. of 


inter- 


disciplinary character, covering such areas as microbiology, proto- 


zoology, parasitology, 


located in the most pleasant 


countryside, 


Send résumé to: 


biochemistry. 
fundamental and applied in therapy and diagnosis. 
surroundings of Buckinghamshire 
Generous salary and pension scheme. 


Objects of research are both 
Laboratories 


Research Director, 
Miles Laboratories Ltd., 
Stoke Court, Stoke Poges, Bucks. . 





MEDICAL 


WESTMINSTER 
SCHOOL 
ANAESTHETIC UNIT 
Vacancies for research work in new Laboratory. 


fa) SENIOR TECHNICIAN. Salary between 
41,065 and £1,288 plus £75 London Weighting 
according to experience. (D) STUDENT TECH- 
NICIAN. Salary between £430 and £380 plus 
London Weighting.” 
Applications to the Secretary, Westminster 
Medical School, 17 Horseferry Road, abil a 
C187, 


UNITED SHEFFIELD HOSPITALS 
DEPARTMENT GF BACTERIOLOGY 
NON-MEDICAL BACTERIOLOGIST (Pasie 
grade) required for Department of Bacteriology 
éwhich includes Virology? Applicants should 
possess an appropriate science degree, Salary 
scale £855 to £1,210: first or second class 

honours £963 to £1,210. 

Applications. stating age, qualifications and any 
previous experience, naming two referees, to Chief 
Administrative Officer, United Sheffield Hospitals, 


10 Beech Hill Road, Sheffield, S10 IRZ, by Taly 
20, (i84) 


(136) 


ROBERT JONES AND 
AGNES HUNT ORTHOPAEDIC 
HOSPITAL 
OSWESTRY, SHROPSHIRE 
TECHNICIAN required to co-ordinate activi- 
tic&S between the animal house and the Charles 
Salt Research Centre, which is undertaking re- 
search supported by the Medical Research Council 
into the transplantation immunology and selected 
subiectis involving breeding of inbred strains of 
smull laboratory animals, and genetic research. 
Suitable for a recent graduate in Biology with an 

interest im genetics. 
Further particulars from the 
starch at the Hospital. 


of Re- 
(182) 


GRADUATE RESEARCH | “ASSISTANT RE- 
guired to study the kinetics of the macrophage 
system in nervous tissue. This post would be 
suitable for an honours graduate in Zoology or 
Physichogy and the work may be used for obtain- 
ing a higher degree. Salary £900 to £109 per 
annum according to age and experience.-~—Appt- 
cations should be made to The Director, M.R.C. 


Director 





Research Group in Applied Neurobiology, Insti- 


London, 
iisi) 


tute of Neurology, Queen Square, 


Wet 


PORTSMOUTH COLLEGE OF 
TECHNOLOGY 
DEPARTMENT OF BIOLOGICAL SCIENCES 
Applications are invited for 


POST-DOCTORAL RESEARCH 
FELLOWSHIPS 
OF 
POSTGRADUATE RESEARCH ASSOCIATES 
FOR: 


i. The study of the ultrastructure of parasites. 
A sound knowledge of electron microscopical 
techniques is required and an interest in parasito- 
logy would be advantageous. 

The investigation of the mode of action of 
pyrethin-like insecticides in the locust Schistocerca 
gregaria, A sound knowledge of modern bio- 
chemical techniques is essential for this post. 

The Salary Scale for a Research Fellow is at 
present £1,875 to £2,025, but is currently under 
review. The proposed Salary Seale for a Re- 
search Associate is £1,300 to £1,650. 

Application forms may be obtained from the 
Staff Officer, Portsmouth College of Technology, 
Hampshire Terrace, Portsmouth, Hampshire. to 
whom completed applications should be returned 
aS SOON as possible. GBS) 


PORTSMOUTH COL LEGE OF 
TECHNOLOGY 
SCHOOL OF PHARMACY 
LECTURER GRADE H 


in 
BIOCHEMICAL PHARMACOLOGY 
Applications are invited for the above post, ta 
commence on September i, or as soon as pos- 
sible thereafter. Candidates should possess a de- 
gree in Biochemistry and preferably a higher de- 
gree. The successful candidate will be required 
to assist in the teaching of Biochemistry and 
physiology j pharmacology to students of Pharm- 
acy and Physiciogy. Research, for which excel- 
lent facilities arc available. will be encouraged. 
Salary Seale: £1,725 to £2,280 per annum. 
Further particulars and application forms may 
be obtained from the Staff Officer, Portsmouth 
College of ‘Technology. Hampshire Terrace, 
Portsmouth, Hampshire, to whom completed ap- 
plications should be returned by July 27, {968. 
(186) 


UNIVERSITY OF READING 
DEPARTMENT OF APPLIED STATISTICS 


Applications are invited for a Lectureship or an 
Assistant Leecturership in Statistics. Applicants 
may be interested in any branch of mathematical 
or applied statistics or operational restarch. 

The person appointed should take up his duties 
on a date to be arranged but preferably not 
later than October 1, 1968. 

Further information may be obtained from the 
Registrar (Room 39 O.R.B), The University, 
Reading, by whom applications must be received 
not later than July 31, 1968. TAE. 


SE AL E -HAY NE AGRICULTURAL 
COLLEGE 
NEWTON ABBOT, DEVON 
Applications are invited for a post of LEC- 
TURER Grade I in Agricultural Chemistry. Some 
greference may be given to candidates with in- 
rerests in Physics. Salary based on Scales of 
Salaries for Teachers in Establishments for 
Further Education, England and Wales. 
Further particulars may be obtained from the 
Principal with whom applications should be 
lodged not later than July 27, 1968. {158} 


THE MEDICAL RESEARC H COUNCIL RE- 
gaire an Honours Graduate for their Clinical 
Endocrinology Research Unit in Edinburgh to 
work on a project sponsored by a Ford Founda- 
tion Research Grant. The successful applicant 
would be expected to participate In an existing 
programme of research involving studies on the 
biochemistry of the ovary, and on the mechanism 
ef action of gonadotrophic hormones. Previous 
training in biochemistry would he ear ota 
Facilities are available for study for a further 
degree, Salary within the range £1,050 to £1,785 
per annum according to age and qualifications.-~- 


Applications, naming two referees, to Admini- 
strative Officer, Clinical Endocrinology Research 


Unit (Medical Research Council), 2 Forrest Road, 
Edinburgh, 1. {131 
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FEMALE SCIENCE GRADUATE INTER- 
ested in bacteriology required for a vacancy in 
the Dysentery Reference Laboratory at Colindale. 
Preferably first or top second class honours but 
commeansense, adaptability and initiative moore 
important than higher academic qualifications. 
Applications to: Personnel Officer, Central Public 
Health Laboratory, Colindale Avenue, London, 
NW... {181} 
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Where Next at Geneva? 


WHATEVER else may have happened, the past few 
months have been exceedingly cheerful for those con- 
cerned to see a faster move towards international 
agreements on arms control and disarmament. The 
way in which the approval of the non-proliferation 
treaty by the United Nations General Assembly seems 
to have loosened a log-jam fits in well with the view 
that the chief benefit of that agreement would be to 
prepare the ground for more ambitious and indeed 
more meaningful measures. In practical terms, the 
protestations of the non-nuclear powers which partici- 
pated in the long negotiations of the treaty in Geneva 
seem to have had some effect. Although the treaty 
makes no concession to the view that if the non-nuclear 
powers are bound to abstinence, then the freedom of 
the nuclear powers to throw their weight about should 
also be restricted, both the Soviet Union and the 
United States seem to accept the need for limitations 
on the numbers of strategic weapons deployed against 
the other side. An agreement. on this point should be 
much more valuable than any benefit which the non- 
proliferation treaty as such may eventually provide. 
The defects of that treaty remain more or less what 
they have always been—that the methods of inspection 
are cumbersome and potentially even unworkable, 
that the treaty threatens permanently to institutional- 
ize the differences between the nuclear and the non- 
nuclear powers and, finally, that the treaty is only 
likely to work so long as there is no compelling reason. 
why signatories should break ranks. It remains to be 
seen what pressures to this end may eventually be 
created by the predictable abstentions from the list 
of signatories—France and mainland China. But 
issues like these are clearly of only academic interest if 
the non-proliferation treaty has really paved the way 
for better things. Even if it represents the triumph 
of good intentions over harsh reality, nobody should 
complain. 

The proposal for discussions between the Soviet 
Union and the United States on the limitation of 
strategic missiles is potentially exceedingly important, 
but it would probably be wrong to separate this develop- 
ment from the discussions in the past twelve months 
of the development of anti-missile systems in both 
countries. Although the development of hardware in 
the United States is still at a very early stage, and 
although it is unlikely that things have gone much 
further in the Soviet Union, the chances are that both 
governments are worried by the long term implications 
of this development. 

To begin with, there is the cost, and even the super- 
powers must flinch at the prospect of the money that 
would be consumed by a successful development and 
installation of a comprehensive anti-missile system 


By that standard, what has been spent so far is only a 
small drop inthe ocean. More seriously there is a danger 
that effective anti-missile defences could upset the 
present stability or illusion of stability between the 
strategic powers. Both of them seem in the past few 
years to have acquired a missile striking force which 
could probably ride out an attack by the other side, 
with the result that the hasty moves and countermoves 
which characterized the planning for the first nuclear 
wars in the early fifties has become a kind of hair- 
raising nightmare. On paper, at tal, TANDIS can 
resort and both of them haved an atei m in doi ying - a 
that. Anti-missile defences are potentially worrying 
because they suggest that in certain circumstances the 
effectiveness of this last resort might be reduced—a 
development which is likely to make both the Soviet 
Union and the United States begin planning all over 
again to use nuclear weapons as rapid responses, If 
this, however, is the origin of the tacit understanding 
that there should now be some limitation on strategic 
armament, it is also important that the search for an 
agreement should not be pursued with too much zeal. 
Limiting strategic missiles to, say, fifty would also 
destroy the stability of the present system, in which the 
invulnerability of strategic striking forces is partly 
dependent on their numerical strength. Probably the 
best course would be to fix a very much larger number 
as a limit for the total on each side of strategie missiles 
of all kinds—offensive and defensive. 

None of this will be hammered out at the meetings 
of the Disarmament Committee in Geneva. There, 
now, the non-nuclear powers which predominate will 
find themselves looking for other formulae for agree- 
ment. The prospects for an underground test ban are 
brightening all the time and it is to the British Govern- 
ment’s credit that Mr Fred Mulley from the Foreign 
Office reminded the conference, earlier this week, of 
the need to begin talking about chemical and biological 
weapons. That i is obviously a potentially most fruitful 
field. But in the immediate future, it is hard to see 
why discussions on disarmament move warily around 
what is rapidly becoming ore of the ripest plums for 
picking—some kind of limitation on the rate of manu- 
facture of nuclear explosives. The Disarmament 
Committee would do well to look at this problem from 
the point of view of a cost-benefit analysis. The 
policing of the non-proliferation treaty will invelve 
elaborate arrangements for inspection and control in 
all kinds of factories concerned with making nuclear 
explosives, and very little elaboration of the system 
would be required to police an agreement not to use 
fissile material for military purposes. Such an agree- 
ment should be technically easy to obtain, 
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Centres of Excellence and Despair 


THE members of the working party of the Council for 
Scientific Policy which reported a week ago on the 
condition of molecular biology in Britain (see Nature, 
219, 107; 1968) would be foolish to expect a rapid 
response to their proposals. Indeed, they will be lucky 
if anything comes of what they have suggested in 
their report for, to say the least of it, schemes for 
constructive innovation are not at present popular 
with the British Government even when they appear 
to entail no large increase of expenditure. What seems 
to have happened is that the difficulties in the past 
few years of raising money to pay for quite sensible 
projects has by now created the i impression that noth- 
ing new is feasible. The result is that a Government 
which set out, only a few years ago, to work great 
miracles in the administration of science is by now 
incapable of following anything but what Hamilton 
would no doubt have called the path of least action. 
This is a great misfortune, if only because a great many 
of the courses of action which could be followed might 
incidentally also be ways of saving money. In brief, 
the British Government should urgently pay attention 
not just to what the working party on molecular 
biology has been saying but to the more important 
issue of the 300 GeV machine and the relationship 
between policies for science, for the universities and 
for the preservation of the economy. As things are 
going, there is a serious danger that it will make a 
mess of everything. 

The essence of what the working party on molecular 
biology has to say is, in itself, an ironical commentary 
on the inanition with which the science policy of British 
Governments—not just the present Government—is 
afflicted. From being the outstanding boast of every 
public exhibition, molecular biology has slumped into 
that familiar condition in which necessarily meagre 
resources are too thinly spread. Of the laboratories 
in Britain which turn out significant work in this 
vaguely defined field, only a few——not even a handful 
—have occupied a commanding position. The others 
are no doubt doing their best to keep up with the 
Joneses—if that is the right surname—in the face of 
all kinds of problems, most of which are somehow 
connected with the diversity end the complexity of 
the demands which are made on the sidestream labora- 
tories. It needs very little reflexion to know that this 
kind of tale is unpleasantly familiar in all kinds of 
fields—the Civil Service, jndustry and the*universities. 
As always, the trouble is not a lack of talent but the 
lack of a strategy for making proper use of it. 

It is only fair to say, of course, that the working 
party on molecular biology has undermined its own 
case by the neglect of important aspects of the whole 
problem with which it should have been concerned. 
Thus it is faintly ludicrous that a committee under the 
chairmanship of Dr John Kendrew should have 
apparently ignored the issue of the proposed labora- 
tory of the European Molecular Biology Organ- 
ization (for which Dr Kendrew is one of the prime 


movers). By the same test, it is needlessly coy of the 
committee to have based its case on a survey of 
molecular biology in Britain without publishing the 
results of its survey. Would it have been damaging— 
or even surprising—if the three or four most prolific 
laboratories had been named ? And what harm would 
have been done if the committee had examined one 
of the most glaring anomalies in the whole of British 
molecular biology-—-the way in which two of the most 
successful laboratories in the country——at Cambridge 
and Mili Hill have no formal responsibility for teach- 
ing and no actual opportunity to teach under- 
graduates ? It is true, of course, that the report asks 
for a “greater use of the untapped teaching potential 
available in non-university research laboratories”, but 
this is hardly the kind of trumpet call to tumble the 
walls of Jericho. What the committee should have 
done is to say how this redistribution of resources 
should be accomplished, and to indicate who should 
be responsible for seeing that good imtentions are 
translated into realities. In the circumstances, it will 
not be much of a surprise if the entirely proper demands 
for more centres of excellence seem to the critical to 
be special pleading by a vested interest. 

The case for centres of excellence, as a part of the 
ease for a more coherent policy towards the uni- 
versities, is nevertheless a strong one, and deserves a 
careful hearing. It would be helpful if somebody were 
to acknowledge that public policy towards the develop- 
ment of British universities has been mistaken in one 
important respect. Looking back, it is now plain that 
the Robbins Commission was right to urge (in 1963) 
a massive expansion of the university system but 
wrong to ask that this should be done by the creation 
of extra universities. The result has been that the 
number of British universities has nearly doubled 
within a decade, and this has entailed a remarkable 
but entirely predictable spreading out of talent among 
the several competing institutions. To make things 
worse, the University Grants Committee seems to 
have behaved as if each university were entitled to 
emulate the achievements which made some among 
their number particularly proud. Crudely, if molecular 
biology is fashionable, each university will naturally 
set out to hire itself a molecular biologist, perhaps 
even two. At a time when most molecular biologists 
prefer to work outside the university system proper 
(or when their laboratories are not weleomed as warmly 
as they should be), is it any wonder that molecular 
biologists are thinly spread ? And the same, of course, 
is true of many other fields of useful and important 
research. Plainly there is an urgent need of a recasting 
of university policy that will somehow bring about 
the cohesion of resources which have been dissipated in 
recent years. The appointment of a suecessor to Sir 
John Wolfenden at the University Grants Committee 
ought to be a chance for a reconsideration of policy 
along these lines. 

The University Grants Committee is not the only 
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agency responsible—even the Board of Trade has a 
hand in scattering resourees about the countryside. 
Thus the letter which appears on page 312 from the 
director of the Fruit and Vegetable Preservation Re- 
search Association is one indication of what can go 
wrong, although it is also a case where Nature must 
apologize for having misjudged the Ministry of Tech- 
nology’s part in a badly calculated decision. The facts 
appear to be these. Some time ago the University 
of Reading and a number of otherwise independent 
research organizations—the Tropical Products Institute 
and the Anti-Locust Research Centre—conceived a 
plan for concentrating their resources at Reading. The 
Ministry of Overseas Development seemed to be as 
glad that its pensioners should make this move as was 
the Ministry of Technology that the Fruit and Veget- 
able Preservation Research Association should also 
move to Reading, for everybody seems to have 
acknowledged that there would be great advantages 
in a physical link between these institutions (destined 
to retam their independence) and what is rapidly 
emerging as the foremost university in agricultural 
research in Britain. In the end, however, everybody's 
hopes were disappointed by the declaration of the 
Board of Trade that Reading comes within a zone 
within which industrial development is restricted on 
planning grounds. The result is that two of the institu- 
tions are now busy digging themselves in in Central 
London. Nobody seems worried that a necessarily 
arbitrary planning rule has permanently impaired the 
efficiency of agricultural research in Britain. 

This, however, is almost only child’s play. The case 
of the 300 GeV accelerator is a much more striking 
illustration of how British Governments tend to favour 
the dispersal of resources, not their concentration. 
The fact that the proposed 300 GeV machine was 
intended to be operated internationally by CERN is 
not, of course, important. What matters is that this 
was an opportunity for high-energy physicists in 
Britain to enhance the quality of their operations by 
joining in a collaborative enterprise in which a greater 
range of skill and talent could be concentrated. By 
all appearances, the British Government seems to have 
failed to recognize the way in which the difference 
between good science and less good science can some- 
times be almost a simple function of the scale of 
operations. To be sure, there is no universal rule to 
follow, and there may still be some fields in which the 
lone and petient worker is not at a disedvantage. 
But in high-energy physics, as in molecular biology, 
concentration matters. It is ironical that the people 
responsible for saying no seem never to have realized 
the great qualitative benefits which participation could 
bring. And what if the site had been in Britain ? 

The issue of the accelerator is so important that the 
Government should not be afraid of opening it again. 
Indeed, it would be prudent to start talking about the 
project before too much time is lost, for there is no 
point in accumulating more ill-will than is strictly 
necessary. To begin with, there would be no harm in 
asking for a re-examination of the kinds of design 
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proposals which would have been seriously considered 
at Geneva if the organization planning the accelerator 
had not been under pressure to stick to its first idea 
for the sake of solidarity. Not only is there the chance 
of improvements in design but an opportunity to begin 
talking again. The Government would also be wise to 
explore more thoroughly the ways in which the cost of 
participation in a 300 GeV machine could be offset 
by reductions of the cost of the strictly national 
programme which is under way. Evidently the Science 
Research Council was prepared to go a long way in 
robbing Peter to pay Paul. The Government could 
probably strike a good bargain for itself, and win a 
reputation at the same time, by trying to international- 
ize the British accelerators already working. To fortify 
itself, it should also re-examine the report of the 
economists who advised a year ago that building the 
machine in Britain would bring no economic adyantages 
—that was dubious even before the devaluation of 
sterling. But the real need is somehow to escape 
from the weird belief that, because money is scarce, 
nothing of any kind is possible. Almost literally, this 
is a policy of despair. 


Porton Revealed 


THe chemical and microbiological research establish- 
ments at Porton Down continue to claim the headlines. 
This week the minutes of evidence taken by the Select 
Committee on Science and Technology on its visit 
to Porton were published: the evidence is still sub- 
ject to an investigation by the House of Commons 
Committee on Privileges, after an article appeared in 
The Observer leaking most of the contents of the 
evidence. 

In the event, the evidence will disappoint those who 
may have hoped that all the activities at Porton would 
be made public. Like a Victorian novel, the evidence 
has a tendency to dissolve at moments of stress into a 
series of asterisks, hinting at horrors too awful to spell 
out in full. But the chances are, with existing security 
arrangements, that the bits missed out are no more 
significant than those left in. The most significant 
disclosure was made by Mr C. E. Gordon Smith, 
Director of the Microbiological Research Establish- 
ment, who was asked by Mr Arthur Palmer, chairman 
of the committee, whether, in the event of an attack, 
Britain would be able to retaliate fairly quickly. “No, 
sir’, Mr Gordon Smith replied, “We should need a 
good deal of development work before we could 
retaliate.” And Mr Gadsby, Director of the Chemical 
Defence Experimental Estaklishment, explained that 
his establishment did not have the BOE aty ee 
for militar y use. oT his Ww vould oles the | Ww whole. com- 
plex business of chemical engineering’. At Nancekuke 
(an out-station of the establishment) the facilities were 

available for exploring manufacturing processes, but 
considerable development would be necessary in order 
to produce the necessary aerial and ground weapon 
launching systems. 

The evidence also reveals what the two establish- 
ments cost to run. The cost of the chemical establish- 
ment, which employs seventy scientific and engineering 
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grades and 120 experimental officer grades, is £1-6 
million per year. The microbiological establishment, 
with forty-eight scientific officers and seventy-six ex- 
perimental officers, costs £900,000 a year. The micro- 
biological establishment has contracts of a non-classi- 
fied nature with a number of universities, which are 
listed in the evidence; they are Birkbeck College, 
University College of South Wales, Oxford Univer- 
sity, Oxford College of Technology and Birmingham 
University. The list of organizations supported by the 
chemical research establishment is also given, and is 
much longer, including twenty-seven universities. 

Mr Gadsby had some critical things to say about the 
National Research Development Corporation. The 
establishment had developed the Porton Portable 
Resuscitator which, Mr Gadsby said, had already saved 
several hundreds of lives. The equipment ought to 
find its way into every fire-fighting service, every ship 
at sea and so forth, Mr Gadsby added. But his personal 
impression was that the NRDC had not done sufficient 
market research or used adequate sales drive 


Night Vision 


Bryocu.aks which make starlight as clear as daylight 
and 4 inch glass fibre cables which can transmit 20,000 
telephone conversations at once are two of the indust- 
rial applications to come out of defence work at the 
Signals Research and Development Establishment at 
Christchurch, Hampshire, now a dependant of the 
Ministry of Technology. The SRDE, like many other 
establishments, is looking for civil applications for 
previously classified work. 

Night vision has occupied the establishment since 
1956 but commercial equipment is only now available. 
One type of image intensifier collects and amplifies 
residual light from the night sky and can amplify 
roughly 40,000 times. A similar device has been 
used for night-sighting by the Americans in Vietnam, 
with both binoculars and gunsights. Where there is 
no ambient illumination, however—indoors or in very 
deep shadows, for example—an active system using 
an infrared source is now available. Because neither 
humans nor animals can see light in the near infrared 
with the unaided eye, a scene can be illuminated by 
an infrared lamp or even an infrared searchlight. In 
the hope of turning this sword into a ploughshare, 
the SRDE is talking about helping police to watch 
offices or step pilfering in warehouses. Naturalists 
may also be tempted to use the devices for studying 
night behaviour. There is already quite a list of uses 
like this—monkeys and baboons in Africa, the breeding 
of vampire bats, and the effect of airfield bird scarers 
on bird behaviour have all recently been observed. 
Far infrared devices wltich are capable of discrim- 
inating a difference of one degree centigrade between 
an object and its background are also now being devel- 
oped for alarm systems. Changes in temperature 
cause an increase in voltage which in turn triggers an 
alarm. The present device has a range of 100 metres 
and a 5 degree field. 

SRDE is a comparative newcomer to optical com- 
munications but has not allowed inexperience to temper 
its optimism. Mr E. Phillips, head of the quantum 
physics division, suggested last week that within ten 
years housewives will do their shopping by telephone 
computer links. This and other developments will 
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mean an increasing demand for more and better com- 
munication than the electromagnetic spectrum can 
provide. Optical frequencies are an obvious solu- 
tion since the band width is very broad in these high 
frequency ranges. Laser light sources and glass fibre 
transmission now seems to be a feasible system though 
more development work is still needed. Glass fibres 
80 microns in diameter are capable of transmitting 
one television channel or 200 telephone calls simul- 
taneously, and a 4 inch fibre cable contains 200 glass 





A peaceful user of infrared binoculars 


fibres, but the energy losses in the fibres are still too 
great. Losses—caused by impurities, particularly iron, 
in the glass, by light scattering and by the slightly 
imperfect geometry of the fibre—cause the present 
attenuation level of the glass to exceed 200 db/km, 
whereas the practical minimum is 70 db/km. A suit- 
able gallium arsenide laser light source has recently 
been developed which is the same size as a single fibre 
and operates at room temperature, so the main prob- 
lems now confronting research workers are the glass 
fibre losses and the need to improve detector perfor- 
mance, s 


Research for Education 


THe Organization for Economic Cooperation and 
Development is setting up a three-year programme to 
coordinate and encourage educational research in the 
member countries. The Centre for Educational 
Research and Innovation will be staffed by the OECD 
with James R. Gass, the OECD’s Deputy Director for 
Scientific Affairs, as director, but will be financed with 
a $1 million grant from the Ford Foundation. 

The centre plans to concentrate on two areas of 
research—the education of socially deprived children 
in member countries, and the problem of experimenta- 
tion and diversification in education, the trends and 
possibilities of new forms of universities and technical 
colleges and new educational technology. With work 
not beginning until September, specific projects have 
not yet been formulated, but Professor Albert H. 
Halsey, head of the Department of Social and 
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Administrative Studies at the University of Oxford 
and chairman of the board of governors, sees the 
main role of the centre as one of “putting people 
together with a view to learning from each other” 
Professor Halsey cited as an example research projects 
on socially deprived children already under way in 
Britain, West Germany and Sweden which will benefit 
from a central source of information and assistance. 
He also hopes that the centre will be able to add 
training courses for educational administrators to 
acquaint them with new developments and training 
techniques and equipment. 


Rent-a-Brain 


How should rental charges for computers be decided ? 
In December 1967, IBM United Kingdom announced 
its intention of increasing selling and rental prices for 
computers, and the proposed increases were referred to 
the Prices and Incomes Board which reported on them 
last week (Cmnd 3669, HMSO, 2s.). In fact, however, 
the report covers only rental charges, for its terms of 
reference made no mention of selling price. It seems 
to have been agreed that, because of the international 
ramifications of IBM, it would have been almost 
impossible to judge whether the price increases were 
justified, so that the board has been left with the task 
of deciding whether the increase in selling price is a 
sufficient cause for an increase in rental charges. 

This reduces the report almost to triviality, but not 
quite. For commercial reasons, which the board accep- 
ted but did not make explicit, IBM argued that it was 
necessary to maintain a delicate balance between 
selling and rental charges. Selling price usually works 
out at four years rental, a rule which evidently makes it 
hard for customers to choose. From IBM's point of 
view, the arrangement gives a good mixture—a steady 
income from rentals, and a quicker cash return on sales. 
It is also a hangover from an agreement in the United 
States in 1956, in which IBM, threatened by anti-trust 
legislation, agreed to offer machines for sale and lease 
at equivalent. prices. 

The Prices and Incomes Board has now accepted the 
logic of IBM’s argument and, because the increase in 
selling price had not been challenged, it has been 
obliged to agree to a ten per cent increase in rentals for 
all new contracts. For older contracts, IBM argued 
that costs of maintaining the older machines had risen, 
and that, in any case, the real cost of a machine is equal 
to the revenue the machine would yield if it were trans- 
ferred to a new customer. The board accepts the first 
of these arguments, but not the second. Its report says 
that older machines do not have any increased value in 
alternative uses. Rentals signed before January 1, 
1968, should therefore be increased only enough to cover 
the costs of servicing them—7 per cent. Rentals on the 
machines which preceded the 360 range should be 
increased by even less—5 per cent—because it is pre- 
sumed that software development on these older 
machines is not such a burden. This recommendation 
applies to all contracts on machines announced before 
April 7, 1964. 

IBM is still considering these recommendations, and 
will be telling its customers how it feels later this week. 
If it does not accept the PIB argument, it will have to 
argue it out with the Ministry of Technology, which is 
still engaged on discussions arising out of a previous PIB 
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report on the prices of hearing-aid batteries. If agree- 
ment cannot be reached voluntarily, the current Prices 
and Incomes legislation allows the ministry to make an 
order, although it is much more likely that the issues 
will be settled amicably by discussion. 


Canada’s New Telescope 


THE fashion for large optical telescopes is afflieting the 
Canadians, who are now firmly set on the construction 
of a 150 inch instrument at Mount Kobau in British 
Columbia. The Queen Elizabeth JI telescope, as it is to 
be called, is expected to be completed in 1975. when it 
will join the several large optical telescopes new being 
built in the United States, the Soviet Union, Europe and 
Australia. 

This new crop of telescopes should prove easier to 
build than the previous generation of large instruments. 
which included the 200 inch on Palomar Mountain, 
chiefly because of the development of new materials for 
mirror blanks. The Hale telescope on Palomar Moun- 
tain, completed in 1948, has a ‘Pyrex’ mirror. as does 
the 98 inch Isaac Newton telescope at the Royal 
Greenwich observatory—both were cast from the same 
‘Pyrex’ glass. Since then, howeve T, two new materials 
having better thermal pr opertie s have been developed. 
The Canadian telescope, in common with telescopes for 
the Kitt Peak National Observatory and the European 
Southern Observatory, has a mirror of fused silica. 
The coefficient of expansion of this material is ess than 
one-fifth that of ‘Pyrex’. The second material is a glass 
ceramic called ‘Cer-Vit’, developed in the United 
States, which is to be used in the Anglo-Australian 150 
inch (Nature, 218, 418: 1968). 

A crucial part of the design of a telescope sush as the 
Canadian instrument is the support of the mirror in 
such a way as to avoid distortion of the optical surface. 
In the Queen Elizabeth II telescope a system of pneu- 
matic bellows fixed to the back of the mirror provides 
axial support. Radial support is supplied by 32counter- 
weight lever systems arranged around the periphery of 
the mirror. Only the axial support system operates 
when the telescope i is pointing at the zenith and all the 
reaction is in the direction of the optic axis. As the 
telescope is tilted away from the zenith, the radial 
supports come into action to oe the shape of the 
mirror. The designers of the Queen Elizabeth IT 
telescope are hoping to allow for the frequent changes 
in seeing conditions at Mount Kobau by making the 
changeover from operation at any of the foci to another 
as rapid as possible. 





Proving Pressure Vessels 


SOME time in September, tests will begin at the Heston 
Laboratories of Atomic Power Constructions of the 
one tenth scale models of the pressure vessel for the first 
commercial advanced gas cooled reactor at Dengeness. 
The vessel, in common with the last of the Magnox 
series of reactors, is made from concrete prestressed 
with steel. These pressure vessels are now thoroughly 
tested and proved by experience, and British nuclear 

engineers cannot be blamed if they feel somewhat self. 
satisfied: the experience in the United States with steel 
pressure vessels has not been so happy. Ther seep 
of prestressed concrete pressure vessels is ome of the 
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reasons why it is now possible for commercial nuclear 
power stations to be built near towns, and must 
also be a strong selling point abroad. 

Smaller models of the Dungeness B vessel, made to 
a scale of about 1 to 26, have already been successfully 
tested at Heston. These models were shown to have a 
failure pressure more than three times greater than 
the design pressure for the Dungeness vessel. On the 
larger scale models, the CEGB requires a safety factor 
of 2-5, which APC is confident of achieving. Testing 
will consist first of elastic tests up to the proof pressure 
of 550 pounds per square inch, which is 15 per cent 
greater than the design pressure. The process of testing 
involves more than 300 gaviges built into the fabric 
of the pressure vessel. Once the elastic tests have been 
completed satisfactorily, the vessel will be tested to 
destruction. At failure, the vessel begins to crack 
without exploding violently—either the steel rein- 
forcement can fail, or some parts of the concrete fail 
under compressive loading. In either case, the failure 
ean be followed on the strain gauges. The actual 
vessel at Dungeness B will have even more gauges, 
and will itself have to be tested when it is complete, 
but only to the proof pressure. 


ELDO Escalates 


THe ELDO conference of ministers met in Paris last 
week to discuss what is to be done about the rising 
cost of the development of a European launcher. The 
overspending, which primarily concerns the project 
to build a rocket capable of launching a European 
communications satellite in the early 1970s, is expected 
to reach $100 million. A revised version of the pro- 
gramme which should eut this figure to $50 million 
was favoured by the conference, and all the ELDO 
countries, with the exception of Britain, stated their 
willingness to pay the excess. The British delegate 
reiterated the announcement made in April that, once 
Britain had paid its share of 27 per cent of the original 
estimate of the cost of ELDO, it would make no 
further contributions. This means that Britain is not 
going to help pay the extra $50 million either. Other 
members urged Britain to join them in finding the 
extra money, but their pleas do not seem to have 
softened the British stand. 

Britain was not the only country unhappy about 
the situation. Italy was worried that the revised 
programme would mean less interesting work for them 
to do. Both ELDO and ESRO have been plagued by 
this kind of problem, which is a result of the distribu- 
tion of contracts among the member states, and this 
question is to be looked into before the next meeting. 
Germany and France were anxious abot the effect 
the revised programme would have on their plans to 
launch the Symphonie communications satellite, while 
Belgium said the new plan should be part of a coherent 
and integrated European space effort. The outcome of 
ali this seems to have been to leave things as they are, 
with a promise to lock into the problems before the 
next session. 


Student Housing 


Tus chief requirement for student housing is privacy; 
this is the implication of a recent survey of residents 
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92 per cent students—in eight recent housing schemes 
(Building Research Station, Hostel User Study). Only 
10 per cent of the students in single rooms would even 
consider sharing, and those who did share expected a 
considerable reduction in rent, both to compensate 
for the inconvenience and to prevent the landlord from 
benefiting financially from the double rent. 

Single room sizes in the schemes vary from 96 to 
144 square feet, with rooms between 125 to 135 square 
feet acceptable to more than 90 per cent of the 
residents. The survey concluded that 95 foot square 
rooms were suitable for short stays or the “single 
girl's first time away from home”, while rooms above 
110 feet square were large enough for general use by 
all students. Some individual control over both light- 
ing and heating seemed to be necessary to most of the 
students and the survey urged that lighting be brought 
up to recommended standards as quickly as possible. 

Common rooms were inadequate in most of the 
schemes studied, especially rooms where music could 
be played. One scheme with only one games room— 
one dart board and one table-tennis table—for 504 
students was hardly used at all, probably from a 
sense of hopelessness. While common rooms for tele- 
vision, meetings and entertaining were used by most 
residents, students and management both weleomed 
the possibility of breaking down residence facilities 
into smaller units of up to twenty-five people each, 
with their own lobby, entrance and kitchen—common 
room. 

The problems of student housing in overcrowded 
cities such as London as well as in the new universities 
and colleges means that much more research needs to 
be carried out on student needs. As this survey points 
out, “young people coming into accommodation pro- 
vided for them expect room standards higher than 
those they are prepared to accept in lodgings and 
flatlets that they find for themselves”. 





Director Appointed 


DR GORDON FRANK CLABINGBULL will direct the British 
Museum (Natural History) from December 1 when Sir 
Terence Morrison-Scott retires. His appointment by 
the trustees after an open competition is one from the 
museum ranks——Dr Claringbull has been the keeper of 
the Department of Mineralogy since 1953 and a member 
of the museum staff since 1935. This should appease 
the Museums Association and others who expressed 
displeasure at the appointment of an outsider to the 
directorship of the British Museum. 

The director of the Natural History Museum, 
though responsible to the trustees for all matters con- 
cerning the management of the museum, is at the same 
time the accounting officer and is directly responsible 
to Parliament for the funds voted to the trustees 
£1,011,000 for the year 1968-69. This dual respon- 
sibility means that the trustees have to get the Prime 
Minister’s approval before they can announce the 
appointment of a new director. 

Dr Claringbull will head a staff of about 600, of 
whom around 350 are scientific staff. They are not 
strictly civil servants, as they are appointed and 
employed by the trustees, but for all practical purposes 
they are treated as civil servants. Another peculiarity 
is that, since 1946, the scientific staff have been on 
scientific civil service gradings, the keeper class being 
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fitted into the scientific officer scale. This means that, 
unlike the directors of other national museums, the 
director is graded as a chief scientific officer. This does 
not seem to affect his salary one way or another; he 
will get a salary of £5,375, which seems to be the same 
as the salaries of the directors of, for example, the 
Science Museum and the Victoria and Albert Museum. 
The director and principal librarian of the British 
Museum naturally receives a little more—he gets 
£5,550, and is responsible to the trustees for managing 
the £2,460,000 for this year. 


Brains and Behaviour 


European students of the brain tend to meet each 
other most often at conferences held in the United 
States. There is at present no organization equipped 
to convene regular symposia on the brain in Europe, 
where meetings would be cheaper and more frequent, 
and Europeans who work in the field have come to 
feel out of touch with one another’s work. 

To repair this lack of communication it is proposed 
to form a European Brain and Behaviour Society. 
The present intention of the society is “to further 
scientific enquiry within those fields that bear on the 
interrelationships between brain and behaviour’; to 
this end it will hold meetings for discussion and the 
reading of papers and disseminate information. A 
study group is to meet in Rotterdam early next year 
to define further the aims of the society and to elect 
its first membership. All persons interested in joining 
are invited to write to Dr A. Cowey at the Institute 
of Experimental Psychology, South Parks Road, 
Oxford, stating their field of interest and qualifications, 
together with any suggestions they may have about 
the general aims of the society. 

The idea of the society originated in a meeting of 
scientists called by the Organization for Economic 
Cooperation and Development (OECD) last year to 
discuss the field of the neurosciences. The opinion at 
the meeting was that organizational facilities in Europe 
were poorly equipped to support the expansion of what 
is considered to be a fast growing subject. The 
sponsors of the proposed society are K. Akert (Zurich), 
A. Cowey (Oxford), M. Frankenhaeuser (Stockholm) 
H. G. J. M. Kuypers (Rotterdam), J. Paillard (Mar- 
seilles), D. Ploog (Munich), J. Scherrer (Paris) and 
L. Weiskrantz (Oxford). 


Spectacles for Life 


A PAIR of variable refraction spectacles has been 
developed by Dr B. M. Wright of the Engineering 
Division at the National Institute for Medical Research 
at Mill Hill. Instead of the conventional solid lenses of 
existing spectacles, the lenses are hollow, with thin 
flexible walls, and are filled with a nearly saturated 
solution of calcium bromide which has a suitable 
refractive index. The volume of the lenses is changed 
by pumping the liquid in and out in order to change the 
curvature of the flexible wall. This is accomplished 
by means of a simple cylinder and piston with a rubber 
ring seal. The piston is operated by a slide in one side 
piece of the spectacles, the cylinder being housed in a 
cavity on the inside. Because these spectacles can be 
continuously adjusted as the need arises, one pair 
should, in theory, last a lifetime, and should therefore 


be much cheaper than existing spectacles. Dr Wright 
has been wearing a pair of these spectacles for more 
than three months with no complaints, but their 
durability remains to be proved. 

This was one of the exhibits at a recent visit to the 
institute. In the Division of Parasitology, Drs 8. R. 
Smithers, R. J. Terry and D. J. Hickley ‘claim to have 
discovered how the parasite causing schistosomiasis 
avoids rejection by the human body. Using im- 
munological techniques, they have shown that the 
parasite somehow sticks host antigenic material onto 
itself so that it is not recognized as “non-self” by 
circulating antibodies. According to the three research 
workers, this “disguising” phenomenon may explain 
why the parasite can persist in the human body for 
up to 20 years in what ought to be an immunologically 
hostile environment. 

An interesting proposal for the structure of ribosomes 
was put forward by Dr R. A. Cox, who illustrated his 
talk with models built within the department. Sir 
Peter Medawar, director at Mill Hill, hopes to see a 
department at the institute which correlates physiology 
of the central nervous system with behaviour. Because, 
however, different animals have been used so far for 
behavioural studies from the ones used for physiological 
studies, Dr B. Delisle Burns has a difficult task ahead. 
At present, he and other members of the Division of 
Physiology and Pharmacology are studying the way in 
which neurones in the brain respond to patterns of 
light falling on the eyes. Information about the 
disturbance set up in the brain in this way could prove 
useful to the practice of ophthamology, particularly 
in connexion with the treatment of strabismus—or, 
put more plainly, squint. 


Accident Prevention 


More than 7,000 people died in traffic accidents last 
year in Britain and nearly 94,000 were seriously 
injured, with the numbers increasing more quickly than 
the mileage travelled. The causes and possible pre- 
ventive measures were the subject of a recent confer- 
ence at Cranfield on vehicle and road design, sponsored 
jointly by the Institution of Mechanical Engineers 
and the Advanced School of Automobile Engineering. 
This is one of the few occasions on which vehicle and 
road designers have met to discuss their common 
problem—the car and its driver. 

A police traffic superintendent is reported to have 
said that the defect which causes nearly every accident 
lies in “the nut holding the wheel”. One contributor 
pointed out that road engineers should not assume that 
drivers are omniscient. “If asked to make more than 
one decision’ at a time, they wil) fail; if faced with a 
situation which can be misinterpreted, someone will 
eventually find the wrong meaning.” 

The effect of human fallibility is easily apparent in 
the statistics for traffic accidents during ‘the last three 
months of 1967 in Britain, after the breathalyser test 
came into operation: during this period, driver and. 
passenger casualties fell by 19 per cent, motor cyclist 
casualties by 16 per cent and pedal cyclists by 14 per 
cent. But drivers are not altogether to blame: n early. 
half of all serious accidents in Britain take ae at 
uncontrolled junctions, and at some intersections 
accidents have fallen by 40 per cent when traffic lights 
have been installed. Professor R. J. Smeed of U niversity 
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College, London, estimated that roundabouts reduce 
accidents by 60 per cent. R. L. Moore of the Road 
Research Laboratory emphasized that “police, magis- 
trates, road engineers and road users in general should 
not assume that because visibility is good in the sense 
that there are no physical obstructions, a driver can, 
or should, be able to see everything. . .. When at some 
point in the road system drivers fail consistently, the 
system needs examination rather than the driver”. 

Motorway travel has proved to be the safest in 
England, with only 0-7 accidents per million vehicle 
miles compared with 1-6 accidents per million vehicle 
miles on rural dual carriageways or 2-1 on rural three- 
lane carriageways, but there have been several 
multiple crashes, usually during periods of decreased 
visibility. Since most motorists expect free flow on 
a motorway, they are not at their most alert and are not 
prepared for obstructions. To deal with this problem, 
more comprehensive signalling is being installed, the 
first on the Severn Bridge section of the M4. A similar 
experiment on the John Lodge Freeway in the United 
States is supposed to have reduced journey times by 
5 to 25 per cent. 


Saving York Minster 


DispLay boards showing the progress of an appeal for 
restoration funds are a familiar sight outside churches 
throughout Britain. The largest appeal of this kind 
was launched just over a year ago by York Minster, 
for £2 million which is needed to save the minster from 
collapse. About three-quarters of this amount has 
already been raised. The fabric of York Minster has 
long been under superficial repair to renew decayed 
stonework—the scaffolding which for years enclosed 
the west end is evidence of this—but the discovery 
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York Minster —some of the roof and facing which is in urgent 
need of repair. 
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that the building was actually in danger of collapse was 
made quite recently. A thorough survey of the minster 
was carried out in 1965 and 1966, when ominous cracks 
were found in the piers supporting the massive central 
tower, and in part of the choir. On the pretext of an 
archaeological dig, an excavation to the foundations of 
the tower was made to look for the cause of the trouble. 
The problem seems to be that the twelfth century 
foundations of the minster are just not strong enough 
to support the weight of the tower, added early in the 
fifteenth century. The foundations of the tower itself 
are four massive piers which have to stand up to 
stresses reaching 46 tons per square foot—more than 
three times the maximum permitted by current building 
codes and greater than the crushing strength of the 





A crack which threatens the great east window. 


mortar binding the blocks together. It is hardly 
surprising that the foundations are bulging under the 
pressure from above. 

This comparatively recent deterioration in the condi- 
tion of the mfnster is likely to have its origin in the 
improvement in the drainage in the York area over the 
past century. Since the last examination of the 
foundations in 1837, the water table in the glacial 
material on which the minster rests has sunk by 4 ft. 
This means that the foundations, which used to be 
supported to some extent by waterlogged soil, are now 
free to bulge under the excessive pressure. Work is 
now going on to strengthen the foundations of the 
central tower by the insertion of steel struts between 
the four piers, and the construction of concrete rafts 
to spread the weight of the tower over a larger area. 

To arrest the deterioration of the superstructure of 
the tower, it is to be surrounded by a steel girdle at the 
level of the roof of the nave and a reinforced concrete 
ring beam is to be fitted at the top. The tendency 
for the tower to collapse has caused the east wall 
of the minster, which includes a Perpendicular window 
containing some magnificent stained glass, to lean 
outwards “by up to about two feet. To save this part 
of the minster, massive steel shoring is being erected. 

It is clearly going to be several years yet before the 
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work at York is completed and the largest mediaeval 
cathedral in Britain is saved from the danger of collapse. 
The appeal fund of £2 million, based on what was 
necessarily only an approximate estimate of the 
restoration, is planned to be spent by 1975. With luck, 
this amount will cover the work, but in 1967 estimates 
of the cost ranged up to £2-6 million. The obvious 
answer—that the Church Commissioners support the 
appeal—seems to be out of the question. Although 
the Church Commissioners make grants towards the 
pay of the clergy and lay staff, they are forbidden by 
statute to contribute to the maintenance of the building 
itself. 


Sheffield Honours Chapman 


PROFESSOR SYDNEY CHAPMAN, the geophysicist, is 
80 this year, and to mark the occasion Sheffield Univer- 
sity last week awarded him the honorary degree of 
Doctor of Science. To add to the celebrations, the 
university held a three day conference attended by 
Professor Chapman, by many of his friends and by 
more than 100 space scientists. The theme of the 
conference was the solar-terrestrial environment, 


and the eight topics covered were chosen to reflect - 


Professor Chapman’s interests over the years. Study 
of interactions between the Sun and the Earth has 
during the past few years developed into a major 





Professor Sydney Chapman. 


field of research, chiefly because of the way the upper 
atmosphere can now be investigated by rockets and 
satellites, but the inception of the subject owes as much 
to Professor Chapman as to anyone. Nevertheless, the 
conference was rarely retrospective, and the papers 
presented gave an insight into the research which is 
now being carried out. 

The work going on in the space sciences at the 
University of Sheffield was, of course, well represented. 
This is chiefly concerned with the theor y of the iono- 
sphere, radar observations of meteors and ionosphere 
and very low frequency investigations from rockets 
and satellites. Some of the results reported by the 
Sheffield groups were of very low frequency radio 
noise measured by the Sheffield experiment on Ariel 3. 

Not all the papers read at Sheffield described positive 
results, however. J. F. Kerridge of Birkbeck College, 
who summarized the recent rocket and satellite 
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attempts to collect samples of interplanetary dast, 
said the experiments had been thwarted by contamina- 
tion problems. This means that the notion that the 
Earth is surrounded by a substantial dust cloud— 
which seemed quite likely a few years ago-~is in fact 
not the case. At lower levels, Dr D. W. Parkin has 
for some years now carried out searches for particles 
of interplanetary dust which may have drifted down 
in the atmosphere. Dr Parkin said at Sheffield that 
the metal fragments and black magnetic spherules 
collected from nylon meshes exposed to the wind at a 
site in Barbados, and earlier described as extra-terres- 
trial, are contaminants introduced by handling. This 
lack of information on the rate of influx of minute 
particles of interplanetary dust is just now one of the 
uncertainties in estimates of the accretion of extra- 
terrestrial material by the Earth. 


Feeding before Birth 


NUTRITION of the foetus and the newly born was the 
theme of the 202nd meeting of the Nutrition Society 
held on July 12-13 at the School of Anatomy, Cam- 
bridge University. The meeting was well attended, and 
the papers were followed by constructive discussion, 
but the overall impression was that much remains to 
be done. 

On the first day——with Dr E. Kodicek, director of the 
Dunn Nutritional Laboratory as chairman—Dr Elsie M. 
Widdowson set the pace with a talk on the way the 
foetus is fed. She discussed the passage of various 
substances such as potassium, sodium, phosphorus and 
calcium across the placenta, and added that active 
transfer has been invoked as a likely mechanism, 
especially in view of the fact that potassium, calcium 
and phosphorus attain a higher concentration in foetal 
plasma than in maternal plasma. Although the 
gradients across various parts of the placenta are not 
fully understood, it does seem that the placenta can 
alter certain substances during their passage through 
to the foetus. 

This was followed by a physiological basis for asses- 
sing protein requirements during pregnancy, put for- 
ward by Dr D. J. Naismith, who referred to the para- 
sitie relationship of the foetus to the mother. He 
proposed a scheme for the endocrine control of protein 
metabolism of the maternal organism which ensures a 
continuous supply of amino-acids for synthesis of 
foetal protein; the adrenal corticosteroids and oestro- 
gens seem to be particularly concerned. 

During the afterncon Dr Heather J. Shelley and Dr 
G. A. Neligan talked about oar bo nydia metabolism 
in the foetus and the newly born, and hypoglycaemia 
in the newly: born baby. According to Dr Shelley, 
glucose of maternal origin passes freely across the 
placenta and is both the main metabolic fuel in the 
foetus and the principal substrate for fat and glycogen 
synthesis. Most species, including man, accumulate 
glycogen in the liver and skeletal muscles during the 
last part of gestation and these stores are utilized 
immediately after birth. The ability to degrade amino- 
acids and synthesize glucose from three-carbon com- 
pounds does not develop until after birth, but the 
activity of the enzymes involved rises above that of 
the adult during the suckling period. The rapid utiliza- 
tion of liver glycogen after birth and the small capacity 
for gluconeogenesis at birth is probably responsible for 
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the low blood glucose levels frequently seen in newborn 
babies. These babies seldom show clinical signs of 
hypoglycaemia, possibly because, as in fasting adult 
man, ketone bodies may be an important cerebral fuel 
in neonates. Some babies, however, particularly those 
thought to have been malnourished im utero, may 
develop clinical signs of hypoglycaemia which must be 
treated with intravenous glucose and possibly hormones 
to avoid permanent brain damage or death. 

On the second day—with Dr Widdowson in the chair 
—Dr E. Hunt and Dr D. Hull discussed nutrition and 
thermoregulation in the newly born pig and baby, and 
showed how both species have to raise their rate of 
metabolism during the first day after birth in order to 
maintain their body temperature. The pig uses carbo- 
hydrate, and the human baby uses fat as the food 
reserve to provide energy for metabolic purposes 
immediately after birth. 





Developing Agriculture 


Tur vital importance of combating plant pests and 
diseases in the developing countries was one of the first 
points to emerge at the first International Congress of 
Plant Pathology, which began at Imperial College last 
Sunday and continues until July 26. In the opening 
address Professor P. M. 8. Blackett, president of the 
Royal Society, told the delegates—-there are more than 
1,300 of them from at least sixty countries—how much 
the developing countries depend on a prosperous 
agriculture. But he said: “Science is no magic wand 
to wave over a poor country to make it a rich one”. 

With independence, the governments of many coun- 
tries inherited an agricultural system which had been 
run by scientists from the ruling country, many of 
whom returned home quickly in the ensuing wave of 
nationalistic feelings. They did not leave behind 
trained personnel to take their places, and many 
projects were abandoned because there was nobody to 
continue them. Dr Margaret Keay, speaking during 
the first session of the congress about educational 
problems in developing countries, said that there is an 
inequitable distribution of plant Pathologists in the 
world. Dr W. Carter, talking about problems facing 
plant pathologists in the field, quoted the case of 
Jamaica, where yellowing disease of coconut palms 
has wiped out commercial plantations in many areas. 
Yet Jamaica has only one plant pathologist in its 
department of botany. In the developing countries 
there is too much research to be done by too few 
people, many of whom, coming from countries with 
different crops, soil and climate, are slow to appreciate 
the problems they are faced with. 

One of the problems in the universities is that un- 
suitable courses, which toncentrate on the taxonomic 
aspect of the causative organisms, have persisted from 
the days when they were initiated by teachers from 
the developed countries. Professor M. A. Nour of 
the University of Khartoum said that in countries 
where plant pathology is such an urgent problem, the 
emphasis should be on producing general practitioners 
of crop protection. At Khartoum there is a depart- 
ment of crop protection where all aspects of plant 
diseases are studied, with the emphasis on control. 
Such courses need to be adopted as quickly as possible 
by the universities where the taxonomic approach 
and the separation of botany and zoology persist. 
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Parliament in Britain 
by our Parliamentary Correspondent 


Sea Bed 

Mr Goronwy Roperts said that the Government is 
actively considering its policy towards the exploitation 
of the sea bed, and national rights over it. Mr Tam 
Dalyell said that, if there was to be an adequate flow of 
capital and investment, certain urgent problems of 
international law needed to be solved. Mr Roberts 
agreed, and said that these, together with technica] 
problems, were to be the subject of an ad hoc committee 
set up by the United Nations. Mr Hugh Fraser sug- 
gested that before the Government could adopt a 
sensible position internationally it would have to set 
its own national programmes in order. So far, he 
claimed, there had been nothing but the vaporous out- 
pourings of the Ministry of Technology. Mr Roberts 
denied this; the matter, he said, was adequately taken. 
care of. (Oral answer, July 8.) 

Food Irradiation 

Mr Gerry Fow er, for the Ministry of Technology, 
seemed unenthusiastic about the prospects for pre- 
servation of fish by irradiation. The commercial 
prospects seemed small, and there was concern about 
possible health hazards. There would be no official 
representation at trials which were to take place in 
Iceland. (Written answer, July 8.) 

Hospital Ill-treatment 

THE Minister of Health, Mr Kenneth Robinson, gave 
the results of the committees of inquiry into allegations 
of ill-treatment at geriatric hospitals. Most of the 
allegations had been found to be “totally unfounded 
or grossly exaggerated”. The committees had in general 
reported favourably on the conditions in hospitals, 
although some suggestions for improvements had been 
made. One or two incidents of ill-treatment had been 
found. The findings and recommendations of the 
committees were being published as a White Paper. 
(Report of committee of inquiry, July 9.) 

Sonic Booms 

Tue Minister of Technology, Mr Anthony Wedgwood 
Benn, revealed that just over £4,000 has been paid in 
compensation for damage caused by the sonic boom 
tests carried out in 1967. Of this, £3,200 had been paid. 
out in the London area, £700 in the Bristol Channel 
area, and the rest in Dorset. Mr Benn made no com- 
ment on the implications of this decision, but said that 
he would report on the tests soon. (Written answer, 
July 11.) 

Power Station Crders 

Mr EMmaNntEL BamrÊȚNwELL and Mr Eric Lubbock asked 
when the Central Electricity Generating Board would 
be allowed to place orders for new generating stations, 
at Seaton Carew and Heysham. Mr Roy Mason, the 
new Minister of Power, said that no decision had yet 
been reached, but the timing of orders would depend 
on the outcome of the present capital investment. 
reviews. Mr Lubbock pointed out that the electrical 
manufacturing industry had not had an order for 
sixteen months. Mr Leadbitter said that there had 
been nothing but one excuse after another for the past 
two years; first it was the load estimates, now the 
capital estimates. Mr Mason could only say that the 
Central Electricity Generating Board programme would 
be decided before the autumn, and the matter could 
then be cleared up. (Oral answer, July 9.) 
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NEWS AND VIEWS 


How Ribosomes Work 


In spite of everything that has happened in molecular 
biology in recent years, the way in which ribosomes 
function in the process of protein synthesis is still, to 
a large extent, unclear. In the circumstances, there 
will be a warm welcome for two articles in this issue of 
Nature. Guthrie and Nomura (see page 232) provide 
a formal proof that in the initiation of the synthesis of 
a protein chain, what matters is not the entire ribosome 
but, rather, the smaller of the two subunits into which 
intact ribosomes can be dissociated. At the same time, 
Fellner and Sanger (see page 236) report the first steps 
in the determination of the sequences of nucleotides 
in the RNA from which ribosomes are constructed. 

The most obvious puzzle is why ribosomes should 
consist of two subunits. On the face of things there 
might seem to be no good reason why a single particle 
should not fulfil all the functions of the ribosome. 
Why then does each ribosome, whether from bacteria, 
mitochondria, plant or animal cells, consist of a large 
and a small subunit which, because of their sedimenta- 
tion properties, have come to be known as the 50S and 
308 particles? Is it because there is some division of 
ribosomal functions between the two subunits so that, 
during protein synthesis, there is a cycle involving their 
separation and re-association ? 

Both these suggestions have now been confirmed 
experimentally. Schlessinger and his group found free 
305 and 50S subunits in Æ. coli, and Kaempfer, Meselson 
and Raskas demonstrated exchange between ribosomal 
subunits during protein synthesis. These experiments 
established a cycle of separation and re-association 
of the 305 and 508 particles. Then last September, 
Nomura and Lowry, quickly followed by others, pro- 
posed a model for the initiation of protein synthesis 
which requires that the 30S and 50S suhnunits should 
have different functions. This model supposes that 
the first step in chain initiation is the formation of an 
“Initiation complex” consisting of a 30S subunit, a 
messenger RNA molecule and the formyl-methionine- 
tRNAp. The formyl methionine, the amino-acid part 
of the complex, is required as the first, or N-terminal, 

residue for the initiation of peptide synthesis. Two 
aes of this model distinguish it from earlier pro- 
posals. First, the 308 subunit, not the 70S ribosome, 
is the site of initiation. Second, the specificity of 
initiations resides in the binding properties of the small 
ribosomal subunit for formyl-methionine-(RN Ap rather 
than in the properties of the codon of the corresponding 
messenger RNA molecule. Since the model was pro- 
posed, numerous groups have obtained evidence which 
is consistent with it but which does not rigorously test it. 

Guthrie and Nomura (see page 232), however, have 
now proved conclusively that the formation of a 3048- 
mRNA-F-met-tRNAy complex is an obligatory step at 


chain initiation, at least in cell free extracts of E. coli 
and by implication in the living cell. Using heavy 
isotopes and density gradient centrifugation, Guthrie 
and Nomura have proved that the 708 ribosome 
dissociates into subunits before any mRNA and F-met- 
tRNApr is bound to the 30S subunit. They mixed 
together 70S “heavy” ribosomes labelled with the 
heavy isotopes 15N and deuterium, “light” 508 ribo- 
somal subunits containing only “N and hydrogen. 
synthetic mRNA (poly-AUG), F-met-(RNA» and 
initiation factors. They then asked, does the F-met- 
HUN Ay bind only to lgay y 705 moona or is some 
subunit and. a light 50 S sa ? This eee, feral 
could only be obtained if, at initiation, the heavy 708 
ribosomes dissociate to liberate free heavy 308 sub- 
units. These, after formation of the initiation complex, 
would then bind either heavy or light 508 subunits and 
so produce at least some hybrid 708 ribosomes with 
bound mRNA and F-met-tRNAg. 

In fact, Guthrie and Nomura found F-met-tRNAp 
bound to hybrid 705 ribosomes as predicted by their 
model. Moreover, in control ex periments involving 
the binding of aminoacyl--RNA molecules other than 
the specific initiation F-met-tRNA,y, they have been 
able to exclude another formally possible interpretation 
of this result—that the 708 hybrid ribosomes are formed 
before the binding of the F-met-tRNAp. In other 
words, ribosomal subunit exchange is dependent on the 
initiation reaction. 

This proof of the Nomura and Lowry model estab. 
lished the sequence of events during initiation of 
protein synthesis, but that is a long way from saying 
that the chemistry of initiation and, for that matter. 
most other ribosomal functions is known. The way 
ribosomes work is likely to remain unclear until their 
structure is thoroughly understood. At present, the 
purists can still maintain that although there is strong 
circumstantial evidence that all ribosomes in an 
organism are identical—and all the work on the 
molecular biology of protein synthesis assumes this— 
it has yet to be rigorously proved. On page 236 Fellner 
and Sanger réport a step in this direction. They have 
deiermincd parts of the nucleotide sequences of the 


16S and 23S RNA from the 308 and 505 subunits 
of E. coli ribosomes. Because of their size, 16S and 


23S ribosomal RNAs are formidable molecules to 


analyse. As a start, Fellner and Sanger have studied 
the nucleotide sequences in the region of certain 


methylated nucleotides which occur in the molecules 
and can be utilized as markers. 

If the RNA molecules are fragmented with enzymes, 
the fragments containing the methylated nucleotides 
can be identified, purified and analysed. The results 
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that have been obtained so far, though limited, raise 
several very interesting possibilities. In 23S ribosomal 
RNA—this is the RNA part of the 50S subunit—all 
the sequences in the neighbourhood of methylated 
nucleotides occur twice, just as if the molecule was 
made of two identical molecules joined together or, 
alternatively, as if it consisted of a single chain with a 
duplicated base sequence which could have arisen by 
gene doubling. The 16S RNA molecule also contains 
some duplicated sequences. But no matter what the 
origin of this duplication, the sequences so far analysed 
suggest that ribosomal RNA is homogeneous, at least 
in regions near methylated bases. The sequences also 
raise two new questions. What controls the specificity 
of the methylated bases? What is their function ? 
Presumably the methylase enzymes must somehow 
distinguish certain sequences in the RNA molecules 
and, methylated bases occur close to each 
other in clusters, their distribution presumably has 
some functional significance. 

When the complete sequences are known, people 
should be in a much better position to know just how 
the ribosomes function. Indeed, with a little luck, a 
better understanding of the part played by ribosomes in 
protein synthesis should not be dependent on the full 
analysis of ribosomal RNA by the elegant but neces- 


because 


sarily time-consuming methods which are now being 
used. After all, a workable theory of atomic spectra 


did not have to wait on the measurement and classifica- 
tion of the spectral lines characteristic of atoms like 
uranium. With ribosomes, the immediate need is to 
understand the separate roles which are played by the 
two parts—each a complex of RNA and protein, 
into which ribosomes dissociate—and to know whether 
the kinds of experiments carried out in the laboratory 
are faithful replicas of the behaviour of ribosomes 


during protein synthesis in the cell. 

Biology Underground 

BIOSPELEOLOGISTS should know that there are now 
between 3.500-4,000 records of invertebrate animals 


from underground habitats (caves, mines and wells) at 
the Biological Records Centre, Monks Wood Experi- 
mental Station, which is run by the Nature Con- 
servancy. The centre obtains its records (which it puts 
on to punched cards) from the Cave Research Group, 
which has published lists for the past 30 years of 
collections from caves made by its own members and 
by cavers in affiliated clubs. The latest list of records 
“Hypogean Fauna and Biological Records” (Trans. 
Cave Res. Grp. Gt. Br., 9 (3); 1967) gives an indication 
of the wide range of animals that live in this peculiar 
habitat. Representatives of the Turbellaria, Myriapoda, 
Arachnida, Insecta, Annelida, and Crustacea are among 
those found. Many have odd morphological features 
and other interesting adaptations which clearly dis- 
tinguish them from thei ‘ir epigean relatives and which 
sometimes make their identification difficult. 

Interest in the fauna of the hypogean is growing from 
year to year, and the records certainly reflect the 
enthusiasm of the cavers to learn as much about caver- 
nicolous life as possible. It cannot be easy to bring 
collecting bottles containing specimens out of the cave 
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Niphargus fontanus Bate. 


undamaged. The difficulties in negotiating tunnels and 
other tight corners with equipment can be imagined. 
Some of the methods used to study the cave environ- 
ment are described by Mrs M. A. Mason-Williams in 
the report mentioned earlier. She is particularly 
interested in collecting micro-organisms, and there is an 
interesting article by her and Miss Linda Holland on 
the mysterious “‘wall-fungus” found on the walls of 
many caves. Although several questions remain to be 
answered, the authors have been able to show that such 
patches are not mineral or lichenoid in nature, but 
that they are associated with both fungal and 
bacterial components. 

Although there are still many parts of Britain where 
records of hypogean fauna are scarce or missing alto- 
gether, it is now possible to map the distributions of 
certain species. Speleologists will therefore be grate- 
ful to Brigadier E. A. Glennie for his paper on the 
distribution of hypogean amphipod Crustacea. 

The serious nature of some of the research on caves 
iS = by the report of a recent symposium organized 


by the Cave Research Group, “Cave Hydrology and 
Water Tracing” (Trans. Cave Res. Grp. Gt. Br., 10 ( 
1968). As the title suggests, the different ways ‘of 


investigating the course of streams and the comple xi- 
ties of water systems found in some caves were discussed. 
Spores of the club moss Lycopodium, about 30 microns 
in diameter, are practically indestructible under cave 
conditions, 4nd with a density close to that of cave 
water make ideal tracers. In theory, only one spore 
need be recovered at a rising to prove a connexion: if 
dyed different colours, several swallets can be tested 
simultaneously. Measurements of water temperature, 

chemical analysis, rhodamine B, pyranine and hot 
water pulse techniques are other ways of tracing under- 
ground stream connexions. Even computers are 
coming Into their own in cave research, where they are 
being used to analyse flood pulses which are sudden 
increases in the volume of water passing the point of 
observation, followed by a gradual decrease. This last 
method may become more widely used in future. 


Precision Electromagnetic Measurements 


from a Correspondent 
Tue first conference on precision electromagnetic 
measurements was held at the National Bureau of 
Standards, Boulder, Colorado, in June 1958, and was 
so successful that it has been repeated every two years 
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since. The sixth conference took place under the same 
auspices of the NBS, IEEE and URSI from June 25- 
June 28, again at Boulder. Papers were contributed 
almost equally by firms and by academic organizations, 
but although contributions from academic centres 
came not only from the USA but also from Australia, 
Canada, France, Germany, Japan, Russia and Britain, 
industries outside North America contributed only one 
paper, which came from Japan. 

Possibly of greatest interest to those from the United 
States was the inaugural speech by the Assistant 
Secretary of Commerce for Science and Technology, 
John F. Kincaid, who, after emphasizing the importance 
of measurement in industry, dealt with metrication. 
He announced that Congress was at that very moment 
putting the finishing touches to “Bills to authorize a 
study in depth of the pros and cons of our adoption 
of the metric system. The Department of Commerce 
is strongly in favour of this Bill. The metric system 
has been legal in the USA since 1866, but it has never 
been widely used in industry and commerce, even 
though there has been a steady shift of other countries 
into the metric camp. Recently, the situation seems 
to have become critical. On the one side is the per- 
sistent and alarming weakness in our balance of 
payments. On the other is the fact that with Great 
Britain’s shift to the metric system, 90 per cent of 
our Earth’s population is now committed to its use. 
This leaves us virtually isolated in our adherence to 
the inch and the pound.” 

The technical programme at the conference covered 
d.c., low frequency and high frequency measurements, 
automation of measurements, modulation, time and 
frequency. Instructive papers on lasers were read by 
delegates from France, Japan, Russia and the USA. 
To mention only two among many good papers, the 
direct current comparator (MacMartin and Kusters, 
NRC, Canada) promises to revolutionize potentiometer 
methods, and investigation of the 3-39 um methane 
line by two different methods (Shimoda, University of 
Tokyo, and Hall, JILA, Boulder) may well provide 
exceptional means for frequency stabilization of lasers 
leading to new standards of length and of frequency. 
The excellent arrangements we expect from the National 
Bureau of Standards afforded a flexibility which made 
it possible for the delegates to organize additional 
meetings. One such meeting was devoted to an 
informal discussion of proposals for time and frequency 
broadcasts designed to satisfy the needs of physics as 
well as those of navigation and other human activities 
which depend on the angular position of the Earth 
rather than on a uniform scale of time. Another dealt 
with the application of the Josephson effect to the 
determination of the atomic constant h/e. 


Using the Sea 


from a Correspondent 


As part of an attempt to promote contacts between 
various disciplines, a joint meeting of the Challenger 
Society and representatives of various marine labora- 
tories was held at the University of Strathclyde from 
July 3to5. There was some talk of the use of hydraulic 
models of estuaries (D. I. H. Barr), the movement of 
tides and water in the Clyde (A. Thomson) and the 
behaviour of spoil dumped in the same estuary (R. 
Gair). For the Thames estuary, R. Cloet pointed out 
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that the movements of sand banks and the patterns of 
sand waves are not obviously related to the direction 
of the currents. 

A special lecture by K. A. Pyefinch dealt with the 
salmon fishery along the west coast of Greenland. 
Landirgs have increased more than five-fold since 
1960 and exceeded 1,000 tonnes in 1967. Fish tagged 
in salmon rivers of the British Isles, Sweden, Canada 
and the United States have been recovered from the 
area. The inshore fishery off Greenland has had no 
detectable effect on the catches from European waters, 
but an offshore fishery which has developed recently 
might prove to be more troublesome. 

At the conference, V. Bainbridge related variability 
in the zooplankton of the north-west North Sea to 
fluctuations of oceanic inflow and to the intensity of 
vertical mixing in the spring. The fortunes of the 
herring fisheries seem to be partly related to events 
in the plankton. The physiclogy of limpets was 
described by P. Spencer Davies, who suggested that 
differences in zonation of Patella vulgata and P. aspera 
are related to differences in metabolic rates. 

In a session on microbiology, J. Bruce reviewed work 
on marine yeasts, many of which are of terrestrial 
origin. Miss M. McCallum said that faecal bacteria 
are rare in the Chyde except in the upper reaches and 
near the dumping ground in the outer Clyde. In 
seawater, enterococci die within nine days—much more 
quickly than in tap-water, where they may temporarily 
increase. The uptake of vitamin B, by Monochrysis 
was discussed by M. R. Droop, who suggested that 
rapid adsorption on to the surface is followed by slower 
diffusion into the cell. This may explain the apparent 
‘luxury consumption” of nutrients observed in cul- 
tures of algae. 

An important theme of the meeting was the farming 
of the sea lochs. The advanced techniques of marine 
cultivation in Japan were described by J. E. Shel- 
borne and J. H. Allen. Fish, prawns and oysters, with 
high growth rates and retail values, are cultivated in 
impoundments including floating cages and bays closed 
by netting. A relatively large labour force is needed. 
The construction of an experimental fish farm at 
Ardtoe in Argyll was described by P. H. Milne. Sea 
water is circulated by sluices and weirs in the retaining 
wall; fresh water is diverted by a pipeline. D. R. 
Swift reviewed requirements for improving the tech- 
nology and husbandry of fish farming in Britain. More 
information is required about fundamental ecology, 
such as predation by shore crabs, the subject of a 
paper by Miss J. M. Penfound. The meeting ended 
on an encouraging note with a report by J. Mason on 
mussel cultivation in Loch Sween. Growth rates 
almost equalled those achieved on the Galician coast of 
Spain, one of the most important centres of mussel 
cultivation. , 


The First Fishes 


from our Vertebrate Palaeontology Correspondent 


Two recent papers by R. H. Denison provide new 
information on the environment and evolution of the 
early fish. In the first paper (Pieldiana: Geology. 16, 131; 
1967), Denison discusses the earliest known vertebrate 
remains, Eriptychius and Astraspis, which come from 
the western United States. These were first found in 
the extensive Middle Ordovician Harding Sancstone of 


224 


Colorado. Although the other vertebrate-bearing 
deposits, in Wyoming, South Dakota and Montana, 
appear to be of similar age, they may well be slightly 
earlier or later within the Middle Ordovician. Tt ig 
therefore possible that two or three distinct vertebrate 
faunas may be represented. The range of these verte- 
brates into earlier or later times is unknown, and they 
are therefore not reliable as index fossils for the 
Middle Ordovician. 

Denison describes studies of the sedimentation of 
the Harding Formation in Wyom ing which show that 
the lowest part of this marine sandstone, which does 
not contain vertebrate fragments, was formed at least 
a few miles from the source of the sediments. The 
vertebrates are found in the coarser upper parts of the 
sandstone, in which there are occasional large quartz 
grains and, near the top, the remains of marine in- 
vertebrates. The large quartz grains are interpreted as 
wind blown sand, indicating that deposition was then 
taking place closer to the shore. The Harding Forma- 
tion is followed by the thick Bighorn Dolomite, which 
contains a marine invertebrate fauna. Denison con- 
siders that these studies provide further support for 
his view that the earliest vertebrates lived in the sea. 

Denison also describes a partially articulated head- 
shield of Eriptychius. Associated with this were several 
large elements of globular calcified cartilage—the first 
evidence of a calcified endoskeleton in the Heterostraci. 
Denison could find no trace of cell spaces or of canali- 
culi in the aspidine of the dermal bones and scales of 
Eriptychius. He refers Pycnaspis from Wyoming to 
the genus Astraspis, which is therefore the only other 
known genus of Ordovician vertebrate. Discussing 
the histology of the dermal bones and scales of Astraspis, 
he concludes that the tubercles consist of durodentine 
and orthodentine and that the tissues of the middle 
layer may be a variety of trabecular dentine, rather than 
aspidine, 

In a second paper (Fieldiana: Geology, 17, 353: 1968), 
Denison describes Uranolophus, a new genus of lungfish 
from the Beartooth Butte Formation of Wyoming and 
from the Water Canyon Formation of Utah and Idaho. 
These formations have been correlated with the Ear! y 
or perhaps Middle Siegenian (Early Devonian) of 
Western Europe which would imply that Uranolophus is 
the earliest lungfish known, slightly pre-dating Dipno- 
rhynchus of the Late Siegenian of Germany and Austra- 
lia. Dipnorhynchus occurs in undoubtedly marine 
rocks, but the environment of Uranolophus is less 
certain. There are no invertebrates definitely associated 
with marine conditions and the Wyoming specimens 
were deposited in channels cut into the underlying 
limestones. These channels, however, do not neces- 
sarily represent freshwater stream courses, for much of 
the Beartooth Butte vertebrate fauna also occurs in the 
Water Canyon Formatioh, at least part of which is a 
marine deposit. Denison provisionally concludes that 
deposition took place in extremely varied conditions, 
some of which may have been on the margins of the 
sea and others in freshwater streams and pools. _ 

The most important morphological features of 
Uranolophus include its very short nasal region, the 
long palate and the relatively large dorsal fin. Instead 
of tooth plates on the palate and lower jaw, there are 
“tooth ridges” composed of dentine. Denison believes 
that this is unlikely to be a secondary condition, and 
suggests that tooth plates may have evolved in only 
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one line of lungfish, rather than being a primitive 
characteristic of the group. 


Unequal Heat Flows 


from a Geophysics Correspondent 


ONE of the most important and unexpected results to 
be derived from terrestrial heat flow measurement is 
the apparent equality of heat flow averages over 
continental and oceanic areas. This discovery is 
unexpected because geochemical indications of higher 
radioactive content in continental material imply 
that the rate of heat flow should be greater over land 
than through the ocean floor. 

One reason why the observed equality may be more 
apparent than real has now been advanced by Crain 
(Earth and Planet. Sez. Letters, 4, 69; 1968), who 
suggests that equilibrium heat flow conditions may not 
yet have been re-established over continental areas 
since the last glaciation. During a period of glaciation 
the temperature at the interface between Jand and ice 
is probably between —2° C and —8° C. After the 
withdrawal of the ice and the consequent increase in 
temperature, the distribution of heat flow with depth 
will not, theoretically, return to its pre-glacial equili- 
brium for tens of thousands of years. The effect of a 
deglaciation 10,000 years ago will thus have been to 
produce an apparent increase of heat flow to a depth 
of about 2,000 metres. Measurements less than 2,000 
metres below the surface of the Earth should therefore 
indicate artificially low rates of heat flow. 

An analysis of heat flow data from the Appalachian 
region of North America indicates that there is indeed 
a tendency towards higher heat flows at greater depths 
within a borehole. The chances of such a correlation 
arising by chance are less than one in ten thousand. 
If the raw heat flow data are corrected to take into 
account a 10° C rise in temperature at the time of the 
Wisconsin deglaciation, however, the correlation dis- 
appears. Similarly, an apparent difference in rates 
of heat flow between two widely separated areas of 
the Ukrainian Shield disappears if the difference in 
borehole depths is taken into account by Crain’s 
hypothesis. 

It may be held that Crain’s argument can only 
be valid in regions which experienced the Wisconsin 
glaciation. There is some evidence, however (Broecker 
et al., Am. J. Sci., 258, 429: 1960), that the climatic 
change which caused the most recent glaciation may 
have been a world-wide phenomenon, so that the 
temperature Increase might well have been universal, 
thereby increasing all continental heat flow values in 
accordance with geochemical expectations. Evidence 
for this must come from further analyses but, as Crain 
points out, “the apparent equality of the oceanic and 
continental heat flow values should be seriously ques- 
tioned, before it is used as a base for broader geophysical 
deductions”’. 


Superplasticity 

from our Materials Science Correspondent 
MeTats and alloys are widely used as industrial 
materials largely because, from the ingot, they can 
easily be formed into diverse shapes. A piece of metal, 
when stretched, can only stand a limited extension 
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before it begins to neck down somewhere along its 
length, whereupon it promptly breaks. This limited 
ductility determines the amount and complexity of the 
forming operations (for instance, deep drawing) that 
the metal can support. The difficulty is that strong 
metals usually have small ductility, so that any metal 
or alloy that combines great ductility with reasonable 
strength is bound to cause metallurgists to sit up and 
take notice. The rapidly growing interest in super- 
plastic alloys is therefore not surprising. 

A superplastic material is one which can support a 
very large uniform extension (often more than 100 
per cent) before it necks down and breaks. Ordinary 
hot glass is a splendid example of a superplastic 
material—-that is why a glass rod can be drawn into 
a hairlike fibre. Such behaviour is not surprising in 
hot glass, which is simply a very viscous fluid, but it 
is startling in a metal which is a crystalline material. 
Recent research has established that a metal may 
behave superplastically for either of two quite distinct 
reasons. In the absence of an agreed nomenclature, 
these may be called (1) “permanent intergranular stress 
systems” and (2) “diffusion-creep’’. Both mechanisms 
generally lead to an extension rate proportional to the 
applied stress (linear creep), which represents pseudo- 
fluid behaviour. 

Early experiments by Sauveur (a founding father of 
American scientific metallurgy) and by de Jong and 
Rathenau in Holland established that iron behaves 
superplastically in the process of undergoing its allo- 
tropic transformation. It is the actual process of trans- 
formation that induces this behaviour, not the presence 
of one or other of the allotropic forms. If iron or steel 
is repeatedly thermally cycled through the critical 
temperature while being stressed, then linear creep 
ensues to extensions of several hundred per cent 
(Oelschlagle, D., and Weiss, W., Trans. Amer. Soc. 
Metals, 58, 143; 1965). The phase transformation sets 
up internal stresses in the metal grains, differing in 
magnitude and sign from one grain to another. The 
applied stress then “pushes some of the grains over the 
top”: these grains are already self-stressed to the 
elastic limit, and the external stress merely imposes 
its direction on their subsequent plastic distortion. 
Repeated heating and cooling (thermal cycling) ensures 
the maintenance of the requisite internal stress system. 

Another way of maintaining such a system is by 
thermally cycling crystallographically anisotropic 
metals such as zine or tin (Johnson, R. H., and Sykes, 
E. C., Nature, 209, 192: 1966). Uranium becomes 
superplastic if thermally cycled or if irradiated with 
neutrons in a nuclear reactor, which implies that nuclear 
fuel elements while in use are so weak that they can- 
not safely support even the weight of a short column 
of other elements. 

In practical terms, the most useful form of super- 
plastic material is associated with “diffusion-creep”’. 
This family of alloys originates from postwar research 
in the Soviet Union by Bochvar and his colleagues. 
All such alloys have an exceptionally fine matrix grain 
size (a few microns in diameter) stabilized by the 
presence of substantial amounts of a second phase. 
Eutectic or eutectoid alloys, such as Al-Zn (Nuttall, 
K., and Nicholson, R. B., Phil. Mag., 17, 1087: 1968) 
are particularly favourable. The mechanism probably 
involved here is Herring-Nabarro creep: lattice 
vacancies diffuse from grain boundaries lying normal 
to the stress axis to other boundaries lying parallel 


to that axis. To be effective, this mechanism requires 
that diffusion distances should be small, and the — 
overriding requirement is to maintain the original small — 
grain size in spite of the fact that the alloy has to be — 
heated to behave superplastically. This stabilizing 
action is the role of the second phase. A pure metal 
can indeed behave superplastically for short periods 
(Floreen, S., Scripta Metallurgica, 1, 19; 1967) bat rapid 
grain grow th soon puts a stop to this. Some features 
of this mechanism are still being debated; for example, 
in spite of the extensive deformation of the sample, 
the individual grains do not become elongated in shape. 
Packer and Sherby (Trans. Amer. Soc. Metals, 60, 21; 
1967) have advanced a detailed model to explain this 
curious fact, in terms of a process of continuous recrys- 
tallization without change of grain size. 

Very recently, some superplastic alloys of consider- 
able promise for industrial use have been dev veloped. 
One of these is TRIP-alloy (transformation-induced 
plasticity), a complex steel which undergoes e strain- 
induced martensitic transformation at room tempera- 
ture and becomes superplastic by mechanism (1). 
Superplasticity at room temperature is something 
new and cee Zackay et al. (Trans. Amer. Soc. 
Metals, 60, 252; 1967) have shown that this alloy is 
both strong e superplastic and that it is also remark- 
ably resistant to crack-propagation. More recently 
still, Gibson et al. of the International Nickel Company 
(Trans. Amer. Soc. Metals, 61, 85: 1968) have developed 
a two-phase y/« stainless steel with a “microduplex’ 
structure which is superplastic when hot, while being 
strong and corrosion-resistant at room temperature. 
This steel, which represents a break with conventional 
single-phase stainless steels, is likely to be the first of 
a family of industrially useful superplastic alloys. 


Proinsulin and Insulin 


from our Cell Biology Correspondent 


In the current issue of Science (161, 165; 1968), Chance, 
Ellis and Bromer report the amino-acid sequence of 
pig proinsulin and elegantly confirm the kinetic studies 
of Steiner, Cunningham, Spiegelman and Aten (Science, 
157, 697; 1968) which indicated that proinsulin, a 
single chain protein, is converted 2 insulin, a double 
chain protein, by proteolytic cleavage. This work 
neatly accounts for the way in which the A and B 
chains of insulin come to be aligned and joined by the 
two disulphide bridges. 

Last year, Steiner and his colleagues published their 
evidence that in vitro a pulse of labelled amimo-acids 
given to isolated islets of Langerhans is first mcorpor- 
ated into a protein larger than insulin and ean be 
changed info insulin in the absence of further pro- 
tein synthesis. They named the large protein, which 
appeared to be a precursor of insulin, proinsulin. 
Apparently when Chance and his colleagues read this 
work, they concluded that a minor protein component 
in their preparations of crystalline pig insulin must be a 
proinsulin. They have now isolated this material and 
determined its amino-acid sequence by conventional 
procedures. Porcine proinsulin has a single amino- 
terminal residue, phenylalanine, and a single carboxy- 
terminal residue, asparagine, which are respectively the 
amino-terminal residue of the B chain and the carboxy- 
terminal residue of the A chain of insulin. This evidence 
and the electrophoretic mobility of proinsulin establish 
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that it is a single chain protein. The sequence analysis 
shows it has a total of 84 amino-acids with a molecular 
weight close to 9,100 as calculated from the sequence 
and from sedimentation equilibrium data. The first 
thirty amino-acids are identical with those of the B 
chain of insulin and the last twenty are identical to 
those of the A chain. From the amino-acid sequence, 
Chance and his colleagues propose that the polypeptide 
chain of proinsulin folds in a spiral so that the first 
thirty residues are opposed to the last twenty-one, with 
disulphide bridges between cystines 7 and 70 and 
cystines 19 and 83. Conversion of proinsulin to insulin 
would simply involve cleaving the spiralled polypeptide 
chain between alanine at position 30 and arginine at 
31 to yield the B chain, and between arginine 63 and 
glycine 64 to yield the A chain. This would produce 
insulin with A and B chains linked by two disulphide 
bridges and a single peptide, or several peptides, con- 
sisting of the residues between 31 and 63 of the pro- 
insulin molecule. 

In an attempt to simulate this conversion in vitro, 
Chance, Ellis and Bromer have subjected proinsulin to 
limited digestion with trypsin. The product of this 
reaction is a molecule identical with insulin except 
that it lacks the carboxy-terminal alanine residue of 
the B chain and which has 29 residues instead of 30 with 
lysine 29 as the carboxy-terminus. This was expected 
because of the specificity of trypsin and it suggests 
that if trypsin is involved in vivo, it can only be involved 
in the cleavage of the arginine 63—glycine 64 peptide 
bond of proinsulin. Presumably some other enzyme 
cleaves the alanine 30—arginine 31 bond. 


An Enzyme Observed 
from our Molecular Biology Correspondent 


Tune nuclease from Staphylococcus has been selected for 
a study in great depth by Anfinsen and his group. It is 
an interesting enzyme, which contains no disulphide 
bonds or thiol groups, and its sequence was determined 
in Anfinsen’s laboratory. In a recent paper (Cuatres- 
casas et al., Biochim. Biophys. Acta, 159, 417; 1968) 
evidence was presented that acetylation of no more 
than two tyrosine residues caused a diminution in 
RNase activity, while leaving the DNase activity 
unimpaired. Thus 1-2 tyrosines are evidently impli- 
cated in the active site. It was also noted that 8-10 
lysines could be blocked with no observable change in 
catalytic parameters towards DNA (including the 
Michaelis constant, Vmax, and the pH optimum). 

A captivating account of recent progress in the study 
of structure and function of this enzyme was given last 
week by Anfinsen at the TUPAC Symposium on the 
Chemistry of Natural Products in London. The con- 
cession. that proteins and nucleic acids may be viewed 
as natural products produced both this and the remark- 
able contribution by Khorana on the synthesis of 
genes—and with them a strong sensation of organic 
chemists on all sides turning in their grooves. 

Anfinsen began his talk with a description of further 
modifications of the nuclease, with particular reference 
to the important tyrosine residues. Tetranitromethane 
was used as a modifying reagent, and at low concen- 
trations, in the absence of substrates, tyr-85 in the 
sequence is found to be nitrated. In the presence of 
inhibitor, on the other hand, tyr-115 only is attacked. 
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As a step towards the mapping of the active site the 
following ingenious device was employed. Reduction 
of the nitration product gives an aminotyrosine 
residue; the pK of this group is low, so that a pH may 
be found at which this residue alone is reactive towards 
a sulphone or dinitrofluorobenzene reagent. A bifunc- 
tional reagent is in fact used, and after reaction the 
pH is raised so as to enable the other functional group 
to react at whatever suitable side chain is within its 
radius. The site of attachment turns out to be the 
other reactive tyrosine residue or a neighbour. Thus, 
tyr-115 cross-links to tyr-85, and tyr-85 to tyr-115 or 
lys-116. 

The effect of the substrate on the enzyme, the sub- 
ject of earlier studies by physical methods, has been 
strikingly demonstrated by the changed reactivity 
towards proteases: whereas the isolated enzyme is 
rapidly degraded, the addition of inhibitor renders it 
indefinitely stable towards a variety of proteases. 
Limited treatment of the free enzyme with proteases 
causes specific cleavage near the beginning of the chain, 
with the loss of the first five residues. There is no loss 
of activity or change in conformation, and indeed the 
product is erystallographically isomorphous with the 
native enzyme. If trypsin is used, however, a second 
fission occurs at the 48-49 or 49-50 positions, and the 
resulting fragment adheres non-covalently to the 
remainder of the chain, in a manner reminiscent of the 
S-peptide of pancreatic ribonuclease, discovered by 
F. M. Richards. The product has diminished activity 
(some 10 per cent of native), but the phenomenon is of 
great relevance to the heroic task, which Anfinsen has 
set himself, of total synthesis of the enzyme. 

The peptide fragment has indeed already been syn- 
thesized, and when it was added to the natural protein 
core, part of the activity was regained. The synthesis 
also produces imperfect products which, because of the 
length of the fragment, preponderate, and a procedure 
has been explored for the extraction of the genuine 
article: the core protein is attached covalently to a 
Sepharose support, and this is used as a column to trap 
the correct peptide. The method is complicated, 
however, apparently by the competitive effect of the 
incorrect peptides. Anfinsen enlarged on the scope and 
limitations of the Merrifield solid-state peptide syn- 
thesis technique, and described a number of improve- 
ments including a variant in which the support is a 
soluble polypeptidyl protein, which is recovered after 
each step by ethanol precipitation. Success has also 
been achieved in the complete elimination of sulphur 
from the protein, so as to diminish difficulties of syn- 
thesis. Methionine auxotrophs of the Staphylococcus 
have been found, and will grow when the isosterie 
unnatural amino-acid, norleucine, is substituted for 
methionine in the medium. About half the nuclease 
isolated from such a culture then contains norleucine 
in place of methionine. The methionine-containing 
enzyme is destroyed by cleavage with cyanogen brom- 
ide, leaving the fully active norleucine-analogue. 

One of the chief long-term aims of this formidable 
programme will be to substitute for individual residues 
in various parts of the chain, and determine their role 
in the function of the enzyme, and the maintenance of 
its conformation. X-ray studies of the enzyme are 
progressing in another laboratory, and are now at the 
4 A level and, reinforced by these, many more revela- 
tions may be anticipated. 
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The Edge of the Moon 
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This remarkable photograph of the Moon, released by the National Aeronautics and Space Administration, was taken by 

Orbiter 4 and shows what seems to be the scar left by the impact of a particularly large meteorite. The structure is the 

Orientale Basin, and is on the extreme western edge of the visible side of the Moon. It is ringed by a circular escarpment 

about 690 miles in diameter—the Cordillera Mountains—and contains another circular feature, the Rook Mountains 

within the outer ring. The central basin, the Mare Orientale, is filled with dark volcanic material, and the surface of the 

Moon surrounding the entire structure is covered with debris which must have been thrown out of the basin at the time 
of impact. 
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How Different are the DNAs from Related 


Animals ? 


by 
P. M. B. WALKER 


Department of Zoology, 
University of Edinburgh 


Iw the nuclear DNA of the mouse there is a fraction with 
properties which sharply distinguish it from the rest of the 
DNA. It has a base composition of 34 per cent of guanine 
and cytosine compared with the average of 42 per cent 
for the major nuclear component!. It is very homogene- 
ous and renatures some fifteen times more rapidly than 
SV40 virus*, which means that it may be composed of a 
sequence, or a number of closely similar sequences about 
300 base pairs long. These sequences can be separated as 
a satellite band from native DNA by centrifugation in 
caesium chloride’, when they are found to have a molecular 
weight of 5x10’ and must therefore be repeated end to 
end about 200 times. The fraction comprises 10-14 
per cent of the mouse genome, and if it were concentrated 
in blocks of the maximum size, it would occupy four 
average chromosomes. On the other hand, if it were 
evenly spread over the genome, there could be 300 blocks 
of 5x 107 molecular weight in each chromosome. 

This DNA has a number of other interesting features; 
the base compositions of the strands are so different that 
they can be easily separated after centrifugation in 
alkaline caesium chloride’, a proportion of the separated 
strands have short sequences which allow them to associ- 
ate together to form duplex structures in vitro, they are 
joined in vivo to main band DNA, and the satellite 
sequences, while enormously common in all tissues of the 
mouse, are rare or non-existent in the other rodents 
studied (unpublished work of Flamm, Walker and 
McCallum). Further two-dimensional ionophoresis of 
random DNase digests shows that many of the possible 
oligonucleotides are present. 

What then is the function of this short and abundant 
DNA sequence? At least two hypotheses have been 
considered; Britten and Kohne*t have argued that the 
sequences originated as a “saltatory”’ step in the recent. 
history of the mouse, and that the sequences are in a 
process of divergence, which may eventually result in 
many of the sequences being able to code for new proteins. 
My colleagues and Ië are more impressed by the special 
properties of satellite DNA in the mouse and other 
rodents; we considered it more probable that, in face of 
mutational pressures, such an extraordinary sequence 
must have been preserved because it was needed and not 
observed simply because that sequence had been recently 
evolved. We discussed a possible function for these blocks 
of sequences, in which we were concerned with “‘chromo- 
somal housekeeping”, that is in mediating the complex 
folding patterns and structural reorganizations, which 
occur in chromosomes at various stages of the life-cycle 
of an organism. 

Because we do not know either when the satellite 
sequences arose or the frequency of base substitution in a 
redundant and functionless sequence, in which all substi- 
tutions can presumably be preserved, we cannot decide 
between these two hypotheses on the grounds of the 
similarity of the sequences in mouse satellite alone. The 
identification of the satellite with, for example, hetero- 
chromatin would be strong support for the functional 
hypothesis, but we would like to consider in this article 
another problem presented by these sequences, which 
may have a wider evolutionary significance. 


The differences between the DNAs of various animal species present 
considerable evolutionary problems. 


We have so far studied the highly reiterated sequences 
in six species of rodents. Except for a pair of distantly 
related species from the genera Rattus and Peromyscus, 
all these rodents have satellite-like sequences grossly 
different from each other. This presents such remarkable 
evolutionary difficulties that we are forced to consider 
whether there might not be strong selective advantages 
in higher organisms having marked differences in their 
DNA. Such a situation is analogous, and might be 
strictly equivalent to that which occurs in bacteria and 
protozoa’, 
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Fig. 1. Microdensitometer tracings öf rodent DNA centrifuged to equilib- 
rium in neutral gradients of CsCl, All samples were centrifuged at 45,000 
rpm. for 24 hin an MSE analytical centrifuge containing approximately 

2 pz of (a) Mus museulus (laboratory mouse}: (b) Apodemus sylvaticus 
(European wood mouse); (¢) Cavia poreetius (guinea-pig): (d) Rattus 
narcegicus (brown rat); and (2) Peromyscus maniculatus (North American 
deer mouse). Buoyant densities were determined relative 49 E. coli 

DNA taken as L710 gcm at atmospheric pressure’. 
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: 7 -Band Patterns of Rodent Nuclear DNA after Equilibrium 


Centrifugation 


Fig. 1 shows the band pattern obtained after centrifuging 
to equilibrium in neutral caesium chloride the DNA from 
some rodents studied in this laboratory. This teehnique 
separates DNA on the basis of the proportion of cytosine 
and guanine’. While the house mouse (Mus musculus) 
and the European wood mouse (Apodemus sylvaticus) both 
have light density satellites, the displacement between 
the bands is slightly different. On the other hand, as 
others have reported®’, the guinea-pig (Cavia porcellus) 
has a heavy satellite on the shoulder of the main DNA 
band and the brown rat (Rattus norvegicus) and the 
American deer mouse (Peromyscus maniculatus) have no 
distinguishable density satellite. 

Fig. 2 shows the band patterns from purified Mus and 
Apodemus satellite DNA and from a fraction enriched in 
the satellite from Cavia, after they had been centrifuged 
im alkaline caesium chloride at pH 12-4, which both de- 
natures the DNA and allows the single strands to band 
at a position dependent on their content of thymidine 
and guanosine’, As stated earlier, Mus single strands 
separate into two peaks, but in Apodemus they do not. 
Cavia, on the other hand, shows a remarkably complex 
pattern; the central broad band is the contaminating 
main band DNA, but there are also two extremely 
divergent bands, together with another pair on the 
shoulders of the main band. The extreme bands re-nature 
together, and their equilibrium positions mdicate that 
the heavier contains little adenine and the lighter little 
thymidine. Thus all the satellite DNA bands distin- 
guishable in Fig. 1 have very different sequences. 

Satellite sequences can be both heavier and lighter 
than the main band, and so it is possible that cryptic 
sequences of similar properties exist in the main band 
of other rodents. They might be revealed if their separ- 
ated single strands banded outside the main band position 
in alkaline caesium chloride. Fig. 3, which is of band 
patterns of whole DNA in alkaline caesium chlonde, 
shows that this might be so. In this figure the Mus 
pattern only shows the light strand of the satellite, for 
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Fig. 2. Microdensitometer tracings of satellite DNA from (a), M. 
musculus, (b) C. porcellus; and (c) A. sylvaticus, centrifuged to equilib- 
riumin aikaline CsCl as specified in Fig. 1. Buovant densities were determ- 
ined from root mean square positions and are expressed in terms of the 
initial density of the solution at atmospheric pressure. 
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Mierodensitometer tracings of unfractionated DNA from {g} 
M. musculus, (W) C. parcetlus; (ec) R. norvegicus; (d) P, maniculatus, 
centrifuged to equilibrium in an alkaline CaCi gradient in Fig, 2. To 
emphasize the presence of minor components, which may represent single 
strands, the centrifuge cells were overloaded with approximately 50 ug 
of PNA each. 


Fig. 3. 





the heavy is concealed within the main band. The Cavia 
results have a similar interpretation, but in Rattus and 
Peromyscus there is evidence of small shoulders on either 
side of the main band, which may therefore contain at 
neutrality a ervptie reiterated sequence. 

Mus, Apodemus and Rattus all belong to the family of 
the Muridae and are more closely related to each other 
than they are to Peromyscus, which belongs to the family 
Cricetidae. Both Muridae and Cricetidae are in the sub- 
order Myomorpha, while Cavia belongs to a different sub- 
order, the Hystricomorpha, and is in consequence even 
more distantly related to the others. The band patterns 
in CsCl therefore bear little relation to the taxonomic 
position of these rodents. 

An alternative approach is to look at the band patterns 
of two species within the same genus, such as Apodemus 
sylvaticus and flavicollis. These are shown in Fig. 4; 
two things are immediately apparent. While both have 
light satellites, that of flavicollis is much smaller, sharper, 


APODEMUS SYLVATICUS APODEMUS FLAVICGLLIS 
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and is displaced 30 per cent farther from the main peak 
than A. sylvaticus. On the other hand, the main peak of 
A. flavicollis is 40 per cent broader than that of A. sylvati- 
cus at two-thirds peak height. This surprising preliminary 
result clearly needs amplification; we would like to know 
if the well defined A. flavicollis satellite will give separate 
strands and whether the satellite sequences in one species 
are represented in the other. Even so it is obvious that 
there are gross differences in the organization of the rodent 
genome, even between closely related species. Are there 
any other differences which can be discussed ? 


Proportions of DNA with Differing Renaturation Rates 


Renaturation or reassociation rates have been studied 
in higher organisms by ultraviolet absorption and di- 
chroism'!, and by separation on hydroxyapatite of iso- 
topically labelled duplex molecules from the single strands 
in an incubation mixture (ref. 11 and unpublished results 
of Flamm, Walker and McCallum). Using the latter 
method we have shown that DNA from Rattus has a 
fraction which reassociates as quickly as that of Mus, 
but instead of comprising perhaps 14 per cent of the 
genome, it is about 5 per cent. These rapidly reassociating 
fractions are the same as the satellite-like sequences which 
we have just discussed. It is worth nothing that an even 
smaller nuclear satellite of perhaps 1 per cent, but with 
some of the properties of the mouse satellite, has been 
identified in man’? and, as we have just seen, the propor- 
tion of satellite in the Apodemus species is very different. 
Other non-rodents, and some rodents, have been exten- 
sively studied by Britten and Kohne‘, who have shown 
that the genome can be divided into three classes depend- 
ing on rate of renaturation; there is a fraction which 
renatures so slowly that it can only contain sequences 
present at less than ten times per genome, and at the 
other extreme there are the million-fold satellite sequences. 
In between there are sequences occurring in families of 
between 100 and 10* members. Their experimental condi- 
tions define families as having fairly similar but not 
identical sequences, and may not always recognize the 
satellite-like sequences, such as those we have discussed. 

Nevertheless, Britten and Kohne! report significant 
differences in the proportion of the genome which is 
organized in families. For example, compared with the 
mouse which has about 30 per cent so organized including 
the satellite, the ox has 40 per cent repetitious DNA, 
while in salmon, Amphiuma and onion most of the DNA 
occurs as repeated families. The evidence indicates 
therefore that there are considerable differences in the way 
in which the total DNA can be apportioned between 
satellite-lke sequences, families with an intermediate 
degree of repetition and those sequences which are present 
in few or single copies per haploid set. 


Differences shown by DNA-DNA Homology Experi- 
ments 

After the application of the DNA-agar method to higher 
organisms, Investigators were impressed by the correlation 
of the degree of homology between different species and 
their taxonomic position’. It would have been surprising 
if this correlation had net held, and I should like to 
argue here that what is surprising is the difference, as 
indicated by such experiments, in the DNA of closely 
related organisms. 

Other work" has shown that the rare sequences, with 
less than ten copies per genome, are inaccessible to the 
agar technique and that the presence of specific satellite 
sequences often enhances the discrimination obtained in 
these experiments. There are, however, in the inter- 
mediate category of DNA, considerable differences which 
are worth discussing in terms of the number of base substi- 
tutions, and therefore mutational steps, which must have 
occurred during the evolution of related species. 
= The most sensitive technique which we have used to 
study homology has been to incubate **P-labelled DNA 
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fractions with excess unlabelled DNA from other organ- 
isms. If all the components of the incubation mixture 
are of low molecular weight, then the presence of sequences 
in the unlabelled heterologous DNA will enhance the rate 
of reassociation of **?P-labelled DNA. Controls which 
define the limits of the reaction are the same excess of, 
say, E. coli DNA and of DNA homologous to the ?*7P-DNA. 
Reassociation is detected by hydroxyapatite fraction", 
which separates duplex from single-strand DNA and has 
the advantage that fractionation can be carried out at 
high temperature (70° C), when adventitious binding 
between short DNA sequences can be avoided. 

Fig. 5 shows reassociation plots obtained when a Mus 
DNA fraction labelled with P and containing chiefly 
DNA organized in families with 10%-10° members (inter- 
mediate DNA) is incubated with a hundred-fold excess of 
unlabelled whole DNA from other rodents. The slopes 
show that Apodemus and Rattus have 8 per cent of DNA 
in common with this Mus DNA. In the same conditions 
Cavia and Cricetus show no sequence homology. Thus 
only genera in the same family show homology. 

It must be aecepted that techniques for detecting 
DNA-DNA homology are imperfect and cannot dis- 
tinguish a completely base-paired duplex molecule from a 
molecule in which some of the bases are mismatched. The 
size of the mismatched fraction is dependent on the 
temperature and salt concentration at which the duplex 
complementary molecules are separated from the un- 
reacted single chains and it should also be noted that 
there is evidence that a duplex region of the appropriate 
length will stabilize the remaining single-stranded regions 
of a molecule during hydroxyapatite fractionation". 

I can now try to put some figures to the reaction, if it 
can be assumed that the low molecular weight fragments 
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about 18 per cent of the total, was prepared by CsCi density gradient 
fractionation to remove satellite DNA. It was then treated with ultra- 
sound to lower the molecular weight followed by two cycles of hydroxy- 
apatite fractionation to remove single-copy” DNA and any satellite-like 
saquences remaining. This DNA was incubated at 60° C and at the times 
stated it was fractionated on hydroxyapatite at 70° C to give the fraction 
reassociated. Each ipcubation mixture contained 10 mg of **P-mouse 
DNA fractionated as described and (except in the control) 10- mg of 
unlabelled DNA, as stated, which had been ultrasonically treated. 
(@), *P-mouse DNA only; (©) mouse; (O) rat; (W) Apodemus syl- 
patieus. Guinea-pig, Syrian hamster and #. coli DNA gave resulta indis- 
tinguishable from the control. The value for a complete reassociation 
(45 per cent) for the added mouse experiment was obtained graphically. 
From the slopes it can be calculated that the rat and Apodemus each have 
about 8 per cent as many sequences reacting with this fraction of mouse 
DNA as does whole mouse DNA. 
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in an incubation are on average 500 base pairs long, which 
is near the correct value for ultrasonically treated DNA, 
and that a region of fifty perfectly matched base pairs?™! 
is enough to stabilize the remainder at 70° C. The number 
of random base substitutions which can be tolerated im 
either one or a pair of such chains before the chances of 
leaving fifty unaltered bases are below an arbitrary figure, 
can then be calculated using random number tables and a 
suitable computer programme. 

The following results were obtained from 500 trials; 
25/500 hits would on average leave one or more intact 
sequences of 50 in 95 per cent of the trials. To leave § 
per cent intact sequences which is the rat/mouse situation, 
65/500 base substitutions would be needed, while more 
than 80/500 such substitutions would show no homology. 
If fifty unaltered bases is too stringent a criterion for a 
stable duplex at 70° C in 0-12 M PO,, then the number of 
random base substitutions for a given degree of homology 
will be correspondingly increased but, as we shall see. 
such a relaxation will still further aggravate the discrep- 
ancy between the homology data and those from the 
evolution of proteins. 

Our homology experiments refer only to about 20 per 
cent of the mouse genome, but Britten and Kohne’s 
recent work! with mouse DNA has shown that the remain- 
ing “single copy’? DNA is no more similar to the other 
species studied than the intermediate fraction. 


Why Do DNAs Differ? 


The approximate calculations outlined earlier show that 
a difference in 3x 108 or 5 per cent of all the base pairs 
would be barely detectable in a DNA-DNA homology 
experiment, and yet the intermediate fractions of rat 
and mouse DNA are easily distinguished by the method 
and even two species of a single genus, A. sylvaticus and 
A. flavicollis, can be distinguished by the relatively 
insensitive agar-gel technique (unpublished results of 
McLaren and Walker). We can argue that the technique 
detects differences which are unreal or irrelevant, such as 
the order of the cistrons which may have changed because 
of translocations. The latter is difficult to sustain if the 
molecular weight of the reacting components is low. 
Because both the size of the repetitive fractions and the 
kind of satellite-hke sequences also vary, there seems to 
be evidence for remarkable evolutionary discontinuities, 
We must accept that the genomes of related organisms 
are unexpectedly different. 

But what are the expected differences in the genetic 
material of the rat and the mouse ? There is little informa- 
tion even about amino-acid sequences and, more serious, 
we have little idea about possible DNA functions that do 
not involve coding for proteins. Furthermore, our 
expectations are coloured by a false scalar view of evolu- 
tionary differences; if mice and rats have 13 per cent of 
their DNA bases different, what should be the difference 
between man and marsupials ? 

Available information on amino-acid sequences in 
rodents is atypical; Popp'® has found that in imbred 
laboratory stocks of mice, haemoglobin sequences differ 
in one (C57BI and BALB/c) or three (C57BI and New 
Zealand blacks) residues. Smith? showed that Rattus 
and Cavia insulins differ at sixteen of the fifty-one residues, 
a much greater difference than between humans and rat, 
which differ by two and three residues (the rat makes two 
insulins). 

A more meaningful comparison might result from 
taking several proteins over a much longer time span. 
This has recently been done by Kimura?', who extra- 
polated data from several proteins to. in effect, the whole 
mammalian genome on the assumption that all DNA 
codes for proteins evolving at rates comparable with the 
the average of haemoglobin, cytochrome ¢ and triosephos- 
phate dehydrogenase. He then calculated for the mam- 
mals an overall rate of one base substitution in two 
years. 








Simpson?’ stated that the Muridae, which includes rats’ 
and mice, separated from the Cricetidae at the end of the. 
Miocene, about 107 years ago. If rats and mice diverged 
from common stock 5 x 10° years ago, then from Kimura's- 
calculation we would expect a difference of 5x 10° base 
substitutions at the end of the two diverging lines, 
Rodents breed faster than most mammals and this figure 
could justifiably be multiplied by ten to give 5 x 107 base 
substitutions as the difference in the DNA of mice and 
rats calculated on this basis. 

This figure is fifteen times less than that calculated 
earlier from DNA homology experiments; if these tests 
are less precise than proposed, or if the mouse and rat 
diverged more recently the discrepancy will be larger. 
Two things emerge from this; our results support 
Kimura’s conclusion that differentiation is rapid, although 
other considerations®* argue against his belief that the rate 
of change is too great to be explained in terms of natura! 
selection. Second, it is worth discussing whether recon. 
eciliation between the DNA homology and the peptide 
sequence results is also possible, supposing that to be 
necessary. 

The main degree of freedom which we have springs 
from the degeneracy of the code. Kimura in his caleula- 
tions has assumed that, on average, 20 per cent of the 
bases could have alternatives and that the third base 
should have the same mutation rate as the first two; rb is 
not clear why the latter need be so. At one extreme, we 
would predict that at high temperatures of assay, we wouki 
not detect in the DNA of higher organisms many families 
of related sequences if one in five bases could be a random 
selection of the possible alternatives. Neither would we 
expect to detect much homology between DNA from 
different species. That families are detected and homo- 
logy is found, while at the same time the differences are 
too great to be compatible with normal mutation rates, 
suggests some intermediate situation, in which different 
related species preferentially use one or other of the 
available bases. 

This suggests another hypothesis, which also explains 
how the proportion of the DNA in the three categories, 
discussed earlier, could change rapidly in the evolution of 
related species. Suppose all DNA is organized into sets 
because the range of possible primary structures of protein 
is limited. This may not be so improbable, for unexpected 
relationships have already been discovered in the few 
enzymes so far studied*4-?6. There could be, say, a thou- 
sand sets of proteins each with many members which 
were related because one or other of all the possible 
stretches of fifty bases in their cistrons were complemen- 
tary to a sequence coding for part of another protem in 
the set. Provided that the same third code letter was 
used at the complementary positions in the cistron, all the 
DNA for the set would reassociate as one family in 
Britten’s sense. Suppose now that some of the members 
did not use the same third code letter, but randomly 
used the available alternatives. The family would then 
be smaller than the set defined by the structural similarity 
of the proteins. Furthermore, another species might. 
use a different third code letter for those members of the 





bacteria and protozoa, there seems to have been selective 
pressure in favour of divergence in base composition and 
it has been suggested*?-** that these differences confer 
advantages in limiting the host range of phage and other 
episomal elements. The only constraint on DNA inter- 
acting in vitro seems to be the absence of complernentary 
sequences. Cells ean incorporate each other's chromo- 
somes**.3!, but perhaps need specific mechanisms to pre- 
vent a blending mheritance on a vast scale which might 
easily then result. This is quite apart from problems 
caused by the presence of latent viruses which, hke pro- 
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phage, may well require complementary sequences for 
integration. 

We clearly need much more information about special 
sequences like satellite DNA and more careful measure- 
ments on the DNA of closely related species before we 
can decide on the magnitude of the problem posed 
here. If evidence for a selective advantage of divergence 
at the DNA level is indeed found, we may have an environ- 
mental factor generating variety additional to those 
with which we are normally concerned. 
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Uni. quite recently, it was thought that the 70S particle 
was the native form of the ribosome, and that initiation 
was effected by the binding of F-met-tRNAr to the AUG 
(GUG) codon of mRNA!?* on the 70S ribosome. It was 
thought that the specificity of mitiation depends on an 
affinity between the 708 ribosome and the initiator codon 
(AUG or GUG) and/or F-met-tRNAy which virtually 
excluded all possible interactions of 708 ribosomes with 
other codons leading to binding of aminoacyl-tRNA other 
than F-met-tRNAr (see, for example, ref. 6). Yet there is 
much evidence that 70S ribosomes can make such stable 
complexes with various synthetic mRNAs and the corres- 
ponding amino-acyl (RNAs. Thus it is difficult to believe 
this hypothesis unless we make the additional assumption 
that it is only the initiator codon which is’ available for 
interaction, all other codons being masked by the secondary 
structure of natural messenger. 

We have proposed an alternative model®-”, the essential 
feature of which is its emphasis on the role of the ribosome 
in determining the specificity of initiation. It suggests 
that it is the difference between the 30S and 708 ribo- 
some, not the difference between the initiator codon and 
all other codons, which confers this specificity. It was 
shown that a synthetic polynucleotide, “random” poly 
AUG, stimulated binding of F-met-tRNA, but not val- 
MRNA, to 30S particles. On the other hand, the same 
poly AUG messenger stimulated binding of val-tRNA, 
but not F-met-tRNA, to the 70S (305-505 complex) in 
the absence of “initiation factor’!!-4. Similarly, it was 
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a Critical Test of the 


The formation of an initiation complex involving the 30S ribosomal 
subunit, F-met-tRNAg, and mRNA isan obligatory step in the initiation 
of protein synthesis in bacterial extracts. 


observed that purified 30S ribosomes were stimulated by 
Ja RNA to bind F-met-e-RNA but no other aminoacyl 
tRNA; in the absence of initiation factor, the presence 
of 50S ribosomes inhibited this F-met-tRNA—30S binding. 
Binding of many other amimoacyl--RNAs (including 
met--RNAm) was also tested using appropriate synthetic 
polynucleotides. In every case, the binding was much 
more efficient with the 30S-50S complex (or the 70S 
ribosome) than with the 30S particle alone. Thus it was 
argued that the 30S ribosomal structure permits inter- 
action of the AUG codon in mRNA (either fa RNA or 
random poly AUG) with the anticodon on F-met-tRNA, 
but not interaction of other codons with the anticodons 
of the corresponding tRNAs, and that the opposite is 
true with the 305-505 complex or 705 ribosomal structure. 
Using the additional information obtained by Mangiarotti 
and Schlessinger! that all the ribosomes in Ẹ. coli exist 
as either free 30S and 50S particles or as part of poly- 
somes, the specificity of initiation was explained as 
follows: ribosomes are present in the in vivo pool exclu- 
sively as free 30S and 50S particles; thus the only site 
at which they are capable of binding ammoacyl-tRNA is 
at the initiator codon to form the 30S—F-met-tRNAr 
mRNA initiation compiex. After formation of this 
complex, the 505 ribosome joins and the resultant complex 
is now competent to bind the aminoacyl-tRNA specified 
by the second codon. 

Confirmation of this model has come from several 
groups!*-21, Ghosh and Khorana! showed that initiation 
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of peptide bond formation can occur starting from free 
30S particles. They used the repeating polymer poly 
AUG as messenger to bind F-met-tRNAr to 308 particles, 
isolated this complex and added 50S particles and met- 
iRNAy. Addition of supernatant enzyme resulted in 
formation of the dipeptide F-met-met. 

Schlessinger, Mangiarotti and Apirion’’ found that the 
“native” 30S and 50S particles found in crude extracts 
of E. coli can form 70S particles only in the presence of 
mRNA, {RNA and K+ and Mg*+ ions, and that mRNA 
containing the AUG sequence is more effective than poly U 
in promoting association. From this and other experi- 
mental results, they also proposed a model similar to ours, 
These results, however, do not prove that the initial step 
in protein synthesis is the selective binding of F-met- 
i{RNAg to the 30S particle rather than to the 70S particle. 
The recent elegant demonstration by Kaempfer, Meselson 
and Raskas of exchange between ribosomal subunits both 
in vive’ and in vitro™, and of its correlation to the mechan- 
ism of protein synthesis, is entirely consistent with the 
present model, but again, the results do not exclude the 
possibility that the binding of F-met-tRNAr takes place 
on the 70S rather than the 30S particle and thus that the 
observed subunit exchange is coupled with some other 
step in protein synthesis. 

Thus, although it is apparent that many diverse 
observations are all consistent with the present model 
and that protein synthesis can take place through the 
308-mRNA~F-met-tRNAr complex, it has not been 
rigorously proved that initiation must involve formation 
of this 30S-mRNA-F-met-tRNAr complex (the “initiation 
complex”) as an obligatory intermediate. We therefore 
designed experiments to test the validity of the present 
model in a more critical way, and results of these experi- 
ments are reported here. 

Binding of F-met-tRNAr to 70S particles stimulated by 
fa RNA or poly AUG can take place in the presence of 
initiation factor!® 2°, According to the older model, this 
represents the direct binding of F-met-tRNAr to the 
70S-mRNA complex. According to the present model, 
this can be interpreted to involve formation of the 305S- 
mRNA-F-met-tRNAg complex, as discussed before®’?. 
That is, the sequence of reactions may be as follows 


(1) 70S == 308+ 508 
Initiation factor 





(2) 30S+mRNA+ F-met-tRNAg 
30S-mRNA-F-met-tRNAp complex 


(3) 30S-mRNA-—F-met-tRNAg complex + 50S——> 
30S—-50S-mRNA-F-met-tRNAp complex 


The two different mechanisms could be distinguished by 
using 70S ribosomes labelled with heavy isotopes and 
performing the binding reaction in the presence of an 
excess of light 50S particles. If the older model is correct, 
bound F-met-(RNA should appear on completely heavy 
70S ribosomes, at least at the beginning of the reaction. 
If our model is correct, bound F-met-tRNA should appear 
partly or chiefly on hybrid 70S (heavy 30S-light 505) 
particles, depending on the efficiency of externally added 
light 50S to compete with heavy 505 derived from heavy 
70S in the joining to the initiation complex. Thus the 
distinction is formally possible. A somewhat more 
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complicated argument may arise, however. For example, 
if the subunit exchange observed by Kaempfer* is very 
rapid and independent of the initiation reaction, we could 


explain even the binding of F-met-tRN A to hybrid 708° ; ; | ; 
on the basis of the older model. That is, the sequence ofo o 007 


reactions could be conceived as follows 


(1) Heavy 70S (70SxH) => 50Sq + 3051 
(2) 30Sa +5051 => Hybrid 705 (30Sy — 5051) 


(3) Hybrid 709+ mRNA +F-met-tRNAr—Hybrid 
708S-mBNA-~F-met-iBRNAg 


In order to show the existence of competent original 
conserved 708 particles during incubation, we decided. to 
follow binding of an “ordinary” aminoacyl-tRNA, directed 
by the appropriate codon, simultaneously with the 
binding of F-met- RNA. According to our model, these 
ordinary aminoacyl--RNAs (other than F-met-(RNA) 
should bind directly to 70S particles. Thus, if in such 
experiments we observe F-met-tRNA bound mainly on 
hybrid 70S and an aminoacyl-tRNA on fully heavy TOS, 
the results could be explained only by the new model and 
not by the older model. 

We first used the synthetic oligonucleotide random poly 
AUG (1:1:1) which contains the initiator codon AUG 
{and GUG) as well as three codons for valine (GUA, GUU, 
GUG). We prepared heavy 70S ribosomes from Æ. colt 
B/5 grown in a D,O-N medium and added an equivalent 
amount of purified light 50S ribosomes (the O.D.sss 
ratio of the amount of light 50S to heavy 70 was 2: 3). 
As we have said, maximum binding of F-met-tRNA to 
70S ribosomes requires initiation factor (Table 1). This 
was thus added in addition to *H-F-met-tRNA and 
uC-val tRNA, and binding was allowed to proceed for 
20 min at 30° C. In the control tube, 505 particles were 
added only after the incubation period, in ice, To identify 
the density of the radioactive aminoacy!-tRNA-ribosome 
complexes, CsCl density gradient equilibrium centrifuga- 
tion was used. Because ribosomes exposed to high 
concentrations of CsCl] undergo degradation to yield split 
protein and core particles®*, ribosomes were fixed with 
formaldehyde?! (for details of this method see the legend 
to Fig. 1) and then subjected to the density gradient 
centrifugation. As Fig. 16 shows, the *H-F-met-tRNA 
appears preferentially on the hybrid peak, while the 
4C.val-tRNA binds almost exclusively to the fully heavy 
708 position. On the other hand, the control tube 
(Fig. la) showed that both *H-F-met-tRNA and *C-val- 
tRNA bind to the fully heavy 70S particles. Thus the 
differential distribution of the labelling in the experi- 
mental tube is specifically due to the presence of hight 505 
during the binding period and is not an artefact of isolation, 
fixation or centrifugation. In a third tube in which the 
initiation factor was omitted, only less than 20 per cent 
of the °H counts bound in Fig. la and b were observed 
(an accurate determination of the peak positions could 
thus not be made), though, as expected, the amount of 
MC.val-LRNA bound was not affected, and again appeared 
almost exclusively at the heavy position (data not shown). 

To confirm these results, we performed similar experi- 
ments using sycrose gradient zone sedimentation to identify 


Table 1. EFFECT OF INITIATION FACTOR 


een wound (¢.p.m.)} 


Experiment LF. (z.) -MRNA +mRN A 
1 0 730 985 255 
10 845 1,656 šil 
2 0 $94 549 155 
10 563 1,893 1,330 


the products (see legend to Wig. 2 for details). This 
Stimulation 4C.val- RNA bonnd (¢.p.m,) Stimniation 
by LF. -mRNA +mRNA A by LF. 

— 383 1,045 662 _ 

K3 2 200 503 303 ROG 

= 190 1,172 ORB omni 

X86 137 2 525 AP 53 


In experiment 1, the binding mixtures contained, in a final volume of 0-1 ml.: 0-25 M tris-HC), pH 7-8. 0-055 M NH,C1, 0-01 M MgCl, 3 O. Ds Unita Nght 


TOS ribosomes, 4-5 O. D.s units “C-val-ERNA, 6'5 O.D.ex9 units *H-F-met-t RN 


A, 0-1 O. Diag, unit random poly AUG (1:1: 1), and 10 ul initiation factor (7) 


containing 30 ug of protein where indicated. In experiment 2, the poly AUG was substituted by 0:08 O.D.as anit random poly UG (5:1). (Note, the amounts 
of mRNA used in these experiments was not saturating.) After incubation for 20 min at 30° C, 3 ml. of (RNA buffer I (see legend to Fig. 1) was added to 
each tube. The samples were filtered immediately on ‘Millipore HA’ filters and washed five times with a total of 15 ml, of RNA buffer I, and counted as 


described in the legend to Fig. 1. 
‘under investigation. 


Note: the reason for the apparent inhibition of C-val--RNA binding in the presence of initiation factor is currently 
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Fig. 1. Heavy 70S ribosomes were prepared from E. coti B/5 cells grown 
to mid-log phase in a medium containing, per L: 6-3 g of Na,.HPO,, 
2-7 g of KH,PO,, 0-2 g of *NH,CI, 10-* M FeCl,, 10-3 M MgSo,, 0-2 per 
cent deuterated algal hydrolysate (Merck, Sharp and Dohme, Canada). 
and 85 per cent D.O. The cells were isolated by centrifugation, washed 
in TMA buffer (0-01 M tris-HCl, pH 7-8, 0-01 M MgCl, 3x 10-* M NH,Cl. 
8x109 M mercaptoethanch) and broken by alumina grinding, Ribo- 
somes were pelleted by centrifugation for 90 min at 50,000 r.p.m. 
suspended in TMA, and clarified by low speed centrifugation, 50S 
ribosomes were prepared and purified according to the method of Traub 
and Nomura**, For the binding reaction, the experimental tube (Fig. 1b) 
contained, in a final volume of 0-4 mi.: 0-25 M tris-HCl, pH 7-8, 0-055 M 
NE, Cl, 0-01 M MgCl, 0-6 O.D. unit random poly AUG (1:1: 1) (from 
Dr B. Weisblum), 10 O.D.s units heavy 70S ribosomes, 6 OD 2g, units 
light 5058 ribosomes; 0-2 mg of initiation factor (prepared as described bry 
Ghosh et al; gee also Table 1), 4:5 O.D. “C-val- tRNA (New 
England Nuclear Corp.: prepared from an E. coli B tRNA mixture, 
charged with *4C-val-(RNA (209 mCi/mmole)), and 6-5 O.D.ceo units 
"H-F-met-tRNA (prepared as described by Nomura ef al2°*: specific 
activity of *H-methionine was 3,760 mCi/mmole). The contents of the 
control tube (la) were identical, but Hght 508 ribosomes were omitted. 
Binding was carried out for 20 min at 30° C. The tubes were chilled in ice 
and diluted with RNA buffer F (0-02 M MgCl, 0-1 M tris-HCl, pH 7-4, 
005 MECH. 6 6.D.. units of light 50S were then added to the contro! 
tube. The preparations were centrifuged for 90 min at 50,060 r-p.m. and 
the resultant pellets were resuspended in 1-1 ml. of (RNA buffer LI (0-02 M 
Magtl,, 0-05 M KEL 0-02 M triethanolamine-HCl, adjusted to pH 7-4), and 
clarified by low speed centrifugation. 3-4 ml. of 60 per cent (wiw) CsCl 
(containing 2 per cent formalin, 0-08 M triethanolamine-HCl, 0-64 M KCI, 
and 0-055 M MgCl, adjusted to MH 7-4 with NaOH) were added, and the 
refractive index was adjusted to 3-915 at 25° C, After centrifugation for 
36 h at 36,000 r.p.m. in a Spinco SW39 rotor, two drop fractions were 
collected. The refractive index of several fractions was measured to 
determine relative positions of heavy and light ribosome peaks (arrows 
HH and LL, respectively). The radioactive aminoacy tRNAs in each 
fraction were precipitated with 5 per cent TCA, filtered on glass fibre 
filters, and the amount of *C and *H were determined separately by a 
Packard ‘Tricarb’ liquid scintillation counter. The position of hybrid 
ribosomes (heavy 50S8-light 30S complex; arrow HL) was determined by 
calculation. 


*F-met-t(RNA refers to N-formylmethionyldRNAr.  IRNAr refers 

to the methionine-(RNA species that can be formylated and (RNAy 

refers to the one that cannot be formylated. An unfractionated (RNA 

mixture charged with *H-methionine followed by formylation with 

formyletrahydrofolate, whieh was used in most of the present experi- 
ments, is referred to as °H-F-met-i RNA. 
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procedure has the advantage of eliminating the necessity 
of isolation and fixation of the aminoacyl-tRNA-ribosome 
complex before analytical centrifugation. In these 
experiments, the messenger random poly AUG was sub- 
stituted by random poly UG (5:1), which contains the 
initiator codon GUG as well as two valine codons (GUG, 
GUU). As can be seen in Fig. 2, although the heavy and 
hybrid positions are not as well resolved as in CsCl, the 
difference in label distribution is definitely apparent. 
Judging from the positions of heavy and light 705, 
estimated from appropriate control gradients, it was 
concluded that the *H-F-met-eRNA was bound preferen- 
tially to the hybrid 708 peak while the peak of “C-val- 
tRNA corresponded to the fully heavy 70S position. 

As a further control, the experiment was repeated using 
random poly UG (5:1) and §H-F-met-tRNA, as before, 
but substituting MC-val--RNA with “C-leu-tRNA. The 
random poly UG contains a codon for leucine, UUG, in 
addition to the initiator codon GUG. The results were 
consistent with those already described. 

Furthermore, similar experiments were performed using 
a natural mRNA from phage f} Binding of *H-F-met- 
tRNA directly by f, RNA was followed in the presence 
of heavy 70S and light 50S and initiation factor. Bound 
°H-F-met-tRNA was observed both on fully heavy 70S 
and hybrid 70S particles. 
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Fig. 2. Binding was carried out as described in the legend to Fig. 1, with 
the following exceptions: the final volume of the reaction mixtures was 
0-5 mi, and random poly UG (5 : 1) (Miles Laboratories) was substituted 
for poly AUG. The Eght 509 ribosomes were added to the experimental 
tube (Fig, 26), but not to the control tube (2a). Addition of the 508 
ribosomes to the control tube after incubation was not done. After 20 min 
at 30° C, each sample was layered immediately onto a 10-80 per cent, 
sucrose gradient (in FMA). Centrifugation was for 4-6 h at 35,000 r.pim. 
ina Spince SW40 reter. Two drop fractions were collected and diluted to 
imi The O.D. of each fraction was assayed and the radioactivity 
deterniined as described in Fig. 1. The relative positions of heavy and 
light 705 ribosome peaks were estimated from appropriate control 
gradients (arrows HH and LL, respectively}. The position of hybrid 
ribosomes (heavy 50S8-light 3058; arrow HEL) was determined by 
calculation. 
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Thus the results obtained cannot be aseribed to the 
method of sample preparation or analysis, or to the 
specific aminoacyl-tRNA or mRNA used. The results 
were always those predicted by our new model and not 
those by the older model. 

Although quantitative calculations of the proportion of 
3H-F-met-- RNA bound to fully heavy 70S particles are 
difficult because of incomplete resolution of the hybrid 
peak from the fully heavy peak, it is clear that this is 
small compared with the amount bound to the hybrid 
70S particles (compare Fig. 1). This shows that the 
amount of fully heavy 50S particles in a free state produced 
by dissociation of the 70S particles is small relative to 
the externally added light 50S particles, and that the 
latter can compete effectively with heavy 505 particles 
in the joining to the initiation complex. The amount of 
4C-val-iRNA bound to hybrid 70S is also small relative 
to the amount bound at the fully heavy 705 peak. If 
there is very rapid subunit exchange to form hybrid 708 
ribosomes either coupled with or independent of *H-F-met- 
tRNA binding, we would expect more “C-val-t-RNA 
bound to hybrid 70S ribosomes than observed (either 
independent of F-met-tRNA, as direct binding, or simul- 
taneously with it, as second site binding). The fact that 
this is not the case (Fig. 1b) indicates either that subunit 
exchange is not sufficiently rapid relative to binding of 
14(°-val-tRNA to fully heavy 70S particles, or that 70S 
ribosomes undergoing rapid subunit exchange are not as 
efficient in bmding “C-val-t-RNA. More detailed dis- 
cussion of the experimental data should perhaps be post- 
poned until we get more quantitative data as to the frac- 
tion of hybrid 70S particles with only *H-F-met-tRNA, 
those with only “@C-val-tRNA, those with both or those 
with none. At any rate, however, the following conclu- 
sions can be clearly made. (a) Isolated 705S particles can 
directly bind “C-val tRNA (or other aminoacyl-tRNA 
other than F-met-iRNA r) without undergoing dissociation 
and reassociation. This is the dominant reaction and the 
binding of this (RNA to the 70S particle through the 305- 
mRNA-val--RNA intermediate complex is small, if any. 
(b) In contrast, the isolated 70S particles must undergo 
dissociation into subunits in order to bind F-met-tRNA. 
The amount of direct binding to 70S particles is small, if 
any. Thus, as already discussed, these results are entirely 
consistent with our new model, but not with the older 
model. 

There is one rather unlikely explanation for these 
experimental results that does not invoke the binding of 
F-met-(RNA to the 30S particles as an obligatory initial 
step. One could argue that the externally added light 
50S particles are not exactly the same as the heavy 508 
particles derived from heavy 70S particles by dissociation, 
and thus the hybrid 70S formed using light 50S is struc- 
turally different from the fully heavy 705 particles. 
Binding of F-met-tRNA could take place directly to 70S 
particles, but most efficiently to this special kind of 
“competent” hybrid 70S particles and very poorly to 
conventional 70S particles (fully heavy 70S particles in 
these experiments). Although we have not excluded 
such a possibility in a rigorous way, it is highly unlikely. 
The most salent difference between crude 50S (endo- 
genous heavy 50S in this case) and “purified” 508 
(presumed for the light 508) is the latter’s relative inability 
to react with 30S particles to form 70S spontaneously. 
(This is most likely due to the presence of residual pep- 
tidyl-tRNA in the former (crude) and not in the latter 
purified)!?.) Thus such a difference cannot explain the 
hypothetical “competent” 70S particles produced only 
with “purified” 50S. Finally, if the explanation were 
correct, addition of external light 50S partieles should 
stimulate the total amount of ?H-F- met- tRNA bound to 
the 705 particles, for it creates more “competent” hybrid 
70S particles. In fact, the binding of 7H-F-met- [RNA to 
the 70S particles was inhibited in most experiments, and 
never stimulated, by the added 50S particles in the present, 


as well as previous, studies!®. This inhibition was especially 
severe when suboptimal concentrations of the imitiation 
factor were used, and the inhibition was observed only m 
the F-met-tRNA binding directed by the initiator codon 
and not in other aminoacyl-tRNA binding. Thus such 
an alternative explanation is highly unlikely. We con- 
clude that the binding of F-met-tRNA to 70S particles 
observed in the presence of initiation factor mvolves 
formation of the initiation complex (30S-mRNA-F-met- 
{RNA complex) as an obligatory intermediate. 

Because, presumably, all the protein synthesis in 
bacterial extracts starts using F-met-tRNA®5, we can extend 
our conclusion further and state that all protein synthesis 
in bacterial extracts starts on the 30S subunit by forming 
the initiation complex as an obligatory intermediate. 
We have done experiments using bacterial extracts 
prepared from FE. coli grown in a heavy isotope medium. 
Incorporation of radioactive amino-acid directed by 
phage fa RNA was followed in the presence of light 505 
particles. Growing radioactive polypeptides still bound 
to 70S particles were isolated and the density of these 
complexes was measured using CsCl density gradient 
centrifugation as already described. As predicted from 
the model, most growing peptides were found to be bound 
to the particles with a density corresponding to the 
hybrid 70S (heavy 30S-light 508). Thus these experi- 
ments, together with those of Kaempfer", show that 
protein synthesis in bacterial extracts is coupled with 
exchange between ribosomal subunits. As we have 
discussed, this subunit exchange reflects the meehaniem 
of chain initiation; proper chain initiation can occur 
only with 30S ribosomal particles and the 305-505 
complex is subsequently required for chain elongation. 
We have discussed the implications of this model before*-**. 

We thank Dr P. Traub for preparing 505 ribosomes, 
Dr B. Weisblum for random poly AUG, and Mr C. V. 
Lowry for preparing initiation factor and for useful 
discussion. This investigation was supported in part by 
grants from the National Center for Urban and Industrial 
Health, US Public Health Service, and from the US 
National Science Foundation. 
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Sequence Analysis of Specific Areas of the 16S and 235 


Ribosomal RNAs 


by These ribosomal RNAs seem to be largely homogeneous, at least 


P. FELLNER 
F. SANGER 


MRC Laboratory of Molecular Biology, 
Hills Road, Cambridge 


ALTHOUGH much has been learnt in recent years about 
the mechanism of protein synthesis, the means by which 
ribosomes carry out their multiple functions remain 
unclear. A fuller knowledge of their structure would seem 
to be necessary in order to understand how they work. 
Recently, the nucleotide sequence of the 5S ribosomal 
RNA has been determined'. The 5S RNA comprises 
about 2-5 per cent of the total RNA content of E. colt 
ribosomes, with the rest of the RNA being made up of 
equimolar amounts of the 165 and 23S species. Besides 
the four major mononueleotides, the latter RNAs also 
contain small amounts of methylated nucleotides*-* which 
can be labelled specifically in vivo with radioactive 
methyl-labelled inethionine. As a preliminary approach 
to the problem of structural investigation of these larger 
RNAs, we have studied the nucleotide sequences around 
the methylated sites, using the methods which have been 
developed in this laboratory for fractionating radioactive 
oligonucleotides’. 

The principal part of this study was conducted with 
ribosomal RNA from H. coli K12 W6 thr-leu- met- (strain 
CB3 of Dr 8. Brenner). A more cursory examination of 
the methylated oligonucleotides from E. coli MRE 600 
RNA has also been carried out, and these seem to be 
identical with those from the RNA of E. coli strain CB3. 
RNA was isotopically labelled by incorporation of P- 
orthophosphate, and either °H or 4C-(methyl)-methionine, 
into inocula growing in the appropriate carrier-free media. 
Incorporation was effected in conditions of stringent 
coupling of RNA and protein biosynthesis to avoid 
aberrant methylation of the RNA. The ribosomal RNA 
was extracted in the manner of Sanger et al.6, and the 
165 and 23S components were fractionated either by 
centrifugation through 15-30 per cent sucrose gradients?’ 
or by disc electrophoresis through 2-4 per cent poly- 
acrylamide gels*. The RNAs purified by these procedures 
were utilized as substrates in digestions with T1 ribo- 
nuclease and bacterial alkaline phosphatase’. The 
resulting de-phosphorylated oligonucleotides were fraction- 
ated by electrophoresis in two dimensions, and detected 
by autoradiography. 

In the first case, the methylated oligonucleotides were 
identified from among the targe numbers of non-methylated 
products by employing RNA substrates labelled with 
both *P and *H-(methyl) groups, and subsequently 
searching for doubly labelled material among the frac- 
tionated oligonucleotides on fingerprints of the RNAs. 
The positions of the methylated products indicated by this 
double labelling method were confirmed by fingerprinting 
14C.(methyl)-RNAs, and detecting the products by 
direct autoradiography. Such autoradiographs of the 
165 and 23S !C-(methyl)-RNA fingerprints are shown in 
Figs. l and 2. 

Sequence analysis of these methylated oligonucleotides 
has been carried out, using both **P and “C-(methy])- 
labelled material. The method of sequencing used most 
often has been to subject the oligonucleotides to partial 


with respect to the methylated sequences. 
specific and occurs at a small number of loci. 


Methylation is very 


digestion with exonucleases, obtaining a variety of 
degradation products resulting from the sequential 
removal of nucleotides by the action of the enzymes. 
Snake venom phosphodiesterase*" has been used most 
frequently for this purpose. The sequences which have 
been determined are reported in Tables 1 and 2. The 
identities of the methylated mononucleotides contained 
within these sequences have been confirmed in most 
instances by co-chromatography of “MC-(methy!)-nucleo- 
tides or the corresponding bases with authentic marker 


compounds. Two methylated nucleotides have been 
encountered which have not been identified so far. These 
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Fig. 1. Fingerprint of “C-(metbyh 168 RNA. Electrophoresis in the 
first dimensicn (pH 3-5) was carried out on cellulose acetate, and in the 
second dimension on DEA E-paper, according to Sanger et al. 
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Fig. 2. Fingerprint of *C-(methyl) 23S RNA. Fractionation was carried 

out as described for Fig. 1. Spots a, b and e are minor components 

believed to result from further cleavage of spot 10. Spot m results from 

some cross-contamination of this preparation of the 23S RNA with 168 

RNA, and is caused by the presence of the oligonucleotide mjA~MgA- 
C~C-U-G (spot 5 on Fig. 1). 


possess properties which do not yet correspond with those 
reported for any other methylated nucleotides (see foot- 
notes to Tables 1 and 2). 

The molar ratios of the methylated sequences were 
directly determined from the relative amounts of the 
products arising on fingerprinting of tha ''C-(methyl)- 
labelled RNAs. Results are reported in Tables 1 and 2. 


Table 1. SEQUENCES AND AMOUNTS OF METHYLATED OLIGONUCLEOTIDES 
FROM THE 16S RNA 
Molar Suggested frequency 
Spot Sequence* ratio t (moles/mole of RNA) 
it Ci~-m'G 3-62 4 
2§ emt —C—-m,C-C-G 1-00 1 
3 G~C-C-m?*G~-C-G 1-93 2 
4 G-m’C-A-A-C-G 1°33 1 
§ G-mgA—m?A-C-C-U-—G 2:00 2 
8 G—~U~m'C-A-C~-A-C-C-U-~A-G 1:04 1 
£€ 0-1-08 
gil 0-1-06 


* From the known specificity of 71 RNase action, a Gp residue can be 
laced at the 5’-terminus of each of the oligonuclectide sequences, as shown 
ere (however, the presence of some or all of the m'G residues in these 

positions cannot be excluded). The following symbols are used to represent 
the modified components: mG, N*-methylguanosine: m*C, 5-methyl- 
cytidine; m'C , V4methyl-(2’-O-methyDcytidine; wG, N’*-methyliguano- 
sine; mgA, N*-dimethyladenosine. 

t The molar ratios were determined from two to five sets of observations. 

t In spot 1, m?G was liberated as the 2’ : 3° cyclic phosphate, 

$ The component m,C is not fully identified, but displays properties which 

would suggest that it is a di-methylated derivative of cytidine. 

€ The minor spot f has been encountered in variable amounts in the 16S 

RNA fingerprints. No sequence analysis has been conducted on this oligo- 
nucleotide, but it is believed to contain T (ribothymidine). 

{ The minor spot g has also been found to occur in variable amounts, and is 

thought to contain m’G. 





Table 2. SEQUENCES AND AMOUNTS OF THE METHYLATED OLIGORUCLHOTIDES `- 
FROM THE 235 RNA i 


Molar Suggested frequency 
Spot Sequence* ratio t (moleaimole of BNA) 
i$ G—m'G 1°21 2 
2 G-C-~US-—G 0-89 2 
4 G-C(C, U)m®G pig Z 
5 G-C-m?A-U-~G 1-05 2 
6 G-A-U-m'C-C-G 1-28 2 
7 G~C-m*A-A-G 116 2 
8 G-A-C-C-m*A-G 0-89 2 
9§ G—y~A~-A-C-A-mU-A-ye-C-G 0-03 2 
10 G~A-C-A-U-A-U-m'G-4¢-T-G 0:09 3 
il G~A~A--A~T-U~-C-C-U-U-G 1-00 2 
12¢ » WG. O85 2 
eli G-CwC , , 0-34 
ad} G-CmcC.., 0-24 
3i G-Cn-Cm-U-G 0-35 


* + + See appropriate footnotes to Table 1; additional abbreviations for 
modified nucleosides employed here are: m’A, 2-methyladenosine; mA, 
N*-methyladenosine: m'G, N'-methylguanosine; y, peeudo-uridine; ©", 
2’-O-methyleytidine; U", 2’-O-methvluridine. 

$ më is a derivative of uridine, as yet unidentified, displaying properties 
very similar to T. 

€ Spot 5 contains m’G, and has not been seqnenced in this study. This 
oligonucleotide is thought to contain at least fifteen nucleotides, front its 
fractionation properties. . . . 

| These oligonucleotides are always found in low amounts on fingerprints 
of the 23S RNA. 


To obtain the absolute frequencies of occurrence of these 
sequences in the ribosomal RNA molecules, it is necessary 
to determine the total numbers of methyl groups which 
are introduced into the RNA molecules. These values 
were determined by comparing the **P/*#C ratios of 
doubly labelled RNAs with the corresponding ratios in 
methylated oligonucleotides of defined structure, arising 
from the fingerprinting of such RNAs. The results 
indicate that the 16S and 23S RNA molecules contain 
21-9 and 27-5 methyl groups respectively. This result is in 
good agreement with the findings of Dubin and Gunalp® 
from a similar type of estimation, but roughly 50 per cent 
greater than the values of Hayashi et al.‘ derived from a 
direct measurement of the specific activities of 40-(methyl)- 
labelled RNAs. On the basis of these findings, the mean 
frequencies of occurrence of the methylated sequences 
have been suggested in Tables 1 and 2. 

The finding that the major methylated oligonucleotides 
all occur twice in the 23S RNA suggests that the molecule 
is made up of two sections, which may be identical or 
else display considerable homologies of nucleotide sequence, 
for it seems extremely unlikely that the duplications 
encountered could have arisen by chance or be confined 
only to the sequences studied. This might suggest that 
the 23S RNA is composed of two identical or similar 
polynucleotide chains, or that it consists of a single chain 
with a duplicated sequence, which could have arisen by 
a “gene-doubling’’ mechanism. The results of end-group 
determinations!!!" support the former suggestion, whereas 
the fact that a dissociated molecule cannot readily be 
obtained in conditions rigorously exchiding nuclease 
activity!’ supports the latter possibility. 

In the 16S RNA certain of the methylated sequences 
are repeated, suggesting that some more generalized 
repetition may also occur in it. Such a partial duplication 
was found in the 5S RNA from E. coli! and may be a 
general property of ribosomal RNAs. 

These results suggest that each of the ribosomal RNAs 
is largely homogeneous, at least with respect to the 
methylated sequences, and that the methylation is a 
highly specifie process, occurring at a small number of loci, 
encompassed by specific nucleotide sequences. It can be 
suggested that such sequences are specifically positioned 
within the RNA molecules, in terms of either primary or 
secondary structure, or both; but that all specific nucieo- 
tide sequences fulfilling these restrictions of placement will 
become modified in the mature RNA. This proposal is 
supported by the finding that all of the sequence G-A~A-A~ 
A-T-U-—C-C-U-U-G is present in the fully modified condi- 
tion. It may be that methylases recognize stretches of 
primary sequence sufficiently extensive to exclude all 
except the correct sequences from being subjected to 
modification processes. Such a mechanism would allow 
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the smaller methylated fragments encountered in this 
study to form part of larger specific nucleotide sequences 
recognized by the methylases, which have been cleaved in 
the course of digestion with 71 RNase. If, however, the 
primary structure acts as the sole determinant of methy- 
lase specificity, it is necessary to postulate the existence 
of a rather large number of methylases. For exam ple, 
it is found that m°C occurs in three different sequences, 
lacking any apparent similarities. so that three distinct 
methylases would be needed to carry out this type of 
methylation m ribosomal RNA maturation. Generall V 
tt is found that no characteristic sequences are associated 
exclusively with particular types of modification, nor 
do any such sequences occur in association with a variety 
of types of modification. 

A feature of the modified sequences is the frequene y 
with which multiple modifications are encountered, very 
elose to each other. It is remarkable that such a property 
has become evident even from examination of these 
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short stretches of the molecules, and it seems very likely 
that some special functional significance attaches to such 
a distribution of modified nucleotides. 
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GTP is 1equired for the initial binding of N-formyl- 
methionyl-tRNA (F-met-(RNA) to ribosomes!~4, and for 
the subsequent incorporation of the F-met moiety into a 
dipeptide®§. Hydrolysis of the GTP molecule does not 
seem to oceur during the binding step, but rather at some 
intermediate stage, before the actual formation of the 
first peptide bond?-*. These facts led to the “single entry 
site’ model for the 70S ribosome, in which it was pro- 
posed that in normal conditions there might be only one 
ribosomal site (the A site or entry site) available for the 
initial binding of (RNA (ref. 5). In the process of initiation, 
F-met-(RNA would bind first at this entry site and then 
be translocated to a second site, the peptidyl or “P” site, 
in which state it would be reactive with puromycin, or a 
second aminoacyl-tRNA which could now bind to the 
entry site. 

An alternative to this model was a hypothetical scheme 
in which the F-met-(RNA was thought to bind directly 
to the P site, without having first gone to the A site. In 
this position it would be available for peptide bond 
formation without the need for the hydrolysis of GTP. 
Monro’ has shown that this sequence of events can, in 
fact, be observed in non-physiological conditions. 

Evidence has recently been obtained which suggests 
that neither of these fairly simple models can be entirely 
correct, for it now seems that in the normal initiation 
process F-met-éRNA binds first to the 308 subunit to form 
an “initiation complex” 3-"_ This complex is later joined 
by the 50S subunits to form a 708 particle, which is now 
capable of forming the first peptide bond'-?*. 


Sequences Coding for F-met and Val 
In order to obtam further insight into this extremely 


£ 
a 


complicated situation, we have studied the translation 
of the first two adjacent codons in the synthetic message 


Inhibition of aminoacyl-tRNA binding by the purified initiation 
factors fı and f2 could be regarded as a mechanism for ensuring that 
only F-met-tRNA binds initially to the entry site, thereby preventing 
random or non-specific binding by aminoacyl-tRNA. This inhibition 
would be relieved by the hydrolysis of the GTP molecule normally 
involved in the binding of F-met-tRNA. 


ApUpGpGpUpUpv . . . [abbreviated: ApU(pG),(pU), |. 
These two sequences code for F-met and val, respectively. 
We have tried to answer the following question. Can both 
F-met--RNA and val-tRNA bind simultaneously to the 
same ribosome (whether it be 30S or 708) when h ydro- 
lysis of GTP is prevented, that is, in the presence of 
GMP-PCP ? As we shall show, the answer is no. In the 
presence of purified initiation factors (fi and f,), only 
F-met-tRNA binds"; in the presence of T-factor™, only 
val-tRNA (and phe-éRNA) binds. When all three factors 


may alter the specificity of the ribosome so that it can 
bind only F-met-?-RNA, and not aminoacyl-¢RNA. This 
alteration might occur through the attachment of factors 
to the eatry site, which is thought to be on the 30S 
particle, This mbhibition does not require the simul- 
taneous binding of F-met-tRNA. 

A prerequisite for the successful execution of these 
experiments was a therough understanding of the 
enzymatic requirements for the binding of F-met--RNA 
and aminoacyl-tRNA to ribosomes. At the time this 
investigation was begun, it was not clear whether an 
enzyme was required for the normal, A-site bind ing of 
aminoacyl-tRNA. Similarly, it was uncertain whether 
the initiation factors alone were sufficient for the binding 
of F-met tRNA. To answer these questions a study of 
the requirements for the binding of F-met and amino- 
acyl-tRNA to ribosomes at low Mg** concentration was 
undertaken. The results of this study are presented in the 
first part of this communication; subsequently, binding 
experiments using both GTP and GMP-PCP are described. 
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Kinetics of binding of F-met-, val- and phe-?RNA to ribosomes. 
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All experiments contained unresolved initiation factors. g amd ë 


contain no additional enzymatic components, whereas b and d were supplemented with supernatant enzymes (S-100}). Reaction conditions ae 


analyses were as described in the text except that the incubation temperature w 


as IO C, and 27 ug of IRENA charged with either F-met @H} and 


val (4C) or F-met CH) and phe ('C) was used in each 50 Hl, assay. 


Reaction Mixtures 

Ribosomes and charged tRNA were prepared as pre- 
viously deseribed*. Two types of RNA preparations were 
used. The first contained *H-met (1-11 mCi/umole) 
charged at 2 per cent (moles amino-acid/moles tRNA 
chains); “C-val (0-16 mCi/umole) charged at 5-1 per 
cent; eighteen cold amino-acids and cold formyl residues 
on about 75 per cent of the charged met. The second 
contained *H-phe (2-79 mCi/umole) charged at 2 per cent, 
and 4C-val; eighteen cold amino-acids and cold formyl 
residues as already described. Supernatamt factors (T 
plus G) were prepared as follows: the 100,000g super- 
natant fraction (S-100) obtained from early log phase 
E. coli K12 cells (Grain Processing Co.) was precipitated 
with ammonium sulphate (65 per cent saturation), and 
the pellet was redissolved and dialysed against buffer I 
[0-02 M t#s-HCl buffer, pH 7-4, C15 M NH,Cl, 1 mM 
DTT and 5 mM Mg(OAc),}. A sample (14 mg) of protein 
from this fraction was charged on a DEAE-‘Sephadex’ 
column (4-50; 0-8 emx 12 em), which was then washed 
with buffer I until the large peak of unabsorbed protein 
had passed through (fraction I). The column was then 

washed successively with buffers containing, in addition 
to the other components of buffer I, 0-20 M and 0-25 M 
NH,Cl, respectively. These washes each eluted a protein 
fraction (fractions TI and TTI). Fraction IT contained 
large amounts of the supernatant enzymes T and G and 
was designated the {T + G) fraction. It was concentrated 
by being placed in a dialysis tube and surrounded with 
‘Aquacide 2’ (Calbiochem). After 80 to 90 per cent of the 
iquid had been absorbed. the remaining contents of the 
were dialysed against buffer I. 
nitiation factors (unresolved) were prepared as pre- 
/ described’. These preparations were further 
f ot: onated by two methods. The first of these was 











chromatography on DEAE-cellulose, essentially as de- 
seribed by Luecas-Lenard and Lipmann except that a 
linear gradient of NH,Cl (0-1 to 0-3 M) was used instead 
of step-wise elution. A typical elution profile cbtainec 
by this technique is shown in Fig. 2. T-factor was assayed 
by the method of Allende et al *$. = h assay tube 
contained, in a final volume of 0-05 ml, 25 umeles 
GTP (800 uCijmoles), 50 mM tris-BCI buffer, vH 7 

10 mM Mg(OAc)a 50 mM NH,CI, 1 mM DTT, and 5 as 
of the protein fraction to be assayed. Incubations were 
at 0° C for 5 min, followed by filtration through ‘Millipore’ 
filters, which were subsequently washed three times with 
ice-cold buffer containing 10 mM ftris-HCl, pH 7-4, and 
10 mM Mg(OAe),. 

The specificity of this assay for T-factor was confirmed 
by showing that fractions which bound *H-GTP to filters 
also stimulated poly U-directed poly-phe synthesis in a 
system containing ribosomes, phe-tRNA and excess 
G-factor. Activities of f, and fe were measured essentially 
by the binding assay described later, except that the 
messenger was ApUpG and thé tRNA was charged only 
with F-met FCH} and cold formate. In a second procedure 
used to separate f, and f, from T-factor, 12 mg of the 
unresolved initiation factor preparation dialysed against 
buffer IT [0-02 M tris-HCl buffer, pH 7-4, i mM DTT, 
l mM EDTA] was charged on to a DEAE- ‘Sephadex’ 
column (4-50; 08 cmx 12 em), which was washed with 
buffer II until the unadsorbed peak of protein (fraction f} 
had passed through. The column was then washed suc- 
cessively with batches of buffer IIT containing 15 M 
0:20 M, 0-25 M and 0-4 M NH,Cl, respectively. These 
washes eluted protein fractions designated H, TI, IV 
and V, respectively, which were concentr ated with 
‘Aquacide 2’ as described. A typical elution profile is 
shown in Fig. 3, where peaks containing T, A and f 
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Table 1, DISTRIBUTION OF T, fi AND fa ACTIVITIES IN PROTEIN FRACTIONS 
ELUTED FROM DRAE SEPHADEX’ 
F-met-tRNA 
GTP bound bound 
Fraction {pumoles) (emoles) 
Buffer blank 2:6 0-9 
I 24 0-9 
tT 29 0-8 
Tit 26:2 10-2 
IV +0 9-7 
YV 25 18 


i TE binding experiments were conducted and assayed as described in the 
xt. 

Assays for stimulation of F-met-tRNA binding were conducted as described 
in the text. Five al. (5 to 10 xg of protein) of each fraction was added to a 
50 ui. reaction mixture. The assay tubes for peaks H-V contained, in 
addition, 5 ug of protein from fraction I (/,). 


activities are indicated. Detailed assays for these activities 
are shown in Table 1 and Fig. 4. 

Binding experiments were conducted and assayed as 
previously described‘. Typical reaction mixtures con- 
tained the following components, in a final volume of 
0-05 ml., 1-5 As units of ribosomes [pre-dissociated into 
50S and 30S subunits‘], 40 ug of charged (RNA, 6-2 ug 
of ApU(pG),(pU), messenger’, variable amounts of 
initiation and supernatant factors (as indicated in the 
figure and table legends), 5 mM Mg(OAc),, 100 mM 
NH,Cl, 1 mM DTT, 50 mM tris-HCl buffer, pH 7-4, 
05 mM GTP or 0:2 mM GMP-PCP, as indicated in the 
legends. Incubations were for 10 min at 20° C. 

Initial experiments on the binding of F-met-, val- and 
phe--RNA to ribosomes directed by the messenger 
ApU(pG).(pU), were conducted to establish optimal con- 
ditions for each component. It was found that high levels 
of binding, with very low backgrounds (complete re- 
actions minus messenger, or minus GTP), were obtained 
if the ribosomes were first dissociated into subunits at 
0-3 mM Mgt, and then the binding reactions conducted 
at 5 mM Mgt (ref. 4). In these conditions it was found 
that a supernatant enzyme stimulated the rate of binding 
of val- and phe-tRNA, but not of F-met-£RNA. Typical 
results are shown in Fig. 1. In sections a and b, it is 
evident that supernatant enzymes (S-100) increase the 
initial rate of val-tRNA binding three to four-fold, 
whereas the kinetics of F-met-tRNA binding are un- 
affected. In contrast, the dependence of phe-tRNA bind- 
ing on S-100 is nearly absolute (Fig. 1, c and d). Analysis 
of the products of these reactions indicates that virtually 
all of the val and phe bound to the ribosome is actually 
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Fig. 2. Elution profile of initiation factors on DEAE-cellulose using an 

NH,Cl gradient. Open circles (—O—) show Q.D. at 280 mu. Open 

triangles (— A—) show f; activity, which was assayed as described in 
the text, in the presence of f, (10 ug of f,/50 ul. assay). 


incorporated into polypeptide chains initiated by F-met. 
From this result it may be concluded that random initial 
reading of codons other than AUG does not occur in this 
system. 

The fact that val--RNA binding is not absolutely depen- 
dent on the addition of S-100 (Fig. 1, a and b) suggests 
that the crude (unresolved) initiation factor preparation 
used is contaminated with supernatant enzymes. In 
order to remove these contaminants the factors were 
further purified by chromatography on DEAE-cellulose, 
as described earlier in our communication. A typical 
elution profile is shown in Fig. 2. It should be noted that 
the peaks of T and f, activity run very close together, 
indicating that this method is not suitable for our purpose. 


Activities of the Fractions 


After investigating several techniques, it was found 
that chromatography on DEAE-‘Sephadex’ gave a partial 
separation of T and f, activity, as shown in Fig. 3 and 
Table 1. The f, activity appears in two fractions—ITI 
and IV, whereas T-facter is only in III. A more com- 
plete analysis of the activities of these two fractions is 
shown in Fig. 4, where the binding of F-met- and val- 
{RNA is compared, with and without the addition of f, 
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Fig. 3. Elution profile of initiation factors on DEAE-‘Sephadex’; step-wise elution with 


NH,Cl, All procedures and assays are described in the text and in the legend of Table 1, 
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Fig. 4. Binding of F-met- and val-{RNA stimulated by two fractions 

from DEAE-‘Sephadex’ containing fa GHE and IV from Fig. 3), in the 

presence or absence of f; Reaction conditions and analyses were as 

described in the text, Where indicated, 10 wg of fi was added/50 ul. 
assay. 


(fraction I from Fig. 3). A number of interesting points 
are illustrated in this figure. First, it is evident that both 
f, and f; are required for the binding of F-met-iRNA; 
neither of these factors alone shows appreciable activity. 
This finding is to be compared with results previously 
reported by our laboratory” and others!*5, which have 
suggested that each of the factors by itself retains a 
variable capacity for stimulating F-met--RNA binding. 
One explanation for this apparent difference is that the 
several components of the system reported here are more 
highly purified than any previously studied, and therefore 
less cross-contamination of factors is observed. An 
alternative or additional explanation is that in certain 
special conditions a very weak binding of F-met-tRNA to 
the ribosome may be obtained in the presence of only one 
factor, and that not all of this loosely bound material is 
washed off during the ‘Millipore’ filter assay*. In any 
case, the results reported here show that both f; and f: 
play important parts in the binding reaction. A second 
point apparent in the results of Fig. 4 is that fraction HI 
(containing both f, and T) stimulates the binding of both 
F-met- and val-tRNA, whereas with fraction IV (con- 
taining only f) only F-met-tRNA is bound. Thus it may 
be concluded that T-factor is not required for F-met- 
t-RNA binding, whereas it is probably essential for the 
binding of the second and subsequent aminoacy!-(RNAs 
encoded by the message. This result is consistent with 
the recent finding of others that T-factor is required for 
the binding of phe-t-RNA to one of the ribosomal sites 
(presumably the A or entry site) in the presence of poly-U 
(refs. 14 and 18). We have not yet investigated the role 
of G-factor in any of these reactions. It is presumably 
always present as a contaminant in the ribosome pre- 


See * We feel that this second type of phenomenon may be responsible for the 
Intermediate level of activity previously observed with f, alone in the binding 


of F-met-tRNA to 30S particles, because the /, preparation used in that study 


- was very similar to this'!. 


parations’®. Finally, it should be pointed out that the 
apparent inequality in the amounts of F-met and vä 
bound to ribosomes (Fig. 4a) in the presence of fraction ni 
is probably an artefact resulting from the quenching of- 
tritium §-emissions in the counting system used. Counti 
efficiencies for tritium adsorbed to ‘Millipore’ filters im 
toluene-base scintillators varied +25 per cent from one 
determination to the next. | ee 
In view of the strong requirement for T-factor in the 
binding of val-tRNA, it was of interest to determine 
whether the reaction of puromycin with bound F-met- 
tRNA (refs. 4 and 7) also requires T-factor. This pos- 
sibility was tested by binding F-met-(RNA to ribosomes 
with ApUpG messenger, in the presence of fraction I (fy) 
and either fraction ITI (f+ T) or fraction IV (f2); the 
amount of this pre-bound material which was releasable 
by the addition of puromycin was then measured. ‘The 
results of this experiment are shown in Table 2. It is 
clear that over 85 per cent of the bound F-met is released 


by puromycin both in the presence (fraction TIT} and 
absence (fraction IV) of T-factor, indicating that this 
enzyme is not involved in peptide bond formation per se. 
This result is consistent with the view that the primary 
function of T-factor is in the binding of aminoacyl-tRNA 
to the ribosome'**-!" and that its chief site of action is 
the 3058 particle". 


Table 2. EFFECT OF PUROMYCIN ON E-MET-IRNA BOUND TO RIBOSOMES IE 


THE PRESENCE AND ABSENCE OF T-PACTOR 
upmoles F-met-iRNA bound 


Enzymes Messenger No puromycin Phas puromycin 
fi +f, (fraction HI) AUG To ri 
f, +f, (fraction TV) AUG 85 Li 


Binding reactions were conducted as deseribed in the text, Fifty al. of 
reaction mixtures contained—in addition to the usual componente--10 pg iu 
9 ug fa (fraction HI) or 10 we f; (fraction TV}, 40 ug of tRNA @H-met aad 
MC .val) and 1-6 ug AUG. . 

After the usual incubation, 20 xl. aliquots were removed and assayed by the 
‘Millipore’ filter technique. A second 20 gl. aliquot from cach tube was 
reacted for a further 2 min at 0° C with 10 ag of puromycin, then assayed by 
the ‘Millipore’ filter technique. 


Binding of tRNA 


Having identified and separated the enzymatic factors 
involved in the binding of F-met- and aminoacy!tRNA to 
ribosomes, we next investigated the question of whether 
these two species of (RNA can bind simultaneously in the 
presence of GMP-PCP. Early experiments of this type 
were performed using unresolved factors and 5-100. 
Because of the erudeness of the enzyme preparations 
used, the results obtained were not as clear cut as those 
recently observed in more highly purified systerns ( Table 
4). Nevertheless, certain significant trends are clearly 
evident. Typical results are shown in Table 3. This 
experiment shows the effects of GTP and GMP-PCP on 
the binding of F-met-, val- and phe-tRNA, in the presence 
of various enzymatic components. For our present 
purpose, the most important features of this experiment 
are the binding levels of F-met- and val tRNA. When 
only supernatant enzymes are present F-met-IRNA does 
not bind (data obtained in experiments not shown); 
however, val-tRNA binds reasonably well, both with 
GTP (6-0 uumoles bound) and GMP-PCP (3-2 wumoles 

a 


+ 
Table 3. BINDING OF F-MET-IRNA AND AMINOACYL-(BNA TO RIBOSOMES 
STIMULATED BY ApU(pG),(pU)x AND UNRESOLVED [NETIATION FACTORS 


unmoles F-met- or aminoacyliRNA bound 
cg 


Enzymes F-met Yal Phe 
added GMP- GMP- GME- 

GEP PEP GTF PEP GTP CPC 

None we 1-2 10 8-4 2-4 

S-106 r = 6-0 32 22-4 4-} 

Initiation factors 6°5 4°} 3-5 0-5 $84 0-5 
Initiation factors 

+ 8-100 wee -— 2-3 (1-6 29-2 4 


Binding experiments were conducted and assayed as described in the text. 
Reaction mixtures contained, in addition to the usual components, 17-4 ug of 
8-160, 95 ag of initiation factors (unresolved) and 0-6 mM GMP-PCP. The 
F-met binding data were obtained using 40 ug of a preparation of (RNA 
charged with *H-met and “C-wal, the other data using 41 xg of a (RNA 
charged with *C-val and *H-phe. 
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bound). When initiation factors are added to this system 
F-met-tRNA binds well, but val-RNA binding is in- 
hibited. This inhibition is slight in the presence of GTP 
(3-3 uumoles bound), but with GMP-PCP it is absolute 
(0-6 uumoles bound). The binding pattern of phe-tRNA is 
more difficult to interpret, particularly with GTP, because 
in this case there is an undetermined amount of poly-phe 
synthesis. Nevertheless, it is clear that, in the presence 
of GMP-PCP, the addition of initiation factors completely 
inhibits the binding observed with S-100 alone. 

These data demonstrate that inhibition of aminoacy|- 
‘(RNA binding by F-met-(RNA and initiation factors 
does occur in the presence of GMP-PCP, but that this 
inhibition is greatly reduced in the presence of GTP. 
Certain disturbing anomalies in the quantitative aspects 
of these data call for caution in interpretation, however. 
In particular, it is surprising that the binding level of 
val-tRNA, in the presence of GTP, should be reduced 
(from 6-0 to 3-3 uumoles) by the addition of initiation 
factors. On the contrary, one would expect that this level 
should be greatly increased because in the complete system 
(including f, and f,) the val codon GUU should always 
be read in phase relative to AUG, whereas in the absence 
of initiation factors, where reading of the message is 
random, the GUU sequence should only occasionally 
appear at the binding site. It was hoped that this 
anomaly could be eliminated through the use of a more 
purified system. 


Difference between GTP and GMP-PCP 


The experiments described here were repeated, using 
fractions Į and IV (Fig. 3) as sources of fi and f,, respec- 
tively. The supernatant enzyme fraction (T+G) 
described earlier was used as a source of T-factor. The 
binding levels of F-met- and val-(RNA in this system 
are shown in Table 4, experiment 1. Although the binding 
levels are somewhat lower, characteristic of a different. 
preparation of ribosomes, the same general pattern is 
observed as seen in Table 3. Thus, in the presence of 
GMP-PCP, val-¢RNA binds with (T+G) alone, but this 
binding is completely suppressed by the addition of fi plus 
Je Conversely, F-met-tRNA binding occurs only in the 
presence of f, plus f}, and not with (T+ G) alone. Moreover, 
the levels of val4RNA binding with GTP are quantitatively 
more consistent with our expectation, as already pointed 
out. Thus the addition of f, and f, to (T +G) increases the 
level of val-binding (from 1-2 to 23 tuumoles), which is 
to be expected as these factors promote correct initiation, 
thereby forcing the GUU codon to be always read in 
phase. This effect is more clearly seen in experiment 2 
of Table 4, where the higher levels of binding reflect. the 
use of a more active ribosome preparation. Finally, it 
should be pointed out that the binding of F-met-tRNA 
in the presence of GMP-PCP seen in Table 4 is rather low 
(36 per cent of that obtained with GTP). More recent 
preparations of f, have shown a normal level of activity 
with GMP-PCP, that is, 50 to 70 per cent of that obtained 
with GTP. The reason for this difference between GTP 
and GMP-PCP is being studied. 


Interpreting the Results . 

The clarity of the results shown in Table 4 allows us to 
conclude that when GMP-PCP is substituted for GTP, 
simultaneous binding of F-met- and val--RNA does not 
occur. In addition, it may be concluded that initiation 
factors (f, and.f,) actually inhibit the binding of amino- 
acyl-tRNAs in the presence of GMP-PCP. This aspect of 
our results is especially interesting, although the inter- 
pretation is unclear. We have begun an investigation 
of the mechanism by which initiation factors inhibit 
aminoacyl-tRNA binding, and have obtained some 
preliminary results. The first point that seems well 
established is that the inhibition of aminoacyl-tRNA 
binding is independent of F-met-(RNA binding. For 
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Table 4, BINDING OF P-MET-[RNA AND VAL-IRNA STIMULATED BY APU (DG) (pC n 
AND PURIFIED INPTIATION FACTORS 


#umoles of F-met- or val-iRNA bound 


Experiment le o Emet | Pa 

Enzymes added GTP GMP-PCP GTP GMP-PCP 
None 03 0: O-4 2 
(T+G) l 0-3 0-2 1-2 0-8 
(T+G}+f +f: (fraction IV) geg 0-8 2st 0-2 

Experiment 2b . Val 

Enzymes added Sane GEP GMP-PCP 
None ease og === 
(T +6) {8 Pi 2-5 
fit fa (fraction TV) 0-3 4 0-1 
Jı +f. (fraction TTI, contains P) 0-4 12-5 QS 


Binding experiments were conducted and assayed as described in the text. 

(a) Reaction mixtures contained, in addition to the usual components, 5 pe 
of(P+G), 59 goffi fraction D, or 14-4 ug of f, (fraction IV), as indicated, 

(b) Reaction mixtures contained, in addition to the usual components, 
oe (T+G), 10 xg of f, fraction D, 15 ug of f (fraction TID or 10 gg of fa 
(fraction IV), where indicated. 


example, the poly U-dependent binding of phe-tRNA in 
the presence of GMP-PCP is completely inhibited by 
initiation factors, even though F-met-/RNA cannot bind. 
The significance of these results is now discussed, 

In the preceding section we have shown that in 
suitable conditions both f, and f, are absolutely required 
for the binding of F-met-tRNA to ribosomes. As we 
pointed out, this result is not incompatible with previous 
reports in which only partial dependence on one of the 
factors has been observed!::13,15, for either of the factors 
by itself might stimulate weak binding which is stable 
enough to be observed by one assay technique but not 
by another. Nevertheless, these results do emphasize the 
fact that both factors play important parts in the binding 


process. 
We have also shown that T-factor is required for the 


binding of aminoacyl-tRNA, but not for F-met-tRNA, 
confirming reports from other laboratories!4:#*-1%,21, More- 
over, it has been demonstrated that in conditions where 
T-factor is absolutely required for aminoacyl-tRNA 
binding, it has no effect on the reaction of puromyein 
with bound F-met-tRNA. From this result it may be 
concluded that T-factor has nothing to do with peptide 
bond formation per se, but is only involved in the binding 
reaction. This is consistent with earlier evidence that a 
major site of T action is on the 30S subunit", 

Finally, it has been demonstrated that, in the presence 
of GMP-PCP and ApU(pG),(pU),,, F-met- and val-(-RNA 
eannot bind simultaneously to a ribosome. When T-factor 
alone is present, only val--RNA (and phe-tRNA) binds; 
when f, and f, are added to this system, onl y F-met-tRNA 
binds. This inhibition of aminoacyl-tRNA binding by 
initiation factors in the presence of GMP-PCP is probably 
not due to trivial reasons, for it is completely reversed 
when GTP is substituted for GMP-PCP. It has also been 
stated that prelifninary results indicate that the binding 
of F-met-(RNA is not required for the inhibition of 
aminoacyl-tRNA binding. 

It is not yet clear how these results are to be incor- 
porated into a model for the mechanism of initiation, A 
large number of such hypothetical schemes can be pro- 
posed which accommodate all the data. Nevertheless, it 
is of interest to point out that these results are consistent. 
with any of several models which incorporate the idea that 
there may be only one entry site on the ribosome (or 308 
particle) to which all species of charged {RNA must 
initially bind. From this point of view, the inhibition of 
aminoacy]-tRNA binding by f, plus f, might be regarded 
as a mechanism for ensuring that only F-met-(RNA can 
bind initially to the entry site, thereby preventing random 
or non-specific binding by aminoacyl-tRNA. This in- 
hibition would be relieved by the hydrolysis of the GTP 
molecule normally involved in the binding of F-met-1RNA. 

This model is consistent with other recent work from 
this laboratory, which demonstrates that F-met-tRNA 
binds initially the ribosomal site which is sensitive to 
inhibition by tetracyeline??. This site is thought to be 
equivalent to the A or entry site. 
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Optically Active Spirotriterpane in Petroleum Distillates 


by 
I. R. HILLS 


G. W. SMITH 
E. V. WHITEHEAD 


BP Research Centre, 
Sunbury-on-Thames, 
Middlesex 


Mosr petroleum geologists and petroleum chemists sub- 
scribe to the view that petroleum has a biological origin. 
This belief is supported in part by the optical activity 
observed in certain petroleum distillates', a property 
whieh is widely characteristic of biochemical systems. 
Several authors?-! have suggested that part of the optical 
activity in petroleum is related to the presence of hydro- 
carbons derived from naturally occurring steroids and 
triterpenes. These hydrocarbon types have been indicated 
to oceur in shales, some as old as 27x 10° yr’. Such 
hydrocarbons are important as biological markers, especi- 
ally as the lower molecular weight isoprenoid alkanes are 
of doubtful specificity for this purpose®’. 

A simple triterpane, gammacerane (Fig. 1), has been 
identified’ in an oil shale bitumen extracted from the 
Green River formation in Colorado, USA (Eocene, about 
52x 108 yr). The corresponding 38-elcohol has been 
isolated from a primitive ciliated protozoan’. 

The isolation of three pentacyclic triterpanes from a 
Nigerian crude oil (Miocene, e. 11-25 x 10° yr) has pre- 
viously been reported'*!!. The precise molecular structure 
of one of these, triterpane “E”, has now been established 
by X-ray crystallography, without the incorporation of a 
heavy atom into the molecule. The molecular structure of 
“HB? “which is not known to occur naturally elsewhere, is 
shown in Fig. 1. It melts at 259-5°-260-5° C (corrected. 
Kohfler block) and high resolution capillary-column gas- 
liquid chromatography on both silicone SE 30 and SE 52 
gum stationary phases showed that its purity was greater 
than 98 per cent. The specific rotation, [a]; + 218° + 2-0°, 
was measured on approximately 1 mg of sample. The 
nuelear magnetic resonance spectrum of the sample (Fig. 2) 
was taken with a Varian HA-100 instrument and a spec- 
trum accumulator. The molecule possesses eight methyl 
groups but the spectrum is too complex to allow other 
structural features to be deduced with certainty. 

Tests with tetranitromethane’* indicate that “E” ìs 
fully saturated and lacks a cyclopropane ring. The 
molecular ion at m/e 412-407 in the mass spectrum of 
“E” indicates that the compound is pentacyclic and 


The structure of a triterpane isolated from a Nigerian crude oil 
has been determined by X-ray crystallography. The structure could 
have arisen from a natural triterpene through a molecular re- 
arrangement induced under the conditions of petroleum evolution. 


confirms that it is a triterpane, related to one of the tri- 
terpenes which are widely distributed in living ogemsms™?, 

The mass spectrum of “E” allows few certain corn- 
clusions to be drawn as to its precise molecular structure. 
Djerassi et al.“ and others’’:'* have discussed the mass 
spectra of the triterpenes and related systems and shown 
that triterpane spectra contain prominent fragment peaks 
at m/e 109, 123 and 137, and that there is often an intense 
fragment at m/e 191, formed from either the A and 
B rings, or from the D and E rings of the triterpane 
molecule. Our own work confirms the presesce of this 
intense fragment in the mass spectra of lupane, gamme- 
cerane, hopane, moretane, taraxerane and lupane-I 
(Fig. 1). In all these spectra the fragment at mje 19 
(the most intense fragment in each case) may be pro- 
dueed from both ends of the molecule, the eoincidence 
of the two fragments producing the observec intensity. 
Wulfson et al.!® indicate that the fragments at m/e 109, 
123 and 137 may be derived by further degeneration of 
the fragment at m/e 191. The mass spectrum of “EP 
(ref. 10) contains a fragment of only moderate mtensity 
at m/e 191, formed very probably from only one end of the 
molecule. The intense fragments at m/e 109, 123 and 
137 suggest reinforcement from a f ragile A and B (or D 
and E) ring system. 

X-ray crystallography seemed to be the only remaining 
way of determining the molecular structure of “E” and, 
because there is no reliable method of introducing è heavy 
atom into a saturated hydrocarbon of this type. the 
structure had to be determined without one. 

A full description will be presented elsewhere but, 
briefly, triterpane “E” crystallized in the monochnic space 
group C2, the cell parameters were a= 11-055 + 0-005 A, 
b= 7-766 +0-005 A, ¢= 30-03 + 0-01 A, and @= 96° 40°45". 
About 1,700 independent reflexions were estimated 
visually and used to calculate a sharpened Patterson 
map. This map revealed the existence of four six-merm- 
bered rings, with chair configurations, trans-fused to one 
another. Trial structures in the (100) and (010) projections 
showed that the fifth ring was clearly different and that 
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its plane was at right angles to that of the other four. 
Refinement of many three-dimensional trial structures 
eventually established the positions of all of the meth yl 
groups and revealed the form of ring A, with its spiro 
junction to ring B. Isotropic and then anisotropie refine- 
ments have now reduced the R value to 14-9 per cent 
and defined unambiguously the precise molecular structure 
of this new petroleum triterpane. $ 

Triterpane “E” has been tentatively designated 
1(10-+5)ab20-38-methyl-248-nor-18-x-oleanane, according 
to the proposals of Barton". 

The structure of “E” bears a strong skeletal resemblance 
to the oleanane series of natural triterpenes which are 
very widely distributed in the plant kingdom'*. Some 
muthorities'®*3 have proposed that the 18-«-oleanane 
skeleton may be a key intermediate in the biosynthetic 
pathway from squalene to a wide variety of natural 
triterpenes. Indeed, oxyallobetul-2-ene (Fig. 1), one other 
triterpene of known configuration, which has been identi- 
fied in petroleum™, is also related to 18-z-oleanane. Under 
acidic conditions many triterpene interconversions have 
been shown to take place; for example, lupane derivatives 


TARAXERANE 








LUPANE-1 
+ 


OXYALLOBETUL~2-ENE 


SPIRAN FORM OF 
$ $o i x +, oy A a 
+, 4+~DIMETHYLCHOLESTAN-3-~ONE 


Triterpene systems. 


can rearrange to systems which include oxyallobetul-2- 
ene*® while friedelane derivatives which have been identi- 
fied in brown coal?! are intereonvertible with those of the 
oleanane series*?. The reversion of many naturally occur- 
ring triterpene systems to an 18-g-oleanane skeleton 
under conditions of acid catalysis appears to be a reversal 
of the biosynthetic routes, 

Strong acids readily catalyse the skeletal rearrangement 
of many triterpene systems. Schleyer et al.%, using Lewis 
acid catalysts under mild conditions, has demonstrated 
the rapid conversion, in good yield, of natural di terpenes, 
cholesterol and even cholestane, to adamantanes. Adam- 
antane, its alkyl derivatives and related systems are found 
in crude petroleum”? but not apparently in living organ- 
Isms, 

Although no triterpene containing a spiro A: B ring 
junction, as does “E”, has been found in contemporary 
plants, triterpenes with this skeletal form may possibly 
have existed in primitive plant forms, now extinct, from 
which crude oil may have been derived. But if during 
petroleum evolution conditions exist which induce the 
isomerization of triterpenes such as those found in present 








< “‘penoids with an epoxide function, admittedly not a C,-C,, 
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Fig. 2. Triterpane “E” NMR spectrum after sixteen scans — Varan HA- 
100, (By courtesy of Varian Associates, Walton-on-Thames.) 


day plants, then there is an alternative explanation for 
the structure of “E”. 

Triterpane “E” seems to be directly related to the 
18-x-oleanane system and might be formed from a 
naturally occurring triterpene of similar structure. The 
transformation to “E” would include a 1: 2 shift of the 
8-(axial) methyl at C, to the 8-(equatorial) position at C,. 
In naturally occurring triterpenes this latter site is often 
occupied by an oxygen function. Another step in the 
transformation would involve migration of the C,—-C,, 
bond to C, to give the spiro junction between rings A and 
B at C,. The available evidence suggests that these 
rearrangements involve the formation of one er more 
double bonds in rings A or B**-3*, Ech of these steps 
has been demonstrated in steroid and in triterpenoid 
systems*!/33.34, Halsall and his co-workers®* have identified 
“spiranized” products (Fig. 1) very similar to “E”, pro- 
duced during the boron trifluoride initiated rearrangement 
of 52x,62-epoxy-4,4-dimethylcholestan-3-one. Essential 
features associated with the rearrangement appear to be 
the -epoxide ring system of the molecule and the keto 
group at C, The work of Janot et al. on alkaloids 
ane, a Row and ae studying the acid trea tment of 
aces Spia nization of the As B ring TAREN even “if 
these features are absent. Examination of a Dreiding 
model of “E” reveals that the 2-face of the spiran form is 
severely hindered, and he Saas should be sila ae 
Cy a- (equatorial) with rapet 46 ring B. 

3-Ketotriterpenoids are quite common in the plant 
kingdom, especially in the more primitive divisions’; 
taraxerone (3-oxo-D-friedo-olean-14-ene*”?) has been re- 
ported in the Bryophyta and friedelm (3-oxo-D:A- 
docleanane) among the Thallophyta, while triter- 





are known among surviving Pteridophytes. 












Work of Zobell and others®*-4° has shown that acidi 
reducing conditions exist in recent sediments, the p: 
sumed source of much of the organic matter w 
ultimately becomes petroleum. Such conditicns may 
suitable for the skeletal transformation of triserps 

These observations are a preliminary attemp to el 
the process of petroleum evolution through the stud 
the structural information latent in the more com 
biological markers of fossil fuels. The identzfice 





ation of- 
the precise molecular structure of three other. triterpanes 
that we have isolated from Nigerian crade oilssappears to 
be feasible with X-ray crystallography. Such mformation 
could add considerably to our knowledge of the processes 
involved in petroleum evolution. Other triterpanes 
analogous in structure to the triterpenes known m living 
systems, such as gammacerane*®, may await identification 
in fossil fuels. 

Experimental evidence is needed for the transformation 
of natural triterpenes under the presumed conditions of 
petroleum genesis. The extent to which these compounds 
are modified by reaction with alumina must also be 
examined. There is no suggestion that alumina, widely 
used in separation schemes, can affect a fully saturated > 
hydrocarbon, but there is little doubt that. conditions oe 
exist during standard isolation procedures of Hance | 
for Pome aan w hich may involve a Serer e 











distillate Paction beter separation © on alga na. 

If triterpane “E” is indeed formed during petroleum 
evolution by the acid catalysed rearrangement of a natural 
precursor, the possibility that an individual petroleum 
might be related to the flora from which it originated, as 
we originally suggested’, becomes much less: likely. 

We thank Dr T. G. Halsall for helpful discussion of the 
triterpane rearrangements. 
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Palaeozoic Palaeomagnetism 
by 
K. M. CREER 


Department of Geophysics and Planetary Physics, 
School of Physics, 
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Uxress the traditionally accepted palaeogeographic re- 
constructions such as Wegener's! and du Toits? are 
completely invalid, the vast majority of palaeornagnetic 
poles computed from the remanent magnetism of European 
and North American Lower Palaeozoic rocks are anoma- 
lous*4. The palaeomagnetism of Lower Palaeozoie rocks 
can only be related to the geomagnetic field of that age in 
terms of (a) hypotheses which postulate large scale drift 
of Laurasia relative to Gondwanaland following a pat- 
tern? for which there is no geological evidence or (b) hypo- 
theses which suppose that large but unspecified non- 
dipole components then existed. 

Hypotheses such as these, which have many degrees of 
freedom, can always be tailored to fit even the most 
complex sets of observations, but they are of doubtful 
value. While the role of the hypothesis in scientific pro- 
gress is partly to tie together the results of experiments 
already done, a hypothesis can really only be judged 
worthwhile if it can be used as a basis for deciding which 
new experiments should be done. From the results of 
these experiments, the hypothesis may then be verified, 
modified or refuted. Further new experiments may be 
suggested, and so on, step by step. 

By this test, the following remagnetization hypothesis 
is preferred to either (a) or (b) stated in the first paragraph 
as a working hypothesis to help advance our understand- 
ing of palaeomagnetic data. In a recent synthesis of world 
wide data® 4 I argued that the traditional reconstructions 
of Laurasia and Gondwanaland are approximately correct. 
I further argued that they are consistent with published 
palaeomagnetic pole positions when due recognition is 
taken of the possibility that some rock formations 


Thus, while it is accepted that the 
reliability of a palaeomagnetic pole position may be 
established by a variety of laboratory or field stability 
tests of the remanent magnetization, it is stressed that 
the evidence on which geological age is allotted is often 
comparatively weak. 

While most students of palaeomagnetism realize the 
importance of remagnetization, they usually assume it 
can be treated satisfactorily by a.c. or thermal cleaning. 
Some few accept that highly stable seeondary components 
may occasionally have been found, but few indeed accept 
that throughout large continental sized areas the dominant 
stable component is of secondary origin. 


Palaeogeographic Reconstruction 


Nevertheless, in order to deduce from palaeomagnetism 
a palaeogeographie reconstruction it was found necessary 
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Recent Soviet data support the hypothesis that the Lower Palaeozoic 
rock formations of the United States, Europe and Russia were 
severely remagnetized in the Upper Palaeozoic. 


to accept that nearly all Lower Palaeozoic rocks from 
Europe and North America had been strongly remag- 
netized in the Upper Palaeozoic. The main difference 
between the reconstruction? so obtained and the tradi- 
tional ones is that, in the former, Laurasia is separated 
from Gondwanaland by a right lateral shear along the 
line of the Tethys instead of being joined together at the 
eastern shelf of the USA and the Atlantic shelf of north- 
west Africa so as to form Wegener’s single supercontinent, 
Pangea. Moreover, as is shown in a paper”, even this 
discrepancy between the palaeomagnetie and traditional 
reconstructions is resolved when the palaeomagnetic 
results are updated. 

The deduction followed that the south pole wandered 
across Laurasia and Gondwanaland during the Palaeozoic 
(or equally that these two supercontinents drifted across 
the south pole). In the Lower Palaeozoic the south pole 
seems to have been in the vicinity of north-west Africa, 
in the Middle Palaeozoic in Bechuanaland and in the 
Upper Palaeozoic off the coast of Natal. Briden® has since 
arrived at a similar though somewhat more elaborate 
conclusion as far as the Gondwanie continents are con- 
cerned. 

The remagnetization hypothesis arose? from the dis- 
covery of an apparently anomalous Lower Devonian 
(405 million yr) north pole in the vicinity of New Guinea, 
first from palaeomagnetic studies on the Midland Valley 
lavas of Scotland’ and second from thermal demagnetiza- 
tion experimentseon the Lower Old Red Sandstone lavas 
of South Wales*-*. Having accepted this (quite reluctantly 
at first) as the true Lower Devonian pole, the palaeomag- 
netic reconstruction described here was deduced. But it 
then became necessary to explain how the now widely 
accepted Devonian pole position, originally deduced from 
measurements of the dominant magnetization component 
of the Old Red Sandstone formation’, was subsequently 
apparently verified by palaeomagnetic measurements on 
so many other Devonian roek formations from Russia, 
Europe and the USA (ref. 11, for example). 


Remagnetization Process 


It is obviously necessary to explain why Lower Palaeo- 
zoic rocks from parts of Laurasia were remagnetized while 
rocks of the same age from Gondwanaland were not. It 
is pertinent, first, to say something of the processes 
involved. Many of the rock formations used in palaeo- 
magnetism contain iron oxides of secondary origin. These 
have been formed by the dehydration and oxidation of 
iron hydroxides and oxyhydroxides. The various stages 
in the dehydration and oxidation of the various forms 
(a. 8, y and 8) of iron oxyhydroxide to produce magnetite, 
maghemite and haematite are well documented!?. Further- 
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Fig, 1. 


more, Hedley" has recently produced chemical remanent 
magnetization in synthetic samples, having carried out 
some of these chemical reactions on ambient fields no 
stronger than the Earth's. 

Laterization, one of the relevant chemical reactions, 18 
confined to the tropical zone at the present time as 
shown by Fig. L Also, many rock formations from tropical 
countries, such as the Passagem, Picos and Pimenteira 
formations of Devonian age from north-east Brazil, have 
been almost completely remagnetized in the normal or 
reverse sense of the present axial dipole field m Recent 
geological times'*, This secondary component of magnet- 
ization is highly stable. Thus the processes of chemical 
magnetization which have been invoked to explain the 
pattern of Palaeozoic palaeomagnetic pole positions have 
been shown to work in the laboratory and seem to have 
taken piape in Recent geological times. 

In the Palaeozoic the distribution of continents on the 
Earth's surface was quite different from today. Fig. 2 1s 
a photograph of part of a globe on which the distribution 
of the continents as deduced from palaeomagnetism has 
been painted>®t, The latitude-longitude grid shows 
Carboniferous latitudes, Note how North America, Europe 
and Russia, the very parts of Laurasia from which the 
vast majority of palaeomagnetic data from that super- 
continent are derived, were situated at low latitudes. The 
continents which formed parts of Gondwanaland (not 
visible in Fig. 2) were situated at higher latitudes. The 
same general situation existed in the Perrman, when the 
environment was favourable for the formation of red 
beds on a seale never since repeated. Thus the chemical 
reactions whieh have been invoked to account for the 
secondary magnetization may well have occurred with 
greater vigour and in a broader zone of low latitude in 
the Permo-Carboniferous than they have done in Recent 
times. 


Remagnetization Hypothesis tested 

This evidence, however convincing, remains largely 
circumstantial. It is difficult to prove whether or not rock 
formations have, in fact, been remagnetized. Storedvedt 
and Gjellestad maintain that thermal demagnetization 
experiments on Devonian Red Sandstones from Norway 
have failed to reveal evidence of a Devonian N. palaeo- 
magnetic pole near New Guinea. Nevertheless, two palaeo- 
magnetic surveys of the Midland Valley lavas of Scotland. 


Present distribution of lateritic soils and Terra Rossa. 


carried out independently (ref. 16 and a paper by E. W. 
McMurray read at the 1968 NATO Palaeoge sophysies 
Conference at Newcastle). confirm Stubbs’s evidence of 
this. So the matter is unresolved and it is advantageous 
to continue the argument on fresh grounds. 

The remagnetization hypothesis predicts that Lower 
Palaeozoic rocks from regions which then oeeupied high 
palaeolatitudes would not have been remagnetized. In 
particular the parts of Laurasia from which we are led to 
expect we should find “elean” Lower Palaeozce rocks are 
the eastern USSR and China and Alaska. “The 30° N 
parallel of latitude passed approximately through the 
present Alaska~Canada boundary and in the © ISSR to the 
east and somewhat obliquely to the lne o° the Urals 
running from the Yamal peninsula in the north to Lake 
Baikhash in the south. Vladivostok and the tip of the 
Kamchatka peninsula were at 70° N. 








Fig. 2. The Laurasian continents in the Carboniferous aa deduced fram 
palaeomagnetism. Meridians and parallels are at HP untervals. In 
addition the 85° parallel is shown (see refs, 3 anc dh 
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Fig. 3. North polar wandering curves for Europe. The broken line 

connecting poles 2 (Cambrian) and 5’ (Devonian rocks presumed Car- 

boniferous magnetic age) is the original curve (see ref. 21), The dotted 

line joining pole 5 (Devonian) to pole 5’ is the modified curve (see refs. 3, 

4,22 and 23), The poles shown as open stars are for the eastern part of 

the USSR. Pole 2 is Cambrian, pole 3 Ordovician and pole 4 Silurian 
{see Table 2), 


There are no rehable Palaeozoic palaeomagnetic data 
for China (see ref. 11). Several papers on the palaeo- 
magnetism of Palaeozoic rocks from the eastern USSR by 
Soviet authors have, however, recently been translated 
into English. The most important of these are by 
Khramov, Rodionov and Komissarova" and by Rodionov®. 
The former, in their Table 1, note that the positions 
of Lower Palaeozoic poles for the eastern parts of the 
USSR differ significantly from those for the European 
parts of the USSR. The latter pole positions agree with 
those for meso-Europe!® (but not Czechoslovakia? 


ste eee 


ent saan snare nnn amt ay ee 





Fig. 4. USSR Triassic poles. Refs. and sampling site coordinates: pole 

= §-14 (38° to 562° E., 48° to 59° .N.), b= 8-20 (88° to 114° E., 63° to 66° 

N.), c= 8 21 (108° E., 75° N.), d=8-25 (101° E., 71° N.), e = 8-46 (115° E., 

40° N.), f= quartz sandstones, ref. 24 (183° E. ?? N.). See ref. 11, 
unless another reference is given. 
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Table 1. REY TO IDENTIFICATION OF POLES 
Identifying symbols Geological age 
Cambrian 
Ordovician 
Silurian 
Devonian 
Carboniferous 
Permian 
Triassic 
When the number indicating the geological age is primed, the magnetic 
age is younger, probably Permo-Carboniferous. For example, 5’ indicates 
Devonian geological age and Permo-Carboniferous magnetic age. 
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which like Spain and Italy may have been part of the 
Tethys mobile belt). The explanation, put forward in a 
qualitative sort of way by both western and Soviet 
authors, has been that the two parts of the USSR were 
separate continents in the Lower Palaeozoic and that they 
later became welded together, presumably along the 
line of the Urals. 

The essential point made now is that it is not necessary 
to invoke such an episode of drift because the latest 
Soviet palaeomagnetic poles for the eastern parts of the 
USSR fall on the new European polar wandering curve 
which has been modified taking account of my remagnetiza- 
tion hypothesis. 


Table 2, STATISTICS OF MEAN PALAKOMAGNETIC POLES FOR THE LOWER 
PALAEOZOIC PERIODS OBTAINED FROM SITES IN THE EASTERN PARTS OF THE 
USSR PLOTTED IN FIG. 3 


No, of Position of 
Period poles Palaeomagnetic 6 í 
averaged N. Pole 
Silurian 3 1388°3° E. 22-8° S, 5O-R° _ 
Ordovician 9 128-9° E. 273° 85, 9-2° 5-9? 
Cambrian 6 130-7° BE. 38-6° 8. 18-0° 152° 


Note: Silurian: average of poles (d), (f) and (g) from Fig. 8. Ordovician: 
average of all nine poles from ref. 19in Fig.9. Cambrian: average of pole (c), 
the four poles from ref. 19 and pole (e) from Fig. 10. ô: Angular standard 
deviation, a: 95 per cent circle of confidence. 


Fig. 3 shows the original and the modified north polar 
wandering curves for Europe for Phanerozoic time. The 
continuous line, connecting poles 5’, 6, 7, 8 and 11 (see 
Table 1 for key) to the present north pole is common to 
both curves. The 1954 curve?! is continued as far back as 
the Cambrian (pole 2) as a broken line. Originally pole 
5’ was taken to be Devonian®*; it has since been argued it 





Refs. and sampling site coordinates: 
pole a= 7°31 (45° to 54° E., 58° to 61° N.), b= 7-34 (55° E., 57° N.) e= 
7:37 (55° E., 57° N.), d= 7-38 (38° E., 48° N.), e= 7-39 (102° E., 72° N.), 


Fig. 5. USSR Permian poles. 


J=757 (P E, P NO, g=7-58 (117° EL, 36° N), A= 7-59 (103° E., 

30° N.), i= Yuzagal and Kaiuzina suites, ref. 24 (~ 133° E., 45° N.) 

See ref. 11 unless another reference is given. Poles g and } are considered 
unreliable in ref. 11. 
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might be as young as Permo-Carboniferous*:*. The modified 
curve, shown as a dotted line, goes back as far as the 
Lower Devonian (pole 5). In Table 2 are listed Silurian, 
Ordovician and Cambrian poles (numbered 4, 3 and 2 
respectively) computed from recent Soviet papers. These 
poles, plotted as stars in Fig. 3, fall near Australia, at the 
end of my modified European polar wandering curve. 


Soviet Palaeomagnetic Data 


It may be asked whether there is any evidence of Lower 
Palaeozoic poles near Australia in earlier Soviet publica- 
tions. To answer this question, a search was made. In 
Figs. 4-10 all the Soviet data found are listed and plotted. 
The poles are either identified with Irving’s™ reference 
numbers or for more recent data the source reference is 
given. This reveals that some data are repeated and here 
only one of the sources is referred to. In Figs. 4-10 the 
poles are identified by a lower-case letter, care having been 
taken to avoid duplication. Adequate references are 
given in the captions to these figures. 


ote = 
i 
j 
i 
i 
í 
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Fig. 6. USSR Carboniferous poles. Refs. and sampling site coordinates: 
Pole a = 6-42 (38° E., 48° N.), 6=6-46 (84° E., 59° N3, c=6:-47 (57° E.. 
54° N.), d=6:°55 (91° B., 54° N.), e= Gzhelian stage, ref. 25 (37° E., 55° 
N.), f= 6°70 (92° E., 55° N.), g=Osko Serpukov beds, stage Cl, ref. 26 
(~ 38° E., 48° N), A=red deposits, base of stage Cl, ref. 26 {~ 38° E., 
48° N.), t= “upper and middle Carboniferous mearf’, ref. 17, 7 = "Lower 
Carboniferous mean”, ref. 17. See ref. 11 unless another reference is 
given. Note that pole e calculated by Andreeva”? differs from the pole 
for the same formation recalculated by Irving. 


The following observations are made. 

(i) The poles are distributed in an elongated area, running 
from Kamchatka (Triassic poles) southwards to Australia 
(Cambrian poles). 

(ii) The Triassic and Permian poles, with few exceptions, 
form compact groups lying just to the east of Japan. The 
exceptions are Triassic poles (e) and Permian poles (g), (A) 
and (4). All these poles are from China and reasons why 
they should be considered unreliable are given by Irving?’. 

(iii) The Carboniferous poles are again fairly well 
grouped, the mean lying possibly just to the south of the 
Permian mean. Pole (A), obtained from beds from the base 
of stage Cl, that is from the base of the Lower Carboni- 
ferous, is notably south of the main group of Carboniferous 
poles. 

(üv) The Devonian poles are more spread out. Most of 
them lie m the area occupied by the bulk of the Carboni- 
_. ferous poles. One of Vlasov and Aparin’s poles (g) and 
. Popova’s pole (d), however, he much farther south, not 
far from our suggested modified Lower Devonian pole 








Fig. 7. USSR Devonian poles. Refs. and sampling site coordinates are: 
Pole a= 5-10 (38° E., 59° Nh 6=5-16 (25° EL, 49° ND), ¢- 5-31 (08° E 
56° N.), d=5-31 (93° E., 56° NU, d= 4-41 (03° E., 56° Np ¢= 5-39 (74° E, 
48° N.), f= Okler Series®” (93° to 95° E., 55° to AB’ N.}, ge Minusinsk” 
(92° B., 54° to 55° NO}, k=‘‘European USSR combined”). See ref. 11 
unless another reference is given. Note: pole fis a principal pole of a 
reversing sequence. Pole 5-40, ref. 11 (not plotted) is another estimate 
of pole f. 


position for Britain®. This distribution of poles is “con- 
sistent with the remagnetization hypothesis. 

(v) Silurian poles (a), (5), (c) and (e) are caleulated from 
rocks collected from sites west of present longitude 70° E. 
and which therefore occupied latitudes lower than 30° N. 
in the Carboniferous. These poles are just to the south of 
the main Carboniferous group of poles and this is consis- 
tent with the suggestion that these rock formations have 
been remagnetized. Poles (d) and (g) from eastern USSR 
lie well to the south and are considered to represent the 
true Silurian geomagnetic field. Pole (f) from China is 
again considered unreliable by Irving". 





Refs. and sampling site coordinates are: 
pole a = 4-04 (25° E., 49° N.J), b = 4-05 (66° E, 67° Nj, e= 4°06 (~ 60° EL, 
65° N), d=4-07 (116° E., 61° NO, e= “European USSR combined’, 


Fig. 8, USSR Silurian poles. 


f=4-08 (97° E, 40° NL), g=4-14 (+ 90° B., 2° N.) 
where another reference is given. 


See ref. 11 excepi 
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(vi) The Ordovician poles from western USSR, poles (b), 
(c) and (2), lie in the area occupied by the Carboniferous 
poles. The exception, poles (a), are derived from igneous 
rocks. The separation of these two poles, computed from 
the same formation, is probably partly due to the fact that 
one is computed from collections of rock from two sites 
only and the other from one si ngle site. Hence they are 
virtual poles rather than palaeomagnetic poles in that 
secular variation has not been averaged out. It is thought 
that, with adequate sampling, this formation would give 
a rehable Ordovician pole. The poles computed for 
formations from eastern USSR again lie well to the south 
of the Upper Palaeozoic pole area and form a compact 
group near Australia. 

(vii) Cambrian poles (b), (c) and (d) form a group to the 
south-west of Australia. Poles (e) and (f) are mean 
positions taken from Khramov et al.7, but unfortunately 
they do not reveal the sources of the data they used. Pole 
(a) is for the European part of the USSR. 


Conclusions 

This information suggests the following conclusions. 

(1) Palaeomagnetic studies on Lower Palaeozoic rock 
formations from the eastern parts of the USSR yield 
poles which lie on a continuation of the modified polar 
wandering curve for Europe®t??, and not on the originally 
deduced curves, 

(2) The pole positions deduced from palaeomagnetic 
studies of Lower Palaeozoic rock formations of the USA 
and Europe are consistent with an Upper Palaeozoic 
magnetic age. 

(3) Poles computed from palaeomagnetic studies on 
Lower Palaeozoic rock formations from the whole of the 
USSR are distributed in a reetangular shaped area 
stretching in its long direction from western Australia 
northwards to the south and east of Japan. Poles com- 
puted for Upper Palaeozoic rock formations lie in the 
northern part of this area. This observation indicates that 
the magnetization of some of the Lower Palaeozoie rock 
formations was acquired in the Upper Palaeozoic. 

(4) The remagnetized Lower Palaeozoic rocks from the 
USSR come from the western parts of the country where 





Fig, 9, USSR Ordovician poles. 
are: pole a = 3-02 and 3-03 (26° E., 51° N.), b= 3-01 (80° E., 60° N.J), c= 
3:04 (57° E., 54° N.), d=3-05 (~ 105° E., 60° Nd, e= mean of stage 03, 
ref, 18 (103° to 118° E., 57° to 60° N.), f=mean of stage 02, ref. 18 (108° 
to 118° E., 50° to 60° N.), g= mean of stage OL, ref. 18 (104° to 118° B., 
57° to 60° N.), A= “Siberia combined”, ref. 17, i=“ European USSR 
combined”, See ref. 11 except where another reference is given. 


Refs. and sampling site coordinates 


1968 
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Fig. 10, USSR Cambrian poles. Refs. and sampling site localities are: 

pole a= 2-15 (25° E., 49° N.), b= 2-16 (116° E., 61° N, hes 2-28(~110° E. 

587 N.), d= mean of stage Cm 3, ref. 17 (102° to 108° K.. 54° to 58° N ei 

e= “Siberia combined’, f=<*‘European USSR combined’. See 
ref, 11 unless another reference is given, 


the Upper Palaeozoic latitudes were low. The rocks which 
give Lower Palaeozoic magnetic directions come from the 
eastern parts of the USSR where the Upper Palaeozoic 
latitudes were high (Fig. 2). 

(5) A few Lower Palaeozoic rocks from Europe and the 
USA” have retained magnetization dating from the time 
of their formation. 

(6) It is not necessary to invoke a displacement of the 
eastern part of the USSR relative to the western part of 
the USSR to account for the different palaeomagnetic 
poles deduced from their Lower Palaeozoic rock formations. 
Received April 23; revised May 8, 1968, 
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LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 


Nature of an Ultraviolet Object in 
Sagittarius 


We have obtained a widened spectrogram (April 
1968, dispersion 180 A mm-t) with an image tube spectro- 
graph of the intense ultraviolet object identified with the 
X-ray source GX3+1. In this communication we refer 
to this object as GX3+41. Its magnitude and colours are 
V=13-4, B-V=+1-0, U-B= —0-9. Very broad emission 
lines in its spectrum have been reported previously (com- 
munications from V. Blanco ef al.). Fig. 1 is a linear 
microphotometer record of the spectrum of GX3+1. It 
shows many very broad emission bands (average width 
130 A at half-intensity); these come from high excitation 
lines of He II, O ITI-VI, and C IH-IV. Table 1 gives 
their measured wavelengths, identification, widths and 
equivalent widths. There is evidence for a mean velocity of 
about —1,000 km s~, but this is difficult to estimate 
because the emission features are so broad and are mostly 
blends of several lines. There are no broad Balmer lines; 
the sharp lines of [O IHT] and Ha come from nebulosity 
in which the object is embedded, and give some idea of 
the instrumental profile. 

The spectrum is quite unlike that of the Sco X-I 
optical candidate’. It has, however, features m common 
with the central star of the planetary nebula NGC 5189, 
which has been suggested as an optical identification for 
the X-ray source Cen XR-2 (ref. 2). A spectrogram, 
taken by L. Searle, of this star shows that it has much 
narrower emission lines (about 40 A wide) than GX3+ 1, 
and that it has a Wolf-Rayet type spectrum. The 
classification of this star is made difficult by the super- 
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Table 1. MEASURED WAVELENGTHS, IDENTIFICATIONS, 
EQUIVALENT WIDTHS 
Width BEW. 
A Identification (A) (A) Xotes 
3820 O VI 381i ~— —  iutside region of good Tock 
38334 3 
$535 He TT 4542 130, 
C TE 4516 | 
CIV 4541 ! 
O V 4520 \ 
O VI 4499 ” 362 
4077 He Il 4686 i105 i 
C TH 4650 | 
C IV 4660-85 
4950 O V 4925-40 120 22 Blended with mebular lines 
DUSO € FV 5093 70 aan 
5293 C JH 5273 8&4 60 
O TV 5305 
G VI 4291 
5501 O IFI 3592 130 m4 
O V 5571-604 
O VI 5602 
5799 C IV 3801 180 127 
5812 
6049 7 m ae HEE text 
Gis] He Ti 6171 145 64 
C Li] 6155 
6206 
C IV 6150 
6516 He H 6560 207 $47 


C IV 6560 
Q V 6460-6500 


imposed nebular spectrum, but the line ratios and widths. ae 


correspond to a class between WCT and WCG. An Uppsa 
Schmidt plate taken in 1960 shows that any brightness — 
variation of GX3 + 1 since then is less than 902, Recent. 
plates show no short-term variability of the object. a 

The galactic coordinates (H = 2°-5, bU = 1°-3) of GAS +1. 
suggest that it is a galactic object. We assume this is 
correct. It then has some of the broadest lines known in 
galactic emission line objects; the line widths are corn- 
parable only with those of some N-galaxies and super- 
novae. The high excitation and extreme line widths 
mean that GX3+ 1 is not one of the more common emis- 
sion line objects; in particular, it is not an cid nova, as 
Seo X-] may be. It seems that GY3+ 1 is an extreme 
Wolf-Rayet (WR) star, or possibly a supernova; it has 
spectral features in common with both. 

Zwicky? describes the spectra of type | supernovae. 
These have no Balmer lines in emission, and show many 
broad bands near the features of Fig. 1, with ime widths 
of the same order. In particular, there are emission bands 
near wavelengths 3820, 5290, 5590, 6180 and 65106 A 
common to GX3+ 1 and type I supernovae between 10 and 
200 days after maximum. Although it is most unlikely 
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Linear microphotometer record of spectrum of GX3 +1. 
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that GX3+1 is a distant type I supernova, because of 
its apparent lack of variability and the low frequency of 
occurrence of these supernovae, their spectral similarity is 
remarkable. (Note that the magnitude and colours of 
GX3+1 are not clearly inconsistent with those of a 
distant reddened supernova seen more than about 150 
days after maximum.) 

Tt has been suggested! that some WR stars are X-ray 
sources. All but one of the emission bands in the spectrum 
of GX3+1 may be identified with blends of the usual 
high excitation lines of the WC sequence; this one band 
near 6049 A sometimes appears in WR stars and in super- 
novae, and is found in the spectrum of NGC 5189, but is 
not identified. If GX3 +1 is a WR star, then extrapolation 
of the line ratio and line width classification. criteria! lead 
to the consistent classification WC4. The object is then 
the most extreme WC star known. The identification of 
GX3+1 with a WR star is consistent with the known 
galactic distribution of these stars. 

To estimate the probability of a chance coincidence of 
the X-ray source GX3+1 with a WR star, we study 
the frequency of WR stars brighter than l4 in the 
interval |b] <2°-0, 300° </1<30°. Using the catalogue 
the and completeness estimates by Smith? we find that 
only 0-032 WR stars of any type are expected inside the 
error circle of radius 17’ assigned to the X-ray source 
by V. Blanco et al. This, and the extreme nature of the 
star described here, add weight to the identification of the 
optical object with the X-ray source. _ 

We can estimate the electron temperature of GX3+1. 
For the WC7 star HD 192103, the electron temperature 
derived from the Pickering series of He II is about 
25,000 °K (ref. 8). This is in good agreement with the 
temperature deduced directly from the line widths, if we 
assume that these widths are due to electron scattering. 
If we further assume that this agreement holds for other 
WC stars, then the corresponding electron temperature 
for GX3+1 is about 2 x 108 °K. 

We now estimate the distance to GX3+1 from the 
optical reddening and from the observed X-ray flux. 
(i) If the continuum colour temperature of GX3+1 is of 
order 10° °K, then the continuum B-V ~ —0-45. The 
observed B-V, corrected for line emission, is +1-15, so 
the colour excess £(B-V)= 1-60. GX3+1 is immersed in 
nebulosity and lies almost in the galactic plane and in 
the direction of the galactic centre, so the mean ratio of 
total to selective absorption, R= Ae/E(B-V), probably 
hes between 3 and 4. If GX34+1 is a WC star, then its 
absolute magnitude is probably between —5 and —6 
(ref. 9). This leads to a distance of about 5+2 kpe. 
(ii) Bless, Fischel and Stecher* describe a WR model in 
which the envelope around the star interacts with metter 
ejected from the star to produce a hot (107 °K) plasma, 
which is the source of the X-ray emission. They derive 
a simple equation for the observed X-ray flux as a function 
of the stellar parameters and the interstellar density. We 
use this equation to calculate the distance of GX3+ 1. 
The observed X-ray flux is 4x 10° ergs cm s~! in the 
energy interval 1-5-6 keV (communication from H. Bradt 
et al.). If we assume an ejection velocity of 1,000 km s-}, 
consistent with the observed welocity, the inner radius of 
the X-ray emitting region to be 10 Ro (ref. 4), a mass 
loss rate of 106 Mo yr? and an average interstellar 
density of 1 atom em in the line of sight, then the 
observed flux again implies a distance of about 5 kpe. 
This is uncertain by at least a factor of 2 for two reasons. 
(a) At this distance there is significant X-ray attenuation 
by the interstellar medium and, although this has been 
incladed in the calculation, the derived distance is then 
sensitive to the assumed interstellar density. (b) The 
calculated distance is roughly prcportional to the ratio 
(mass loss rate)/(ejection velocity), which is uncertain. 

We conclude that the optical object identified with the 
X-ray source GX3+ 1 is probably an extreme WR star, 
at a distance of order 5 kpe. There is independent 
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evidence‘? that some WR stars emit X-rays; we hope 
that this discussion adds to the evidence. 
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XUV and Soft X-ray Spectra 
of the Sun 


AN attitude stabilized! Skylark rocket was successfully 
launched from Woomera, S. Australia, at 05.27 UT on 
March 20, 1968. Included in the rocket experimental 
payload were two grazing incidence spectrographs? from 
the Astrophysical Research Unit at Culham Laboratory. 
The wavelength ranges covered by the spectrographs were 
(A) ~12 Ato 70 A and (B) ~140 A to 500 Å and both 
instruments carried thin (¢~600 A) aluminium filters? 
over the entrance slits to exclude the intense longer wave- 
length ultraviolet and visible radiation. 

Instrument 4d was fitted with a Hilger and Watts 
master grating, having a concave radius of curvature 1 m, 
ruled in gold with 576 grooves mm“! and a blaze angle of 
15°. The grating was operated at a grazing angle of 
incidence of 2° 28’, Instrument B used a master grating 
ruled at Johns Hopkms University, radius 1 m, gold 
coated, 600 grooves mm-~! operating at a grazing angle of 
3° 08’. Prior to the flight both instruments were calibrated 
photometrically* in terms of the photographic image 
density produced by an absolute energy flux incident on 
the entrance slit filter for a number of selected wave- 
lengths. For instrument A these wavelengths were 
oxygen Ka 23-6 A, carbon Kx 448 A and boron Ka 
67-8 A, and for instrument B. He H 304 A, 256 A, 243 A 
and 237 A. Both spectrographs were recovered intact 
and the calibrations are being repeated and also extended 


The entrance apertures of the spectrographs were approx- 
imately equal to two solar diameters and would therefore 
record the radiation from the total solar disk. A single 
exposure on Kodak Pathé S.C-7 film was taken with each 
spectrograph, with a duration of 240 s, commencing at a 
height of 140 km and lasting through the apogee at 217 km 
down to 140 km on the descent. Atmospheric attenuation 
of the wavelengths recorded by instrument A would be 
negligible during this period, but for instrument B would 
be appreciable at altitudes below ~ 170 km. The effective 
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exposure time for this spectrograph was therefore some- 
what less than 240 s. 

Fig. 1 shows the spectrum recorded in the shorter waye- 
length range. At these wavelengihs this grating 1s more 
efficient in the second order than in the first, and both 
third and fourth order spectra are also present. The 
shortest wavelength identified is from Ne IX 13-44 A, 
present in the second order. The strongest lines are 
indicated in the figure, the quoted wavelengths having 
an accuracy of +004 A. The letter B adjacert to an 
identification indicates that the line is a blend. This 
spectrum is m good agreement with the more prominent 
features listed by previous investigators®-? using scanning 
erystal spectrometers and photon counter detection. 

Although only a selection of identifications is indicated 
in Fig. 1, most of the observed lines have been classified. 
One of the most interesting problems concerns the identity 
of the strong line at 22-09 A which has also been observed 
by Fritz et al.* and Rugge and Walker’. Both these papers 
suggest the identification Ca XIV 2p3-4S8*--3d 4P following 
the work of Ivanov-Kholodny and Nikolsky’, who pre- 
dicted this transition to occur in the neighbourhood of 
22 A. In our observations the line is seen in four spectral 
orders and can be resolved into two components at 22-09 A 
and 22:03 A. These wavelengths agree (+0-02 A) with 
those of two lines observed in the laboratory by Roth and 
Elton® at the Naval Research Laboratory and Gabriel 
and Fawcett (private communication) at Culham. The 
lines are two of the strongest of a group of lines which 
appear in the spectra of high temperature plasmas when 
oxygen is present. Similar groups of “satellite” lines are 
observed for carbon and nitrogen and are also located in 





WI FeXVI OV OV o m 
Fe Fe ©) O 
(677 1705 2160 2180 FeXVIl oyi 
\ on iQ) * D @) Ez 
ovl / Nek \ OVI ov / / 
897 / 1344 t 





















| | | | J | 
f 
7 | 863 | 2478 /| | 43% 

/ | oM | NW / | | 

E DO a oe 
SOI 1526 2209 / | 3374 / 2209 
FeXV FeXVl (D FexVil CVI 4406 (2) 

(D) (OB aD D 


fig. 1. Soft X-ray 











emu G FQ Fe XY 














a region to the long wavelength side of the resonance line 
in the He-like ion. It is proposed that the solar lines s 
the same as these laboratory lines and therefore du 
oxygen. Their exact classification is not yet fully este 
lished. The laboratory workers (ref. 9 and a prive 
communication from Gabriel and Fawcett at Culhar 
suggest transitions involving the inner shell of O VI of- 
the form 1s*(nl)-Is2p(nl). Fer the ground configuration, - 





These transitions are of a similar form to the 
resonance transition in O VH and would be expected to ~ 
give a group of lines of somewhat lower energy. ‘The 
intensity ratio of the lines 422-09/(22-03 is significantly 
different in the two sources, being 3:1 in the Sun and 
1:1 in the laboratory (9-pinch plasmas). Such intensity 
anomalies are not unusual in comparing solar and labor- 
atory spectra and can often be ascribed to differences in 
density or opacity. The difference will only be under- 
stood after a definitive classification when the excitation 
process can be considered. This may in any case present 
a problem, involving as it does an excitation potential 
(~560 eV) much greater than the ionization potential 
(138 eV). | 
Fig. 2 shows the spectrum over the long wavelength 
range with several identifications inserted. A number of 
lines are assigned wavelengths but are not classified as 
from a particular ion. There are possible identifications 
of many of these lines, but an absence of other members 
of the multiplets introduces some uncertainty. For most 
of the lines the wavelength accuracy is +0-04 A. When 
a measured solar wavelength is within +0-04 A of a 
reliable laboratory wavelength the laboratory value is 
used in the figure. When the measured solar value is 
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spectrum of the total Sun, recorded on Skylark S2408, 05.27 UT, March 20, 1968, exposure time 240 s, S.C-7 emuision, 
altitude between 140 km and 217 km. 
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outside these limits the line is listed at its measured 
wavelength. The complex of iron lines in the region 
170-210 A is recorded with a resolution of 0-1 A and the 
Si XI line measured at 303-31 A is shown completely 
resolved from He IT 303-78 A. Jordan, of the Culham 
Laboratory, has pointed out in a private communication 
that the near coincidence of these lines in wavelength, 
produced as they are by ions in quite different temperature 
zones, may enable the measurement of a net velocity 
motion in the solar atmosphere. The wavelength of the 
Si XI line, 303-31 A, has been determined from the flight 
film by three independent methods and has an accuracy 
of +001 A. No laboratory determination of this wave- 
length is available, however; it is planned to carry out 
this measurement in the near future. Although the 
present spectrum has a higher spectral resolution than 
hitherto obtained in this region, measurements of net 
Doppler motions will be restricted to an accuracy of 
several km s, which is much higher, for example, than 
the expected net velocity due to the solar wind, which 
will be of the order of 0-2 km s~ in the low corona where 
Si XI is produced. 

The photometric reduction of the data is under way 
and it is expected that absolute energy fluxes will be 
determined for the stronger lines in both spectra. At the 
time of writing, the photometric data are available for 
the prominent O VII lines at 21-60 A (1s? 48,-ls2p !P,) 
and 21-80 A (ls? 'S)-ls2p *P,). The intensity of the 
21-60 A line is determined as 1-5+0-5 x 107 erg em-? s-t 
at the Earth. This is a factor of 4 greater than that 
measured by Blake et al.!° using a crystal spectrometer 
and Geiger counter. This variation is of the order expected 
because of the general change in solar activity between 
the rocket flight of Blake et al. in 1963 (approaching solar 
minimum) and our flight in 1968 (approaching solar 
maximum). Observations by Hall et al." over a similar 
phase in solar activity (1960-64) showed a change in the Fe 
XV 284 A line by a factor of 6 compared with He I 304 A. 

The intensity ratio of O VII 421-60/221-80 is measured 
as 1:9+0-2. This value can be used to determine the 
electron temperature of the layers emitting the O VII 
Imes. In the low densities of the corona the ratio is 
expected to be a function of temperature only and is 
caused by the different shapes of the electron impact 
cross-sections for excitation of the singlet level (producing 
the resonance line at 21-60 A) and the triplet level (pro- 
ducing the intereombination line at 21-80 A). Calculations 
of the excitation rates in O VII have been carried out by 
Bely™, who expresses the intensity ratio as a function of 
temperature. Using the Bely curve, our observation gives 
Pe=2-1405x 108 °K. Temperature measurements of 
this form, based on the observation of emission from a 
single ion, are important for studies of the chromosphere 
and corona as most temperatures used in the analysis of 
the solar XUV spectrum are derived theoretically from 
the ionization balance equation. The disadvantage of 
this particular method is that it is somewhat insensitive 
to temperature (as can be seen from the quoted error) and 
depends on an accurate knowledge of the shape of the 
cross-sections, The derived temperature agrees with the 
accepted value for the ĉoronal temperature obtained 
from many observations*. The presence of very highly 
ionized species in the soft X-ray solar spectrum indicates, 
however, that higher temperatures can occur in the active 
regions, in which case our estimate of temperature should 
be compared with the theoretical temperature for which 
the O VII lines have maximum intensity. The ionization 
population of O VH has a very wide maximum with tem- 
perature’ but the line intensity distribution is sharpened 
considerably by the strong dependence of excitation rate 
with temperature for such energetic photons (570 eV). 
The appropriate temperature is calculated as 2x 10° °K 
in agreement with our estimate. 

We thank colleagues at Culham and groups at the Royal 
Aireraft Establishment Space Department, Elliott Bros., 
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VRO 42 22 01: a Variable Source with 
Circular Polarization 


THE radio source VRO 42 22 01 was recently identified 
with a variable stellar object, BL Lac (ref. 1), and we 
have obtained results which show that the source is radio 
variable and probably cireularly polarized. Since Septem- 
ber 1967, a 2,695 MHz receiver has been in operation 
at the Nancay radiotelescope. It allows simultaneous 
measurements of flux densities with electric vectors at 
position angles 0° (V) and 90° (H), and of the products, 
in phase and through a quarter-wavelength delay, of the 
two corresponding voltages. It is thus possible to deter- 
mine the complete polarization, linear or circular, of the 
most intense sources. One of the programmes in progress 
with this receiver is the measurement of flux variations 
for known variable sources, and of possible polarization 
variations. The radio source VRO 42 22 01 was included 
in that programme. This source has a flux density at 
610-5 MHz of Sas= 40 flux units (ref. 2) (1 flux unit = 
10-76 W/m- Hz), but it does not appear in the 4C 
catalogue’, so S, <20 flux units. Its flux density was 
measured at 1,417 MHz by Williams, and Stewart!, who 
give S,,,,=7:3 flux units. Its radio spectrum resembles 
that of the variable components of well known radio 
sources. 


Table I. FLUX From FRO 42 22 OT 


Date SB Sv Sv iS 
Sept. 14-18, 1967 i 7940-8 ~~ 
Jan. 14-15, 1968 3 &O+ 0-6 3 +05 (0-903 
Feb. 5-11, 1968 2 6140-2 6-24 0-2 1-02 
Mar. 7-15, 1968 x 6-340-1 6-340) 1-00 
Apr. 18-20, 1968 3 79+0-2 TO+t-2 89 
May 10-18, 1968 8 §-1+0-1 ast0-1 0-95 


NGC 7027 was taken as a reference, with a flux density 
Sag = 3'36 flux units. The fluxes from VRO 42 22 01 
measured during the observing periods are given in 
Table 1. Column 1 gives the observing period, column 2 
the number of observations and columns 3 and 4 give 
twice the flux density observed in each of the two polariza- 
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Fig. i. Variation of the flux density of the radio source PRO 42 22 01 

in both polarizations (V-—vertical polarization, H-——horizontal polari- 

zation). Individual measurements for the vertical polarization in May 
are shown (crosses), 


tions so that S=4 (Sy+Sy). In September, Sy was not 
measured. In September and January, inaccurate pointing 
of the reflectors resulted in an uncertainty of about +10 
per cent in the fluxes. In the remaining observations, 
errors came chiefly from the receiver gain variations and 
are about +5 per cent in each measurement. It seems 
that the flux density of VRO 42 22 01 varied strongly in 
September 1967 and April 1968. Nine days of observations 
in May seem to indicate a further decrease of the flux 
during that period. Fig. 1 shows the variations of Sq and 
Sy against time. 

Polarization measurements are available only for 
March and April 1968. Data reduction is somewhat 
difficult and may need further improvement. Because of 
instrumental effects, it is at present not possible to 
determine accurately the magnitude and position angle 
of the linear polarization. The variations of over 10 per 
cent in the ratio SySy are certainly real, however, except 
perhaps in January, when the uncertainty in Sy and Sy is 
large. The source was definitely linearly polarized in 
April. To reduce the circular polarization measurements, 
we assume zero mean polarization for all the sources 
(about 10) measured during an observing period (un- 
published work by Biraud). With that assumption we 
get the following results for VRO 42 22 01 | 


Mar. 7-15, 1968, t= + L-I per cent + 0-4 per cent (r.m.s.) 


Apr. 18-20, 1968, t= — 0-4 per cent + 0-6 per cent (r.m.s.) 
Positive values of + correspond to right circular polariza- 
tion. It seems that the source shows a variable circular 
polarization just before the strong increase in flux density. 
This may be in agreement with the theory of Sciama and 
Rees of circular polarization in compact quasars‘. 

As far as we know, there is no optical spectrum of BL Lac 
and the nature of this source remains uncertain. Its 
galactic latitude is low (bU=10°), but the absorption is 
not very strong—several galaxies may be seen on the 
plates cf the National Geographic Society~Palomar 
Observatory Sky Survey. It may be a quasar. The ampli- 
tude of the optical variations (~3 magnitudes) is about 
the same as for 3C 446, a quasar which is also variable 
at radio frequencies. At its maximum magnitude 
(~13 magnitudes), however, and allowing for galactic 
absorption, VRO 42 22 01 would be the brightest known 
quasar (brighter even than 3C 273). 
_- It is clearly important to confirm the amplitude and 
‘time seale of the radio variations we have observed at 
2,695 MHz. VRO 42 22 01 may be the first example of a 


radio source with significant cireular polarization, and 

which is in addition vanable with time. : 
= F. Brravp 

P. VERON 

Observatoire de Paris, 

Meudon. 
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Visean Conodonts from North 
Wales and Ireland 


WE present preliminary findings (Tables 1 and 2) of the 
distribution of conodonts in the Upper Viséan strata of 
North Wales and the Irish Republic, two regions in which 
the sequence of conodonts was not previously known, 
The Upper Viséan conodont faunas of a coral-brachiopod 
carbonate facies are also compared and contrasted with 
those of a goniatite-bullion shale facies. In addition the 
Upper Viséan conodont zones initially recognized m the 
eoral-brachiopod sequence of the south-west province 
by Rhodes, Austin and Druce? are set alongside the stand- 
ard goniatite sequence of the Upper Viséan. 

The Viséan Carboniferous Limestone of Flintshire, North 
Wales, has been mapped and deseribed by Neaverson®:* 
who, on the basis of macrofaunas dominated by corals and 
brachiopods, divided the sequence into the following five 
formations 

5 Posidonia Beds (P) 
Cyathaxonia Beds 
Chonetes Beds 
Caninia Beds 
Palaeosmilia Beds 


fet Gee 


These beds are well exposed in quarries and natural 
exposures between Dyserth (S.J 063790) and Prestatyn 
(SJ 074821). Samples were collected from each of the 
formations, but none of the sections available for study 
showed the junction between any two formations. The 
relationship of any sample to the top or base of a forma- 
tion is therefore relative (Table 3). 

Part of an outlier of Upper Viséan and basal Narnurian 
age in counties Leitrim and Caven, Irish Republic, has 
been mapped and described by Brandon’. On his advice 
samples were collected from limestone bullions which either 
contained or were associated with diagnostic goniatites 
(Table 3). Localities in the following townlands in 
Leitrim were sampled 


A Lugasnaghta~Carraun 955430 
B Camderry 971371 
C Moneenlom 956374 
D Ardvarney 987377 
E Shass~Tullyclevaun 962282 
F Dergvone 959318 
G Greaghnaglogh 932282 
H Corry 957233 


Reference of the sections in North Wales and Ireland 
to the zones established by Rhodes, Austin and Druce* 
is tentative because the successions are not continuous 
and some horizons have yielded few conodonts. 

In North Wales so few conodonts have been recovered 
from the Palaeosmilia Beds and the Posidoma Beds that 
no correlation can be suggested. But the conodont 
faunas of the Chonetes Beds and the Cyathazxonia Beds 
differ distinctly. The lower limit of the Mestognathus 
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presence 


In Ireland the 
Gnathedus homopunctatus in the basal P,a rocks strongly 


We suggest that there is a correlation between the Chonetes 


Beds and the Lower Cyathaxonia B 
suggests a correlation with the middle of the D, sub-zone 


of the south-west province. In South Wales the youngest 


occurrence of Gnathodus homopunctatus is in 3D Bed 14/15 
and the oldest occurrence of Gnathodus nodosus m 3D 


Bed 10. The sub-species from w 
collinsoni zone derives its name 


part of this latter zone. 
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west province. 


* 


tively taken! to coincide with the first appearance of 
Table 1. 


tion of these beds with the Mestognathus beckmanni— 


Gnathodus bilineatus zone. 
Cavusgnathus zone oceurs in the Upper S, and D, sub-zones 


Lower Cyathaxonia Beds also suggests a possible correla- 
of the south-west province and contains few conodonts. 


beckmanni—Gnathodus bilineatus assemblage zone was tenta- 
Cyathaxonia Beds, w 

D, Beds of the south 

numbers of specimens of the genus 
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Table 3. COMPOSITE STRATIGRAPHIC SUCCESSIONS IN NORTH WALES AND THE IRISH REPUBLIC SHOWING RELATIVE POSITION OF SAMPLES 


COUNTY LEITRIM IRISH REPUBLIC 
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The relationship of the Irish samples to the goniatite zones (Brandon, personal communication) and of the North Wales samples to the coral- 
brachiopod zones is shédwn. No correlation between the Irish and Welsh successions is implied. 


pre-P,c rocks of Ireland, but this is partly explained by 
the few conodonts recovered. 

It is difficult to correlate the two successions with the 
standard one in the south-west province. Incompleteness 
of the faunas in Ireland and North Wales may be one 
reason for this difficulty; another may be the limited 
applicability of the zonal scheme for the upper part of the 
D zone established by Rhodes, Austin and Druce?. 

Although similarities and possible correlations can be 
recognized between the Viséan conodont faunas of South 
Wales, North Wales and Ireland, important differences 
none the less exist. These differences probably reflect in 
part the different environments of deposition which existed 
in these regions in the Upper Viséan. Meischner®, Varker® 
and Austin and Rhodes’ have pointed out that the dis- 
tribution of Lower Carboniferous conodonts is to a varying 
degree facies-controlled. It has been suggested, for 


ek example, that the genus Apatognathus was restricted to 


“regions where carbonate sediments were being formed in 
relatively shallow water. The present study confirms this 
observation, for the genus is relatively abundant in North 
‘Wales but does not occur in Ireland. Specimens of the 


genus Spathognathodus are relatively abundant in North 
Wales, but only one specimen has been recovered from 
the Irish faunas. This suggests that certain species of 
Spathognathodus might also be restricted in their distribu- 
tion. Specimens of the genus Mestognathus are common in 
North Wales but do not occur in Ireland. That the 
difference in the distribution of this genus is not a result of 
ecological conditions is shown, by the presence of Mesto- 
gnathus in the goniatite-bullion shale sequence of Stafford- 
shire’. There is a similiarity in form between the genus 
Mestognathus and the genus Cavusgnathus, and ib is 
possible that they are “functional homeomorphs”’. Speci- 
mens of the genus Cavusgnathus are rare in both the North 
Wales and Irish faunas. We suggest that both these 
genera are geographically restricted in their distribution. 

Different populations of conodonts undoubtedly existed 
in Upper Viséan times and were controlled by the pre- 
vailing environmental and ecological conditions. Abund- 
ance differences between different species of Gnathodus, 
for example, in Upper Viséan rocks are due, we believe, 
either to the presence of different “animals” with different 
gnathodid components or to differential sorting of cono- 
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donts, or possibly to a combination of these factors. 
That they are not environmental is shown by the presence 
of all these different species in the different environments 
of deposition which existed in other areas. 

Abundance-analysis of any particular species of cono- 
dont tends to be four-fold. First, the abundance of the 
species in terms of the amount of rock processed (which 
is a reflexion of the effect of ecology and sedimentology 
on the original population); second, the relative abundance 
of a species in terms of the total fauna; third, the abund- 
ance of a species in terms of the other species of the genus; 
and fourth, the abundance of a species in terms of its 
morphological group, either blade or platform. The 
last three analyses show the relationship which exists 
between different species, but the conclusions from such 
studies as to the original relationship between the species 
will always be controlled by considerations such as post- 
depositional sorting, of which these studies take little 
account. 

For correlation purposes it is important to distinguish 
real differences between conodont faunas, which are due 
to differences in stratigraphical distribution of species, 
and apparent differences, which are none the less real, 
and which reflect the environment in which the conodont- 
bearing “animal” lived. Comparative studies must be 
made over a wide region in order to appreciate the true 
significance and importance of new conodont faunas. 

R. J. ALDRIDGE 
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eo im Remains in the Sediments 
of Lake Balaton, Hungary 


Two remains of copepods, representing most parts of the 
animals, have been recovered in a Late Pleistocene sample 


(vegetation phase 1b) from a core of the sediments of 


Lake Balaton in Hungary. One of these remains is of a 
diaptomid, apparently moulting (Fig. 1). and the other is of 
a cyclopoid copepod. With the exception of various parts 
of these bodies found in the superficial lake sediments and 





Remains of a specimen of Diaptomidae thought to be moulting, 


Fig. 1. 
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of spermatophores found in bogs, there are very few well 
documented remains of the animals themselves, and none is 
from the Pleistocene'. The good preservation of the cope- 
pod chitin in this case can probably be attributed to some 
favourable environmental conditions in the relevant layers 
of sediments in Lake Balaton. 

OLGA SEBESTYFN 
Biology Research Institute of the 
Hungarian Academy of Sciences, 
Tihany, Hungary. 
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“Primary” Leads 


THe idea that the lead in many large ore bodies originates 
from a uniform, deep-seated, possibly upper-mantle, 
source region’ has proved of great value, particularly in 
the recognition and interpretation of the systematics of 
“anomalous” (“multi-stage”) lead systems. When these 
so-called “single-stage” or “primary” lead deposits came 
to be examined in greater detail’, however, the situation 
turned out to be not quite so simple; it led Kanasewich 
and Farquhar’, for example. to conclude that “no in- 
fallible geologic eriteria have been found for independently 
distinguishing ordinary or single-stage leads from those 
which were produced in two or more distinet lead 

uramum-thorum systems”. Other indications of the 
need for re-examination of current ideas about the 
“primary lead” system are the many geophysical data 
which suggest lateral inhomogeneities in the upper mantle', 
supported by isotopic data which suggest long-term in- 
homogeneities in its U/Pb ratio’, and the contention by 
Hobbs and his co-authors® that the seemingly stratiform 
nature of the deposit at Broken Hill, NSW, may be not 
quite so directly the result of sedimentary processes as 
has been asserted’. 

I have therefore re-examined the positions relative to 
the average growth-curve* of a number of “stratiform”’ 
leads. These are predominantly gas-source results from 
the University of British Columbia, normalized according 
to the “loop-elosure”’ technique*. All solid-source results 
obtained before the very recent development of the double- 
spike procedure®* are liable to excessive fractionation, 
the amount of which is difficult to judge from published 
information; the resulting possible scatter makes thern 
inapplicable to this study except in the broadest of terms. 
The somewhat striking conclusion is that these “‘strati- 
form orebodies* as defined by Russell and Stanton! can 
be subdivided on the basis of their apparent ‘“‘model ages” 
and “p-values” (**U/*"Pb extrapolated to present day 
value), into three distinct classes. 

These are summarized in Table 1, in which are listed 
mean values for *°°Pb/?"Pb, *°?Pb/***Pb, and the derived 
values of “model age” and “apparent p-value’? based on 
an assumed “‘primary’ model. For the present treatment 
it is not necessary to assume that the last two quantities 
are related to any real system; the error limits, calculated 
as standard deviations of the mean of a set of normalized 
results from a single occurrence, can be shown to be 
similar in most cases to independent estimates of the 
experimental error. On this basis both coherence between 
members of a class, and the experimental significance of 
the differences between classes, can be statistically 
demonstrated. 

This clear isotopic classification is reflected by differ- 
ences in geological environment. The first and most 
striking observation is that the orebodies in high-grade 
metamorphie terrains (class 38) all fall remarkably close 
to the average growth-curve; if there had originally been 
signs of volcanic activity it has since been obliterated; 
the model ages seem closely related to the apparent 
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Table 1. CALCULATED PARAMETERS FOR SELECTED LOCALITIES 


Quoted errors are SD. of mean value. For the Balmat sample, the S.D, in brackets is an assumed value 








Locality No, points Mean **Ph/?“Pb Mean ?? Pb Pb Model age » 10°y Apparent g-value Reference: 

Class I (high z) eck 7 
Mount a Qid. 13 16-225 + 0-002 15-605 + 0-003 1-600 + 0-001 3-086 + 0-006 at 
MacArthur River NT 5 16-272 + 0-004 15-626 + 0-004 1-586 + 0-001 8-115 + 0-008 i 
Sullivan BC 2 16:639 + 0-001 15-856 + 0-002 1:351 + 0-002 9-058 + 0-005 2 

Weighted mean class | 9-000 + 0-006 

Class LT dow 4) Sih) ; 
Rosebery Tas. T 18-374 + 0-002 15-746 + 0-002 0-160 + 6-001 8-932 + 0-008 2 
Halls Peak NSW 5 18-491 + 0-002 15-754 + 0-002 0-030 + 0-001 8:932 + 0-003 2 
White Island NZ 2 18-885 + 0-006 15-750 + 0-001 — 251 + 0-004 8-885 + 0-001 2 
Red Sea 7* 18-916 + 0-005 15-775 + 0-008 — 0-241 + 0-007 8-928 + 0-014 9 

Weighted mean class HH 2- 026 + 0-003 

Class Ula (average p) 7 _ en z Š 
Captains Flat NSW T 18-178 + 0004 15-766 + 0-003 0-337 + 0001 8-986 + 0-005 le 
Cobar NSW + 19 18:205 + 0-005 1o-771 + O-OO4 0-323 + 0-001 $-902 + 0-007 2 

Class FEID f ; 
Broken Hill NSW 6 16-117 + 0-003 15-538 + 0-008 1-616 + 0-001 8-977 + 0-006 3 
Bathurst NB 3 18-291 + 0-006 15781 + 0-006 0-270 + 0-003 9-001 + 0-010 2 
Balmat NY i 17-O019¢ + 0-003) 15-677( + 0-003) 1-098( + 0-001) 9-003( + 0-005) 3 , 
S.W, Finland + 2 15-789 +0-011 13-480 + 0-006 1-802 + 0-003 &-O84 + 0-009 17i 


Weighted mean class HH 


8-988 + 0-007 


* Measured by single-fllament solid-source technique, normalized by double-spike. All other results by standard gaa-source techniques, with loop- 


closure procedure, 


+ There is at least some doubt that these samples constitute a homogeneous set, 


* Unpublished observations. 


§ Unpublished observations of P. H, Reynolds and R. D. Russell. Also, personal communication from P. H. Reynolds. 


| Personal communication from E. R., Kanasewich. 


metamorphic age as deduced from Rb-Sr isochrons. On 
the other hand, where the association with voleanics is 
much more obvious, the “apparent p-value” varies over a 
much wider range, which extends significantly both above 
and below the average growth-curve; in some cases (for 
example. class II) their model age has nothing to do with 
geological reality. 

This metamorphic correlation forces the conclusion that 
the deposits of class HIb (Broken Hill, Balmat and so 
on) need have nothing directly to do with mantle pro- 
cesses, that their observed isotopic composition is the 
result of a possibly complicated sequence of events taking 
place, say, within a geosynclinal environment. Thus the 
contentions of Shaw?! and of Cannon et al. may have 
been at least partly correct after all. Mantle origin 
of members of classes I and TI is still possible; incom- 
plete crustal mixing processes, on a less grand scale, 
cannot, however, be excluded. The two deposits of class 
Illa remain a problem. On the one hand their close fit 
to the average growth-curve (= 8-99) does not discredit 
the present interpretation; on the other, it should be 
observed (a) that the precise interplay at Captains Flat 
between ‘‘voleanic syngenetic’” and “subsequent meta- 
morphic” effects is still very much the subject of argu- 
ment‘; (b) that the wide spread at Cobar (bigger than 
experimental) may be correlated with three different 
geological environments; the two intermediate points 
which lie closest to the line are from pést-depositional 
vem-deposits'’, 

Further distinction can be observed; the model age of 
Mount Isa (class I) may be close to correct*4, whereas the 
ages of all class II models are anomalously “young”’, 
implying an “excess” of "Pb together with a “deficit” 
of Pb compared with the simple primary model. The 
two Australian members of class I seem to result from 
marine deposition, with thin interbedded layers of 
tuffaceous material, whereas both Rosebery! and Halls 
Peak (ref. 13 and personal communication from H. W. 
Gutsche) deposits are associated with thick sequences 
of voleanies. There is a strong suggestion that this 
“low-u, excessively young age’ behaviour is at least 
sometimes associated with hot sub-surface brine solu- 
tions; the Red Sea lead (despite its marine occurrence) 
and the New Zealand fumarole lead may be so classified, 
possibly also the lead in the Salton Sea brines'®; how well 
the Rosebery and Halls Peak deposits fit is not immedi- 
ately apparent from the published literature. 

If, as seems possible, these apparent isotopic and geo- 
logical distinctions between classes I and II reflect a 
fundamental difference in the processes contributing to 
their formation, then they support the morphological 


similarities between ore in Mount Isa and Sullivan, 
British Columbia?*, in suggesting that the two deposits 
have a great deal in common; perhaps thin interbedded 
tuff-bands may yet be found at Sullivan. 


J. R. KIOHARDS 
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Electrical Mobility of 
Sub-micron Particles 


THE results of measurements of the electrical mobility in 
air of radioactive sub-micron spherical polystyrene par- 
ticles are reported here. They include measurements for 
particles of size comparable with the mean free path of gas 
molecules which are difficult to treat theoretically. It is 
believed that no direct determinations of the electrical 
mobility of well defined solid particles have hitherto been 
made in this size range. 

The apparatus used was a rectangular box 76 ern long 
by 10 cm broad by 2 em, of which the largest opposite 





Fig. 1. Central section of box showing edge of 1 mm thick aerosol sheet. 


faces were made of aluminium and insulated from each 
other by ‘Perspex’ walls. The inside faces of the aluminium 
plates were covered with removable copper foil. The box 
was operated with its longest axis vertical and the aerosol 
was introduced through an electrically earthed metal 
nozzle near the upper end, midway between the aluminium 
plates, as a 1 mm thick sheet extending across the breadth 
of the box. Filtered air was passed in around the aerosol 
inlet and, by adjustment of the flow in trial experiments, 
it was possible to arrange that the thickness of a smoke 
stream, introduced as a visible tracer, did not increase 
significantly down the length of the box (Fig. 1). A 
potential difference was then applied to the aluminium 
plates so that one plate was at a positive and the other 
at an equal negative potential and the aerosol to be tested 
was passed through. The total flow in the box was 2:7 1. 
min- which corresponded to a calculated mean linear 
velocity of 2-25 cm s~}. After a period of several hours 
the experiment was stopped and the copper foils were 
removed from the box. The 5 em wide longitudinal 
central section of each foil was then cut out, cut into 
transverse strips | cm or less wide, and the radioactivity 
was assessed by beta or gamma counting. From the 
results the distribution of radioactivity of the copper foils 
could be plotted and the mobility of the particles de- 
termined. 

The aerosols used were of two types. (1) In the range 
0-25 to 0-50 um radius, ngar monodisperse polystyrene 
spheres marked with “Cr as chromium acetyl acetonate! 
were generated using a spinning disk generator. The 
output from the spinning disk consists of two distinet 
fractions, the larger particles constituting 5-10 per cent 
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by number of the total. (ii) In the range 0-05 to 0-6 um 
radius aerosols were generated by spraying up diluted 
suspensions of Dow polystyrene spheres? and marking 
them with thorium B (#*Pb) from the decay of thoron 
(72°Rn) as described’. 

In each experiment the aerosol was brought to charge 
equilibrium before use by exposing it to ionization from 
radioactive sources. Thus each aerosol had a proportion of 
particles carrying 1, 2, 3, 4, and so on, electronic charges. 
This is illustrated in Fig. 2, which is a photograph by 
polarized light of the deposit of 0-365 um radius 
particles on one of the plates. Deposition bands at dis- 
tances from the entrance nozzle of 4, 4, 4... 2 the 
distance of the first band are clearly visible and corre- 
spi md to particles carrying two to eight electronic charges. 
The corresponding distribution of radioactivity is given 
in Fig. 3, in which the subsidiary peaks due to the larger 
particles referred to are clearly visible. 
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Fig. 3. Distribution of radioactivity on deposition plate, 


The electrical mobility m ofa particle released midway 
between plates distance 2h apart and coming to rest on 
one of the plates at a distance x from the point of release 
Is given by 

Fhv 


m = . (1) 
t | 


where V is the potential difference between the plates 
and v the average velocity of the particle in the direction 
of the airflow, calculated as follows. The boundaries of a 
deposition band in Fig. 2 can be regarded as the limits of 
travel of particles leaving the two edges of the entrance 
nozzle at a given time. The distance, L, from the pro- 
jection of the entrance nozzle on the deposition plate to 
a point on such a boundary is thus proportional to the 
average longitudinal velocity during its travel of a par- 
ticle arriving at that point. Also if the area enclosed by 
a boundary line and the projection of the entrance nozzle 
on the deposition plate is A and the breadth of the box 
is b, the length of /=A/b is proportional to vm, the mean 
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Table 1. ELECTRICAL MOBILITY OF POLYSTYRENE SPHERES CORRECTED TO 20°C 760 MM OF MERCUKY 
P TH ¥ 
Particle Mean distance Mean velocity Potential | Mobility Gm) em? V~ g? eth tacos 
radius um travelled cm cem g difference V Experimental Theoretical’ Roxy 
0-055 33-5 2-46 1,106 1°36 +0-05 x 10+ 2-98 x 10-# PER 
0-055 34-6 2-47 1,100 1:32 + 0-05 x 10“ 2.98 x 10-4 orn 
0-088 44-7 2-49 1,600 7-05 + 0-28 x10? 1-06 x 10+ 1-50) 
0-117 31:1 2-51 2,400 6-81 + 0-27 x 10-* 6-94 x 10% 1-02 
0-179 34-1 2-51 8,720 3°98 + 0-16 x 10°° 3°86 x 10-5 (97 
0183 342 2-49 3,730 3-89 + 0-16 x 10% 3-75 x 10 0-96 
0-25 31-3 2°50 6,950 2-30 + 0-09 x 10-4 2-50 x 10° 1-08 
0-295 48-8 2-50 6,050 1-69 + 0-07 x 10° 2-04 x 10°45 121 
0-357 35:3 2-56 9,955 1-46 + 0-06 x 10-5 1-62 x 19° Lo 
0-365 35-9 2-59 9,955 1-45 + 0-06 x 10 1-57 x 10-* 1-08 
395 32-6 2-50 9,955 1°54 + 0-06 x 107 1:48 x 10 093 
0-405 35-4 2-50 0,955 1-42 + 0-06 x 10°° 1:30 * 10-* (7 OR 
0-48 49-0 2-5] 9,955 1:10 + 0-04 x 10 1-l4 x 10° 1-04 
0:55 57-4 2°52 9,955 8-87 + 0-36 x 10-6 9-8O x Ips 110 


Types of sphere: D, DOW polystyrene spheres; $, polystyrene spheres generated by spinning disk. 


air velocity calculated from the volume flow rate and the 
cross-sectional area of the box and 

+ Lb t 

v= A Um 
In this way the longitudinal velocities of particles travel- 
ling in the plane of the centre line of the deposition plates 
were determined. It was found that the time averaged 
velocities thus obtained were, within the limits of experi- 
mental error, independent of the distance travelled. 

The values of electrical mobility determined for singly 
charged particles from 0-05 to 0-6 2m radius and corrected 
to 20° C and 760 mm of mercury are given in Table 1 and 
plotted in Fig. 4 together with the curve caleulated from 
the theory of Fuchs and Stechkina‘. Flanagan and 
Tayler’s® calculated values of mobility of oil droplets are 
about 1 per cent higher at r=1-0 ym and 7 per cent 
higher at r=0-05 um than the curve in Fig. 4. 

It is estimated that the possible errors in the experi- 
mental results are +4 per cent in mobility and +3 per 
cent in particle radius. 

The agreement of the experimental values with the 
theory is reasonably good down to particle radii of 0-1 um. 
Below this value when r/A~1 there are serious dis- 
erepancies of up to 75 per cent. Whether there is a 
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oe 4, Electrical mobility versus partiele radius. Experimental points 

- eorrected to 20° 760 mm Hg. Theoretical curve following Fuchs 

- and Stechkina. Points @ refer to aerosols generated by spinning disk, 
+ refer to DOW polvatyrene aerosols. 


genuine discontinuity in this region or whether the dis- 
crepancy is due to some artefact of the aerosol will be 
investigated further. 

We thank Mr D. V. Booker, who provided monodisperse 
aerosols generated by the spinning disk method, and Mr 
R. D. Wiffen for electron microscopy of the aerosol 
samples. | 
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Temperature Independent Retention 
+ 
in Gas Chromatography 
THE infinite dilution net retention volume (solubility) of 
solutes in GLC is related to the corresponding partition 
coefficient K” and solvent volume Fp v ia 

Fr = K” Vi (19) 
Although V, usually increases slightly with increasing 
temperature, A diminishes so rapidly that dVp/d7" is 
inevitably negative. The possibility that means may be 
found to cause V; to increase with increasing temperature 
faster than K decreases seems never to have been ex- 
plored although it obviously presents an approach to 
practical attainment of a novel GLC situation in which, 
at least for some range of temperature, d F g/dT is positive 
or, more interesting, can be made zero. 

What, in essence, is required is a solvent system of 
extended melting, transition or decomposition tempera- 
ture range. For at least some part of this range d V,/d7 
will often be large and always positive. Thus we can 
expect any multi-component mixture. some liquid crystals, 
some unstable liquid or solid compounds, or gels, to 
instance only a few possibilities. to behave m the desired 
fashion. 

Fig. 1 illustrates the basis of the idea. Line (a) repre- 
sents the typical plot of log Vpr against T-1 of some solute 
eluted from a conventional GLC or GSC substrate. Line 
(6) then illustrates what we may expect of, for example. 
a multi-component mixture which changes from solid to 
liquid over the range A~B. By combining the substrates 
(a) and (6) appropriately we can expect retention behaviour 
as exemplified in line (ce) where, over the range A-B, Vx is 
temperature independent. 

If we represent the temperature dependence of the 
specific retention volume of the conventional sorbent (a) 


262 


and of the compensator (b) (for the range A-B) by the 
equations 


H TA = b + — 2 

og Fy F T (2) 
and 

log V =d + = (3) 


it is a simple matter to show that the required relative 
weights wq/w, for achievement of the situation illustrated 
in ri ig. l(c), is given by 

c : : 
aes exp (d —b) exp (e—a)/T (4) 
The ratio is seen to be temperature dependent unless 
c=a, In practice, this temperature dependent term is 
found to be small with all the systems so far studied. The 
weight ratio may be adjusted to allow automatic com- 
pensation for the temperature dependence of carrier gas 
viscosity by calculated increase in wa 

The conventional and compensating sorbents may be 
combined experimentally in five distinet ways: (i) in 
series columns; (ii) in a striated column; (iii) in a com- 
posite column wherein pre-mixed (a+support) and (b+ 
support) mixtures are subsequently mixed; (iv) in a 
composite column wherein (a+b+support) are mixed in 
one operation; (v) in a column where (a) is a GSC ad- 
sorbent which simultaneously acts as support for (6). 

All these methods have been employed and are success- 
ful. Method (i) requires a gas compressibility calculation 
to be incorporated in evaluating wa/w, while in (v) the 
calculation method can be used only as a rough guide 
because of the indeterminate free solid surface area. Each 
method is found, in practice, to have some particular, 
desirable feature. Following the suggestions made earlier 
we have found no difficulty in finding compensating 
systems. 

An example of the success of the method is given in 
Fig. 2a which illustrates three gas chromatograms ob- 
tained for a range of about 10°C for a mixture eluted 
from a series column system of (i) 30 per cent w/w methyl 
stearate in n-octadecanol dispersed at 20-5 per cent w/w 
on 60-80 mesh ‘Chromosorb-P’ and (ii) 25 per cent w/w 
squalane on 60-80 mesh ‘Chromosorb-P’, For comparison 
Fig. 2b shows the chromatograms obtained for the same 
temperature interval with a single, squalane column. The 
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Fig. 1. Log VR against T~ plots for some solute; (a) conventional 
GLC or GSC, (6) melting PRI. E appropriate combination of (a) 
(b), 
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(3), n- -hexane (4} and benzene (5) for the temperature range 449°- 

54-1° C. {a) Series combination Gf columns (i) 30 per a on methyl 

stearate in n-octadecanol mixture on ‘Chromosorb-P’ at 20-6 per cent 

w/w with (ii) 25 per cent w/w squalane on ‘Chromosorb-P’. (b) 25 per 

cent wiw squalane on ‘C ee Solid support, 60-80 mesh 
(ASTD 


retention volumes are 
cent. 

The temperature ranges of compensation so far achieved 
are from 5° to 12° C, which is very encouraging and would 
allow construction of chromatographs (or other instru- 
ments based on solution properties) with only rudimentary 
temperature control. The central temperature of com- 
pensation can bé varied by choice of system or by com- 
position of the compensator. Important areas of applica- 
tion which also immediately occur are (i) large scale 
GLC where considerable thermal variation and, hence, 
reduced column efficiency occur during the sorption/ 
desorption process and (ii) in programmed temperature 
work where a “built in” isothermal arrest (or negative 
effect) could enhance some particularly desired separa- 
tion. 

We have found that the compensation range A-B can 
be closely correlated with DTA data. Thus preliminary 
screening of systems is much facilitated and attention can 
then be focused on those systems offering the widest 
range of temperature compensation. 

We thank the Foxboro Co., Foxboro, Mass., for equip- 
ment and a support grant and P., F. McC. thanks them 
for the award of a fellowship. 
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Formation of Dimer Cations of 
Aromatic Hydrocarbons 


STABLE molecules and inert gas atoms, M, form “unstable” 
dimers, M, which are held together only by van der 
Waals forces. When the dimer is ionized, an anti-bonding 
electron is removed and the species M,* should be stable 
with respect to (M*++ M). Such species have long been 
known for M =inert gas (dissociation energy, D, ~1 eV) 
and M=N,, CO, ete. (D~0-5 eV). Dimer cations of 
derivatives of naphthalene!-*, anthracene’? and benzene’ 
have recently been detected by electron spin resonance 
(e.s.r.) t? and optical absorption spectroscopy”. The e.s.r. 
evidence’? suggests that the dimer cations have sym- 
metrical sandwich structures similar to those postulated 
for excimers, M,* (ref. 4). These species may be formed 
by reaction (1) whenever the monomer ions are produced 
chemically, by high energy radiation, or by electrolysis. 


M+ M= M,t (1) 


Our aim here is to assess the possible importance of these 
species in solution at room temperature, by estimating the 
equilibrium constant, A, of (1), for a number of com- 
pounds. 

These species have a strong absorption band in the red 
or near infrared? due to the transition between the 
attractive ground state and the repulsive excited state 
of M,* formed by in phase and out of phase combination 
of the wave-functions corresponding to charge exchange, 
Y(At}4(B)+U(A)d(B*), where A,B represent the com- 
ponent molecules. If the splitting between these states is 
symmetrical about the initial energies of the separated 
molecules, then the dissociation energy, D(UM*+— M), is 
equal to half the energy of the observed transition. It 
seems reasonable to suppose that the entropy change of 
(1) is the same as that of excimer formation 


M*¥ + M = M,* (2) 


To obtain the values of K for reaction (1) at 20° C given 
in Table 1, values for reaction (2) have been multiplied 
by exp{[D(M+—M)-D(M*—M)\/RT}. | These values 
should be regarded as upper limits of K for two reasons. 
First. half the transition energy is probably an over- 
estimate of D(M+— M); second, the tighter binding found 
in most M,+ compared with M,* will lead to a lower 
entropy in M,*. If [M]S> [M+], [M+], the results show 
that dimer cation formation must oceur in fairly dilute 
solutions and this form will predominate in concentrated 
solutions or in the pure liquids. 

This type of binding can, of course, produce larger 
clusters such as M,+. If one assumes a triple sandwich 
structure then a Hiickel molecular orbital calculation 
gives a total binding energy of 4/28 while that of the 
dimer is 8: the equilibrium constant for formation of 
M,+ from M,* will then be 105-10 times smaller than for 
(1). Mt will probably be formed only in very strong 
solutions and pure liquids while concentrations of larger 
clusters will be negligible. 

The formation of dimer cations will probably affect the 
reactions of the ions: that is to say, it will slow down 
the transfer of charge between like molecules in solution 
and so lead to ion-recombination before charge can be 


Table 1. DISSOCIATION ENERGIES, D, AND FORMATION CONSTANTS, A, OF 
EXCIMERS AND DIMER CATIONS 
Excimer Dimer cation 
Compound i 
kcal molet l, mole? keal mole? I, mole! 
Benzene 5-1* 0-12* 14-8 2:2 x 108 
‘Toluene 3-9* 6-055* 13-7 t-1 x 108 
Mesityiene 2-R* 0-O18* 13-7 1-2 x 108 
Naphthalene FRF 0-72t 13-7 6-1 «x 10% 
1,3-Dimethy!- 27 O-6LT 10-8 15x 16 
naphthalene 
2,6-Dimethyl- §-O+ 0-617 12-3 3-2 x 10t 
naphthalene 
Pyrene 2t 1,500 i 10-2 8 x 10% 


* +, t, Data from refs, 5, 6 and 7, respectively . 


transferred to additives. This will alter the chemical 
and scintillation properties of solutions exposed to high- 
energy radiation. The dimer cations may undergo specie >; 
reactions themselves; they have been postulated ae 
intermediates in the oxidative oligomerization of car- 
einogenic hydrocarbons*—possibly an important step im 
carcinogenesis. 
On recombination, dimer cations will probebly give 
excimers 
M, + e (M-) M,* (+M) (3) 


This has been observed at low temperatures* but may not 
occur at room temperature if a repulsive excimer state 
is the first product. Recombination of M+ and M- does 
not give M,* at low temperatures? and the same result 
may be found at room temperature for electron transfer 
even in polar solvents is believed to take piace over 
distances greater than 10 A (ref. 9). Excimer emission im 
electrochemiluminescence’ may be due at least in part 
to reaction (3). An important result of reactions (1) and 
(3) in radiation chemistry is that the relative yields of 
singlet and triplet states are likely to be altered. In 
irradiated non-polar liquids, ion lifetimes are very short™ 
so that M,* formation will depend on the rate of the 
forward reaction, which is probably diffusion-controlled, 
rather than on the equilibrium constant. 
We thank the S.R.C. for a maintenance grant to one 

of us (Badger). 
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BIOLOGICAL SCIENCES 


Disappearance of Polyribosomes 
during in vivo Erythroid Maturation 
and Nuclease Activity 


DeEBELLIS and I have compared the disappearance 
of ribosomes and polyribosomes during the maturation 
in vivo of erythroid cells in the rabbit’. This involved 
injecting twice labelled cells, obtained from a donor 
animal, into a recipient animal in which the bone 
marrow was repressed by continuing injections of colehi- 
cine. The events which occurfed, including disappearance 
of total erythroid cell RNA, of reticulocytes, end of ribo- 
somes and polyribosomes, were the result of maturation 
of the donor cells in the recipient circulation, for evidence 
was presented to show that the donor cells were not 
removed from the circulation during the time of she study. 
In contrast to previous work? there was no dispropor- 
tionate loss of polyribosomes during erythroid cell 
maturation. Rowley® criticized these studies because the 
initial and subsequent sucrose density gradient centrifuga- 
tion patterns of ribosomes (Fig. 1, upper) resembled those 
obtained by other workers*:? with polyribosomes treated 
with small amounts of ribonuclease. He eoncludedd 
that “the similarity in (sucrose density gradient) patterns 
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{as a) function of age simply represents degradation to a 
uniform state’. No experimental evidence is offered to 
support this conclusion. 

The conclusion arrived at by Rowley is unwarranted 
for the following reasons. 

(1) Isolation of ribosomes in the original work! was 
according to a procedure used by most investigators 
working with reticulocyte ribosomes®. The cells are lysed 
in a suitable buffer, the cell membranes and any unlysed 
cells separated by low speed centrifugation, and the ribo- 
somes pelleted from the membrane-free haemolysate by 
ultracentrifugation. There is little or no nuclease activity 
in isolated reticulocyte ribosomes (ref. 9 and my unpub- 
lished observations). The bulk of nuclease activity in the 
reticulocyte is confined to the membrane fraction!’ 
which is discarded during the preparation. It is thus 
unlikely that significant nuclease activity was present in 
these preparations. Table 1 in the original work! indicates 
that the proportion of polyribosomes of various sizes in 
whole donor cells was the same before injection as it was 
after recovery from the recipient animal. The observed 
gradient patterns therefore cannot be ascribed to the 
injection procedure itself. 

(2) Sucrose density gradient patterns of reticulocyte 
ribosomes are dependent on the time of centrifugation 
and the type of gradient. This is evident in the illustra- 
tions used by Rowley® and reproduced in Fig. 1 It is not 
uniformly true that ribosomes prepared from native 
lysates contain more aggregates of five ribosomes than 
four, three or two ribosomes, as stated by Rowley®. 
Sucrose density gradient patterns of reticulocyte ribosomes 
illustrating this point can be found in the works cited in 
ref, Il. 
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(3) Rowley states that there is a great deal of similarity 
between ribosomes degraded by ribonuclease and 
those shown in the upper portion of Fig. 1. Examina- 
tion of his illustrative figures, and particularly that of 
Eikenberry’?, does not support this statement. The two 
examples of ribosomes treated with ribonuclease (Fig. 1, 
right) which he uses are in no way similar. Indeed, even 
the patterns of untreated ribosomes used as examples 
(Fig. 1, left) are not similar, reinforcing point (2). The 
use of a diseontinuous scale in the patterns originally 
published by Eikenberry et al.’ falsely biases the com- 
parison of the patterns to show similarity with those of 
Warner et al.*. 

(4) If one agrees with Rowley’s conclusion that endo- 
genous nuclease action might be responsible for the type 
of patterns originally shown by myself and DeBellis!, it 
is not justifiable to further conclude that such breakdown 
patterns will be similar to those obtained following 
exposure to pancreatic ribonuclease. The mechanism of 
polyribosome breakdown may vary under different 
conditions. Polyribosome breakdown induced by sodium 
fluoride, for example, occurs on a chance basis. In this 
situation polyribosomes of six units are just as likely to 
break down completely as are those of five units or four 
units or three units, without a sequential pattern of going 
from six to five to four to three!?, 

For these reasons, the data reported by DeBellis and 
myself? cannot be ascribed to the action of either exogenous 
or endogenous nuclease. A detailed analysis of the action 
of minute amounts of ribonuclease on reticulocyte poly- 
ribosomes has not been provided to support this suggestion. 
The differences between the original paper of DeBellis 
and myself? and those of previous workers?™— concerning 
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FRACTION NUMBER 


Fig. 1. Sucrose gradient analyses of ribosomal composition of rabbit reticulocyte lysates (taken from Rowley‘). 
Top: from Burka’. The individual lines represent profiles obtained 15 min, 1 hang 5 h, respectively, after 


reticulocyte infusion. Middle: from Warner et al.*, 
berry et ai.? 


Left, native; right, degraded. Bottom: from iken- 
Left, control; right, ribonuclease treated. 
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the disproportionate loss of polyribosomes during eryth- 
roid cell maturation remain yet to be resolved. 
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Chemical Evidence for the Phillips 
Model of the Action of Hen Egg 
White Lysozyme 


A THREE-dimensional model of the ES-complex formed 
between a chito-oligosaccharide and hen egg white lyso- 
zyme was presented by Blake et al. as a result of X-ray 
crystallographic investigations!. We reported that par- 
tially O-carboxymethylated chitin, which had satisfactory 
solubility, was highly susceptible to the action of lyso- 
zyme? where the contents of the carboxymethyl groups 
were very roughly 0:3 mole/mole of N-acetoglucosamine 
residue. It is to be expected that the fairly bulky 
O-substituents will not permit such a free binding as that 
between unsubstituted chito-oligosaccharides and the 
enzyme, but will force the enzyme to select some suitable 
portions of the substrate molecules for making the ES- 
complex. Although it is impossible to know the exact 
location of the O-substituents on the high molecular sub- 
strate, the location of those on the en#ymatic reaction 
products—which are low molecular compounds—-can be 
determined. The orientation of the O-substituents in the 
product molecules must be reflexions of the conformation 
of the binding sub-sites in the ES-complex, because those 
suitable portions of the substrate molecule must have been 
fitted in the sub-sites before being released as low mole- 
cular saccharides. 

Among the reaction products, we identified N-aceto- 
glucosamine (I), di-N-acetochitobiose (II), tri-N-aceto- 


chitotriose (ITT), and 6’-O-carboxymethy|-di-N-aceto- 
chitobiose (IV). 
CH OCH3 COOH CHə OH 
O 
OH 1 O OH H ,OH 
HO 
NHCOCH 3 NHCOCH 3 


These products were isolated by ‘Sephadex @-13’- gel : as 


filtration and ‘Dowex-1’ anion exchanger chromasograp 
Determination of the structures of these saccharides 
performed by the usual method of borohydride reducti 

and acid hydrolysis followed by quantitative analyses o 


the sugar and the sugar alcohol using a cation exchanger = 


automatic amino-acid analyser. The results of the analyses 
are summarized in Table 1. The product saccnarides I, 
II and ITI were further identified on a paper chromate- 
gram by comparison with authentic specimens. The 
fractions in the cation exchanger chromatography of the 
Q-substituted glucosamines and the corresponding sugar 
alcohols were identified by comparison with synthetic 
specimens*. The monomer fraction in the gel filtration 
was quite pure and it is most probable that no OQ-sub- 
stituted monomer was produced by the enzyme, The 
reducing end residues of all the saccharides produced by 
the enzyme were likewise analysed by borohydride 
reduction and acid hydrolysis followed by the cetermina- 
tion of the sugar alcohols on a cation exchanger chromato- 
gram. The unsubstituted residue and 3-O-sabstituted 
residue were identified as reducing ends, whereas the 
6-O-substituted residue was not. 


Table 1 
Molar ratio 


Saccharide Sugar aleohol/sugar 
I EBOG OG 
II 1-00/1-00 
{11 100/2 84 
IY 1:00/1-12 
Table 2. ORIENTATION OF THE O-SUBSTITUENTS 


“IN” means that a substituent is directed toward inside of the “cleft”, thus 
exerting steric hindrance, and “OUT? means the contrary 


Binding sub-site 
l D 


Substituent A B È E E 
3-0- IN OUT IN OUT IN Gor 
§-O- OUT IN OUT IN GT IN 


All the facts mentioned previously are well Inter- 
preted when we take into account the orientation of the 
QO-substituents in the Philips model of the ES-complex 
which is presented in Table 2. The reducing ends of the 
saccharides produced by the enzyme had to de on the 
sub-site D which could accommodate only en unsub- 
stituted residue or a 3-O-substituted one. The saccharide 
I had to be on D as well as on E before it was released as 
a monomer. No O-substituted residue can do this because 
it will suffer steric hindrance either on D or on B. Like- 
wise the saccharide IV had to be on C-D as well as on 
E-F, both of which could accommodate this O-sabstituted 
disaccharide before it was released as a dimer. 
This work was supported by a grant from the US Publie 
Health Service. 
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Glucuronation of the Liver in 
Premature Babies 


One of the principal factors causmg neonatal jaundice is 
the incomplete ability of liver to conjugate the bilirubin 
which is produced in greater amounts than that normally 
found in the older infant or adult. This condition has been 
extensively studied in vitro in numerous species ef animals 
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Fig. 1. Capacity for conjugating 4-methyl-umbelliferone in vitro by 
human liver tissue from premature newborns and sucklings and from 
human adults. 


by means of different methods in which o-aminophenol 
as well as bilirubin has been used as an acceptor of 
glucuronic acid'-*. In the newborn human, however, the 
difficulty of obtaining a sufficient quantity of fresh 
hepatic tissue has limited the use of these techniques. 
It has also influenced many authors to evaluate in vivo 
the ability of liver to glucuronate by means of charge 
tests. These tests are made using drugs which are con- 
jugated to produce glucuronates and sulphates, which 
are then excreted through the urine’. 

Very few assays have therefore been performed in 
vitro on the glucuronating activity of liver tissue taken 
from the newborn human. The two experiments perfor- 
med by Dutton® in two foetuses at the third and fourth 
months of intrauterine life showed that the conjugation 
of o-aminophenol was about 1 per cent of that found in 
the adult mouse if evaluated using slices of hepatic tissue, 
and about 3 per cent if homogenates were used. Gartner 
and Arias’? found that slices of human liver taken from 
a 20 week old foetus conjugated only 13 per cent of the 
amount of o-aminophenol conjugated in the adult rat. 
Finally, Lathe and Walker? observed that in three pre- 
mature newborn babies (life span from 5 min to 98 h and 
weighing between 766 and 1,343 g), the livers of two were 
unable to conjugate bilirubin, either in slices or in homo- 
genates. The liver of the third (life span of 65 min and 
weighing 766 g) was only slightly able to conjugate the 
bilirubin when it was used as a homogenate, and the 
o-aminophenol when it was used either as a homogenate 
or as slices. 

In 1962 Arias’ described ga method for studying hepatic 
glucuronation using a highly fluorescent substance 
(4-methyl-umbelliferone) as an acceptor of glucuronic 
acid. This method requires the use of very small quanti- 
ties of hepatic tissue which can be obtained by needle 
biopsy. It has since been extensively used but not for 
systematically studying the maturation of the glucuronat- 
ing function of liver in newborn humans. This is perhaps 
because of the difficulty in obtaining the quantity of 
tissue required (10-45 mg) by needle biopsy in the neo- 
natal period. We have, however, modified this technique, 
allowing us to perform this precise type of research. 

Assays were carried out on small pieces (4-12 mg) of 
hepatic tissue obtained from one needle biopsy (using a 
Menghini needle in premature newborns and sucklings). 
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Samples from adults were taken in the course of surgical 
operations. Tissue was homogenized at — 2° C in a Thomas 
glass homogenizer with sufficient 0-25 M sucrose (pH 
adjusted to 7-6) to give a final concentration of proteins 
of between 5 and 12-5 mg/ml. The protein content was 
determined by the biuret method adapted to the Beck- 
man-Spinco ultramicroanalysis equipment. Protem 
nitrogen was calculated by dividing the protein content 
by 625. Homogenates (0-08 ml.) were incubated by 
shaking in air (92 eyeles/min) for 30 min at 37° C with 
0-5 M tris buffer, »H 7:8, 0-4 uM UDPGA, 0-4 uM MgCl, 
0-24 uM 4-methyl-umbelliferone, in a final volume of 2 ml. 

The incubation mixture was then shaken three times 
for 10 min with 10 ml. of chloroform, and the chloroform 
was discarded. The extracted mixture was divided into 
two equal samples of 0-5-0-75 ml.; one of these was 
incubated in air at 37° C for 90 min and shaken at 92 
eycles/min with 0:35 M tris buffer at pH 7 and 75 u of 
bacterial beta glucuronidase in a total volume of 2-5 ml. 
The second sample, run as a control, was similarly incu- 
bated except that glueuronidase was absent. Five ml. 
of 0-5 M glycine buffer at pH 10-32 was then added to 
the control and test tubes and the fluorescence was 
determined at 460 mu by means of Beckman DU fluorese- 
ence equipment. A standard curve was obtained using 
a series of 4-methyl-umbelliferone solutions containing 
from 3 to 30 mum in 25 ml., to which 5 ml. of glycine 
buffer was added. The difference between the test and 
the control was considered to represent the amount of 
conjugated 4-methyl-umbelliferone formed in the original 
mixture. 

Only assays with adult liver tissue were run in duplicate 
and the results thus obtained differed from their mean 
by a value of not more than 8 per cent. Preliminary 
experiments, carried out with rat liver showed that in 
the range of protein content used in the incubation 
mixture (0-4-1 mg) there was a constant relation between 
enzyme activity and protein concentration. In all experi- 
ments an overall checking of the procedure was carried 
out by running an assay with adult rat liver homogenate 
(40 mg of fresh organ/ml. of 0-25 M sucrose). In every 
case conjugation values shown by rat liver were in the range 
of 170-250 v, which were the limits of a series of ten assays 
carried out in ten rats of the same strain, sex and weight. 

Fig. 1 and Table 1 show that the maturation curve of the 
glucuronating function is notably flat, so that only after 


Table 1. ABILITY TO CONJUGATE 4-METHYL-UMBELLIFERONE BY LIVER TISSUE 
HOMOGENATE FROM PREMATURE NEWBORNS AND SUCKLINGS 
Gestational Weight at Conjugating 
Name age (months) birth (23 Sex Age activity (0) 
A. B. 4-5 500 E 19 h 19 
L. A. 8 2,050 F 20 h 33 
D, A. 8 2,380 F 20 h 29-7 
L. T. 8 2,400 F 2ih 30-7 
S. S. 8 2,500 F 22 h 39 
Z.M. 9 2,850 M 28 h 246 
M. G.* 7 1,9550 F 35 h 21-3 
M. C. 7 1,800 F 38 h 29 
M. A.* 7 31,300 M 40 h 21-6 
G. O.F 9 2,000 E 40h 19 
D, A.* 8 1,970 M dih 18°75 
R.E. 7 1,800 M 47h 31:3 
M. S. 8 1,906 M 48 h 28-1 
5, G. š 2,160 F 53 h 41-9 
M. A.* 9 2.200 M. 56 h 347 
F L. 7 1,780 M 4 days 38-8 
M. G, 8 2,050 M 5 days 26-5 
A, A. T 1,700 F 5 days 30 
pe oP g 2,400 M 11 days 9] 
FA. A 1,650 M 14 days 34-6 
be Ps & 2,300 F 15 days 31-2 
P. N. 9 2,570 M 24 days 33 
C. M. R 1,700 M 25 days 25 
B. D. 8 2,300 F 25 days 52 
B. L. 8 1,706 M 27 days 86:3 
3. E. 8 1,970 E 28 davs 45 
E. C. 7 1,300 F 55 days 179 
(2,200) 
P. L. ? 1,700 F 60 days 91-5 
(2,250) 
C. R. 7 1,880 F 75 days 225 
2,660) 


* Subjects on whom the test has been repeated after an interval of time as 
reported in Table 2. . 
In parentheses the weight at time of test. 
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1 month of life are levels reached which approach those 
of adults. In particular the values found in premature 
babies are about 10 per cent of those found in adults, and 
do not correlate with sex, weight at birth and gestational 
age. 
an sufficiently evident individual variability has been 
observed in the ability of premature babies to conjugate 
4-methyl-umbelliferone. Nevertheless, during the first 
month of life none of the values, except one, observed 
by us, exceeds 25 per cent of those found in adults. 

During the first 2 weeks of life, the conjugating ability 
develops very slowly. This can be seen not only through 
the values found in various cases of different ages, but 
also from the assays repeated on the same subject at 
intervals of time (Table 2). 


Table 2. VARIATIONS IN THE TIME OF CONJUGATING ACTIVITY OF 4-METHYL- 
UMBELLIFERONE BY LIVER TISSUE HOMOGENATES FROM PREMATURE NEWBORNS 


Gestational Weight at . Conjugating 
Name. age(months) birth (g) Sex Age activity (U) 
G. 0. 9 2,009 F 40h 19 
3 days 33 
M G. 7 1,650 F 35 h 21-3 
5 days 18 
D, A. 8 1,970 M 4i h 18°75 
: 3 days 23-4 
M. A. 7 1,800 M 40 h 21-6 
3 days 22-6 
M A. 9 2,800 M 56h 34:7 
7 days 37°6 


Table 3. CONJUGATING ACTIVITY OF 4-METHYL-UMBELLIFERONE BY LIVER 
TISSUE HOMOGENATES FROM ADULTS (INTRA OPERATORY BIOPSY) 


Age in . . Conjugating 
Number years Sex Reason for operation activity (0) 
1 50 M Duodenal ulcer 430 
2 45 F Gal! bladder stones 364 
3 35 F A ” 5 213 
4 40 F ae ji A 420 
5 53 F Gastric ulcer 186 
6 82 M Colecystitis 197 


The results we have obtained do not enable us to 
interpret that hyperbilirubinaemia in premature new- 
borns is directly related to maturation of glucuronating 
capacity of liver. Although bilirubin levels return to 
normal by the fifteenth day of life, after an initial increase, 
at this time the glucuronating capacity of liver is not sig- 
nificantly different from the first days of life. Such a 
finding might be interpreted in different ways: (1) it 
could mean that different enzymes are involved in the 
glucuronation of bilirubin and of 4-methyl-umbelliferone ; 
(2) there may be a deficiency of UDPGA and not of 
enzyme; (3) finally—-and we think this is the most prob- 
able cause—it could be that some causes other than 
enzyme deficiency (for example, a haenfolysis) play an 
important part in the development of neonatal jaundice. 

This work was supported in part by a grant from the 
Consiglio Nazionale delle Ricerche. 
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Molybdenum—Cysteine Complex 


RECENT measurements of electron spin resonance’ have- 
indicated that, in the reduced form of the molybdoflavo- 


protein enzyme xanthine oxidase, molybdenum(V) is co- 
ordinated with one or more sulphur atoms, probably 


ionized thiol groups of cysteine. Molybdenum-sulphur 
complexes have therefore attracted considerable interest 
as possible models for molybdenum in enzymes*. Al 
though the chemistry of molybdenuro-sulphur complexes 
is becoming well understood’, there has been little work 
on complexes with cysteine. Stability constants of com- 
plexes of molybdenum(V) and (VI) with eysteine have 
been reported’, but no complexes have been isolated. 
We now report the preparation and properties of a 
molybdenum(V)-cysteine complex, sodium di-p-oxo-bes 
foxo[cysteinato(2-)Jaquomolybdate(V)} trihydrate, Na, 
{Mo,0,(SCH,CH(NH,)CO,],(H,O).}3H,0, and discuss how 
far it can be regarded as a model for molybdenum in 
enzymes. 

The cysteine complex was obtained from the folowing 
reactions: (a) sodium molybdate and excess of cysteine 
hydrochloride in aqueous solution, (6) reduction with 
hydrazine hydrate of sodium molybdate and cysteine 
hydrochloride in aqueous solution, (e) reduction with 
sodium dithionite of sodium molybdate and cysteme 
hydrochloride in aqueous solution. The reactions were 
carried out at room temperature using nearly saturated 
solutions of the reactants. The complex--which is very 
soluble in water—was isolated as orange crystals by cool- 
ing the final solution in ice or by adding ethanol, and was 
recrystallized from aqueous ethanol, Satisfactory analyses 
for the sodium salt given here were obtained (found: 
C, 11-45, H, 3-15, N, 4°36, S, 9-6, Na, 6-93, Mo, 30-8 per 
cent. Calculated: C, 11-4. H, 3-17, N, 4:44, $, 10], 
Na, 7-30, Mo, 30-5 per cent}. Dissolved in concentrated 
hydrochloric acid, the complex gave a visible spectrum 
quantitatively identical with that of (NH,),MoOCI, which 
establishes the oxidation state of molybdenum in the 
eysteine complex as +5. 

In reaction (a) we also obtained a white precipitate of 
cystine showing that, in the absence of added reducing 
agents, reduction of molybdenum(VI) is effected by 
cysteine. Reaction (c) is of interest because dithionite is 
commonly used for reducing xanthine oxidase’, We found 
no evidence for reduction below the +5 oxidation state. 
In contrast, dithionite reduces dithiophosphate and 
dithiocarbamate complexes of molybdenum(V) and (V1) 
to oxomolybdenum(IV) complexes, MoO(ligand), (unpub- 
lished observations of Jowitt and Mitchell). 

We propose for the molybdenum-—cysteine complex 
anion the structure shown below, which is analogous to 
that of the oxalato complex K,[Mo,0,(C,0,),(H,O),/3H,0 
(ref. 5). The presence of the binuclear dioxo-bridged 
Mo,O, group is consistent with the low magnetic moment 
(0-53 B.M. at 295° K), indicating coupling of electron 
spins on adjacent molybdenum(V) ions through metal- 
metal bonding and/or oxygen bridges*, and with strong, 
characteristic infrared absorption bands at 955 cem and 
735 em-}, assigned, respectively, to stretching vibrations 

7/0 
+ 
of the Mo=0 groups and the Mo 
k 
So 
presence of both lattice and coordinated water is shown 
by O-H stretching vibrations at 3,430 and 2,990 em~ 


Mo bridge®”. The 


QO 
ie lo i Sn 
2 SMo0% Mo” Ta 
re tae PNo™PNWH>CH—CO} 


H,O OH, 
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(ref. 5). Coordination of cysteme through the ionized 
thiol group and the ammo group is indicated by the 
absence from the infrared spectrum of an S-H stretching 
vibration (found in cysteine hydrochloride at 2,500 cm-t) 
and by the presence of a strong band at 3,110 cm~ 


uncoordinated NH, group and 3,000 em for the NH,+ 
group of cysteine hydrochloride). To achieve overall 
charge neutrality the presence of ionized carboxyl groups 
is required. Both the complex and the cystine zwitterion, 
but not eysteme hydrochloride, show a strong band at 
1,590 em- which we assign to the asymmetric C=O 
stretching vibration of the uncoordinated (but presum- 
ably hydrogen-bonded), ionized carboxyl group. In 
cysteine hydrochloride, but not m the complex or in 
cystine, the C=O stretching vibration of the un-ionized 
carboxyl group is observed at 1,737 em~. Our assign- 
ments of the amino-acid bands are derived from the 
literature? and from a careful comparison of the infrared 
spectra of the cysteine complex, cysteine hydrochloride, 
sodium cysteinate, and cystine. Although the assign- 
ments are not completely unambiguous we are reasonably 
certain that cysteme is coordinated through the ionized 
thiol group and the amino group. Additional evidence is 
provided by the observation that cysteime and also 2- 
mercaptoethylamine with acidified sodium nitrite solution 
give an immediate deep pink colour followed by vigorous 
evolution of nitrogen whereas the cysteine complex gives 
no colour and evolves nitrogen only slowly. 

The electronic spectrum of aqueous solutions of the 
cysteine complex showed peaks at 205 and 306 mu with 
molar extinction coefficients of 19,000 and 12,800, respec- 
tively. The solution obeyed Beer’s law and the spectrum 
was unaffected by adding cysteine or changing pH from 
4to 9. According to their intensities the absorption peaks 
are caused by charge transfer transitions. We were 
unable to detect d-d transitions in the spectrum of the 
cysteine complex presumably because they are covered 
by the tail of the charge transfer transition (contrast the 
molybdenum(V)-oxalato complex for which d-d transi- 
tions appear as shoulders on the charge-transfer transi- 
tion}s, 

On exposure of aqueous solutions of the cysteine complex 
to air the 306 mu peak shifted to 316 mu and decreased 
in intensity (¢~ 5,000). The spectral changes were 
accelerated by passing oxygen, by increasing the pH 
from 5 to 9-2, and also by adding excess cysteine. The 
changes are consistent with the oxidation of molybdenum- 
(V) to molybdenum(VI), forming, for example, the 1:2 
Mo(VI) : cysteine complex of Spence and Chang’. From 
concentrated solutions at pH 9-2 we isolated a mixture of 
cystine and a yellow compound, probably MoO, (cysteine), 
(Mo=O stretching vibrations at 969 and 849 ermi). 

When solutions of the cysteine complex and xanthine 
(10 M, pH 5-9-2) were mixed there were no spectral 
changes. Passing oxygen through the solutions caused 
oxidation of the cysteine complex as before but the 
characteristic absorption peaks (238 and 278 mu) of 
xanthine remained. Thus there was no reaction between 
xanthine and the cysteine complex before, during, or after 
reaction of the latter with “oxygen. Similar results were 
obtained with the molybdenum(V)-cxalato complex 
(unpublished results of P.C.H.M.). 

The question arises: how far in our cysteine complex 
is the environment of molybdenum im an enzyme such as 
xanthine oxidase simulated ? The complex meets the 
requirement, established for xanthine oxidase by electron 
spin resonance measurements! 29, of two molybdenum(V) 
coordinated by a biologically important sulphur-donor 
ligand and of having hydrogen atoms (from coordinated 
water or amino groups) in close proximity to molyb- 
denum’. As in the enzyme, molybdenum in the cysteine 
complex reacts with oxygen and is not reduced below 
the +5 oxidation state by dithionite. The complex does 
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not, however, react with xanthine or catalyse its oxida- 
tion; but it is also doubtful whether xanthine interacts 
directly with molybdenum in the enzyme. The possibility 
should be considered that xanthine interacts primarily 
with another part of the enzyme molecule, for example, 
flavin, We note that purin—flavin complexes have been 
described’, In the spectrum of the cysteine complex 
there are no peaks in the visible region; but in xanthine 
oxidase a peak at 580 my has been “tentatively” assigned 
to molybdenum". Either this peak is not caused by molyb- 
denum or, if it is, molybdenum in the enzyme must be co- 
ordinated with a number of sulphur atoms: a feature of 
the charge transfer spectra of molybdenum(V) complexes 
is that the absorption peaks shift to longer wavelengths 
with increasing coordination of donor ligands (for 
example, thiocyanate, 8-hydroxyquinoline, xanthate, di- 
thiophosphate’). The cysteine complex is effectively 
diamagnetic like the resting enzyme; but in the active 
enzyme about 37 per cent of the molybdenum is para- 
magnetic’, It is possible that the paramagnetism arises 
not from reduction of molybdenum(VI) as has been 
generally assumed but (see ref. 9) from uncoupling of 
electron spins in a binuclear molybdenum(V) species 
caused by rupture of one or more bridge bonds. A process 
of this type would have the advantage of creating a vacant 
coordination site at the molybdenum, and the presence 
of two adjacent molybdenum atoms would provide a 
means of transferring two electrons one at a time. At 
present we are attempting to carry out bridge-breaking 
reactions of molybdenum complexes. It is relevant that 
the binuclear molybdenum(V) complexes, Mo,0,L, (L= 
dithiophosphate, dithiocarbamate, 8-hydroxyquinoline), 
can be reduced to five-coordinate molybdenum(IV) 
complexes, MoOL,, which will coordinate a further ligand 
in the sixth position, and are re-oxidized by oxygen via 
a peroxo intermediate to the Mo,0,L, complexes (un- 
published observations of Jowitt and Mitchell). 

We thank Mr A. Butcher for useful comments. One of 
us (A. K.) thanks the S.R.C. for a maintenance grant. 
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Genetic Analysis of the First Steps of 
Sulphate Metabolism in Aspergillus 
nidulans 


PHENOTYPIC analvsis of interactions between different 
mutations in the same genome often helps elucidate the 
structure and function of the loci in question. If, in a 
series of mutations affecting a linear pathway, each non- 
allelic mutation has a characteristic phenotype, then the 
order of the steps they affect can be determined from the 
phenotypes of double mutants. A (‘“‘non-leaky’’) mutation 
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blocking one step in the pathway will be epistatic to all 
those blocking later steps. The minimum number of 
different double mutants sufficient to determine unequi- 
vocally the order of loci participation on a linear pathway 
equals the number of different loci (the total number of 
different double mutants equals n(n — 1)/2 where n equals 
the number of different loci). This communication 
reports application of this method in Aspergillus nidulans 
to four loci where mutation can result in loss of ability 
to use sulphate but not sulphite as a sulphur source and 
indicates that these four loci are involved in the conversion 
of sulphate to a metabolite which interferes with utiliza- 
tion of exogenous choline QO-sulphate. 

Hussey et al.) characterized biochemically mutants of 
A. nidulans unable to convert exogenous sulphate to 
sulphite, but they used strains not in general use. It 
was therefore thought desirable to determine the order of 
participation of the standard loci?: 8-1, 3-3, 8-12, and 
s-50*. The pathway which operates in A. nidulans is 
given in Fig. 1. 

Growth responses to the toxic analogues chromate and 
selenate allow a tentative correlation between the four 
standard markers and the four steps from extracellular 
sulphate to intracellular sulphite. Sulphate transport 
mutants have been selected for resistance to chromate 
in Salmonella typhimurium, where chromate and selenate 
inhibit sulphate uptake’. Selenium-containing analogues 
are substrates at a number of steps in sulphur metabolism, 
from sulphate uptake to formation of amino-acids’. 

Table 1 shows that s-3 is epistatic to 8-12, 8-50, and 8-1; 
8-12 is epistatic to 8-50 and s-1; and 8-50 is epistatic to 
s-1, Thus the following correlation can be inferred: 8-3 
for sulphate uptake; 8-12 for ATP-sulphurylase; 8-50 
for APS-kinase; and s-1 for PAPS-reductase. 

The s-3 locus can be independently identified because 
8-3 mutations, unlike mutations at the other three s loci, 
resemble the sulphate transport mutations described by 
Hussey et al.! in responding to choline O-sulphate. 8-3 mu- 
tations also confer resistance to molybdate and tungstate. 
Unlike sulphate transport mutations of S. typhimurium’, 
they do not impair growth on thiosulphate as sulphur 
source. Mutations at the s-3 locus are uniformly more 
“leaky” for growth on sulphate than mutations at any 
of the cther loci, probably because of sulphate uptake 
by another system or by passive diffusion. They are not, 
however, repaired by a fifty-fold increase in sulphate con- 
centration. 

On 0-07 M selenate, strains carrying one or both of the 


mutations 8-12 and 8-3 are appreciably but equally in- 


* Porn? lists s-50 as reparable by thiosulphate, but it also responds to 


hibited. Because s-3 mutations probably allow some 
residual selenate transport analogous to the residual 
sulphate transport, the lack of additivity of selenate 
resistances of s-12 and s-3 might indicate that the basis 
of selenate resistance caused by s-12 is potent interference 
with selenate uptake by intracellular selenate. This 1s 
consistent with the observation® that the internal sulphate 
pool controls sulphate uptake in A. nidulans if the assign- 
ment of 8-12 to specification of ATP-sulphurylase be cor- 
rect. Because s-12 strains are not resistant to chromate, 
molybdate or tungstate, evidently only sulphate and 
selenate of these five structurally similar anions interfere 
intracellularly with their own uptake. The effects of s-1 
and s-50 on selenate tolerance are too small in comparison 
with the level of selenate resistance conferred by 8-3 to 
permit reliable additivity studies. 


Table 1. PROPERTIES OF SINGLE AND DOUBLE MUTANTS ABLE TO USK SULPHITE 
BUT NOT SULPHATE AS SULPHUR SOURCE 


Growth on medium containing 


Genotype 10t M 10+ M §x 104M 5x 10+ M 
CrO? Seo Bet Se, 
Wild type — = = -$ 
8-3 + + i + 
8-12 -— + + + 
8-50 ~ ~ _ -~ 
g-i - ~ + + 
8-3 8-12 + + + + 
8-3 8-50 + + + + 
8-3 a-] + + + + 
8-12 8-50 _ + + “$ 
8-12 8-1 a + + + 
8-50 s-i - ~ ~ ~n 


Scoring of point inoculated colonies after two days’ incubationsat 37° C on 
solid minimal medium described by Pontecorvo et al? except that 0-005 M 
urea replaced NaNO, as nitrogen source. 10-* M L-methionine served as 
sulphur source for the CrO? medium, and 2x 10 M p-methionine served aa 
sulphur source for the SeOZ media. 


It is, nevertheless, possible to speculate that, if the 
proposed correlation of loci and enzyme steps be correct, 
the slight selenate resistance resulting from s-1 is caused 
by accumulation of PAPS (or the seleno analogue PAPSe), 
which then interferes with selenate uptake directly or by 
interference with the ATP-—sulphurylase reaction. Slight 
hypersensitivity to selenate due to s-50 would, accordingly, 
be attributable to inability to form PAPS (or PAPSe). 
PAPS probably inhibits sulphate transport in S. typhi- 
murium®. Scott and Spencer*, however, failed to find 
any evidence for a role by an organic sulphur-centaining 
metabolite in the regulation of sulphate transport in 
A. nidulans. Because s-3 and 8-12 strains cam tolerate 
roughly fifty times as much selenate as 8-1 strains (and 
roughly one hundred and two hundred times, respectively, 
as much as wild type and s-50 strains). a PAPS effect 
could easily go unnoticed. 
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Kafer’? reported a meiotic map distance of 2-9 eM in 
linkage group III between s-12 and s-4 (an allele of s-1). 
I found 1-6 eM between s-12 and 8-1 based on 318 progeny 
classified into all four classes (distinguishing s-12 single 
mutants from 8-12 s-1 double mutants by complementa- 
tion). 8-3 is located in linkage group VI! while s-50 is 
in linkage group VIII. 

Because high sulphate concentrations can prevent 
repair of a choline requirement by choline O-sulphate, the 
regulation of choline O-sulphate metabolism can be studied 
in vivo using strains also defective in sul phate assimilation. 

The mutation cho of A. nidulans resembles the chol-] 
mutation of Neurospora crassa!) in responding to choline, 
choline O-sulphate, N-methylethanolamine, and N,N- 
dimethylethanolamine and in not responding to ethanol- 
amine, sarcosine, or N,N -dimethylglycine. Unlike chol-1 
and chol-2 mutations of N. crassa™, it does respond to 
betaine. Unrepaired cho strains grow considerably on 
solid medium at 37° C, but then growth ceases and the 
colonies turn brown. This first day’s growth is correlated 
with inoculum size but is not influenced by wild type 
colonies in close proximity. Because none of the muta- 
tions 8-3, 8-12, 8-50, or s-1 reduces this amount of initial 
growth, it cannot result from utilization of stored choline 
Q-sulphate, which accounts for up to 1:5 per cent of the 
dry weight of A. niger conidiospores!? and also occurs 
extensively in A. nidulans'®, because Hussey et alt 
showed that mutants blocked in sulphate transport, 
ATP-sulphurylase, or APS-kinase are unable to synthesize 
choline O-sulphate in vivo. 

Double mutants carrying cho and any one of the muta- 
tions 8-3, 8-12, 8-50, or s-1 are able to use 10-5 M choline 
Q-sulphate as choline source in the presence of 0-1 M 
sulphate (on solid medium containing 2x 10-? M n- 
methionine as sulphur source) whereas cho single mutants 
are not. Thus the integrity of all four of these s loci is 
probably necessary for the conversion of sulphate to an 
inhibitor or repressor of choline O-sulphate metabolism, 
which is at least as far as sulphite on the sulphate assimila- 
tion pathway. Alternatively, but less plausibly in view 
of the probable roles of these loci, a block at any of the 
four loci promotes accumulation of an activater(s) or 
inducer(s) involved in choline O-sulphate metabolism. 
Because choline sulphatase of A. nidulans is both re- 
pressed and inhibited by cysteine but not by sulphate’, 
the inability of the four s cho double mutants to convert 
exogenous sulphate to cysteine might account fer their 
ability to use choline O-sulphate in the presence of high 
sulphate concentrations. 

This work was performed during the tenure of a Marshall 
Scholarship. I would like to thank Dr D. J. Cove for useful 
discussions and Messrs A. Simpson and R. Newman for 
technical assistance. 
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Regulation of Citrate Synthase and 
Microbial Taxonomy 


THE regulation of enzyme activity by cellular metabolites 
in micro-organisms is usually exerted by feedback control, 
an initial enzyme of a pathway being controlled by an 
end-product of that pathway. Such control of enzyme 
activity has, in many eases, been shown to be “allosteric” 
an that is, the end-product effector binds to the enzyme at 
a site distinct from the catalytic (active) site. The modi- 
fying effect on enzyme activity probably results from an 
induced conformational change in the enzyme structure, 

Citrate synthase (citrate condensing enzyme; citrate 
oxaloacetate lyase (CoA acetylating) EC 4.1.3.7) is a key 
enzyme of the tricarboxylic acid cycle, the widespread 
metabolic sequence for terminal oxidation. The enzyme 
catalyses the condensation of acetyl coenzyme A and 
oxaloacetate to form citrate and hence effects the entry 
of carbon into the cycle. The dehydrogenation reactions 
of later steps of the cycle lead to the formation of reduced 
pyridine nucleotide (NADH), the subsequent oxidation of 
which is coupled to the production of ATP. Thus both 
NADH and ATP can be considered to be products of 
the cycle and, in keeping with the principles outlined, 
might be expected to regulate an initial enzyme, for 
example, citrate synthase. Indeed, on physiological 
evidence, Krebs and Lowenstein! concluded that the 
reaction catalysed by citrate synthase is the rate limiting 
step of the tricarboxylic acid cycle. Several workers have 
since suggested that the citrate synthase of higher 
organisms (yeast, plants and mammals) is controlled by 
the level of ATP (refs. 2-5). The relative insensitivity 
to ATP, however, of the enzyme from Escherichia coli 
prompted a search for an alternative regulator and led to 
the finding that NADH is a powerful allosteric inhibitor 
of this bacterial enzyme*.’. 

Further work with another Gram-negative micro- 
organism, Acinetobacter lwoffi, showed that the regulation 
of citrate synthase in this species resembled that of EB. coli 
m its sensitivity to NADH but differed in that the in- 
hibition could be completely overcome by low concen- 
trations of AMP (unpublished work of P. D. J. W.). 

This variation in the regulatory behaviour of the two 
bacterial citrate synthases prompted a survey of a large 
number of bacterial genera. Variations in regulatory 
mechanisms have been reported for other enzymes, but, 
to our knowledge, no large-scale comparative surveys 
have been conducted. The wide distribution of citrate 
synthase among bacteria, its role as a key enzyme of the 
tricarboxylic acid cycle and the ease with which it can 
be assayed in crude cell extracts make it an ideal subject 
for a comparative biochemical study of enzyme regulation. 

The organisms were grown aerobically at 30° C in 
nutrient broth (Oxoid) containing 50 mM sodium acetate. 
In the case of Lactobacillus plantarum 0-01 per cent (w/v) 
Tween 80° was included. The cells were collected by 
centrifugation and washed once with buffer composed of 
20 mM tris 10 mM MgCl, and 1 mM EDTA, pH 8-0. They 
were then resuspended in the same buffer and disrupted 
by ultrasonication. After removal of cell debris by cen- 
trifugation, the supernatant was studied without further 
purification. 

Assays of citrate synthase activity were performed by 
measuring the rate of oxaloacetate-dependent production 
of coenzyme A. from acetyl coenzyme A by one of two 
methods. In the spectrophotometric method’ used in most 
of this work, the coenzyme A produced is coupled with the 
chromogenic thiol reagent 5,5’-dithiobis-(2 nitrobenzoic 
acid) (DTNB) and the progress of the reaction is followed 
by measuring the increase in extinction at 412 my. The 
alternative assay is a polarographic one? in which the 
formation of coenzyme A is followed directly by means 
of its anodic signal at the dropping mercury electrode. 
This method is particularly advantageous with those 
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Table 1. PATTERNS OF REGULATION OF BACTERIAL CITRATE SYNTHASE 


NADH inhibition 
AMP reactivation 


Azotobacter vinlandti NCIB 3660 Escherichia coli 
Pseudomonas aeruginosa NCIB 8295 Escherichia coli 
Pseudomonas fluorescens D 1086* Escherichia coli 


NCOPPB 281 
NCPPB 599 


Proteus reitgert 
Proteus vulgaris i 
Salmonella cholerasuts 


Pseudomonas syringae 
Pseudomonas ovalis* 
Xanthomonas hyacinihi 


Flavobacterium devorans NCIB 8195 Salmonella anatum 
Thromobacterium violaceum D 263* Klebsiella pneumoniae 
Acinetobacter lwofft 4B* Aerobacter aerogenes 
Moraxella calcoacetica io” Hafnia alvet 


Arizona arizonae 
Erwinia uredorora 
Serratia marcescens 


Moraxella sp. (Vibrio 0-1) 


o4* 
Vibrio tyrosinaticus NCIB 9045 


Pasteurella pseudotuberculosis 


No AMP reactivation 


No NADH inhibition 


K12* Micrococcus luteus NCTE 8512 
iy * Micrococcus sp* | 
: Staphylococcus aureus 7954* 


NCTC 7475 NCTC 1831 
NCTC 4175 
NCTE 5735 
Uetake 293* 
NCTC 9633 
NCTC 10006 
NCTE 8105 
NCTC 8297 


Corynebacterium equi o 
Corynebacterium fascians NCPPS 1488 
Corynebacterium michiganense NC PPR 1408 
Mierohacterium thermosphactum C4* 

Bacillus cereus NOTE F464 
Bacillus megaterium” MENE 
Arthrobacter globiformis NCIB 8602 
Artkrobacter atrocyaneus NCI# 9220 


NCPPB 800 Arthrobacter nicotianae NCTB 9458 

NCTC 10211 Brevibacterium linens ATCC 9174 

NCTC 8315 Kurthia zopfia O5* . 
Cellulomonas cellasea NCIE 8078 
Mycobacterium rhodocraus Ciit 
Mycobacterium phlei NOTC 8151 
Mycobacterium smegmatis NCTE 8158 
Nocardia corallina ARAF 


Nocardia farciniea NCTC 4524 
Streptomyces somalensis N20* 
Streptomyces viridochromogens = N226* 


No citrate synthase was detected in Streptococcus facealis (NCTC 6782) or Lactobacillus plantarum (NCDO 1752) (compare ref. 13). | 
* Cultures from culture collections of MRC Microbial Systematics Research Unit and De partment of Biochemistry, University of Leicester, 


that described earlier. Assays were performed in the 
presence of 1:0 mM oxaloacetate and 0-16 mM acetyl 
coenzyme A in a total volume of 1-0 ml. In the spectro- 
photometric procedure 0-1 mM DTNB was included. The 
effect of NADH was examined at a concentration of 
0-8 mM and that of AMP at 0-5 mM. The choice of these 
concentrations was based on the results obtained earlier 
with the E. coli and A. lwoffi enzymes, in which the 
inhibition and reactivation effects approached 100 per 
cent. Furthermore, the concentrations of oxaloacetate 
and NADH used in the assays were such that the presence 
of malate dehydrogenase activity in the crude cell extracts 
would neither affect the assay of citrate synthase nor 
obscure the observation of any NADH inhibition. 

Citrate synthase activity was detected in all the organ- 
iams listed in Table 1. We observed, however, that 
organisms could be divided into two groups according to 
the susceptibility of their citrate synthase to inhibition by 
NADH. The enzyme from all the Gram-negative organ- 
isms showed inhibition by NADH, whereas no such 
inhibition was observed in any of the Gram-positive 
bacteria. Moreover, the Gram-negative bacteria can be 
subdivided into two groups on the basis of the response 
of the enzymes to AMP. In one such group the inhibition 
by NADH is relieved by AMP, while in the other AMP 
is without effect. 

This correlation between inhibition of citrate synthase 
by NADH and the response of bacteria to the Gram stain 
prompted us to seek an explanation of regulatory differ- 
ences in terms of microbial structure. Although the precise 
basis of the Gram stain is not fully understood, it is 
generally accepted that the response to the stain is 
associated with differences in the molecular architecture 
of the cell wall’. In addition to differences in cell wall 
composition, the two groups of bacteria exhibit differences 
in cell membrane structure. In the Gram-negative bac- 
teria the distinction between membrane and wall is much 
less pronounced than in the Gram-positive bacteria. In 
the latter group, however, the membrane exhibits greater 
structural complexity as shown by greater invagination 
and the formation of more complex intracytoplasmic 
membranous structures, called mesosomes?’. Mem- 
branous structures have been found in many bacteria 
but there is evidence that the simplest occur in the Gram- 
negative group and that the structures in Bacillus, Coryne- 
bacterium, Mycobacterium, Nocardia and Streptomyces 
become increasingly complex". There is evidence that, 
in bacteria, some enzymes of the tricarboxylic acid cycle 
are associated with the cell membrane’, so it is not 
unreasonable to speculate that these differences in 
membrane organization hetween the Gram-negative and 


positive organisms give rise to the observed differences in 
citrate synthase regulation. 

Within the Gram-negative organisms the sub-division 
into two groups (see Table 1) essentially coincides with 
that between the strict aerobes and the facultative 
anaerobes. The latter are well endowed with the enzymes 
of glycolysis and utilize the Embden-Meyerhof pathway 
as a principal route for glucose dissimilation, but the 
strict aerobes are either weak or deficient in these enzymes 
and probably degrade glucose by alternative routes—for 
example, the Entner—-Doudoroff pathway. We may thus 
seek a rationale for the presence or absence of the AMP 
effect on a particular citrate synthase in terms of the 
metabolic capabilities and enzyme composition of the 
organisms. In an organism capable of utilizing glycolysis 
as a major catabolic pathway there are presumabiy 
control points within this pathway for the regulation of 
energy production. Thus metabolites signalling a low 
energy condition (AMP or ADP) may exert an activating 
influence on key glycolytic enzymes such as phospho- 
fructokinase or pyruvate kinase’, Such organisms 
may thus not require a similar energy control site ab a 
“later” point of metabolism, that is, in the tricarboxy le 
acid cycle. On the other hand, organisms in which glyco- 
lysis and its attendant regulatory sites are not significant: 
may require to substitute for these a site m the tricarb- 
oxylic acid cycle which is responsive to the low energy 
signal AMP. Our observations on citrate synthase suggest 
that this enzyme may provide just such a site. 

The results are taxonomically interesting in that they 
emphasize further the differences between the Enterobac- 
teriaceae and related organisms-——for example, Pasteurella 
sp.17—on the one hand and the aerobic Gram-negative 
bacteria (Pseudomonas, Xanthomonas, Acinetobacter, and 
so on) on the other. Moreover, the results further differ- 
entiate the Gram-negative from the Gram-positive 
bacteria. Although no regulatory mechanism for citrate 
synthase has been found in this last group, there may 
well be several and different mechanisms related to meta- 
bolic differences as appears to be the case in the Grarn- 
negative group. 

The results may also be interpreted as having evolu- 
tionary significance. In this respect it is interesting to 
speculate that the more complex regulation of the aerobic 
Gram-negative organisms is in keeping with a more 
primitive status as compared with the Enterobacteriaceae. 
Modification of this regulatory mechanism may have 
accompanied evolutionary adaptation. We have dis- 
cussed the greater complexity of membrane organization 
(mesosomes) in Gram-positive bacteria (usually regarded 
as less primitive than the Gram-negative group). This 
more complex mesosome organization places the Gram- 
positive bacteria between the more primitive Gram- 
negative organisms and the eucaryotic cells of higher 
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organisms with their well defined mitochondria. Some 
investigators have suggested that bacterial mesosomes are 
functionally analogous to mitochondria?. Such analogy 
might be expected to be reflected in regulatory mech- 
anisms. The similarities we have observed between the 
citrate synthases of Gram-positive bacteria and those of 
higher organisms! do indeed support this idea, and are 
also consistent with the bacterial theory of mitochondrial 
evolution, 

We thank Professor H. L, Kornberg and Dr P. H. A. 
Sneath for helpful discussions, and Mrs Patricia Dunmore 
and Mr John Watkins for technical assistance. Cultures 
of Moraxella spp. were provided by Dr J. L. Canovas., 
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Light-induced Phenomena in Black 
Lipid Membranes constituted 
from Photosynthetic Pigments 


SEVERAL investigators have shown that black or bilayer 
hpid membranes (BLM) are the most. realistic approach 
to cell membrane models. A review of the relevant 
literature has recently been published!. This communica. 
tion reports some observations with such membranes 
formed from photosynthetic pigments such as chloro- 
phyllis and xanthophylls. The BLM in aqueous solution 
exhibit two interesting photoelectric phenomena: (a) a 
photovoltaic effect, and (b) photoconductivity. 

The experimental techniques used in the formation of 
BLM have been described in detail already?:?.. The lipid 
solution used consisted of xfnthophylis and/or chlorophylls 
in an alkane solvent (Cs to Ci). The pigments were 
obtained from commercial sources as well as being pre- 
pared from fresh spinach leaves by a standard procedure’, 
All BLM studied were formed in 0-1 M KCl. The experi- 
mental set-up for observing the photovoltaic effect and 
photoconductivity is shown schematically in Fig. 1. 
Electrical contacts with the BLM were established through 
two identical electrodes (either saturated calomel or 
platinum) immersed in the aqueous solution. The eurrents 
flowing through the BLM were measured with a pico- 
ammeter (Keithley model 416) and the photovoltages 
were measured with a Keithley electrometer (model 610). 
The electrical properties of the membrane were also 
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determined by methods described earlier’. A 500 W 
tungsten lamp was used to illuminate the BLM and show 
up the light-induced effects. 

When the membrane is not. excited by illumination its 
resistance is ohmic up to about 50 mV. The d.c. resistance 
of BLM is 2-7 x 108 ohm/em? and the dielectric break- 
down voltage is about 100 mV. The activation energy 
for the dark conductivity is 0-66 eV. With the application 
of intense white light, a maximum photoelectromotive 
foree of about 3 mV can be induced in less than 2 min. 
This induced photo-emf has been found to be dependent 
on both light intensity and the duration of illumination. 
For example, at 10 per cent of the available light intensity, 
the photo-emf reached a maximum value (~ 1:5 mV) in 
about 80 s and dropped to about 1 mV after 120 s (Fig. 2). 
The sign of the illuminated solution/membrane interface 
was found to be negative. The maximum power output 
of this “BLM-photocell’’ is minute, being of the order of 
10 W, 

The behaviour of the photocurrent of the BLM as a 
function of time is most unexpected. A typical time 








Exciting 
Light 
L-O 
Fig. 1. Experimental set-up for measuring the photovoltage, photo- 


conductivity, and other electrical parameters of bilayer lipid membranes 

(BLM). The thickness of the KLM constituted from a mixture of 

chlorophyll (3-5 per cent) and xanthophyll (5-2 per cent) in n-octane is 

estimated to be about 90 Å. A, Picoammeter: C, reversible electrodes: 

D, variable voltage source: E, electrometer; F, ‘Teflon’ beaker with a 

small opening; G, ‘Pyrex’ chamber. Light for excitation came from a 
500 W tungsten lamp. 


3-0 


Photovoltage (mV) 


Q 


9 30 60 90 120 


Time (3) 
Fig. 2. Photovoltage of a bilayer lipid membrane (BLM) recorded as a 


function of time. A, Full light intensity; B, 10 per cent light intensity 
using a grey filter. 
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course for a bilayer lipid membrane produced from a 


mixture of chlorophyll and xanthophyll in n-octane is 
shown in Fig. 3. The dark current is seen to be saturated 


almost immediately. When illuminated with exciting 
light, the current increased for a short duration and then 
decreased. This was then followed by another rise at a 
somewhat slower rate. As long as the membrane was 
illuminated, the second rise in the current was found to be 
a linear function of time. This increase in current 
invariably results in the rupture of the membrane when the 
value has reached two to three times the value of the dark 
current. If, however, the light is switched off during 
the second phase as indicated in Fig. 3, the current falls 
and follows a sequence which is the reverse of that ob- 
served in the light. Unless the duration of illumination 
was brief (<5 s), the dark current of the membrane after 
exposure to light was always significantly higher than 
immediately before. The effect of alternate illumination 
and darkness on the BLM current is shown in Fig. 4. This 
observation suggests that some irreversible changes must 
have taken place either in the BLM structure or at the 
interfaces between solution and BLM when the membrane 
absorbed light. 

The following are possible explanations for the observed 
photoelectric effects that occurred in these BLM in 
aqueous solution. The first is based on the “solid-state” 
mechanism which has been applied extensively in work 
concerned with organic semi-conductors, and with photo- 
synthesis‘~!°. The BLM generated from photosynthetic 
pigments are pictured as similar to those of liquid crystals 
in two dimensions!!. It is suggested that, in the case of 
chlorcphyll BLM, the hydrophobic portion (phytyl group) 
of the molecule extends inward, while the hydrophilic 
head (porphyrin) is situated at the interphase between 
solution and membrane. The high d.c. resistance of the 
membrane is attributed to the hquid hydrocarbon-like 
interior. Even in the dark, it is conceivable that some 
mobile charge carriers could be generated thermally. 
When excited by illumination, additional charge carriers 
(electrons and holes) which participate in the conduction 
could be produced in the BLM. In the presence of an 
electric field, it seems probable that one side of the biface 
(that is, the two co-existing solution/membrane inter- 
faces) takes on an oxidizing character and the other side 
reducing. 

The second explanation of the observed hght-induced 
effects is similar to that proposed for anthracene crystals 
using electrolyte electrodes'*.. Applying the charge-injec- 
tion idea to the aqueous solution/BLM/aqueous solution 
system, it is suggested that excitons could be produced 
by the exciting radiation at the interface between illumina- 
ted solution and BLM, followed by the injection of positive 
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Fig. 4. Effect of alternate light and darkness on changes in the memi 

brane current. The membrane solution for the formation of BLM was.the 

same asin Fig. 1. 10mV was applied across the membrane. Rise and fall 

in the BLM current was produced by applying a 10 8 illumination followed 
by a 20 s dark period. 


holes into the BLM. The energetic feasibility of this 
process for the BLM produced from photosynthetic pig- 
ments is being investigated. Either of these two proposals 
presupposes that BLM are capable of electronic (or hole) 
conduction, which has been suggested for the BLM, but 
not so far substantiated'. This finding indicates that, at 
least with BLM constituted from photosynthetic pig- 
ments, such a mechanism might be operative in the bilayer 
lipid membranes. 

The third possible explanation is based on a protonic 
mechanism. It is generally known that unmodified BLM 
are freely permeable to water, but they are poorly per- 
meable to ions, as evidenced by d.c. resistance measure- 
ments! (usually in the range 10°-10° ohm/em?*)}. A simple 
calculation shows that the amount of water present in the 
BLM can provide enough charge carriers in the form of 
H+ and OH- ions to account for the dark current of the 
BLM. The value of 0-66 eV for the experimental activa- 
tion energy of the chlorophyll BLM gives some support 
to the idea of such a protonic conduction mechanism. The 
increase in the electrical conductivity of the BLM pro- 
duced by light may be caused, by a combination of two 
factors: (a) the light-induced change in the structure of 
BLM, which thereby becomes more permeable to protons 
(or other ions present in the solution), and (6) the products 
of photoreaction, which are mobile charges. 

It is not possible to deduce from the available data the 
exact causes of the observed photoelectric effects. Never- 
theless, an important feature of the findings reported here 
is the possibility that bilayer lipid membranes of this type 
(that is, constituted from photo or visual pigments) can 
be employed as “model systems” in investigations of the 
visual process!"4, photosynthesis and related pheno- 
mena!*19, in which membranes are known to play a 
crucial part. 
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Insoluble Hard Material found in 
Human Atherosclerotic Aortas 


Many authors consider that the insoluble, Huorescent 
pigments originating from oxidized unsaturated lipids are 
primary or secondary faetors in the onset and evolution 
of several diseases, and vitamin E deficiency in man and 
animals is frequently associated with ceroid pigment! 6, 
In 1961, Geer et al.” observed dense eytoplasmic inclusions 
in electron Oe Racy of atherosclerotic lesions and 
coronary endothelial cells. The inclusions had a dense 





Fig, 1. extract of 


Orystal-like particles isolated from morpholine 
insoluble hard material from human atherosclerotic plaques. 
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Fig. 2. Crystals of oxides of chalestery! arachidonate, 


core and showed knife striations; during processing they 
often shattered or dropped out of the section. Geer et al. 
suggested thet these night be some form of hard material. 
ayorkey ef alt have cbserved erystalline structures 
similar to those to be deserrbed here in electron miero- 
graphs of ceroid isolated from human arteries. 

I have isolated a hard, insoluble material from the 
intima of atherosclerotic aortas obtained after autopsy. 
Although this material is not waxy, it is probably ceroid, 
because its insolubility and fluorescence are identical 
to those of ceroid pigments. It is not cholesterol because 
its solubility differs and because it is fluorescent and hard 


whereas cholester of is neither. The material has a 
value of 2-9-3-0 in the Mohs scale (harder than aluminium 


and softer than copper’). Tt contains no calcium and 
therefore cannot be apatite which has a value of 54 in the 
Mohs scale’. On calemation. the material carbonizes and 
leaves no ashes. Hydrolvsates of the mtima contained 
0-03 mequiv. of e aleium/l. (0-660 g/7 ml) m 4 M HCI and 
no calcium at all ina 4 M NaOH digest (079 2/6 ml.) 
Calcification by*bene-forming osteoblasts does not a 
oceur in the intima but im the media of the arteries. The 
hard material was only slightly soluble in morpholine, 
which indicates an acidic nature. T was able to separate 
and reerystallize a few erystals, which had similar proper- 
ties to those of the synthetic material described later. 
These few crystals were enough to microphotograph but 
not enough to obtain spectrophotometric data (Fig. 1). 
The solubility of oxidized unsaturated lipids decreases 
with time and, e clea the Saon material was i 
Had mater l of harman origin was abal 70 years old. 
this may aecount for ae al echanges resulting in a 
further decrease of solubilit y, 

The hard material was obtamed by grinding the 
scraped off intima in a stainless steel homogenizer in 
cold chloroform for 2-3 mui. The cellular debris was 
separated through cheese cloth and the hawd filtered 
through coarse filter paper. The milky filtrate was then 
ev aporated under nitrogen and the material was trans- 
ferred to a sintered glass fumnel and washed with cold 
chloroform until all the chloroform-soluble material had 
been removed. The solid material left in the funnel was 
insoluble in chloroform, ethanol, methanol, acetone, 
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Fig. 3. Crystal of oxides of cholesteryl arachidonate under the polarizing 
microscope. The structure of the crystal is visible, resembling knife 
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They are translucent. almost colourless, clear under the 
light microscope and crystallize in the trigonal system, 
Under the polarizing microscope, they are aniaxial and 
birefringent. Crystals of oxides of linoleic acid, arachi- 
donie acid, methyl linoleate, methyl arachidonate, 
cholesteryl arachidonate, cholesteryl linoleate and methyl 
linoleate are formed at 0° C, but not at room temperature, 
Esters of cholesterol and unsaturated fatty acids of achigher 
degree of unsaturation than arachidonic may alse form 
erystalline compounds, but I have not studied these com- 
pounds. The nuclear magnetic resonance (NMR) spectrum 
of the original sample of cholesteryl arachidonate showed a 
multiplet between 306 and 345 Hz corresponding to the 
proton signals and another between 155 and 180 Hz 
corresponding to the protons in the system =CH—CH, 
CH,—C=. The integration of these two multiplets corres- 
ponded to 9-2 per cent (olefinic signals) and 5-6 per cent 
(—CH—CH,—CH,—CH= signals of the total integration). 
After oxidation, the integrations of these multiplets were 
reduced to 5-4 per cent and 3-5 per cent of the total 
integration. These changes clearly show a loss of the 
carbon-carbon double bond in the arachidonic acid portion 
of the molecule. The resolution of the spectra as judged 
by the sharp methyl proton signal before and after oxida- 
tion of the cholesteryl arachidonate was about the same. 
This observation strongly suggests that no drastic changes 
had occurred in the molecular weight of the compound 
during the oxidation (Fig. 4). 

The empirical formula of the crystals of oxidized 
cholesteryl arachidonate deduced from microanslytical 


striations. The uniaxial nature of these crystals can be seen in the small 
concentric circles on the right. 


acetonitrile, pyridine, ethyl ether, benzene, xylol, water 
and dimethylsulphoxide. It shows yellowish green and 
light bright blue fluorescence, respectively, under the 
Zeiss ultraviolet fluorescence microscope with exciter 
filter II and barrier filter 50/44 and 41/44. The fluorescence 
of the oxidized unsaturated lipid pigment obtained both 
in vivo and in vitro has the same characteristics’. 

I have also studied the properties of some autoxidized 
polyunsaturated fatty acids and some of their methyl and 
cholesteryl esters and the only one that produces hard 
crystals is cholesteryl arachidonate. Dietary linoleie 
acid is the most likely precursor of arachidonate or 
arachidonic acid in the mammalian body'*-** but it is 
not known whether the crystals of oxidized cholesteryl 
arachidonate or its precursor form the hard insoluble 
fluorescent material found in the human arteries. 

Crystals of cholesteryl arachidonate oxides prepared at 
room temperature by oxidation of pure cholesteryl 
arachidonate in the presence of oxygen fron’ the air under 
the influence of photoactivation from the Sun are hard 
and fluorescent. Pure cholesteryl arachidonate is liquid, 
non-fluorescent and does not absorb ultraviolet light. 
As soon as autoxidation begins, the characteristic peak 
of hydroperoxides of unsaturated fatty acids at 232-5 
mmy is observed in the ultraviolet spectrophotometer. 
Viscosity increases and solubility decreases with time, and 
after 5 days the liquid solidifies. Fluorescence starts to 
develop a few hours after a vial of cholesteryl arachi- 
donate is exposed to the air. After 7 months, this material 
has transformed into a hard fluorescent material of 
crystalline nature. These crystals are as hard as the 
material isolated from human arteries. Rhomboid and 
rectangular crystal faces are seen among the crystals of 
cholesteryl arachidonate oxides (Fig. 2) and Geer et al.* 
have reported rhomboid and rectangular clear spaces in 
the endothelial cells of atherosclerotic lesions. The knife 
striations observed by these authors may be the cleavage 
planes of the crystals of cholesteryl arachidonate oxides 
(Fig. 3). Györkey et al. also show crystals of identical 
crystalline system to those of cholesteryl arachidonate 
oxides, The angles of these crystals correspond exactly 
to those of the erystals of cholesteryl arachidonate oxides. 
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Fig. 4. NMR spectra of cholesteryl arachidonate before (4) and after 
(B) oxidation in sunlight for 12 days. 
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data is CHO, and the molecular weight of these 
crystals is between 752 and 768. Apparently five or six 
atoms of oxygen have been fixed. The mechanism of 
oxidation of the double bonds of the arachidonic acid 
portion of the molecule has not been established. 

I thank Dr Roy Bible for interpreting the NMR spectra 
of cholesteryl arachidonate and oxidized cholesteryl 
arachidonate, Dr James M. Kidd and Dr Rose Mittelmann 
for editorial advice and Mr W. H. Kessel for the use of a 
Zeiss ultraviolet fluorescent microscope with an attached 
Leica camera. 
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Amino-acid Transport in Hamster 
Small Intestine: Site of 
Inhibition by D-Galactose 


TRANSPORT of sugars and amino-acids in the small intes- 
tine occurs by apparently similar Na*t-activated mech- 
anisms which are believed to involve reversible binding 
of substrate to specific membrane receptors or carriers 
(for review, see ref. 1). At some level of the transport 
process, interactions between sugars and amino-acids are 
known to occur as indicated by reciprocal inhibitory 
effects?-!°, Various hypotheses have been advanced to 
explain these findings, but the observations from several 
different laboratories—taken collectively-—-seem contra- 
dictory to the point of making each of these hypotheses 
untenable. The purpose of this communication is to re- 
examine the problem in the light of some new observations 
with hamster intestine and, using this information, to 
ascertain whether the lack of agreement between various 
laboratories may simply be a result of a failure to take 
into consideration the existence of significant. differences 
between species. 

If we consider transport in the intestine of amino-acid 
(or sugar) to be a one-step process localized at the brush- 
border membrane of the mucosal epithelial cells‘, in- 
hibition by sugars (or amino-acids) can be expected to 
occur either (1) at the level of substrate influx, the in- 
hibitor acting from the external side of the membrane; or 
(2) at the level of substrate accumulation against the 
gradient, the inhibitor acting from the internal side of the 
membrane. To distinguish between these two possibilities, 
at least two conditions would be required. First, the 
unidirectional flux of external substrate across the 
membrane and into the tissue fluid or fluids must be 
measured, and second, it must be determined whether 
this flux, assumed to be the carrier-mediated step, is 
affected by the inhibitor. 

In the case of hamster small intestine, galactose in- 
hibition of amino-acid transport occurs at the external 
side of the membrane, as illustrated by the experiment 
in Fig. 1. These results were obtained using as substrate 
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the non-metabolizable amino-acid, eycloleucine (l-amino- 
cyclopentane-l-earboxylic acid). Transport was studied 
by the so-called “tissue accumulation method” as pre- 
viously described!'. Briefly, this method consists of 
incubating randomized pieces of everted intestine in a 
buffer solution containing substrate and inhibitors. At 
the end of the incubations, transport can be measured in 
terms of substrate accumulated within the tissues and 
also by means of the tissue/medium distribution ratios, 
where, by definition, a ratio greater than 1 indicates 
accumulation against the concentration gradient or active 
transport! ‘This method has been criticized as not 
distinguishing between fluxes through the mucosal and 
serosal membranes of the intestine (see, for example, ref. 8). 
Independent evidence obtained with intestinal sacs 
(method of Crane and Wilson!?), however, clearly shows 
that, in the time intervals used in these experiments 
(10 min or less), fluxes through the serosal membrane are 
quantitatively negligible (unpublished results). 

From the resuits in Fig. 1 it seems clear that: (i) in the 
conditions used in this laboratory, influx of eycloleucine 
into rings of hamster small intestine is linear for at least 
the first 2 min (the same is true up to 10 min, if changes in 
external substrate concentration are taken into account; 
experiments not shown). This can be taken as a measure- 
ment of unidirectional substrate influx, as required in 
the first condition. 

Qi) This amino-acid influx is inhibited by galactose, 
as required in the second condition: other results indicate 
that the same is true for other substrate/inhibitor pairs 
such as b-galactose/eycloleucine; methyl-«-glucoside/ 
eyeloleucine; cycloleucine/methyl-«-glucoside; and L- 
lvsine/p-galactose. 

(iii) Inhibition by galactose occurs while cycloleucine is 
being transported down its own concentration gradient 
(downhill); this would rule out the interpretation that 
sugars and amino-acids compete for a common energy 
supply?, 

(iv) The curve for eyeloleucine transport in the presence 
of galactose intersects the origin, thus indicating that full 
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Fig. 1. Inhibition of the intestinal transport of cycloleucine by D-galac- 
tose. Rings of everted hamster small intestine were incubated! at 37° C 
for the indicated time periods in 5 mi. of phosphate buffer containing 
15 mM C-cyceloleucine and either 30 mM mannitol (©) or 30 mM 
D-galactose (@). Results are expressed as moles of substrate aceumu- 
lated/ml. of tissue water, corrected for the extracellular space!!, Figures 
in parentheses Indicate per cent filings—that is 100 the substrate 
concentration ratios tissue/medium—where a value of 100 indicates 
substrate equilibration. 


NATURE, VOL. 219, JULY 20. 1968 


inhibition is taking place before any galactose has entered 
the cells. This would rule out the suggestion that galactose 
acts by stimulating amino-acid outflux from the inner 
side of the membrane. 

Using dogfish intestine and the tissue accumulation 
method, Read!* recently reported that sugars do not 
affect amino-acid transport when short incubation periods 
(2 min) are used. This result would indicate that, in this 
species, sugars do not act from the external side of the 
membrane, a conclusion that is strengthened by the 
observation, also by Read, that inhibition, on the con- 
trary, does occur when the tissues are preincubated with 
sugars for 10 min, rinsed, and then tested for amino-acid 
transport as before (2 min incubation). 

The experiments in Table 1, however, show that in 
hamster small intestine the situation is entirely different. 
Rings of hamster intestine were incubated for 10 min 
in phosphate buffer with the indicated sugars. Immediately 
after this, the tissues were separated through a gauze, 
rinsed and tested for cycloleucine transport. (In these 
experiments, incubation for 5 min was used, for it has been 
found convenient routinely to measure unidirectional 
eycloleucine influx). 

From the results in Table 1 it seems clear that there 1s 
no difference in the rate of cycloleucine influx into tissues 
preincubated with galactose and the controls pre- 
incubated in plain buffer or in buffer plus mannitol. This 
is in sharp contrast to the results in Fig. 1 and shows once 
more that, in the hamster, galactose does not act from 
the internal side of the membrane. 


Table 1. EFFECT OF PREINCUBATION WITH VARIOUS SUGARS ON THE SUBSE- 
QUENT TRANSPORT OF CYCLOLEUCINE BY RINGS OF HAMSTER SMALL INTESTINE 


Cycloleucine transport: 


Experiment. Sugar in pmoles/mil. of Per cent 
preincubation period tissue water fillings 
I None 4-38 + 0-09 323 
Mannitol 4°52 + 0-27 337 
D-Mannose 4-5140-13 325 
D-Galactose 4-39 20-15 324 
il Mannitol 4°15+0-11 318 
D-Galactose 41040138 300 
D-Glucose 4-68 + 0-12 360 
b-Fructose §19+0°26 403 


Procedure and calculations as in Fig. 1, except that the tissues were first 
preincubated for 10 min in 5 mi. of buffer containing the indicated sugars 
(30 mM); then rinsed for about 10 s in 20 mi. of fresh buffer at room tem- 
perature; and then incubated again for 5 min in 5 mil. of buffer containing 
1-5 mM 4C-cycloleucineand nosugars. Each resultis the mean of four separate 
determinations + S.E. 


It is interesting that preincubation with glucose and 
fructose results in a significant increase in the rate of 
eycloleucine transport (Table 1). This may be related 
to a metabolic action of these sugars, for non-metaboliz- 
able or slowly metabolizable substrates such as mannose 
and galactose do not have this effect. This stimulation of 
amino-acid transport seems also similar to that observed 
with glucose in the rat intestine by Newey and Smyth. 
using incubation periods as long as 60 min. It must be 
emphasized here, however, that in the hamster, when the 
sugars are not used for preincubation, but are directly 
tested for inhibition of transport as in the experiment in 
Fig. 1, glucose is an inhibitor, although a poorer one than 
galactose, and fructose is inert, 

In summary, these results clearly indicate that the 
inhibition of amino-acid transport by galactose in hamster 
small intestine takes place at the external side of the 
membrane. Such results fully support and can best be 
explained in terms of the polyfunctional carrier hypo- 
thesis which I recently proposed. Results of Hind- 
marsh et al.°, and those of Semenza on sucrase’, all 
using hamster intestine, are also compatible with the 
hypothesis. Lack of agreement between these observa- 
tions and those from other laboratories using, for example, 
intestine from rats'5, rabbits’ and dogfish? may in 
principle be better explained in terms of the existence of 
species differences the extent and significance of which it 

ill be necessary to determine experimentally. 
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Selective Retention of Dihydrotesto- 
sterone by Prostatic Nuclei 


Mucu attention is being given to the effect of gonadal 
hormones on various biochemical events in the sell nuclei 
of the target tissues'~7. It is not known whether steroids 
act directly at nuclear sites; oestradiol-17@ seems to 
associate with nuclear components without alteration of 
the oestrogen molecule*-*. Ventral prostate can rotam 
androgens to a somewhat greater extent than the slood?*"}, 
but studying the method of androgen retention is com- 
plicated by the rapid and multiple transformations of 
androgens injected into the experimental arumats'?-**. 
Consequently, we have asked two simple questions: 
(1) which metabolite(s) of testosterone can associate with 
isolated prostatic nuclei; and (2) is such association 
selective ? The results reported in this paper suggest to 
us that nuclear chromatin of prostate, but not other 
tissues which are insensitive to androgen, centains an 
androgen receptor which can selectively retain dihydro- 
testosterone (DHT, 5a-androstane-178-ol-3 -one}-——-the most 
potent endogenous androgen for the growth of ventral 
prostate of rat**.**. 

After this work was completed, the finding of Bruchov- 
sky and Wilson'’ came to our attention. Thess workers 
reported that, although DHT, androstane-3,1"-diol and 
testosterone can be shown in prostatic cytoplasm within 
l min after the administration of tritium-labelied testos- 
terone, only DHT and testosterone are found in prostatic 
nuclei for as long as 2 h. 

For the in vitro experiments, 500 mg of ventral prostate 
or other tissues from 3 to 4 months old Long-Evans male 
rats were minced and incubated with 7¢-*H-testosterone 
(10 Ci/mmole) in 10 ml. of Eagles minimum sssential 
medium (Earle’s base) supplemented with 1€ per cent 
calf serum at 37°C under an atmosphere of 95 per cent 
O, and 5 per cent CO,. After incubation for 49 min, the 
tissue was centrifuged and washed three times in 0-32 M 
sucrose] mM MgCl, and homogenized in the same sucrose 
medium. The procedure for isolating the nuclei { yield 
from tissue: about 50 per cent) has been deseribed’®. 
Contamination of cytoplasmic particles was minimized 
by using 2-2 M sucrose: V, For the direct measurement 
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of radioactivity, nuclei were washed on a ‘Millipore’ filter 
(DA, 25 mm Dise.) with 0-32 M suerose~l mM MgCl, 
containing 0-4 per cent of ‘Triton X 100°; and the radio- 
activity was measured in a Packard scintillation counter. 
The scintillation fluid contained toluene—Triton X 100 
(3:1), 0-4 per cent (w/v) 2,5-diphenyloxazole, and 0-005 
per cent (w/v) 1,4-bis-2(5-phenyloxazolyl)benzene. The 
counting efficiency was about 40 per cent. 

It became evident that the amount of radioisotope 
retained by a unit amount of prostatic nuclei was fairly 
constant among different groups of rats. About 30-50 
per cent more retention of radioisotope was found with 
prostatic nuclei isolated from rats castrated for 5-7 days 
than with nuclei from normal rats. 


with 0-1-0-3 uM of *H-testosterone. Retention of the 
radioisotope at 0° C was insignificant. At 37° C maximal 
retention was obtained after incubation for 20-40 min. 


layer chromatography (TLC, see Fig. 1), a (75-95 per 
cent) radioactive compound was found to migrate between 
testosterone (y= 0-20) and androstenedione (Rp = 0-47), 
and could not be distinguished from DHT (Rp = 0-35). 
By TLC and gas chromatography, other 17-keto or 178- 
hydroxy-5a (and 58) androstanes with a 3-keto or 3- 
hydroxy group can be eliminated as the possible com- 
pound. Testosterone appeared as a minor (5-25 per cent) 
radioisotope associated with prostatic nuclei, Virtually no 
other steroid could be found in prostatic nuclei even 
though the cytoplasm of the same tissue contained at 
least five other metabolites of tritiated testosterone, 

The enzyme which converts testosterone to DHT in 
the presence of TPNH is chiefly associated with large 
cell particulates!®, Microsomes?! and our purified nuclei 
also contain this 52-androstane reductase, The major 
radioisotope recovered by TLC from nuclei of prostate 
previously incubated with *H-testosterone can be oxidized 
to testosterone in the presence of an electron acceptor 
(1,2-naphthoquinone) and prostatic nuclei, at pH 8-1 (ref. 
19). These findings also confirm the identity of the major 
radioisotope bound to prostatie nuclei as DHT. 

If °H-androstenedione is used instead of *H-testosterone 
during the incubation of minced ventral prostate, about. 
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Fig. 1. Thin layer chromatography (TLC) of radioactive steroids 

extracted from nuclei of minced prostate incubated with 7a-?H- 

testosterone (upper) or 1,2-°H-d-androstene-3, 17-dione (lower). TLC 

was performed on a silica gel F254 plate (Brinkman Inst. Inc.) using 
ether (1 : 9) chloroform as the developer, 
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Fig. 2. Selective retention of DHT by prostatic nuclei in vive, Rats 
castrated for 5 days were injected intraperitoneally with 67 #Ci of 
tritiated testosterone (10 Ci jmmole) for 40 min. Radioisotopes were 
extracted by ethanol and analysed by thin layer chromatography. 


90 per cent of the radioisotope retained by prostatic 
nuclei can also be identified as DHT on thin layer 
chromatograms. 

When testosterone is adrinistered in vivo, prostatic 
nuclei selectively retain DHT. The result shown in Fig. 2 
indicates that DHT is the chief component (75 per cent). 
Testosterone is present as a minor component (25 per cent) 
and no other radioactive metabolite can be found. 

The soluble fraction (unsedimentable at 100,000g for 
60 min) of the cytoplasm from the ventral prostatic 
tissue used for the preparation of nuclei contained a 
variety of radioactive metabolites including androstane-3, 
17-diols and other compounds more polar than testo- 
sterone. Less than 5 per cent of the total radioactivity 
was present as DHT. Thus the androgen receptor of 
prostatic nuclei seems to be specific for DHT. For com- 
parison, liver nuclei and cytoplasmic (soluble) fraction were 
analysed in the same way. There was no retention of DHT 
by liver nuclei. Because liver can convert testosterone 
to DHT", this could be caused by rapid transformation 
of DHT to a conjugated form (Fig. 2) or to the lack of a 
DHT receptor. By the same criteria, thymus nuclei have 
no DHT recepfors. Nuclei from brain, thymus, dia- 
phragm and liver did not retain DHT when these tissues 
were incubated in vitro with °H-testosterone (Table 1). 

Sluyser®” has reported the binding of testosterone by 
lysine-rich histones of rat ventral prostate. Wilson and 
Loeb? also identified testosterone as the chief steroid 
associated with the preen gland of duck. In our study, 
DHT, the principal androgen retained, could not be 
removed by including 1 per cent desoxycholate or 0-4 per 
cent “Triton X 100° in the sucrose washing fluid. The 
addition of non-radioactive testosterone in 100-fold excess 
after the incubation of minced prostate and *H-testo- 


Table 1. RETENTION OF RADIOISOTOPES BY ISOLATED NUCLEI OF MINCED 
RAT TISSUES INCUBATED WITH “H-TESTOSTERONE FOR 30 MIN aT 37°C 


Distribution of radioactivity* 


Tissues tadioactivity of Androstene- 
isolated nuclei Testosterone DHT dione 
DPM/100 ne DNA Per cent Per cent Per cent 
Brain 165 96-2 2-8 0-0 
Thymus TS 83-5 0-0 21 
Diaphragm 53 78-2 ae 17-6 
Liver 80 73-4 0-0 4-5 
Ventral prostate 1,280 17-3 73°2 1-0 


* Steroids extracted from nuclei were subjected to thin layer chromato- 
graphy and percentage distribution ef radioactivity associated with the 
three steroid spots were caiculated. 
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--sterone or during the homogenization and preparation of 


-> nuelei did not alter the extent of radioisotope retention. 


Most of the nuclear radioisotopes seemed to bind tightly 
to the nuclear chromatin and could not be released by 
freezing or thawing after nuclei were disrupted or by 
several extractions with 0-02 M tris, pH 7-0, or 0-2 M KCI. 
Because radioactivity can be solubilized by extraction 
with ethanol or methylene chloride, it is unlikely that the 
binding is through a covalent linkage. The presence of a 
highly tissue-specific receptor for DHT in the prostatic 
nuclear chromatin may indicate that this hydrogenated 
testosterone is the active form of androgen in the prostatic 
nuclei. 
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Mongolism, Delayed Fertilization 
and Sexual Behaviour 


GERMAN! has suggested that some hours after ovulation 
the human ovum may deteriorate while still remaining 
it may give rise to a mongol infant. The maternal age 
effect in mongolism, on this hypothesis, is caused by the 
decline in coital frequency with maternal age, the decline 
in coital frequency oceasioning a greater risk of fertilizing a 
deteriorated ovum. 

German’s theory has been criticized by Cannings and 
Cannings? on the ground that it would imply a regression 
of incidence of mongolism on maternal age of the sort 
represented in Fig. la, whereas, as they note, the true 
regression curve is of the form represented in Fig. 10. 

The purpose of this communication is to suggest that: 
first, the objection of Cannings and Cannings is dependent 


pon an assumption that they do not make explicit, and 
second, that German's hypothesis is inadequate to account 


for the extent of the maternal age effect in mongolism. 
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First, the assumption of Cannings and Cannings which — 
underlies their conclusion is that coitus occurs none 
randomly within the intermenstrum. In a woman whose 
ecoital frequency is n/intermenstrum, and whose itere 9. 





menstrum lasts for D days, they assume that coitus — 


occurs every Din days. 

Consider a woman who has an intermenstrum of 26 
days. If coitus occurs randomly within the intermenstrum, 
the probability that an act of coitus does not occur during 


a period of F fertile days within that imntermensbrum is 


eene eae raaa a 


and the probability that none of n acts of coitus within 
that intermenstrum occurs within that fertile period is 


(25 ~ Fn 
i . me, OE 


and the probability that at least one act of coitus does 
coincide with that fertile period is 


i € ” 2 


Assuming that coitus during the fertile period always 
leads to conception, and that conception occurs immedi- 
ately in the conjoint presence of viable sperm and ovum, 
then 


F=Vot Vs 


where V, and V are the periods of viability of ovum and 
sperm respectively. 

The hypothesis invoked by German is that after a time 
period of pV, (O< ¢<1), following ovulation, the ovum 
will, if fertilized, give rise to an abnormal zygote. Ignoring 
foetal wastage, the probability Q that a fertilized ovum 
will vield a normal infant is given by 

Pa 
E P, 
where P, is the probability that a conception giving rise 
to a normal infant will occur in a given intermenstrum, 
and P, is the probability that any conception will oceur 
in that intermenstrum. 

If the foregoing assumptions are made, then a normal 
infant will originate in a coition oecurring during the time 
period (Vs + eV.) starting Vs before the moment of 
ovulation : no normal infant can arise from any ecition 
outside that period of time. Moreover, all conceptions 
originate from coitions during the time period (V.+ Va) 
starting V, before the moment of ovulation. Hence 


j 25 é 
trea hy ; i 
Q ( F ža | Ga hi, G ) bene aa SOPA Gra AREIA tn 
1 ra 95 —~V, — | oN” 
ee j 


And the probability that an infant will be abnormal is 
l- Q. j 

Let Vs, V, and o be regarded as constant, and let 
Qn be the probability that a conception yields a normal 
infant when the coital rate is nfintermenstrum. For 
illustrative purposes, let us take the following values for 
the parameters 


ys; f à 


These values will be discussed later. With these para- 
meter values, the variation of (1 — Q), the probability ofan 
abnormal ease, with n (the coital rate), is shown in 
Table 1. 

Taking the decline in coital rate with age to be roughly 
linear (as suggested by Kinsey et al.*), the regression of the 
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Table 1. PROBABILITY OF ABNORMALITY ON GERMAN’S HYPOTHESIS AS 


RELATED TO COITAL RATE 


Probability of 
abnormality |- Qa 


0-0833 
0-0784 
0:0738 
0692 
00649 
G-0607 
0-0568 
0-053] 
0-0495 
Parameter values chosen in calculating these probabilities: Fs ( fertilizing 
life span of sperm)=2 days; Y » (fertilizing life span of ovum)=1 day; g (the 
proportion of V, during which the ovum will, if fertilized, give rise to a 
normal embryo) = 0-75, 


Coital rate 
njintermenstrum 


5 GO Sb Gt te OO ED ew 


Table 2. VALUES OF 1~Q FOR GIVEN VALUES OF n, Va, Vo AND Q 


Vo= 05: g= 0-25 Fe= 15; g=0-25 
Ve ts 


§ 
nt i 3 n I 3 
1 0-250 0-107 1 0-450 0-250 
25 0-132 0:0128 25 0-183 0-0198 
Vor 0-5; p=0-75 Vow=l-5; o=0-75 
V's Fe 
n 1 3 n H 3 
1 0-0833 P0357 1 0-150 0-0838 
25 O-O885 0-00368 25 00397 0-00407 


@ is the probability that a fertilized ovum is normal: z is the coital 
frequency per intermenstrum:; Vs is the fertilizing life span of the sperm 
{in days); Vo is the fertilizing life span of the ovum; gis the proportion of 
F, during which the ovum will, if fertilized, give rise to a normal embryo, 


expected incidence of mongolism on maternal age is not 
of the shape indicated in Fig. la; it is, in contrast, of the 
form shown in Fig. 1b. 

I shall now attempt to show that the maternal age 
effect suggested by German’s hypothesis is nevertheless 
quite inadequate to match the extent of the true effect. 
From data examined by Penrose and Smith‘, one would 
estimate that a gravida of 45+ years of age is about thirty- 
three times as likely to bear a mongol infant as a 25 
year old gravida. Let us call this ratio R. We want to 
see whether any plausible combination of the relevant 
parameters can yield such a value of R if German’s 
hypothesis is true. 

First, coital rates will be considered. A reasonable 
value for the rate at age 25 is 9/intermenstrum, correspond- 
ing to the frequency of 2-5/week quoted by German, For 
the minimum frequency (that occurring at the time of 
conception in women of age 45+), it seems reasonable 
to take l/intermenstrum because one might assume that 
the majority of conceptions in such elderly gravidae are 
the result of contraceptive failure—a result of risks taken 
(or misfortunes experienced) not more than once/inter- 
menstrum, 


f 


Expected 
incidence 


of 
mpgngolism 





Maternal age ——> 


Fig. 1. 


The other three relevant parameters are Va V: and op. 
Tt can be shown that if two of these are kept constant, 
and the third is varied, then R increases with increases in 
each of these three parameters. So one way of testing 
German’s hypothesis is to assign large values (as large 
as are compatible with expert cpinion) to these three 
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parameters, and then examining whether even then R 
takes a value approaching 30. 

Various authors- have suggested that human sperma- 
tozoa have a fertilizing life span of less than 2 days. And 
German himself quotes a number of authors who suggest 
that the human ovum does not remain in a fertilizable 
condition for more than 1 day. Quite arbitrarily, p has 
been assigned a value of 0-75. 

With these parameter values, 1 — Q varies (as can be 
seen from Table 1) from 0-049 {coital rate of 9/inter- 
menstrum) to 0-083 (coital rate of 1/intermenstrum). The 
ratio R of these values is less than 2 as compared with 
the 33-fold ratio required. To what extent is this result 
dependent on the choice of parameters? As a step 
towards answering this question, I have selected two 
arbitrary values for each parameter; the corresponding 
values of 1 — Q are given in Table 2. Even when Fe, Ve 
and p are given larger values, and n (the coital frequency) 
a larger range than seems plausible, the ratio is still a 
good deal less than 33. 
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Triploid Hybrids between the 
All-female Teleost Poecilia formosa 
and Poecilia sphenops 


Tue Amazon molly, Poecilia formosa (Girard), is an all- 
female species native to southern Texas and north-eastern 
Mexico’. In the northern part. of the range, P. formosa is 
fertilized by males of P. latipinna: in the southern part 
by a species of the P. sphenops complex. Reproduction 
is usually by gynogenesis; no introgression of paternal 
characters into P. formosa stocks has been observed in 
any of the several laboratories in which they have been 
maintained during the past 36 yr. With no genetic 
material being transferred from the male parent to the 
offspring, all P. formosa which have descended from a 
single progenitor should possess the same genotype and 
constitute a clone. The existence of several clones in 
natural populations has been demonstrated by tissue 
transplantation’ *. In rare instances some offspring of 
P. formosa females exhibit paternal characters and thus 
are hybrids**°, In the Genetics Laboratory of the New 
York Aquarium where several clones of P. formosa have 
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Fig. 1. Female of Poecilia formosa showing normal pigmentation (upper). 
P. formosa x P. sphenops triploid hybrid (lower) showing black 
pigmentation inherited from male parent, 


been maintained since 1960 by either mating them to 
males of P. vittata or P. sphenops (black molly stock), 
eighteen hybrids (about 1 per cent) have been obtained. 
Of these, three were sired by P. vittata and fifteen by P. 
sphenops. 

Nuclei of P. formosa roughly possess the same amount of 
DNA as P. sphenops and P. vittata which indicates that 
P. formosa is a diploid species’. In hybrids, however, the 
DNA content per nucleus is considerably greater, approxi- 
mately the same amount present in pure P. formosa plus 
half the amount of the parental species. Although this 
strongly suggests that the hybrids are triploid’, no 
chromosome count was made. The diploid number of P. 
formosa, P. latipinna, and P. sphenops was initally set 
at 2n=36 (ref. 10), but subsequent determinations, 
probably more reliable, indicate that all three of these and 
also P. velifera have 2n= 46 (refs. 11 and 12). This report 
is concerned with the chromosome number of P. formosa 
females and of a hybrid between P. formosa and a melani- 
stic P. sphenops. This hybrid, as well as all others, was 
identified by its black blotches (Fig. 1) which were first 
noted when the fish was 3 weeks old. The spotted hybrid 
differed from both parental species in several morpho- 
metric measurements (Table 1). 

The P. formosa used in this study belonged to the 
eighth generation of clone VI which originated from a single 
fish collected in July 1960 in a small ditch near the Lula 
Sam's State Fish Hatchery in Olmito, Texas.* 

Chromosome counts were made on two females that 
were litter mates of the hybrid and on two other clone VI 
fish obtained from a different mating. Aceto-orcein 
squashes of gill epithelium’ provided at least four cells 
from each specimen from which exact determinations were 
made. All four fish had a diploid number of 46 (Fig. 2), 
thus removing the element of doubt left by Drewry’s 


Table 1. MERISTIC MEASUREMENTS OF Poecilia formosa, P. sphenops AND 
THEIR TRIPLOID HYBRID 
No, of Ratio of 
No. of rows between predorsal 
N dorsal dorsal and length to length 
fin rays occiput of dorsal fin 
P. formosa (clone VI) 28 11-9(11-12) 11-4 (11-12) 2-9 (2-85-3-4) 
P. sphenops (black molly) 17 9-9 (9-10) 12-8 (12-13) 4-5 (3-9-4-9) 
Hybrid 1 1 11 3-8 
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Table 2. RELATIONSHIP OF PIGMENT GENES TO PHENOTYPE IN BLACK AND 
WILD MATINGS OF Poecilia sphenops’* AND THE TRIPLOLD P. formosa x 
P. sphenops HYBRIDS 


Pigmentation 
Class Genotype Newborn Adult 

(Body) (Body) (Iris) 
IV P.sphenops MMNN, MmNN, MMNn Black Black Black 
IIIb P. sphenops MmNn Mottled Black Light 
Illa P. sphenops MMnn, mmNN Wild Black Light 
Triploid hybrid MmmNnn Wild Spotted Light 
II P. sphenops Mmnn, mmNn Wild Spotted Light 
I P. sphenops mman Wild Wild Light 


determination!*. From the P. formosa x P. sphenops hybrid 
exact counts were obtained on three cells all of which had 
3n=69; at least a dozen other cells also studied left no 
doubt about the triploid nature of these fish. Black 
mottling and other P. sphenops characters in the hybrids 
thus derives from genes on an extra set of chromosomes 
provided by the black P. sphenops male. 

Melanism in the “black molly” is controlled by two 
pairs of alleles (M and N) that segregate independently**. 
Fish solid black at birth (class IV) have at least three 
pigment genes (MMNN, MMNn or MmNN). Individuals 
that are born mottled but turn uniformly black with age 
(class IIIb) are heterozygous at both loci (MmNn), those 
that are born with wild coloration but turn black (class 
Ila) have one pair of genes homozygous for melanin and 
one pair homozygous for wild; young fish, initially wild 
coloured, but later spotted (class I) have only one pigment 
gene (Table 2). 

The black molly stock from which males were taken to 
propagate P. formosa was maintained by mating fish of 
class IV with each other, but the stock did not become 
homozygous for the pigment alleles, for a small number 
of class III individuals appeared among the offspring 
Only class IV males were used in the P. formosa x P. 
sphenops matings, and so at least half of the hybrids 
should inherit two pigment genes and belong to class II. 
All fifteen hybrids, however, were spotted (Fig. 1). 
Lack of class III pattern in the triploids provides evidence 
that the degree of pigmentation is not a function of the 
number of so called dominant genes'! but more likely 





Fig. 2. 
(left, 2n = 46) and a triploid hybrid between P. formosa and P. sphenops 
(right, 3n = 69). 


Metaphase chromosomes in gill epithelium of Poecilia formosa 
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depends upon the dosage provided by various ratios of 
wild vs. black genes. In P. sphenops of class ITIb a 
dosage ratio of two black to two wild results in mottled 
young and black adults; whereas, in the triploid hybrid, 
although two black genes are present. the additional four 
wild genes confine expression to motti ing even in the 
adults. 

Of the two explanations offered for matroclinism and 
unisexuality in P. formosa the most widely accepted is 
that the sole function of the sperm is to stimulate the ova 
of P. formosa into development but that no fusion of 
male and female pronuclei takes place’. The only other 
explanation offered is that fusion of a haploid egg and 
haploid sperm actually occurs but that the paternal genes 
fail to express themselves in the foreign cytoplasm; during 
oogenesis the paternal chromosomes, according to this 
view, are eliminated in a polar body thus accounting for 


the all-femaleness and matroclinism of su bsequent 
generations". Funetionally, then, P. formosa would be 


a haploid, even though genetically a diploid. With the 
discovery that P. formosa occasionally produces triploid 
progeny, this hypothesis must be rejected: for it means 
that the female pronucleus at syngamy already was 
diploid. On the same grounds we must also re ject the 
possibility that diploid embryos arise from haploid eggs 
that have undergone a suppression of the first cleavage 
stage’. This leaves two remaining pathways, then. 
whereby P. formosa might achieve diploidy: both are 
plausible, neither is proved: (1) suppression of a meiotic 
cleavage or re-entry of a polar body, either of which pro- 
duces the same effect-—a diploid egg or (2) doubling of 
the premeiotic chromosome without a nuclear division 
(endomitosis)'*15, so that the primary oogonia are tetra- 
ploids. The evolutionary significance of variation in P. 
formosa populations cannot be understood unless the 
meiotic pathway has been identified. The suggestion that 
such variation is introduced by rare formation of triploid 
hybrids and subsequent crossing-over of maternal and 
paternal chromosomes? is unlikely, for in endomitosis it 
may be the sister chromosomes that. pair’; in this case, 
exchanges are identical. This concept also suffers from 
the fact that all our hybrids were sterile. Fertile hybrids, 
however, have been obtained in another laboratory®, 
It is more reasonable that variation in this gynogenetic 
species results either from a multiple origin or from muta- 
tions or from both. 
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Leaf Temperature, Leaf Pose and 
Productivity of the Tea Bush 


A REVIEW of the effects of radiation on the yield of a 
wide range of plants led Blackman and Black to conclude 
that “where other environmental factors are favourable, 
light may limit dry matter production everywhere}, 

The light intensity at which tea, coffee and cocoa give 
their maximum yield has been under investigation for 
more than thirty years, and Murray and Nichols, in what 
is basically a restatement and extension of Blackman and 
Black’s theory, conclude that “if mineral nutrition is 
poor, shade is necessary; as nutrition improves so does 
the light requirement for maximum yield increase’’?. 
Results of experiments carried out. over many years in 
North East India on the shade and manurial requirements 
of the tea bush generally appear to have been at variance 
both with similar experiments in other tea growing areas 
and with the foregoing theories. 

It is obviously important to understand why increased 
doses of nutrients, irrigation and removal of shade trees 
do not, in general, inerease the yield of tea bushes in 
North East India, although they seem to do so in other 
tea growing areas, and why, in spite of improved manage- 
ment methods, the crop harvested has remained virtually 
static for the past ten vears. 

This communication presents evidence that the yield 
of the tea bush in North East India is limited by excessive 
leaf temperatures in unshaded conditions and by low 
visible light intensity in shaded conditions; the response 
to shading being largely determined by the foliage pattern 
of the bush. 

In 1833 seed from the small erect-leafed China tea plant 
was introduced into Assam and was widely planted in 
North East India. In the 1850s an indigenous Assam 
variety was discovered in the forests and extensive 


The progeny of this 
seed still accounts for most of the tea being grown in 
those areas. 

Meanwhile, seed producers in Assam had been selecting 
for a large horizontal leaf type producing heavy shoots 
making tea of a distinctive quality and they succeeded 
to an extent that most of the small-leafed types were 
replaced by large horizontal leafed bushes. 

In Fig. 1 the differences in leaf pose and size between 
China types of tea, the derived Assam type and hybrids 
are shown, e For the rest of this communication large 





(System A) (System B) 


Foliage patterns of a, China plant; b, derived Assam plant; 
and e, the hybrid between them, drawn to seale. 


Fiz. H 











NATURE, VOL. 219, JULY 20. 1968 


horizontal leafed bushes will be referred to as system A 
‘and small semi-erect leaf bushes as system B. 

Investigations into the effect of leaf pose on light 
penetration and productivity have been carried out for 
the past five years at this station and a brief account of 
the more important findings are: (1) the leaf area 
index? of system A is usually small (LAT=3 to 4), 
while that of system B is larger (LAIL=5 to 7). (2) The 
penetration of a ray of visible light through the foliated 
mature bush follows basically different patterns between 
the two systems (Fig. 2). (3) Barua‘ has shown that the 
net assimilation rate of the tea plant drops sharply below 
50 per cent of full daylight and I have determined the 
compensation point as 0-02 g calories em~? min~! (unpub- 
lished). In Assam it is rare to record more than 0-80 g 
calories cm? min™? at noon on clear summer days and the 
compensation point is about 3 per cent of this. 

A theoretical consideration of (1) to (3) led to the con- 
clusion that lower foliage of system A is light limited and 
that no increase of faetors other than light wil increase 
yield, but that system B, in which far more of the foliage 
is not light limited. should respond to increases in moisture 
and/or nutrients. Field experiments, however, which 
have examined the effects of visible hght intensity com- 
bined with other agricultural practices on yield, have 
given very different results in other tea producing coun- 
tries from those obtained in North East India 

These inconsistencies suggested that visible light 
alone was not the critical factor and that the infrared 
part of the spectrum was affecting net photosynthesis by 
its effect on leaf temperature. 

Measurements in Assam of leaf temperatures of system 
A and B plants, covering a wide range of environmental 
eonditions, show that at ambient dry bulb temperatures 
of 30°-32° C, leaves in full sunshine may reach tem- 


immediate drop to ambient dry bulb temperature (plus 
or minus 1°-2° €C). In all eases investigated, unshaded 
leaves of system A were 2°--4° C warmer than those of 
system B, but leaf temperatures of 40° C were found in 
both systems. 

Using a combination of controlled environment growth 
chambers and an infrared gas analyser, it was recently 
found that net photosynthesis declined sharply at leaf 
temperatures above 35° C, and between 39° C and 42° C 
there was no net photosynthesis. Respiration continued 
up to about 48° C, above which temperature the leaf 
tissue was irrevocably damaged. These findings were 
confirmed on both system A and system B plants and 
under various light intensities. It is therefore assumed 
that leaf temperatures greater than 35° C are above the 
optimum for net photosynthesis of tea leaves. 

By providing light shade which will reduce leaf tem- 
perature and yet still provide sufficient light for optimum 
photosynthesis of upper leaves, system A should increase 
in yield, while system B, which has a greater LAT, should 
decrease in yield as a larger fraction of the canopy will 
be brought to light limiting conditions. The results of 
an experiment shown in Table 1 exactly confirm these 


Table i. 





190 


80 


60 


44} 


20 


Percentage of full daylight at noon on clear day 





ü 3 10 1o 20 2h Sai 


em from tush surface 


Fig. 2. Light intensity as a percentage of full daylight at varios 

distances from the bush surface in systems A and B type beshes. 

=, System A, leaf angle from vertical, 90°; —, e¥atern 5, leat 
angie from vertical, 30°. 


expectations, which were based on the observed differ- 
ences of LAI, canopy depth, light penetration and leaf 
temperatures between the two systems. 

Fig. 3 summarizes the estimated physiological responses 
of both systems to light shade under Assam conditions of 
high ambient temperatures. The three layers of system A 


represent an LAI of 3 when ground cover is complete, 
while that of system B 1s 5. 
In full sun, A has photosynthesis reduced by over- 


yield is reduced. 

Table 1 gives mean maximum air temperatures fer five 
major tea producing countries and only in North East 
India are temperatures over 30° C for long periods of the 
harvesting season. 

Leaf temperature may be reduced by increasing air 
turbulence or by shade. Most of the tea in North East 
India is in sheltered valleys and wind speeds are low. 
Malawi is the only other area in which temperatures 
approach those of Assam, and then only in November 
and December. Table 2 gives a comparison of daily wind 
run in both areas showing wind runs in Malawi to be 


MEAN MAXIMUM TEMPERATURES IN °C FOR MAIN TEA PRODUCING COUNTRIES z 


Place Latitude Longitude P Jan. Feb. Mar. April May June July Aug. Sept. Och Nov Dec. 
(feet) 
Tocklai, 26° 47° N, 94° 12’ E. 260 24 27 29 30 32 32 bs 31 2a 2b 2e 
eee eee ee ee E ae S EA. ak 
Nilgiris, 11° 20° N. 76° SO’ E. 5.800 26 29 28 27 232 21 22 2 23 24 24 
S India Sp OP O O OAD aK Oe ER a) cae lt 
Newara Eliya, 6° 59 N, 80° 47° E. 6,200 24 23 2: 23 2} 23 22 Be 25 4 2 
Ceylon 1 A- S- A aA 
Kericho, oN, 38° E. 7.200 24 24 22 21 21 20 20 A 22 22 a 
Pa HN Op, tty. "t 
- Mimosa, 16° 8. 35° 36’ E. 2,200 27 27 28 25 233 24 235 2% 3 çë 3 W 
ie z “Malawi yame AAR Re me rn Nc nt Wi hie Ang nem ina a wen eas 


Lines indicate harvesting months. 
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Table 2, 


January February Mareh April May 
Tocklai, Assam 12-9 19-8 28-7 28-7 205 
Mimosa, Malawi 560 S10 53-4 51-0 46-7 
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DAILY WIND RUN IN MILES PER DAY AT TOCKLAI EXPERIMENTAL STATION IN THE ASSAM VALLEY AND MIMOSA RESEARCH STATION, MALAWI 


June July August September October Novernber December 
29-0 32-0 25-8 20-4 141 101 
46-2 56-0 60-0 712 741 69-1 56-0 


Nm bearneoanit hk Abe Al fel an ain at Ml ie na 


(Mean of 9 years data for Mimosa and 10 years data for Tocklai.) Lines indicate harvesting months, 


Table 3. RELATIVE HUMIDITIES AT 14.00 HOURS APPARENT LOCAL TIME 
FOR TOCKLAT, ASSAM, AND MIMOSA RESBARCH STATION, MALAWI 


p _dan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec, 
Tocklai 58 56 55 64 2 75 75 75 75 73 65 g? 
Mimosa 51 43 -37 36 44 6s 65 6 a Fed ROE a 


Lines indicate harvesting months. 





YIELDS OF SYSTEMS 4 AND B BUSHES IN 160 PER CENT AND 60 
PER CENT DAYLIGHT 


Table 4, 


Light intensity Yield 

per cent) 
System Æ 100 212-3 
oo. 60 237-0 
System B 100 500-7 
60 389-1 


Yield in grams per bush per year. 


very much higher than those in Assam. The lower 
relative humidities in Malawi (Table 3) suggest that a higher 
transpiration rate will further reduce leaf temperatures. 

We have therefore in North East India a situation 
where breeders have selected a type of plant limited in 
productivity by the low light intensity in lower foliage 
even if unshaded and which, because of susceptibility to 
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System A (LAI = 3) System B (LAI = 5) 

Fig. 3. Generalized curves for rates of photosynthesis against (a) tem- 

perature and (4) light Intensity for each layer of foliage in shaded and 

unshaded bushes of systems A and B. Heavy lines in dicate estimated 
rates in feld conditions in North East India, 


high leaf temperatures paradoxically requires shading of 
its upper foliage. This knowledge should give breeders 
a morphological basis in their search for high yielding 
varieties and enables previously anomalous results to be 
fitted into basic botanical theory. 
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Temperature Sensitivity of Cell Growth 
in Escherichia coli associated with the 
Temperature Sensitive R(KM) Factor 


Ir was shown earlier! that an R factor determining 
resistance to kanamycin is spontaneously eliminated at 
42° C, and its conjugal transfer is inhibited at this tem- 
perature. This temperature sensitivity was ascribed to 
temperature sensitive replication of the R factor. We 
present here evidence that the growth of cells is also 
inhibited at higher temperatures as a result of the presence 
of the temperature sensitive R factor. 

The temperature sensitive R( KM) factor and a standard 
R factor, Rio were transferred to W-3630 (F-, Afr,. 
Mal,-), a substrain of E. coli K-12. These R+ strains and 
their parent, W-3630, were grown in tryptosoy broth to 
give a final concentration of about 104 cell/ml. They 
were incubated, without shaking, at 25° C and 43° © in 
a water bath. Their growth was followed turbidimetrically 
using a Klett-Summerson photometer or a Beckman 
spectrophotometer. 

The lag phase of substrain W-3630 (R: KM) was pro- 
longed at 43° C compared with that of W-3630 and 
W-3630 (Ryo). The maximum attainable turbidity of 
W’-3630 (R : KM) was always slightly lower than that of 
W-3630 and W-3630 (Ris) (Fig. 1). When 10° cells/ml. 
were inoculated, the d:fference in maximum density was 
more marked. An inoculum of 10° cells/ml. resulted in 
prolongation of the lag phase of the cells carrying R(KM). 
without affecting the maximum density, 

The frequency of elimination of the RIK M) factor at 
higher temperature was more marked when a smaller 
inoculum was used, No difference was found in growth at 
25° C of all these three strains (Fig. 2). Similar inhibition of 


W-3630 (R: KM) was selected by growing W-3630 
(R: KM) at 43° C followed by replica-plating for kana- 
mycin sensitivity. The earlier experiment was repeated 
using this strain. The result indicated that once the 
R(KM) factor was eliminated, the cells simultaneously 
lost their sensitivity to temperature and grew normally 
at a higher temperature (Table 1). This was also found 
in the W-3104 systems. l 
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EFFECT GF TEMPERATURE ON THE GROWTH OF CELLS CARRYING 


RCKM) FACTOR 
Beckman readings 


table 4. 


Strain Incubation at 48° C Ineubation at 25° C 
l for 7h for oh 
IF -39630 262* 65 
W-3630 (R: KM) 47 61 
W.-3630 (R: AM) 945, 50 
W-3680 (isa) 250 59 


l * 1,000 x OD:s of the reading by Beckman spectrophotometer, 


- W-3630 (R : KM) and its control strains were grown in 
glucose minimal medium? for 9 h at 43° C, and inhibition 
of cell growth was clearly observed. The cultures were 
-eentrifuged and the supernatants were examined for cell 
lysis by comparing absorption using a Cary ultraviolet 
spectrophotometer. No increase in absorption was seen 
in the supernatant of W-3630 (R: KAZ) over all wave- 
lengths including 260 mu. We consider that mhibition of 
cell growth of W-3630 (R: KM) at 43° C is not caused 
by cell lysis. 

© W-3104 (R: KM) was isolated by infecting W-3104 
with the R(K.M) factor from W-3630 (R: KM) by con- 
jugation. About 10° W-3104 (R : KM) cells were infected 
with eş phage (supplied by Dr J. Tomizawa, National 
Institute of Health, Tokyo) at a multiplicity of infection 
of 0-18. After absorption at 37° C for 10 min, the mixture 
was cooled in ice water, centrifuged and resuspended in 
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Fig. 1. Growth (Klett readings) of Ro, Rie and temperature sensitive 


R(KM)-carrying cells grown at 43°C without shaking. ©, E. colt 
W-3880: ©, E. coli W-3680 (R: KM); x, E. coli W-3680 (Ries) 
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‘ig. 2, Growth (Klett readings) of R-, Rio and temperature sensitive 
(KM)-carrying cella grown at 25°C without shaking. ©, E. coli 
W-3630; @, E. coli W-3630 (R: KM); x, E. coli W-3630 (Ris). 


the original volume of fresh broth. They were incubate 

at 25° C and 43° C. Aliquots were withdrawn at inter 
for scoring the number of infective centres by the do 
layer method using the strain W-3104 as the indicate 


Considering the effect of high temperature on the host 2 


cell, no marked inhibition of phage growth in the cells 
carrying the temperature sensitive R factor was observed 
at both 43° C and 25° C (Table 2). 


EFFECT OF TEMPERATURE ON THE GROWTH OF PHAGE ES Hi AT} 
CARRYING CELLS 


Temperature of No. of infecting centrea/ml. 
2h 4h 


Table 2, 


Strain incubation (OC) Oh 
W-3104 43 a s 49x 10% Tx 10 
25 BBxX10? pong 28x 10" 
W-3104 (R: KM) 43 arzip 28x10 18x10" 
JA 7x4 igs 19° 2G x 10" 
Wo. of cells viahble/ml. 
IF- HH 43 i ? = td we HF 
i | 25 MEEN - 28x 10° 
Aa a rax BRT 


From these results it seems that temperature sensitivity 
of cell growth is ascribed to the presence of the tem- 
perature sensitive R(KM) factor. One of the many 
possible interpretations is that some product(s) of the 
replicon? of the temperature sensitive R( A.M) factor con- 
trols the replication of host cell replicon, that is, the 
bacterial chromosome. This effect does not extend to the 
third replicon, Aer phage genome. Biochemical studies to 
support this interpretation will be reported later. 
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Cell Wall or Membrane Mutants of 
Bacillus subtilis and Bacillus 
licheniformis with Grossly Deformed 
Morphology 


THe occurrence of filamentous forms of rod shaped miero- 
organisms is well documented, and in Escherichia coli 
mutant filamentous strains (lon) have been isolated and 
the locus of the gene mapped!. This gene has also been 
introduced into a coceal mutant of E. coli to give giant 
forms?. Filament formation can also be readily induced 
phenotypically by interfering wh wall formation (for 
example, by the presence of low concentrations of peni- 
cillin in the growth medium) or by interfering with DNA 
replication or initiation (for example, by thymine starva- 
tion of thymineless mutants or by growing temperature- 
sensitive mutants affected in DNA synthesis at 45° C 
(ref. 3)). It is usually thought that filament formation is 
caused by inhibition of cell division. Other more radical 
types of morphological disturbance have not been well 
explored, although it has been shown‘ that growth of a 
strain of Staphylococcus aureus in 4:5 per cent NaCl leads 
to bizarre forms. This communication describes mutants 
of bacilli with grossly disturbed morphology, the expres- 
sion of which is modified by the concentration of sodium 
chloride in the growth medium. 
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It is now well recognized that mucopeptides are the 
main structural material present in the walls of all bac- 
teria except possibly the Halobacteria*. This group of 
polymers imparts the basic shape to micro-organisms, and 
when they are removed or severely damaged bacterial 
cells usually assume a spherical shape irrespective of 
their original form, unless excess Mg** ions are present 
when, with some bacilli, distorted rods remain‘. The fine 
structure and some of the mechanisms involved in the 
biosynthesis of mucopeptides are beginning to be under- 
stood’, Nothing is yet known about the genetics of muco- 
peptide formation, and mutants known to be blocked in 
their ability to form these polymers have not been 
isolated, the exact status of L forms not being well 
understood. A promising approach was opened when 
mutants were selected from cultures of Escherichia coli 
Which are only able to grow in the presence of high con- 
centrations of sucrose’. These cells are relatively fragile 
and are easily lysed; in at least one example the lesion 
in the mutant could be overcome by supplying p-alanine 
in the growth medium. p-alanine is a necessary com- 
ponent of all mucopeptides. 

An attempt was made to isolate similar sucrose- 
dependent mutants from Bacillus subtilis and B. licheni- 
formis. Media containing a high concentration of sucrose, 
however, were found to be unsatisfactory because they 
led to the formation of very large glutinous intractable 
colonies. Sodium chloride was therefore used in its place 
because this salt can be satisfactorily used to stabilize 
protoplasts of another Gram-positive bacterium (Rogers, 
unpublished observation). Suspensions of an indole- 
negative auxotroph of B. subtilis 168 were treated with 
0-02 per cent nitrosoguanidine for 50 min until about 
90 per cent of the bacteria had been killed. The mutagen- 
treated suspension was then incubated for 4 h in ‘Penassay” 
broth. The resulting culture was plated on an inorganic 
salt-glucose-tryptophan medium containing 0-8 M sodium 
chloride and subsequently replica-plated onto the same 
medium without the additional sodium chloride. Colonies 
which produced non-growing or slow-growing replicas on 
the normal medium were selected. These colonies appeared 
with a frequency of about 0-02 per cent. When they were 
re-spread on the salt-enhanced and on the normal media 





Fig 1. 
“ additional sodium chloride 
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the appearance of the cells in the colonies was as shown 
in Fig. 1. It will be seen that on the medium containing 
additional salt the bacteria grew as rods, although these 
were frequently distorted in shape, whereas on the normal 
medium they grew as cocci. This change was readily 
reversible when cells from either type of culture were 
grown on the opposite type of medium. The rod and 
coecal mutant forms were all tryptophan-dependent, like 
the original culture of 168 ind-. Six isolations of such 
rod-round form mutants (provisionally designated rod) 
have been made. The rate of reversion to the original 
wild type rod* (that is, normal rod, ind-) varied among the 
different mutants. Two proved stable, the others being 
very unstable and therefore difficult to investigate; rod 
strains have also been isolated by replica plating of 
mutagen-treated cultures of B. licheniformis strain 6346. 
They also seem to be present in cultures which have not 
been treated with mutagens and have sometimes been 
isolated from normal cultures either by replica-plating, as 
with B. subtilis 168, or by picking small, slow-growing 
colonies from growth on media not supplemented by 
NaCl. Twenty isolates have been made from B. licheni- 
formis. Auxotrophie markers introduced into the original 
B. licheniformis culture, however, such as lys-, his- and 
streptomycin resistance, have not always been present in 
the rod strains. It is not yet clear whether this can be 
entirely explained by the instability of the auxotrophs or 
possibly by phenotypic reversion®, and therefore their 
status is doubtful. All “mutants” from B. licheniformis, 
like those from B. subtilis, had the ability to revert to 
rod~, but again at different rates for each isolate. 

When suspended in water, only one of the red mutants 
isolated from B. licheniformis lysed. In the remainder 
this treatment caused neither lysis nor change in morph- 
ology, irrespective of whether growth had been on 0-8 M 
sodium chloride or normal medium. All the rod cells 
were lysed rapidly, however, by the addition of small 
amounts of lysozyme to the suspensions, and those 
derived from B. subtilis were sensitive to penicillin. Thus 
it is likely that mucopeptide is still present in the surface 
and plays a predominant part in the integrity of the 
micro-organism. Electron microscopic examination of 
ultra-thin sections of cells fixed by glutaraldehyde and 





l ` - mutant of Bacillus subtilis 168 ind- under the phase contrast microscope: a, when growing on medium with no 
Re RTE Ot ROA N on r je b. when growing on aa ai piam erh Os M sodium chlorid» ( x 800). 
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then treated by the Ryter-Kellenberger technique showed 
that walls of very variable thickness were present in all 
of the mutants, except in one isolate in which no clear 
wall could be seen around the cells and the cytoplasm 
appeared to be bounded by a unit membrane. 


In sections of the rod mutants grown in the absence of 


additional NaCl, gross distortion of division septa was 
apparent (Fig. 2) and these frequently seemed to run in 
many directions within the round cells. It also seemed 
that membrane formation might be occurring to a greater 


Septum 
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Nuclear 
body 
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Fig. 2. 





Cytoplasmic 
membrane 


Cell wall 


Electron microscope pictures of B. subtilis ind- rod grown on (a) the inorganic salts glucose medium ( x 97,600) 
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extent and in unusual places. When the mutants were 
grown on sodium chloride medium, septum formation was 
less abnormal in many individuals and membrane torma- 
tion less prolific (Fig. 2). 

In the polymorphic organism Arthrobacter crystallo- 
poietes the mucopeptides from the rod and the round 
form are differentiated from each other by the nature of 
the eross-bridge within the mucopeptide structure and in 
the length of the polysaccharide backbones: a causal 
relationship has been hypothesized*. In the mucopeptide 
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from the walls of rod+ wild type B. subtilis and B. licheni- 
formis there is no cross-bridge and the degree of cross- 
linking is rather low!®. At present we have little evidence 
about the length of the polysaccharide backbones. 

It is possible that the mutants have an abnormal step 
in wall synthesis or that regulation of mucopeptide syn 
thesis is altered, as might have happened in a regulation 
mutant. Such a lesion might be the cause of the grossly 
abnormal morphology, together with the unusual septum 
formation and the apparent proliferation of membrane 
when grown in the absence of additional sodium chloride. 
An alternative explanation might be that the lesion is in 
membrane formation which, on the basis of present know- 
ledge, could as easily account for our observations. 
Enzymes and carriers involved in wall formation are 
likely to be situated in the membranes of the cells: an 
upset in membrane growth and organization would cer- 
tainly upset wall formation. If, as seems likely, the DNA 
is attached to the membranous mesosome, such disturb- 
ances may also upset DNA initiation. Further work on 
the mutants is clearly necessary to decide on the nature 
of the lesion. Whatever it ultimately proves to be, its 
expression would seem to be sensitive to the ionice com- 
position of the growth medium. The reported‘ phenotypic 
effect of growing staphylococci in 4:5 per cent sodium 
chloride on the internal organization of the cell is st rikingly 
similar to the effect of growing rod strains of bacilli in the 
absence of additional sodium chloride. Tt has been sug- 
gestedt that mesosome formation in the staphylococci 
might be upset by the presence of 4-5 per cent sodium 
chloride in the growth medium. Certainly we have not 
seen the type of mesosomes present in normal rods in our 
rod mutants grown in the absence of additional sodium 
chloride. We have, however, seen occasional spiral or 
“onion” types of membrane structures which were pre- 
viously described"? as mesosomes in M. lysodeikticus. 

The change we observed between the rod form of the 
micro-organisms during growth in media containing 0-8 M 
NaCl and the coceal form obtained in media of low salt 
content is highly reminiscent of the behaviour of halo- 
philic micro-organisms!*"3, In Micrococcus halodenitri- 
ficans™ the amounts of « :¢-diaminopimelic acid in the 
bacteria are directly correlated with the concentration of 
salt in the growth medium. From this it seems that. in 
this halophilic organism either some step in the biosyn- 
thesis of mucopeptide is salt-dependent or that enzymes 
degrading this polymer are inhibited at the higher con- 
centrations of sodium chloride, 

We thank Dr Robin Holliday for many helpful dis 
cussions and much advice given during the course of 
this work. 
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Enzymatic Inactivation of Streptomycin 
by R Factor-resistant Escherichia coli 


WE have confirmed the findings of Okamoto and Suzuki! 
that a cell harbouring an R factor which carries strepto- 
mycin resistance can inactivate the drug by an enzymatic 
process. The inactivation can be detected either by a 


microbiological assay (Fig. 1), or by a biochemical assay 
(Table 1) following incubation of the drug with a cell- 
strain, 


free extract of the R factor The responsible 





Fig. 1. Microbiological assay for inactivation of streptomycin and 
reactivation of the R enzyme product with venom phosphodiesterase. A 
sample of solution (50 yl.) was applied to a sterile disk of filter paper 
and placed on media spread with streptomycin-sensitive bacteria, Incu- 
bation was at 37° C overnight. (1) Streptomycin; (2) inactivated 
streptomycin; (3) inactivated streptomycin incubated wit alkaline 
PHOS PHhorionoesterase : (4) Inactivated streptomycin treated with 
venom phosphodiesterase 
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Fig. 2. Reaction between streptomycin and ATP-a-*P in the presence 
of shockate enzyme. Each reaction mixture (0-1 ml.) contained 30 ul. of 
shockate (84 ug of protein), 25 ul. of ATP-**P (150 #umoles, 0-15 aCi), 
20 ul. of R buffer (0-66 M trie HCI, pH 8-0, 0-04 M MgCl., 0-4 M NH,CI 
and 0-1 M #-mercaptoethanol) and streptomycin (25 ag, where avprop- 
riste). The reaction mixture was incubated at 37° C and 10 wl. samples 
were pipetted onto 0-5 in. squares of CM-cellulose paper (Whatman 
CM50)}—the squares were allowed to dry in air for 15 s and then im- 
mersed in boiling water for 2 min to atop the reaction. They were 
washed several times with distilled water, dried in a current of warm air 
and counted in a scintillation counter, using a toluene-based fluid. 
©, With streptomycin; @, without streptomycin. 
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ae Table la. ENZYME INACTIVATION OF STREPTOMYCIN BY PARTIALLY PURIFIED 
ie BNZYME AND SHOCKATH OF R FACTOR CELLS 


c.p.m. ##P 


bound to resin 

Complete system (36 ul.; 270 ug partially purified enzyme) 1,720 

minus streptomycin 112 

minus partially purified enzyme 131 
Shockate (0-1 ml.; 200 ug protein) after 5 min treatment 

of tris-EDTA cells 1,750 
Shockate (0-1 mi., 252 ug protein) after 15 min 2,560 
Shockate (0-1 mi, 280 ug protein) after 25 min 3,225 
Cell-free extract of 25 min shocked cells (20 xg) 230 
Cell-free extract of 25 min shocked cells (100 sg) 230 
Cell-free extract of unshocked cells (30 ug) 320 
Cell-free extract of unshocked cells (150 ug). 550 


The complete system contained, in 0-2 mL, 25 ul. of R buffer, 25 ug of 
streptomycin and 40 wl. of ATP-a-**P (240 vumoles, 0-175 Ci) 

Incubation was for 45 min at 37° C and the extent of reaction was assayed 
by a modification of that described in Fig. 2, using ‘Amberlite 7RC-50" cation 
exchange resin in place of carboxymethyl! cellulose paper. Partially purified 
enzyme was obtained by fractionation of cell-free extracts (Fig. 3). Shockates 
were obtained by the method of Nossal and Heppel®. Celis of JE254 were 
ides to the mid logarithmic phase in minimal medium, collected by centri- 
ugation and washed twice with 0-01 M tris (pH 7:1), 0-03 M NaCl. The pellet 
of cells was resuspended in 80 volumes of 20 per cent sucrcse, 0-33 M fris 
(pH 7-1),1 x 107 M EDTA and stirred at room temperature for 10 min. After 
centrifugation, the pellet was resuspended in 20 volumes of ice-cold water and 
stirred at 4° C. Aliquots of this material were removed at the times indicated 
and centrifuged at 0° C; the supernatant shock medium (shockate) was 
assayed for enzyme activity. Protein was determined according to Lowry. 


Table 1b. PRODUCTION OF INACTIVATING ENZYME IN CELLS OF STRAIN JE254 
GROWN WITH OR WITHOUT STREPTOMYCIN 


Cells grown 
In absence of Sm Fn presence of Sm (20 xe/mil.) 
(cpm. bound to CM paper/0-15 ml. incubation) 


100 wl. of 5 min shockate 920 985 
100 zl. of 20 min shockate 1,330 1,380 
No shockate 386 400 


Cultures (560 ml.) of J£254 in minimal glucose medium were grown with 
and without streptomycin and osmotically shocked for the indicated time 
intervals after tris-EDTA treatment'. The enzyme was assayed as described 
in a. 


Table Ie. REQUIREMENTS FOR THE INACTIVATION REACTION 


C.p.m 
Complete system 1,124 
Minus streptomycin 72 
Minus enzyme SO 
Minus magnesium ion 91 
Minus mercaptoethanol 1,120 


Complete with 0-012 M NH,CI replacing 0-06 M NH,Cl 925 
Complete with 0-03 M KCI replacing 0-06 M NHC? 546 
The complete system contains, in 35 al., 10 al. of shockate enzyme (25 ug 
of protein), 10 ul. ATP-a-*P (60 gzumoles, 0-06 Ci and 0-1 M tris-HCI, 
pH &-5, 0:03 M MgCl, 0-06 M NHC and 0-008 M mercaptoethanol. Incuba- 
tion was for 60 min at 37° C and reactions were assayed on the CM paper as 
deseribed in Fig. 2. 


enzyme, streptomycin adenylate synthetase, can be 
partially purified from cell-free extracts by ammonium 
sulphate precipitation and DEAE-‘Sephadex’ chromato- 
graphy, but a more convenient source is the cell-free 
supernatant from exponentially growing cells submitted 
to osmotic shock according to the procedure of Nossal 
and Heppel’, and a highly active enzyme preparation can 
be obtained in this way. The enzyme is almost com- 
pletely released by a 25 min shocking of the treated cells 
(Table la). The shockate enzyme has been purified 
further and the properties of the purified enzyme will 
be published later. 

Streptomycin adenylate synthetase is produced by R 
factor cells grown both in the presence and the absence 
of streptomycin (Table 1b) and has an absolute require- 
ment for streptomycin or a close derivative as acceptor 
(Table 1 and Fig. 2); other amino-glycoside antibioties 
auch as neomycin, kanamycin, gentamicin or paromo- 
mycin are not Inactivated by the enzyme. The only 
requirements for inactivation of streptomycin are a 
monovalent cation (preferably ammonium ion), magne- 
sium ion and ATP ; the reaction takes place efficiently at 
37° C at a pH between 7:5 and 8-5 (Table lc). After a 
typical inactivation reaction the mactivated drug was 
recovered by adsorption to activated charcoal and subse- 
quently eluted from the water-washed charcoal with 
0-5 N formic acid in 50 per cent methanol and lyophilized. 
_. The residual solid was dissolved in water and applied to a 
-eolumn of the cation exchange resin ‘Bio-Rex-70° and 
' eluted with a linear gradient of sodium chloride (0-5— 

5-0 M) (Fig. 3). A single peak eluting at 1-1-5 M salt 
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showed a positive maltol test? and strong 260 my adsorp- 
tion, but no antibacterial activity (Fig. 1). Antibaecte í 
activity, however, could be restored by incubation with 
venom phosphodiesterase, although not with E. colt . 





alkaline phosphomonoesterase (Fig. 1). If this inactivated 


material was mixed with an equal quantity of streptomy- 
cin and re-chromatographed it was shown to be weil 
separated from streptomycin, which elutes at 3-0 M salt 
(Fig. 4). Apparently, the incubation conditions led to 
complete conversion. The material was further purified 
by thin-layer chromatography on cellulose. 

The ratio of streptomycin (maltol determination) to 
260 mu adsorption (ATP or AMP) to total phosphate in 
the inactivated streptomycin was 1:1:1, It was ob- 
tained labelled with phosphorus-32 by imeubation of 
streptomycin with shockate enzyme and ATP-x-**P 
and isolated on charcoal as deseribed. The product, 
detected by autoradiography after electrophoresis at 
pH 3-9 (and shown to contain equimolar amounts of 
streptomycin and adenine after elution), was poritively 
charged with a mobility relative to streptomycin of 0-61. 
It was completely resistant to alkaline phosphomono- 
esterase, but after incubation with venom phospho- 
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Fig. 3. Ion exchange chromatography of the product of enzymatic 


inactivation of streptomycin, The enzyme was partially purified by 
ammonium sulphate precipitation (80-70 per cent) of a cell-free extract 
of alumina-ground cells of R factor strain J #254 and chromatography 
on DEAE Sephadex’; the activity was eluted with @3 M potassium 
chioride. Streptomycin (1 mg) was inactivated with this enzyme, using 
the conditions deseribed in Fig. 2, except that incubation was for 20 h 
at 37° C. The protein was denatured for 2 min at 90° C and removed by 
centrifugation. The supernatant was applied to a column of ‘BinHex-7i¥ 
(1x5 cm), washed with water and eluted with a linear gradient of 
sodium chloride (05-50 M) @—@, GDeg-maltol determination: 
Cy aid O, ODeas. 
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diesterase (containing contaminating phosphomonoester- 
ase) all phosphorus-32 was converted to inorganic phos- 
phate. This material is therefore a phosphodiester-linked 
adenyly! derivative of streptomycin. 

The N-methyl-.- -glucosamine moiety of streptomycin. 
detected with silver nitrate after hydrolysis and electro- 
phoresis at pH 3-9, is destroyed in 1 h when st reptomyein 
is oxidized in 0-01 M sodium periodate, pH 4:5 at 25° C. 
The N-methyl-.- glucosamine moiety in the adenylyl 
derivative, however. is completely resistant to ten times 
this concentration of sodium periodate for at least 6 h 
at 25° C, pH 4-5. On the other hand, its streptidine 
moiety has unaltered susceptibility to periodate oxidation. 
We therefore conclude that the product of enzymatic 
inactivation of streptomycin is unaltered except for the 
presence of an O-adenylyl substituent on the 3-hydroxy! 
group of its N-methyl-1- glucosamine moiety (Fig. 4). 

Streptomycin adenylate is completely inactive as an 
antibacterial agent, it does not support the growth of 
streptomycin-dependent strains neither does it allow 
phenotypic suppression of suppressible mutantst. The 
inactivated drug was tested against poly-U-directed 
polypeptide synthesis in a cell-free extract from a sensitive 
strain and found to cause neither inhibition nor misread- 

ing® (Fig. 6). 

Furthermore, if ribosomes to which streptomyein has 
been allowed to attach (and which are therefore inhibited 
and show misre: ading in cell-free polypeptide synthesis) 
are preincubated with supernatant containing the synthe- 
tase and an ATP generating system, these ribosomes 
recover from the effeets of the bound streptomycin and 
behave normally in poly-U-directed synthesis (Table 2). 
The “rescued” ribosomes now respond to added strepto- 
mycin in the usual manner (Table 2) and so we assume that 
streptomycin adenylate either does not bind to ribosomes 
or can be easily displaced by the active drug. In addition, 
low concentrations of streptomycin do not cause inhibition 
or misreading in cell-free polypeptide synthesizing systems 
in which the sole source of supernatant factors is the R 
factor strain. 

The R faetor strain J#254 was grown in the presence 
of streptomycin in medium containing inorganic phos- 
phorus-32 or radioactively labelled streptomycin, and 
streptomycin derivatives present in the medium were 
adsorbed on charcoal and eluted with 0-5 N formic acid in 
50 per cent methanol; we have detected by electrophoresis 
of this mixture small amounts of what appears to be a 
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The structure of streptomycin adenylate. (No stereochemistry 
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Fig. 6. The effec: of streptomycin and streptomycin adenylate on the 
incorporation of iag uphenylalanine and 'C-isoleucine directed by poly E 
uring an is-30 extract of a streptomycin sensitive strain of E. coli. 
HC-phenylalanine incorporation in the presence of streptomycin; 
in the presence of inactivated streptomycin; @, “C -isoleucine 
incorporation in the presence of streptomycin; A. in the presence of 
inactivated streptomycin. For experimental details see ref, 10, 


phosphate ester of streptomycin (because of its suscepti- 
bility to alkaline phosphomonoesterase) in addition to 
streptomycin adenylate. We cannot say if this material 
is yet another inactivation product of streptomyein in 
the R factor strain or the result of random enzymatic 
hydrolysis of streptomycin adenylate. 

Umezawa et al." have reported the preparation of 
streptomycin adenylate by incubating streptomycin with 
a cell-free extract from an R factor strain; this material 
was reactivated by treatment with either venom phospho- 
diesterase or alkaline phosphomonoesterase and may 
therefore consist of a mixture. 

It is of interest to note that chloramphenicol acetylase. 
the well characterized enzyme responsible for the inactiva- 
tion of chloramphenicol in R factor strains®®, unlike 
streptomycin adenylate synthetase, is not released from 
osmotically shocked cells. 

We thank Mrs Phyllis Jordan for technical assistance 
and Dr Yukinori Hirota for the gift of strain JH254. 
This work was supported by grants from the US National 


INACTIVATION GF STREPTOMYCIN ON RIBOSOMES BY STREPTOMYCIN 


APESNYLATE SYNTHETASE 


Amino-acid incorporation 
Phenylalanine Isoleucine 
+ Sm +Sm 
-Sm (Onee/mb} -ïm (10 ae/mbs 
f.p.om./O25 mi incubation) 


Untreated ribosomes S80) 420 07 25 
Ribosomes pretreated with strepto- 

mycin and incubated with super- 

natant factors irom an Sme-strain 610 680 455 315 
Ribosomes pretreated with strepto- 

mycin ang incubated with super- 

natant factors from the H factor 

strain JE254 870 660 51 4il 

Ribosomes from a streptomycin-sensitive strain of Æ. coli were prepared by 
the method of Capecchi. Ribosomes pretreated with streptomycin were 
obtained by centrifugation through standard buffer" containing 10 g/ml. 
streptomycin. Incubation with supernatant factors from either sensitive or 
R factor strain waa as follows: 3-5 ng of ribosomes, 5 ma of supernatant 
factors, 250 #1, of mixture (ref. 16), 250 zl. of phosphoenol pyruvate, 5 ul. of 
phosphoenol pyruvate kinase and 1 xl of 2-mercaptoethanol in a final volume 
of 10 ml. were incubated at 37° C for 30 min. The mixture was chilled and the 
ribosomes isolated by centrifugation; poly U-directed phenylalanine and 
isoleucine incorporation was carried out according to Nirenberg’, 


Table 2. 
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Note added in proof. Experiments with radioactively 
labelled adenylyl streptomycin have shown that this 
material has a very low affinity for ribosomes and can be 
removed easily by washing. 
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Chlorination Inhibitors in 
Streptomyces aureofaciens 


In a Belgian patent! granted to Spofa (Czechoslovakia) 
a number of pyrimidines chlorinated in the 2 position 
were reported to be active in inhibiting halogenation in 
the biosynthesis of chlortetracycline resulting instead in 
the production of high concentrations of tetracycline. It 
was of interest to us to test such compounds in the 
Streptomyces aureofaciens BC-41 system we have used 
before’. The two antibiotics were determined spectro- 
photometrically, taking advantage of their differential 
degradation rates in acid and alkaline solution. Compared 
with tetracycline, chlortetracycline is relatively stable to 
acid and unstable to base. Selected results were confirmed 
by paper chromatography. In the course of these trials, 
in which some thirty halogenated pyrimidines and related 
heterocycles were tested, very few were found to show 
activity. 


the production of 80-95 per cent tetracycline in the 
Table 1. EFFECT OF HALOGENATED PYRIMIDINES ON INHIBITION OF CHLOR- 
INATION BY Streptomyces aurecfaciens 
N 
A K 
pee RN 
Raf yR 1 
R a Me 
a ae 
R, 
Percentage 
R, Ry Ra R, ppm. tetracycline 
in final broth 
Cl c} CH, H 10 Bd 
H I H 1 100 60 
Cl Cl OCH, H 100 45 
H Cl H (‘| 160 30 
C} CI H H 10 20 
Inactive 
c} NO Cl 
H NOs H 
H H CH, 
cl H Ci 
{4 NO; H 
H Cl H 
CH; NO, NH, 
NH, NOs H 
Cl I H 
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Table 2. EFFECT OF SOME HALOGENATED HETEROCYCLES ON ENETATTION O80 


CHLORINATION BY Streptomyces aurcofariens 








Compound ppi 
A ae a R : . R, R, R, 
RE i R, Br Br H 25 aR 
ES ee Inactive 
a Pee ra a 
N=N OO 0O H 
OH OH «4 
OH Ci H 
N N Br Br 30 zo 
1 : Inactive 
f: H + 
os is y R, Ci cl 
NN H q 
> H “ X H, C] 
R, 
N el a c" 100 zü 
FO NAN c Cl H 100 20 
N i as + N ‘ 
oa l =! fi, Inactive 
Ro po OH OH ü 
Ryo N Inactive 
ji t Br Br Br 
ʻi Br Br 
Tes NA ca 
H Cl H H 


final broth, confirming in part the work reported in 
the Belgian patent!. Closely related pyrimidines were 
either much less or not at all active for our strain BO-41. 
This is shown in Table 1. 

These compounds differ from the previously reported 
active thiouracil*® essentially only in the substitution of a 
2-chloro for a 2-mereapto group, and so we were interested 
to see whether various halogenated thiazoles. triazoles, 
purines and pyridazines were also chlorination inhibitors, 
for the mereapto analogues of the latter are potent 
inhibitors?-+, Experimental results are shown in Table 2, 

Chlorinated pyridines were completely inactive. In all 
tests the normal concentration of tetracycline produced 
without test compound is from 5 to 12-5 per cent. 

Bromide has been known as a chlorination inhibitor in 
S. aureofaciens since the work of Gourevitch ef al. and 
Doerschuk et al.6 and bas at times been included in media 
to potentiate the effect of organic inhibitors?-*§. With this 
in mind, several previously tested compounds, which 
were inactive or only slightly active inhibitors, were re- 
tested with 200 p.p.m. of bromine (as K Br) in the medium. 
Compounds which were inactive without added bromide 
were also inactive with added bromide. Only those already 
having activity were potentiated by bromide. This is 
shown in Table 3. 

The compounds used in these experiments varied in 
overall toxicity (as shown by a decreased total tetra- 
eyclines potency) from only very slight in the case of 
2,4-dichloro-5-methyl pyrimidine to a reduction of 30 per 
cent in the total potency for 2,4-dichloro-5-methoxy 
pyrimidine. We tried to reduce the toxicity with benzyl 
thiocyanate? without effect. Copper (Cu++) which reverses 
the action of mercapto type inhibitors? had only a slight 
reversing effect on the chloro pyrimidines. Chloro- 
propanediol and glycidol which similarly reverse mercapto- 
type inhibitors!® were without effect as were uracil, 
thymine, evtosine and veast nucleic acid. 

Table 3, POTENTIATION OF CHLORINATION INHIBITORS BY ADDED BROMIDE 


Percentage tetracyeline 
in final broth 
203 p.p.m, 


Inhibitor added No added added 

bromide bromide 

fas KBr} 
None 6 12 
2.4-Dichloro-5-methyl pyrimidine—5 ppm. 61 87 
2,4-Dichloro-5-methyl pyrimidine—10 p.p.m. BS RE 
2,4-Dichloro pyrimidine-—10 p.p.m. 21 63 
2,8,8-Trichloropurine— 106 p.p.m. 1 47 


3,6-Dibromopytidazine——20 p.p.m. 52 ve 
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These experiments have shown that only a amall 
number of compounds of the type 


ma —N=N 
CX or Tas 
a ve 


where X is a halogen, were active in inhibiting chlorina- 
tion by S. aureofactens BC-41. Of these only one com- 
pound (2,5-dichloro-5-methyl pyrimidine) displayed ac- 
tivity approaching that previously found in the analogous 
compounds where X is a mercapto group?! The mercapto 
compounds are structurally analogous to known anti- 
thyroid agents and seem to act through an interference 
with copper containing enzymes. This does not appear 
to be the case with the halogenated compounds described 
here. These compounds appear to be quite specific. The 
substitution of a nitro or iodo group in the 5 position of 
the pyrimidines resulted in a loss of activity. Similarly 
while 3,6-dibromo pyridazine was active 3,6-dichloro 
pyridazine was inactive. Except for a trace of activity 
with 2,5-dibromo triazine none of the other halogenated 
diazines and triazines were active, yet the analogous 
mereapto compounds are highly active’. The potentiat- 
ing effect of bromide on the activity of several of the 
compounds also differentiates them from the previously 
reported mereapto analogues. 
J. J. GOODMAN 
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Plasmodium berghei Infections 
in Thymectomized Rats 


THE course of P. berghei infections in the rat has been 
described many times'-*. Young rats, up to about 8 
weeks old, usually die with a fulminating acute parasit- 
aemia and severe anaemia. On the other hand, most 
adult rats develop immunity and almost completely clear 
the blood stream of parasites soon after the peak para- 
sitaemia. The serum of råts which have recovered contains 
protective antibodies®®, but parasites are still detectable 
by subinoculation of blood for several weeks after the 
acute parasitaemia. This phase of chronic infection is 
eventually followed by sterile immunity‘. 


Table 1. 
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Thus the outcome of an infection is delicately 
balanced, depending on the age of the host and the 
effectiveness of its immune responses. In these circum- 
stances, selective ummunosuppressive procedures might be 
expected to throw light on the mechanisms of immunity 
against malaria parasites, which are still imperfectly 
understood. Immunosuppressive drugs have the dis- 
advantage that they often interfere with parasite multi- 
plication also. Splenectomy is known to potentiate P. 
berghei infection in rats‘, as it does with several species 
of malaria parasites in other hosts’. The effects of neo- 
natal thymectomy in this system are described here. 

Random-bred albino rats of the Sprague-Dawley 
strain were thymectomized surgically within 24 h of 
birth. When they were 13 weeks old, twenty-three 
thymectomized rats and twenty-one littermate controls 
were infected by intraperitoneal inoculation of 10% erythro- 
cytes parasitized with P. berghei. The strain used 
(NK65A) was derived by two hamster passages from the 
NK65 strain received from Professor M. Yoeli in 1965 
and maintained by twice-weekly passage in hooded rats. 
Tail blood smears were taken daily, stained with Giemsa, 
and the number of parasitized cells/10,000 erythrocytes 
was counted. The course of infection in these animals 1s 
summarized in Table 1. 

There was a marked difference between normal and 
thymectomized rats. Normal rats developed a low grade 
acute infection after a latent period of 1-4 days. Only 
two normal rats died, both male, one on day 9 and the 
other on day 17. The remaining nineteen rats of groups | 
and 2 survived and most had cleared their microscopically 
detectable infections by day 17. In all these rats the 
infection became latent by day 21. In contradistinction, 
most thymectomized rats (groups 3 and 4) developed high 
persistent parasitaemias and six of the nine thymectom- 
ized males and six of the fourteen thymectomized females 
died. High parasitaerias in the thymectomized group 
were accompanied by severe anaemia, as shown by thrice 
weekly haematocrit readings. Maximal anaemias fre- 
quently occurred later in thymectomized than in control 
animals. The thirty surviving rats all carried latent 
infections {some of whieh recrudesced) for several weeks. 
On the forty-sixth day after infection 0-3 ml. of heart 
blood from each rat was injected mtraperitoneally into a 
Parkes mouse weighing 20 g. Blood smears were taken 
from each mouse during the next 14 days. Blood from 
fifteen of the nineteen surviving normal rats and blood 
from seven of the eleven surviving thymectomized rats 
was infective. 

These results show a significantly higher mortality from 
P. berghei infection in neonatally thymectomized mice 
than in non-thymectomized controls (P <0-01). Among 
survivors the duration of acute parasitacmia was longer 
in thymectomized animals of both sexes than in the non- 
thymectomized animals. (Nevertheless, some of the 
thymectomized rats behaved like normal controls, even 
though no thymic tissue was detectable post-mortem; 
this is consistent with other findings on the variable 
effects of neonatal thymectomy im rats*, a substantial 
minority of which fail to show immunological impairment 
in contrast to mice which show more uniform impair- 
ment.) Accordingly, it would seem that some thymus- 
dependent immune reaction is involved in the resolution 
of malarial parasitaemia. The reaction most consistestly 


depressed by neonatal thymectomy is cell-mediated 


P. berghei INFECTIONS IN RATS AGED 15 WEEES 


Duration (days) of acute 


Peak parasitaemia Day of peak Minimal packed Day of maximal  parasitaemia in sur- 


Group No. Deaths {10,000 RBC parasitaemia cell volume (ml. / ansemia _vivors measured from 
100 ml. of blood) the first day of patency 
1 Intact male 9 2 1,326 (150-7,100) 9-2 (8-16) 28-0 (17-35) 11-4 (11-16) 8-6 (4-12) 
2 Intact female 12 0 1,850 (300-3,050) 9:7 (6-15) 27-7 (15-37) 12-1 (11-16) 11-5 (6-16) 
3 Thymectomized male 9 6 3,100 (1,250-4,650) 13-7 (10-17) 18-4 (14-26) 14:3 (11-21) 15-0 (11-18) 
4 Thymectomized female 14 6 4,210 (700-7,700) 13-5 (8-21) 1&0 (10-33) 14-0 (11-21) 15-9 (6-23) 


The rats were infected with a million P. berghei parasitized cells on day 0. Figures given are arithmetic means with ranges in parentheses. 
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immunity, as manifested by homograft rejection or 
delayed hypersensitivity®-". Humoral immune responses, 
especially those to particulate antigens, may also be 
depressed in neonatally thymectomized animals, but 
many are not. The possibility that cell-mediated im- 
munity (or some parallel process, such as the synthesis of 
a particular type of cytophilic or opsonizing antibody) 
plays a part in the resolution of malarial infections is 
supported by recent observations that monkeys sensitized 
with killed P. knowlesi parasitized cells in complete 
Freund’s adjuvant showed, on infection, a rapid and 
complete clearance of parasites from peripheral blood 
whereas monkeys sensitized with incomplete adjuvant 
showed a variant specific immunity but suffered infections 
like non-immune monkeys. Before infection, titres 
of parasitized cell agglutinating antibody were of the 
same order in the two groups (unpublished observations 
of K. N. Brown and I. N. Brown). With other antigens, 
the complete adjuvant favours development of delayed 
hypersensitivity”. 

Other mechanisms through which the thymus might 
conceivably affect resolution of P. berghei infections 
would include altered phagocytosis or altered haemo- 
poiesis. The latter effect could result from the preferential 
invasion by the parasite of immature rather than mature 
cells of the erythroid series. The phagocytic capability 
of thymectomized rats, however, is not significantly less 
than that of intact rats; in fact, it may be greater’, and 
there is no evidence whether neonatal thymectomy affects 
haemopoiesis"*. 

I. N. BROWN 
Division of Parasitology, 
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R. B. TAYLOR 
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National Institute for Medical Research, 
Mill Hill, London. 
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Glutaraldehyde-fixed Erythrocytes 
for Indirect Haemagglutination 
with Mycoplasma 


Mycoplasma pneumoniae (Eaton agent) is an important 
cause of respiratory disease in adults and children*~*. 
Immunological response to infection can be measured by 
a variety of serological procedures®~’. Of these, comple- 
ment fixation and indirect haemagglutination are most 
useful for the required differential diagnosis from viral 
infection, and for epidemiological studies. Both pro- 
cedures have the disadvantage of requiring considerable 
time and the preparation of several reagents. The applic- 
ability of the indirect haemagglutination test would be 
greatly extended and the test made very simple if a source 
of antigen-coated cells were available. 
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A method of preparing stable antigen-coated erythro- 
cytes by fixation with neutralized glutaraldehyde is 
presented. The fixed erythrocytes are always immediately 
available for use and remain stable 
6 months. Attempts to provide such a reagent by freezing 
sensitized cells have not been entirely satisfactory. A 
superior freezing method was introduced recently", but 
requires maintenance of a liquid nitrogen freezer. The 
glutaraldehyde procedure has been applied also to antigens 
of Mycoplasma mycoides (Neimark, Shifrine and Stone, in 
preparation). The fixation procedure for preserving ery- 
throcytes was suggested by Dr Rudolf Weinbach. After 
this procedure had been used in our laboratory, Bing ét 
al.” reported another method of fixing erythrocytes using 
glutaraldehyde. 

Antigen was prepared from Mycoplasma pneumoniae, 
FH strain grown at 37° C in trypticase soy broth (Balti- 
more Biological Laboratory) adjusted to pH 8, and 
supplemented with 20 per cent horse serum (heated at 
56° © for 30 min) and 2-5 per cent yeast extract. Cells 
were washed twice in 0-89 per cent saline, resuspended in 
saline to 1/50 the volume of the original culture medium, 
and sonicated in an ice bath with a Bronwill Biosonic if 
at 90 per cent power for six periods of 3 min with 3 min 
intervals for cooling. The resultant opalescent suspension 
may be frozen for storage but, after thawing, must be 
sonicated for 5-30 s before use. Sheep red blood cells 
were prepared and sensitized by the method of Dowdle 
and Robinson® based on that of Stavitsky’®. Erythrocytes 
in Alsever’s solution were washed three times with phos- 
phate buffered saline’? (PBS, pH 7-2, except where noted), 
adjusted to 2-5 per cent and mixed with an equal volume 
of freshly prepared 1: 20,000 tannic acid in PBS. Cells 
were incubated for 10 min at 37° C, washed onee in PBS, 
and resuspended to 2-5 per cent in PBS, pH 6-4. 

One volume of antigen suspension (diluted appro- 
priately, described later) was mixed with one volume of 
2-5 per cent tannic acid-treated cells in four volumes of 
PBS, pH 6-4, and the mixture was incubated for 30 min 
at room temperature (about 22°C). Control cella were 
prepared by substituting PBS for the antigen suspension. 
The cells were washed twice in PBS, adjusted to 10 per 
cent in PBS, and an equal volume of freshly prepared 
solution of 1 per cent glutaraldehyde in PBS was added. 
(Glutaraldehyde, Eastman, technical grade, 25 per cent, 
was adjusted to pH 6-5 by stirring with CaCO, This 
reagent can be stored over CaCO, at 4° C for months. The 
1 per cent solution should be pH 7-7-2.) The mixture was 
incubated at 37°C for 60 min with occasional shaking. 
The fixed cells were washed five times in PBS (cella can 
be resuspended with a glass rod), adjusted to 1 per cent 
(for microtitre volumes''; use 0-5 per cent for test tube 
titration) in horse serum diluted 1; 100 in PBS, and stored 
at 4° C. 

Normal horse serum for the diluent was heated at 56° C 
for 30 min, absorbed for 30 min at 4° C with an equal 
volume of fixed, washed erythrocytes, and diluted 1 : 100 
in PBS (HS-PBS diluent). Preservatives (0-1 per cent 
sodium azide and 0-01 per cent sodium merthiolate, w/v) 
were added for long-term storage of cells. Sera to be 
tested were heated, diluted ,1:2 or 1:10 in HS-PBS 
diluent, and absorbed. 

The concentration of antigen for sensitizing erythro- 
cytes was determined by sensitizing cells with two-fold 
dilutions of antigen suspension and titrating against horse 
anti-M. pneumoniae serum. The highest concentration 
of antigen producing the highest serum titre was used$, 

Tests were carried out with microtitre equipment in 
V plates (Cooke Engineering Co., Alexandria, Virginia) 
by adding 0-025 ml. 1 per cent erythrocytes to 0-025 ral. 
two-fold serial dilutions of serum in HS-PBS diluent; 
U plates with round bottom wells gave inferior patterns. 
Controls were sensitized as were contro! cells in diluent, 
control cells in dilutions of test serum, and a titration 
with a positive reference serum. Plates were incubated 





for approximately _ Eo 
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at room temperature and read after 2 h. No further 
change oecurred after incubation overnight. 

Antisera against M. pneumoniae from rabbits, goats 
and a reference horse antiserum (supplied by Dr W. R. 
Dowdle, Communicable Disease Center, United States 
Publie Health Service) were examined. Titres obtained 
with fixed cells were usually identical to those obtained 
with fresh unfixed cells. The titre of the reference serum 
was demonstrated repeatedly with different lots of fixed 
cells. Specificity of the reaction was demonstrated by 
diluting antigen in constant amounts of antiserum and 
showing specific inhibition of agglutination. No agglutina- 
tion oecurred in rabbit antisera against M. orale type 2 
or M. hominis type 1. Cells stored for approximately 
6 months yield identical titres and produce satisfactory 
patterns. 


Acute and convalescent sera from confirmed cases of 


Eaton atypical pneumonia are being collected for evalua- 
tion of the test with patient sera. 

This work was supported by a research grant from the 
National Institutes of Health. US Public Health Service. 
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Antilymphocyte Serum produced 

in Closely Related Species of Baboons 
with Stored Spleen Cells from 
Individual Donors 


Txt heterologous antisera to lymphocytes (ALS) have 
been produced in a number of species, but nobody except 
Balner' seems to have used non-human primates to 
produce them. Most investigators seem to have used 
freshly prepared cells from different donors at each 
inoculation. We have immunized gelada baboons with 
stored spleen cell suspensions of individual eynocephalus 
baboons. These baboons represent closely related, but 
different, species. 

Five gelada baboons were immunized against eyno- 
cephalus baboon spleen ces. The spleen was perfused 
through the splenic artery with 3 L of chilled lactated 
Ringer solution. 


and gently pressed through a stainless filter (50 mesh) 
into 40-50 ml. of Eagle's basal medium with Earle’s salts 


and glutamine. The suspension filtered through a 50 mesh 
filter and then through an 80 mesh filter. These suspensions 
contained 85-95 per cent lymphoeytes. 5-15 per cent 
granulocytes and a few red cells. Immunization was 
carried out by the intramuscular injection of a freshly 
prepared basal medium spleen cell suspension (50 x 108 
cells/kg) emulsified with an equal volume of Freund's 
adjuvant. Tetracycline-HCl was added to the emulsion 
in four cases. The residual spleen cell suspension was 
diluted with an equal volume of 20 per cent dimethy] 
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sulphoxide in Difeo haernagglutination buffer. The cell 
suspensions in 5 ml. glass ampoules (‘Pyrex’ grade) were 
cooled in a Linde BF-4 biological freezer at a controlled 
rate of 1° C/min to — 25° C, then at a rate of 5°-10° C/min 
to about ~ 85°C. They were stored in liquid nitrogen 
(— 196° C). After rapid thawing by gentle agitation in a 
water bath at 37° C, the spleen cells were washed three 
times in 7-5 ml. volumes of basal medium. Two additional 
inoculations were made with the individual stored spleen 
cell suspension (L7 x 1075x 107 cells/kg) in incomplete 
Freund’s adjuvant at 2 week intervals. The proportion 
of viable cells ranged 95-99 per cent after storage for 
9 weeks. One week after the third injection plasmaphresis 
was performed. A sample of blood (15 ml./kg body weight) 
was removed from the femoral artery into an A-C-D 
solution bottle and plasma was separated from red cells 
by centrifugation. A 1/140 volume of 1 M calcium 
chloride solution was immediately added to plasma to 
convert it to serum. When an animal was in good con- 
dition, another similar volume of blood was removed after 
the red cells had been given. The serum was decomple- 
mented by heating to 56° C for 30 min, absorbed for 15 
min at 37° C against 10 per cent individual eynocephalus 
baboon red cell pack, sterilized by filtration and stored 
at — 20° C until used. 


mixture was incubated at 37° C for 15 min. One drop of a 
2 per cent solution of trypan blue was added to the 
mixture and incubation was carried out for a further 0-5 h 
after which the relative number of coloured cells was 
counted at a magnification of 450. The cytotoxic anti- 
bodies rose from the control level of zero to 20-0 per cent. 
41-0 per cent and 89-5 per cent cytotoxicity. 

Studies were conducted in three cynocephalus baboons 
to determine the effect of ALS on peripheral lymphocytes. 
The first cynocephalus baboon receiving 89-5 per cent 
cytotoxicity ALS intravenously every day for a dose of 
0-5 ml. /kg/day showed a decrease in the absolute lympho- 
cyte count from 8,0204+ 1,200 S.D.) to 5,470+ 2,250 
(S.D.). Serum glutamic oxaloacetic transaminase (SGOT), 
serum glutamic pyruvic transaminase (SGPT) and serum 
lactose dehydrogenase (SLDH) rose from 29, 21 and 
360 U (control) to 185, 70 and 1,400 uU respectively in 
24 h after injection. These values gradually decreased 
and returned to normal 19 days after injection had been 
discontinued, although total bilirubin remained within 
normal limits. The liver biopsy carried out 14 days after 
the last injection of ALS was normal. The second baboon 
receiving 20-0 per cent cytotoxicity ALS intramuscularly 
every day in a dose of 2-24 ml./kg/day showed a marked 
decrease in the percentage of lymphocytes in differential 
count, from 46-44 3-1 (S_D.) to 29-8 + 7-2 (S.D.) per cent 
(the result is significant to the 0-027 level). The absolute 
lymphocyte count, however, did not change. Though this 
animal showed elevated SGOT, SGPT and SLDH before 
ALS was given, SLDH increased from 895 U (control) to 
1,420 u in 24 h after injection. The third baboon receiving 
41-4 per cent cytotoxicity ALS intramuscularly every day 
in a dose of 0-54 ml./kg/day showed a slight decrease in 
the percentage of lymphocytes in differential count, but 
did not show any significant change in absolute lympho- 
cyte count. SGOT and SLDH rose from 44 and 260 uv 
(control) to 102 and 490 U in 24 h after injection. although 
SGPT and total bilirubin remained normal. Anaemia did 
not occur in any of the baboons. All animals tolerated the 
ALS well. 

ALS was produced in closely related baboons. The 
viability of spleen cells stored at — 196° C was surprisingly 
high. This made it possible to immunize a recipient with 
individual specific spleen cells rather than with pooled 





Be stored cells can be used as test cells 
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It was also demonstrated that 
5 for cytotoxieity. 
Although the cytotoxicity of ALS was low, it suppressed 
peripheral lymphocyte percentage in differential count. 
SGOT, SGPT and SLDH activity increased in 24 h after 
injection of ALS. It is not clear whether this increase is 
related to liver damage or not, because it was a transient 
effect. and total bilirubin and liver biopsy were normal. 
H. NAKAMURA 
E. I. GOLDSMITH 
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Sex-linked Factor influencing the 
Catabolism of Serum yG-Globulins 
and Transferrins in the Mouse 


SEVERAL workers! have investigated the catabolism of 
yG-globulins in the normal mouse, whereas catabolism of 
transferrins has received comparatively little attention?. 
Most workers studying yG-globulin catabolism have 
observed occasionally some difference between the mean 
half-life values of batches of male and female mice. These 
differences are rarely statistically very significant. ‘for the 
individual biological variation in half-life, even within an 
inbred group of mice of the same sex, 18 high. 

This communication reports a survey of the biological 
half-life values of mouse yG- -globulins and transferrins 
measured in this laboratory during a period of several 
years. A correlation between the distribution of half-hfe 
values and sex of the mouse is suggested which, in the case 
of the yG-globulins, may have immunological importance. 

Mouse yG-globulins were isolated from batches of 
normal mice, and from batches of mice immunized with 
various antigens, by chromatography of the serum on 
Whatman DEAE-cellulose’. We have termed the pre- 
parations from immunized mice “immune y-globulin”. 
Three §-globulins have been demonstrated in mouse 
serum by starch-gel electrophoresis* and at least two of 
these proteins are transferrins’. A mixture of these 
transferrins was isolated from pocled serum by means of 
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ion exchange chromatography on DEAE- Sephadex’ and 
gel filtration through ‘Sephadex G-100°. The isolated 
proteins were labelled? with iodine-131, and injected 
intraperitoneaily into normal mice: each mouse received 
approximately 20 Ci of radioactivity and 2-10 mg of 
protein. In the original experiments the total decay of 
the labelled protein was followed in three ways, but for 
the purpose or this EaR y the darn obtaimed 
Human 
yü- aehan, aaa from Serum ae DEAE celulose 
chromatography, was used in some experiments. To 
minimize the possibility of an immune response, only 
0-2 mg of this protein, labelled with I wCi of iodine-125, 
was injected into each mouse. Radiation measurements 
of this isotope were made in a large crystal scintillation 
counter. 

Analysis of experiments involving the breakdown of 
normal mouse yG-globulin in strain 129, 4 and CSTE 
mice, showed no significant correlation between the mean 
half-life values and the sex of the animal. Plotting the 
results in the form of histograms relating half-life to the 
number of animals possessing this value to within a close 
order, however, showed that the values observed for 
female mice produced a skewed distribution. In contrast, 
half-life values obtained for male mice showed a much 
more symmetrical Gaussian type distribution. Fig. | 
shows the half-life distributions in fifteen pairs of strain 
129 mice. Average half-life values of 4640-11 and 
4-9+0-17 days were obtained respectively for male and 
female mice. 

We have reported previously that immune y-globulin 
has a longer half-hfe in normal mice than the corre- 
sponding y-globulin preparation from non-immunized 
mice and that this difference is statistically highly sig- 
nificant®. Fig. 2 shows the half-life dist ributions observed 
with fifteen pairs of strain Ad mice injected with mouse 


y-globulin containing antibodigs to human plasma. The 
mean half-life of this group is clearly greater than that. 
expected from normal y-globulin (T= 4- S$ days). The 


most likely explanation for this effect is that normal 
~-globulin contains a representative population of rmole- 
cules produced from all the plasma cell clones and that 
each molecular species has a characteristic biological 
half-life. Immunization of the animal produces a response 
in some specific fraction of this system and therefore 
changes the Toa, steady State mole cular distributions, 


aca mean E ea al Hale: Hee for the population a as a 
whole ana this is observed. 

The results also indicate that certain fractions of the 
yG-globulin system are more directly influenced, meta- 
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bolically, by the sex of the host than others. The male 
mice have a slower overall y-globulin breakdown rate 
(Pi=7-5+0-14 days) than the females (7}=5-7+0-18 
days) and once again the half-life value distribution is 
more symmetrical with the male mice than with the 
female mice. Similar half-life crab gupicoces patterns were 
also obtained from mice injected with y-globulin con- 
taining antibodies to a transplantable any sarcoma and 
to a bacterial polysaccharide respectively, 

The yG-globulins of other species are usually catabolized 
at a constant rate in the mouse? although immune phen- 
omena can sometimes be observed in investigations now 
being carried out in our laboratory. It was of considerable 
interest to compare the catabolic distribution patterns of 


these y-globulins with those of mouse y-globulin. Four 
strains of mice, A, C3H, C57Bl and 129, and sixteen 
pairs of animals were analysed for this purpose. Mean 


half-life values ranged from 5-3 days to 7-2 days, depending 
on the mouse strain. These values are greater than those 
observed with normal mouse y-globulin but are similar 
to those observed with immune mouse y-globulin. 

Because the various strains of mice had significantly 
different mean half-life values we decided to plot each 
half-life value as a percentage of the highest individual 
half-life value observed in that particular strain. In this 
way all the values could be compared directly for the 
influence of sex on half-life distribution without the added 
complication of variations with mouse strain. 

The distribution pattern (Fig. 3) resembles that of 
normal mouse y-globulin with the male mice again showing 
a Gaussian type distribution and the females a skewed 
distribution. 

Mouse transferrins have a mean biological half-life of 
only 1:5 days‘. They exhibit some type of physico- 
chemical association with a particular yG-globulin fraction 
possessing slow electrophoretic mobility’, and it is possible 
that they may be involved in the immunoglobulin system 
of the mouse. Half-life distributions of the transferrins in 
ten pairs of strain A mice (Fig. 4) are tighter in the male 
than in the female mice, 

The work of Fahey et al. has established that the rate 
of y-globulin catabolism can be influenced by several 
factors), including the metabolic rate of the host, specific 
features of the protein molecule, the serum y-globulin 
concentration and, indirectly, the rate of synthesis of 
y-globulin. A sex-linked factor must now be added to 
these. Certain electrophoretic fractions of the yG-globulin 


system are known to be catabolized at different rates in 
the mouse?*? and it now seems probable that the cata- 
bolism of some of these fractions is more dependent on 
The 


the sex of the host than others. breakdown of 


No. of mice 





20 40 60 aD 100 
Percentage of highest individual TH in each strain 


Fig. 3. Half-life distributions of human y-globulin in four strains of 
mice. White area, male; shaded areas, female. 
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y-globulin containing relatively freshly produced antibody 


seems to be particularly imfluenced by this factor. We 
have considered that this is largely because of changes in 
the normal distributions of the different molecular 
populations of the yG-globulin system following immun- 
ization. There is evidence, however, that immunization 
of the mouse with certain antigenic materials results in 
the presence of a proportion of partially aggregated 
molecules in the isolated y-globulin® and such aggregated 
protein may be an impertant contributing factor to the 
difference in metabolic rate, 

Bloch” has reviewed the evidence for heterogeneity in 
biological functions of antibodies associated with various 
electrophoretically and antigenically distinct fractions of 
yG-globulin, and the correlation of this heterogeneity with 
immunological tumour enhancement in certain animals, 
including the mouse. The catabolism of some electro- 
phoretic fractions of mouse y-globulin seems to be more 
sex dependent than others, and so it is possible that the 
rate of synthesis of these fractions is similarly sex de- 
pendent, and this might have bearing on the nature of 
an antibody response elicited by a particular antigen. 
Recent work in this laboratory has established that human 
yG-globulin possesses catabolic heterogeneity! apparently 
analogous to that of the mouse. If a similar sex-linked 

catabolic factor also exists in man this might have immuno- 
logical importance as regards the development of malig- 
nant tumours? 
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Restimulation of Antibody Synthesis 
by Antigen in Cultures of Lymphocytes 


THE initiation of a primary immune response seems to 
depend on the phagocytosis of antigen by the macrophage. 
The antigen is processed in some way by the macrophage 
to yield an RNA-antigen complex that, stimulates 
potential immunocompetent lymphocytic cells to synthe- 
size specific antibody*-*. We have examined the require- 
ment of the macrophage in subsequent responses to the 
same antigen. 

Rabbits were immunized with one intravenous injection 
of 20 mg of cadmium-free horse spleen ferritin (HF). 
Nine months later (no detectable circulating antibody, 
intracellular fluorescence for anti-HF or incorporation 
of 4C-amino-acids into HF) mesenteric, para-aortic and 
popliteal lymph nodes were excized, minced, suspended 
in aged normal rabbit serum and gently homogenized in 
a loose fitting Dounce homogenizer. The lymphocytes 
from the nodes were restimulated with HF in vitro in the 
presence and absence of macrophages. 

Lymphocytes were separated on 2-5 x 60 cm columns 
of non-siliconized, small glass beads (0-28 mm diameter)’®. 
The macrophages attached to the glass beads and the 
lymphocytes were eluted. 

The number of lymphocytes from the column and cells 
from the original suspension were adjusted to 2-0 x 10° 
cells/ml. The culture medium contained 20 per cent aged 
normal rabbit serum and 80 per cent Eagle’s minimum 
essential or L 15 (Liebovitz) medium. Glutamine, 0:3 
mg/ml.; penicillin, 300 u/ml.; streptomycin, 300 ug/ml. ; 
hydrocortisone, 0-1 ug/ml.; and C-valine or C-leucine, 
5 ul./ml., were added. Aliquots (2 ml.) were incubated at 
37° C in stationary roller tubes or Leighton tubes with 
cover slips. Horse ferritin (10*-10° molecules/cell) was 
added to half of the cultures of each type of suspension. 
The medium was not changed. 

Differential counts were made on 1,000 cells, after 
staining with tetrachrome. Intracellular anti-HF was 
demonstrated by indirect immunofluorescent staining’}:” 
and HF was demonstrated by direct staining with rabbit 
anti-HF labelled with fluorescein isothiocyanate. Anti- 
body synthesis was determined by incorporation of 
uC-leucine or valine into anti-HF by the co-precipitation 
method!®. The media and fractions obtained from the 
lysed cells were not concentrated. The media were sub- 
jected to radioimmunoelectrophoresis. 

The cells were collected by centrifugation at 600 r.p.m. 
for 10 min in the cold, washed three times in Eagle’s 
minimum essential medium, and the pellet was frozen. 

Cellular debris was removed from the ctilture media by 
centrifugation at 4,000 r.p.m. for 1 h. To 1 ml. samples 
of the medium from each culture tube, rabbit anti-egg 
albumin and egg albumin were added at equivalence, 
incubated at 37° C for 1 h and then overnight at 4° C. 
The precipitates were washed three times with 0-15 
M NaCl, dissolved in formic acid and counted in a liquid 
scintillation eounter, using 15 ml. of scintillant. Two 
non-specific co-precipitations were required. These were 
followed with one precipitation of carrier rabbit anti-HF 
and HF at equivalence, prepared and counted as de- 
scribed. Substitution of non-specific systems for anti-HF 
and HF gave counts less than the second non-specific 
precipitate (anti-EA and EA). 

The cell pellet from each culture was lysed by thawing 
and freezing several times at 37° C and — 70° C in 0-25 ml. 
of distilled water. The samples were extracted with 0-5 
ml. of 0-5 M carbonate buffer (pH 8-6) at 4° C for 18 h. 
Cellular debris was removed at 4,000 r.p.m. Normal 
rabbit serum, 0:5 mi., was added to each, and globulins 


precipitated at half-saturation with (NH,),SO,. The 
precipitates were dissolved in distilled water. The 


globulin fractions and their supernatants were dialysed 
against 0-12 M phosphate-saline buffer, pH 7:0, and the 
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Table 1. AVERAGE DIFFERENTIAL COUNTS OF 1,000 CELLS FROM LYMPH 
NODE SAMPLES 
Temane 
bin Lymphocytes Macro fluorescence 
culture Small Medium Large phages* for anti-H in 
lymphocytes? 
Column plus antigen 
1 910 58 22 16 ü 
24 775 185 30 0 9 
48 62: 300 77 Q + 
7 254 596 150 G Zo 
96 282 583 135 G 4+ 
120 290 563 147 9 i+ 
No column plus antigen 
1 660 DO 16 22 ĝ 
24 571 137 30 282 $ 
48 407 245 65 283 t 
72 203 456 120 2il + 
96 250 435 100 215 4 
120 237 461 1038 194 tet 


The counts are limited to lymphocytes and macrophages. Polymorphoa- 
nuclear leucocytes were rare or absent in the samples. The counts from the 
lymphocyte and macrophage-lymphouyte cultures that did not receive HF 
are not listed, These cultures had a minimal increase in number of larger 
lymphocytes and never had evidence of intracellular antibody. 


* The few macrophages present In the lymphocyte fractions from the 
columna stained diffusely with trypan blue, were not motile by phase optics, 
did not attach to glass and were not identified after 24 h in culture. 


+ 0-44 —Increasing number of cells with anti-H¥ and increasing inten- 
sity of fluorescence. 


incorporation of }C-amino-acids was determined by 
co-precipitation. 

All cultures that received HF showed a progressive 
change of many of the small lymphocytes to medium and 
large forms during the first 3 days in culture (Table 1). 
The increase in size of the lymphocytes was not related 
to macrophages or synthesis of antibody. There was a 
minimal increase of larger lymphocytes in cultures 
without HF. A few mitoses were observed in cultures 
with macrophages and HF. Similar in vitro changes have 
been observed with other materials'*~'’. 

The macrophages were necessary for maintaining the 
viability of lymphocytes in culture. The number of cells 
in the lymphocytic cultures decreased after 3 days; only 
40-50 per cent were viable on the fifth day. In the mixed 
cultures, the lymphocytes survived. 

Despite the similarity of morphological change in 
lymphocytes in both kinds of cultures with HP, only the 
lymphocyte cultures consistently synthesized antibody. 
The lymphocytes apparently recognized the previous 
exposure to HF. 

Intracellular fluorescence for anti-HF was found in a 
few cells in some of the lymphocyte cultures after 2 days, 
and in many cells in most of the cultures after 3 days 
(Table 1). A few of the macrophage-lymphocyte cultures 
stimulated with HF had a few cells with anti-HF by 3 
days. There was no significant increase in the number of 
cells containing anti-HF, as seen in the lymphocyte 
cultures. Aggregates of HF were demonstrated in the 
cytoplasm of macrophages by direct stainmg with labelled 
anti-HF and by electron microscopy, but were never found 
in lymphocytes. 


Table 2. AVERAGE NUMBER CULTURES IN EVERY TEN WITH INCORPORATION 


OF “C-AMINO-ACID INTO SPECIFIC ANTIBODY 


Day Column plus antigen No column plus antigen 
1 0/10 0/16 
2 0/10 0/10 
3 3/16 4/10 
4 7/10 2710 
5 gjo * 2/10 


The results obtained with “C-valine and C-leucine were similar, The 
lymphocyte and macrophage-lymphocyte cultures that did not receive HF 
never had evidence of synthesis of anti-H F. 


The cultures containing anti-HF by the co-precipitation 
method corresponded to those with fluorescence for anti- 
HF (Tables 2 and 3). Some of the lymphocyte cultures 
stimulated with HF contained @C-anti-HF in the media 
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Table 3. aVERAGE INCORPORATION OF “c-¥ALINE OR LEUCINE INTO SPECIFIC 
ANTIBODY FOLLOWING in vitro STIMULATION OF LYMPHOCYTES FROM ANIMALS 
IMMUNIZED WITH HF 


Lymphocytes plus antigen Lymphocytes no antigen 


Day p.m, čp m, 
NS S NS 
Media 
3 32 40 34 27 
4 28 45 35 28 
5 31 50 30 27 
Globulin fraction from lysed cells 
3 30 5f 28 32 
4 7 75 30 25 
5 48 161 33 30 
Supernatants from globulin fractions 
3 25 40) 24 25 
4 24 36 25 25 
5 2. 70 54 34 


NS, Second non-specific precipitate (anti-egg albumin-egg albumin). 
8, Specific precipitate anti-horse ferritin-horse ferritin. 

A few of the macrophage-lymphocyte cultures stimu- 
lated with HF showed “C-anti-HF (20 per cent eompared 
with 80 per cent of the lymphocyte cultures). Phagocytosis 
of antibody from the media in these cultures was unlikely. 
Anti-HF was not detected in macrophages by immuno- 
fluorescence, or recovered from the lysed cells. The dis- 
parity of incorporation between pure and mixed cultures 
was probably not a consequence of selection of a specific 
lymphocyte population by fractionation on the columns. 
Lymphocytes averaged 8 x 10°/ml. before and 7-8 x 105/ml. 
after fractionation. 

The cultures without HF did not contain anti-HF by 
co-precipitation or immunofluorescence. Lymphocytes 
from nodes of non-immunized rabbits stimulated with 
HF only synthesized antibody when macrophages were 
present. 

These experiments suggest that macrophages are not 
required for the restimulation of antibody synthesis by 
lymphocytes. The primed lymphocytes apparently 
recognize the specific antigen. In fact, the macrophages 
may exert an inhibitory effect on the restimulation of 
antibody synthesis. Perkins and Makinodan?*, Harris?! 
and Parkhouse and Dutton?* have reported an inhibitory 
effect of macrophages on the immune system. The small 
amount of HF given, rapid phagocytosis and the sequester- 
ing or degradation of antigen by the macrophages observed 
in these experiments could explain the lower net synthesis 
of antibody**, A more direct inhibitory effect by macro- 
phages cannot be excluded. 

This work was supported by a grant from the US 
Publie Health Service. M. D. S. has a research career 
development award from the US Public Health Service. 
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Phylogenetic Studies of Shark 
Immunoglobulins 


ANALYSES of arnino-acid sequences of rabbit, mouse and 
human immunoglobulins have shed considerable light 
on the structure and phylogenetic relationships of these 
molecules'. The heavy and light chains of IgG immuno- 
globulins each consist of a variable amino terminal half 
and an invariant carboxyl terminal half. Chemical 
differences observed in the variable regions of these chains 
are presumably responsible for the heterogeneity of anti- 
bodies present in the total serum gamma globulins. 
Significant homology in the amino-acid sequences of 
light and heavy chains of closely related and distant 
species has suggested that these polypeptide chains 
originated by duplication from an ancestral gene coding 
for a polypeptide chain of about 100 amino-acids?, 

Studies of two primitive vertebrate species, the leopard 
shark and paddlefish, tend to support such an evolutionary 
origin of antibody molecules. Leopard shark immuno- 
globulins are found in 17.8 and 7S forms which are indis- 
tinguishable chemically and antigenically, and probably 
are analogous to IgM molecules of mammals?, The 
amino terminal 6 residues of the light and heavy chains 
of 7S and 17S leopard shark and paddlefish immuno- 
globulins are virtually identical to the homologous regions 
of kappa light chains of the mouse and man (ref. 4 and 
personal communication from Suran and Pollara), 
indicating conservation of this sequence for the more than 
“00 million years of evolutionary time which separates 
these species. 

Phylogenetic studies of shark immunoglobulins are 
particularly interesting because of the antigenic identity 
of the heavy and light chains from the leopard shark and 
the identical sequence of the amino terminal region of 
these chains with human and mouse kappa chains®:*, Are 
the immunoglobulins of primitive vertebrates extremely 
similar or has divergent evolution already taken 
place ? 

Cross-reactivity of primitive vertebrate immunoglobu- 
lns was determined by the radioimmune inhibition of 
precipitation technique of Herzenberg et al.7. Purified 
17S and 7S leopard shark imnaunogleoulins were labelled 
with iodine-125. A standardized precipitation system in 
slight antigen excess was established with rabbit antisera 
prepared against the heavy chains of the 37S and 7S 
moleeules*. Inhibition of precipitation (cross-reactivity) 
of the labelled antigen by sera from various elasmobranchs 
was determined by sampling the supernatant fluids of a 
standardized precipitation system for radioactivity. 

The results of the inhibition of precipitation assay 
established with +8I-labelled leopard shark (Triakis 
semifasciata: immunoglobulin and rabbit anti-shark 17,8 
immunoglobulin heavy chain are shown in Fig. 1. Grey 
smoothhound (Mustelus californicus (Gill)) and brown 
smoothhound (Triakis henlei (GUD) shark sera reacted 


phoretically with rabbit anti-whole leopard shark serum. 
Another elasmobranch, the guitarfish (Rhinobatus pro- 
ductus (Ayres)), a species of ray, gave 75 per cent cross- 
reactivity. Carp (Cyprinus carpio (Linnaeus)), chimera 
(Hydrolagus colliei (Lay and Bennett)), and lamprey 
(Petromyzon marinus (Linnaeus)) sera cross-reacted weakly 
or not at all. Al sera failed to react in unrelated inhibi- 
tion of precipitation systems, demonstrating specificity 
of the observed reactions. 

A precipitation system involving !*°J-labelled 7.8 rather 
chan 178 leopard shark immunoglobulin and rabbit anti- 
7S immunoglobulin heavy chain gave almost identical 
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Percentage of inhibition of precipitation 





Serum (yl.) 


Fig. 1. Radioimmune inhibition of precipateon assay measuring cross- 
reactivity with leopard shark immunoglobulins. Abbreviations used are 
as follows: L.S., leopard shark; B.S.H., brown smoothhound shark; 
G.S.H., grey smoothhound shark; H.S., horned shark; Guit, guitar- 
h; E.S., eastern squalus shark; Ch, chimera; LAMP, lamprey. 


results, as expected on the basis of the chemical and 
antigenic similarity of the two immunoglobulin forms. 

This study illustrates the usefulness of the sensitive 
radioimmune inhibition of precipitation technique for 
measuring the immunochemical cross-reactivity of macro- 
molecules and establishes some phylogenetic relationships 
of shark immunoglobulins. It was of interest that lam- 
prey sera failed to cross-react significantly in either assay. 
The agnathous fish, of which the lamprey is a member, 
are even more primitive vertebrates than the sharks’. 
This, together with the weak cross-reactivity of several 
shark species (for example, eastern squalus), demonstrates 
that the immunoglobulins of very primitive vertebrates 
were already undergoing divergent patterns of evolution. 
A complete phylogenetic tree of shark immunoglobulins 
will require the study of additional sera from species of 
different genera and classes. 

We thank B. Papermaster and A. Suran for sera and 
for helpful comments. This work was carried out in the 
laboratory of Dr H. H. Fudenberg whose cooperation we 
acknowledge. This work was supported by grants from 
the US National Institutes of Health and by a contract 
from the Office of Naval Research. 
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Antiserum Production using Minute 
Quantities of Viral Antigens 


To advance in experimental virology it is necessary to 
provide sufficient material for study and also to develop 
microtechniques to make best use of that material. We 
are interested in preparing antisera against new non- 
particulate antigens extractable from herpes-infected 
cells; these are expensive to supply in large quantity. 
Accordingly, we have examined a method designed to 
raise antibody using small quantities of antigen’. We 
wish to report the success of this method for preparing 
antisera to viral proteins. 

Our standard antisera have always been prepared 
using herpes-infected RK13 cells disintegrated in distilled 
water and by ultrasonic vibration. The resulting extract 
has been lyophilized and stored until required. Rabbits 
have been immunized by a series of six or seven monthly 
intramuscular or subeutaneous injections, each of which 
consists of 200 mg of dried antigen reconstituted in 2-5 ml. 
of distilled water and emulsified with 2-5 ml. of Freund's 
incomplete adjuvant. After an interval of 4-6 months 
the animals have been boosted by a further injection and 
bled 10-14 days later*. Such antisera react strongly in 
gel diffusion tests giving multiple precipitin lines; their 
neutralizing k values vary from 10 to 30. 

In the new method we have used the same dried antigen 
and have used a similar overall immunizing schedule but 
each injection has contained 8 mg of dried antigen. The 
first and second injections were made directly into the 
two popliteal lymph nodes, and the antigen was made up 
in 0-1 ml. of isotonic saline and was emulsified with an 
equal volume of incomplete adjuvant. The inoculations 
were made at an interval of 11 weeks. Subsequens injec- 
tions were made up in 1 ml. with no adjuvant; half this 
volume was given intravenously and half subcutaneously. 
Six inoculations were given at intervals of 8, 12, 16, 18, 
20 and 22 weeks after the second lymph node inoculation. 
Antisera produced using the new method compare well 
with standard antisera. The figure illustrates a gel 
diffusion plate containing an extract of herpes-infected 
BHK21 cells. The general pattern of lines given by sera 
from two rabbits after eight injections by the new method 
(160/8, 176/8) is compared with sera taken after six and 
ten injections from a rabbit immunized by the standard 
method (115/6, 115/10), Multiple lines are evident with 
all four sera and component lines can be seen in 160 and 
176 which are not obvious in 115/6. Similarly, there are 
lines relating to 115/10 which seem not to be given by 
160/8 and 176/8. Other tests also show comparability; 
kinetics of neutralization give the following: for 115/6 
k= 27, for 160/8 k=12, and for 176/8 k= 24. 





Fig. 1. Agar gel immunodiffusion test of an extract of herpes-imfected 
BHK2\1 cells (H) against antisera to herpes-infected RK13 ceils pre- 
pared by different methods: six inoculations of 200 mg of extract by 
standard method (115/6), ten similar inoculations (115/10) and by 
eight lymph node inoculations of 8 mg of extract (160/8 and 176/8). 
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If the results are accepted as comparable it is clear 
that the new method is at least twenty times as efficient 
as the standard method in that twenty times less antigen 
was used to produce similar results. Furthermore, it is, 
as Goudie et al.* have shown, suited to preparing antibody 
to the small quantities of antigen contained in an immune 
precipitate after the fashion of Smith ef al.3. We are now 
following this avenue as a means of pursuing the develop- 
ment and function of non-particulate antigens formed 
during the growth of herpes virus. 

We believe that this technique will prove to have 
general usefulness in virology. . 

D. H. W. was a member of the Medical Research 
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Control of Growth of Axenic Cultures 
of Mammalian Cells by Serum Lipids 


ALTHOUGH serum proteins are almost universally used to 
stimulate the growth of mammalian cells in axenic culture, 
the nature of the active entity is unknown. Previous work 
from this laboratory! has shown that lipids extracted 
from serum with ether are toxic to cultured cells. It 
therefure seemed reasonable that the removal of toxic 
materials would produce serum of greater growth stimu- 
latory activity. This was found not to be so; the resulting 
serum was either toxic or inert to cultured cells. The 
reason for this may have been that ether extraction was 
too vigorous a treatment for the retention of growth 
stimulatory activity by serum proteins. A milder method 
would be the use of charcoal which was shown by Chen? 
to remove fatty acids from serum albumin. 

This procedure was applied to calf serum which was 
then tested for residual lipid content. Charcoal-treated 
calf serum (2 ml.) and 2 ml. of native calf serum were 
extracted three times with 2 ml. of ether. Evaporation 
of the ether and drying over P,O, in a vacuum gave 0-10 
and 0-50 mg of residues from the delipidated and native 
ealf sera, respectively. Removal of lipid did not alter 
appreciably the electrophoretic pattern obtained on 
acetylated cellulose’ at pH 8-6. Table 1 shows the dis- 
tribution of the proteins. 


Table 1. ELECTROPHORETIC SEPARATION OF THE PROTEINS IN NATIVE AND 
CHARCOAL-DELIPIDATED CALF SERUM 
Giobulin Albumin Total 
y B a protein 
Calf serum 0-832 0-653 0-784 1-13 320 
Defatted serum 0-504 e 2483 0-614 0-90 2-50 


Units are g/100 ml. 


The two sera were compared for their ability to stimulate 
the growth of a cell line derived from a small bowel 
carcinoma of the Syrian hamster* in suspension culture 
in Roswell Park Memorial Institute Medium No. 1379 
(ref. 5). The assays were performed as deseribed earlier® 
in 30 ml. “spinner flasks” (Bellco) and cells were counted 
in a haemocytometer in the presence of trypan blue. The 
protein content of both serum samples was determined 
by the biuret method? with human serum albumin as the 
standard. Eight concentrations of calf serum protein 
between 0-001 and 1 mg of protein/ml. were assayed. 
Typical growth curves are shown in Fig. 1. These data 


NATURE, VOL. 219, JULY 20. 1968 


Total cells x 10-4/mL 





E 20 60 106 149 
Hours at 37° 


Fig. 1. Cell growth in the presence of 1 (C) MD, 0-01 (A A), 0-001 

(V ‘W) and zero (©) mg of calf serum protein/ml. The solid curve and 

solid symbols represent the native calf serum and the broken curve 

and open symbols the delipidated calf serum. The serum-free control 
is indicated by the dotted line and circles. 


indicate that: (1) although there was no lag period in 
the presence of 0-01 or 1 mg of calf serum protein/ml., 
these concentrations of delipidated serum resulted in a 
24 h lag. (2) In no instance was the delipidated serum 
better able to stimulate the growth than a comparable 
level of native calf serum. (3) Relative to the control 
assay in serum-free medium, a concentration of 1 ug of 
delipidated calf serum protein/ml. was toxic while the 
same concentration of native calf serum stimulated 
growth. 

The growth stimulatory activity of calf serum does not 
appear to be equal to the sum of the activities of its 
constituents. Although high concentrations of delipidated 
calf serum are clearly growth stimulatory, low concentra- 
tions are toxic relative to the protein-free medium. This 
implies that a concentration-dependent dissociation (which 
may be irreversible) between growth stimulatory and toxic 
entities regulates the activity of calf serum. This may 
be the reason for the consistent failure by numerous 
workers*-"" to isolate the active principle of serum. 
Furthermore, an isolated entity with either toxie or 
growth stimulatory activity may be an artefact produced 
during the purification procedure and not represent the 
active entity of native serum at all. 
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In vitro Culture of an Organ 
containing Mixed Epithelial and 
Connective Tissues on a Chemically 
Defined Medium 


EmBryonic mouse mandibles contain a variety of epi- 
thelial and connective tissue elements. These include the 
stratified squamous epithelia of skin and gingiva and the 
dental epithelia of the developing teeth, the connective 
tissues of skin, gingiva and the developing dental pulp, 
bone, dentine and cartilage. Nerve and muscle are also 
present. The in vitro culture of such an organ on a 
chemically defined medium would provide a system in 
which the effects of specific substances on different 
epithelia and connective tissues, and on the interactions 
occurring between these tissues, could be examined in 
controlled conditions. 

Half-mandibles, and segments of half -mandibles, from 
18 day old C57 mouse embryos were cultured in vitro on 
squares of ‘Millipore’ filter (pore-size l-24) which were 
laid on expanded stainless steel grids placed in dishes 
containing 5 ml. of medium. Explants were usually 
cultured for 14 days on antibiotic-free Waymouth's 752/1 
medium! supplemented by 0-45 ug of ferrous sulphate and 
50 ug of ascorbic acid/ml., in one of the gas mixtures 
described in Table 1. The medium and the gas mixture 


Table 1. GAS MIXTURE 
Air 0, CO, Ny 
(per cent) (per cent) (per cent) (per cent) 
1 95 — 5 — 
2 — 40 5 55 
3 — 50 5 45 
4 — 60 5 35 
5 — 70 5 25 
6 — 80 5 15 


were changed every third or fourth day. The specimens 
were subsequently fixed in Zenker’s fixative and, without 
being demineralized, were embedded in paraffin wax and 
sectioned serially. The sections were stained with haema- 
toxylin and eosin and by van Kossa’s method. 

The mandibles were not well maintained in an atmo- 
sphere of 95 per cent air and 5 per cent CO,. Most of the 
constituent tissues, however, could be maintained when 
40-80 per cent oxygen was present in the atmosphere, 
80 per cent oxygen producing the best results. After 14 
days in culture, gingival epithelium and connective tissue 
were well maintained; epithelium and connective tissue 
of the skin of the lip could also be maintained, but 
required an atmosphere containing 70-80 per cent oxygen 
(Fig. 1). The epithelia and the connective tissues of the 
developing molars and continuously erfipting incisors 





Fig. 1. 
continuously erupting incisor, in a half-mandible cultured for 14 days 


Skin of lip (lower left quadrant), gingiva, and distal part of 


in 80 per cent Os. bv, Vessel. (Stained with haematoxylin and eosin, 


x 100.) 


301 





Fig. 2. 
cultured for 14 days in 80 per cent O,. (Stained with haematoxylin and 
eosin, = 300.) 


Bone trabeculae, osteoblasts and osteoid. Half-mandible 


were usually of healthy appearance, and numerous mitotic 
figures could be seen. Further evidence of the viability 
of the tissues in 14 day old cultures was provided by 
autoradiographs, which showed that the eells could 
incorporate *H-thymidine from medium which had con- 
tained 0-5 uCi/ml. of the isotope from the seventh to tenth 
day of culture. Muscle, nerve and many of the cartilage 
cells did not survive the culture conditions. 

The explanted half-mandibles were greatly distorted 
after culture, and this was exemplified by deformity of 
the developing teeth. The continuously erupting incisor 
tended to be compressed, while the molar tooth germs 
were markedly flattened. The shape of the latter was less 
affected when the molar-bearing segments only of the 
mandible were cultured. The first molars in certain of 
these molar-bearing segments, though distorted, appeared 
to have been able to erupt. The cusps were seen to have 
penetrated the gingival epithelium with the formation of 
a gingival crevice. 

More detailed observations were made on bone. Man- 
dibles examined histologically immediately after removal 
from the embryo exhibited osteogenic activity, as indicated 
by the rows of plump osteoblasts with haematoxyphilic 
cytoplasm lining the bone trabeculae. Judging from the 
numerous multi-nucleated osteoclasts present, remodelling 
was also taking place. Explants cultured for periods of up 
to 14 days showed similar evidence of active osteogenesis 
and remodelling in many areas, and wide seams of osteoid 
were present (Fig. 2). Similar deposits of osteoid were not 
seen in the 18 day embryos from which the explants were 
taken. The sections processed by the van Kossa method 
indicated that the osteoid had not been mineralized. In 
contrast to the apparent synthesis of osteoid, the matrix 
of the cartilage in the condyle appeared to become 
depleted during the culture period. When exposed to 
*H-thymidine, as described, autoradiographs showed that 
nuclei of cells adjacent to bone were labelled. Silver 
grains were also found over some osteoclasts, usually 
being confined to one, and occasionally two, nucles (Fig. 3). 
This observation suggests that osteoclasts were being 
formed during the culture period. The pattern of labelling 
of osteoclasts in vitro was similar to that which has been 
described in vivo. 

Osteoclasts were not seen in close proximity to dentine. 
Contrary to in vivo findings'*, we have observed osteo- 
clasts lying in contact with osteoid in vitro, an observation 
which supports that made by Goldhaber". 

Necrosis of developing bone occurred almost invariably 
in certain circumscribed areas. These were usually located 
in the central part of the half-mandible, deep to the 
developing molar teeth. Migration of primitive connective 
tissue cells into these areas was a frequent finding. Deposi- 
tion of osteoid on necrotic bone trabeculae and association 
of osteoclasts with necrotic trabeculae were usually seen. 





Fig. 3. 

mandible cultured in 70 per cent O+ for 14 days. 0-5 ~Ci/ml. of tritiated 

thymidine was added to the medium from the seventh to tenth day. 

a, x 760; b, x 1,000. To show heavy deposit of silver grains over one 
nucleus and light deposit over another, 


Autoradiograph of an osteoclast from segment of mouse 


These results are interesting when compared with those 
obtained by Goldhaber*-*. He cultured calvaria of mice 
in vitro, using a medium containing chick embryo extract, 
horse serum and Gey’s balanced salt solution, and found 
that the rate at which bone was resorbed increased 
directly with the proportion of oxygen present in the 
culture atmosphere. When, however, the calvaria were 
cultured in the same medium, in the absence of embryo 
extract, resorption of bone was significantly decreased 
and the influence of oxygén tension on it was abolished. 
He consequently suggested that the effect of oxygen on 
resorption which was demonstrated in his system was 
caused by some bone-resorbing co-factor present in the 
extract. This conclusion has been supported by the 
observations made in the present investigation, because 
changes in oxygen tension did not noticeably influence 
the rate at which bone was resorbed when cultured on a 
chemically defined medium. On the other hand, Gold- 
haber’s* embryo extract-free medium did not support 
osteogenesis, whereas this activity, and remodelling, was 
maintained in the system used here. 

These results show that a number of different epithelial 
and connective tissues, contained in a single organ, can 
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be maintained in vitro on a chemically defined medium, 
and the system promises to be of value in determining the 
different reactions of the constituent tissues to various 
stimuli and changes in environment. 
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Interaction of Mouse Spleen 
Cells in Diffusion Chambers 


Ir has been suggested that the interaction which occurs 
between lymphoid cells of two individuals in mixed cell 
cultures provides a measure of histocompatibility differ- 
ence’. This suggestion is based on the assumption that 
the interaction, which takes the form of a proliferative 
response, is immunological in nature. While most work 
has been performed with human cells, it is obviously 
desirable that this assumption is tested in situations 
where histocompatibility difference can be precisely 
defined, as in inbred strains of the rat and mouse. Wilson®:* 
has shown that in mixed cultures of parental strain and 
F, hybrid rat cells most of the response is parental in 
type, as would be expected for an interaction with an 
immune basis. Dutton’:* has demonstrated a proliferative 
response in short term mixed spleen cell cultures of mouse 
origin. Murine cells, however, have proved refractory to 
growth in vitro during long periods and, to facilitate their 
survival and function, Nettescheim et al.*° have cultured 
them in diffusion chambers in vivo. We have followed 
this method tô examine the interaction between mixed 
suspensions of mouse spleen cells paying particular atten- 
tion to the comparative proliferation of cells from C57Bl 
and CBA H-T,T, to each other and to their F, hybrid. 
The presence of two J’, marker chromosomes in CBA 
H-T,T, cells and of a single T, chromosome in F, cells 
enables the direction of the response to be determined and 
so, in parental type/F, hybrid mixtures, provides evidence 
for the immunological specificity of the reaction. 

Spleen cell suspensions were prepared in medium 199 
from female mice 3-6 months old. Cell concentrations 
were adjusted to about 200 x 10° cells/ml. and the various 
suspensions were mixed so that each combination con- 
tained equal numbers of cells of both types. Diffusion 
chambers were constructed by cementing ‘Oxoid’ mem- 
brane filters to ‘Millipore’ diffusion chamber rings (14 mm 
diameter) with ‘Millipore MF’ cement. Cells were intro- 
duced into chambers through a hole drilled in the wall of 
the ring which was then sealed with nylon thread and 
cement. Chambers were inserted intraperitoneally into 
FP, (CSTBLx CBA H-T,T,) female hosts. After varying 
intervals hosts were injected with 150 ug of ‘Colcemid’ 
(Ciba) and 3 h later diffusion chambers were removed. 
The chambers were then incubated for a further hour in 
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medium 199 containing, in addition to ‘Colcemid’, 0-5 per 
cent ‘Pronase’ (Calbiochem) which has been shown greatly 
to facilitate collection of cells’. In some cases, total 
cell counts were made and smears were prepared for 
estimation of mitotic index. The cell suspension was 
then processed for chromosome analysis using a hypotonic 
citrate, acetic-alcohol fixation, air-drying technique based 
on that of Ford?. 


Table 1. CHRECMOSOMB MARKER ANALYSIS OF VARIOUS MIXED SPLEEN CELL 
BUSPENSIONS SAMPLED AT VARIOUS TIMES 


2 Days 3 Days 4 Days 7 Days 

Mixture 76/24 (50) 
80/20 (50) 

CbSTBIUCBA-T 2, 72/28 (50) 80/20 (50) 82/18 (50) 92/8 (50) 
92/8 (50) 

88/12 (50) 92/8 (25) 

Cb7 BUF, me ~= 98/4 (50) 94/8 (50) 
56/4 (25) 

84/16 (25) . . 

OBA- o = ~ sm 88/12 (25) 06/4 (25) 


R8712 (25) 
CS7BYCBA-T,T | | 
(sensitized) 0/100 (50) 0/100 (25) 0/100 (25) oe 


The percentage of cella of each type is shown followed by number of cells 
scored (in parentheses). Each result is based on cells collected from two 
diffusion chambers which had been implanted into an F, host. CBA-T;T's 
mice were sensitized by intraperitoneal injection of three successive inocula 
of 30 x 10° C57 Bl apleen cells at 10 day intervals. 


The results of chromosome analysis are shown in Table 1. 
It can be seen that, in parental type/F, hybrid mixtures, 
cells of parental origin always form most of the dividing 
cells. In OC57BU/CBA-T,T, mixtures an asymmetrical 
reaction occurs with C57Bl cells predominating at all 
stages. Table 2 indicates that, while cell concentrations 
decrease steadily with time in all mixtures, they do so 
least in the parental type/parental type mixtures and 
most in the CBA-T,7,/f, combination. The mitotic 
index is highest in the mixture of parental types and 
lowest in the CBA-T,7,,/F, mixture, and the data may 
indicate that there is a gradation in strength of reaction in 
the various mixtures the former giving the strongest and 
the latter the weakest response. The proliferative activity 
seen in C57Bl cell suspensions cultured alone in F, hosts 
is low and no higher than that of F, cells in F, hosts. 
This suggests that the strong reaction in mixed suspen- 
sions is a result of the interaction of cells within the 
chamber rather than a reaction against diffusible F, host 
antigens. 


Table 2. CELL OOUNTS AND MITOTIC INDICES OF VARIOUS MIXED SPLEEN 
CELL SUSPENSIONS 


Sampled at 


Mixture 2 Days 3 Days 4 Days 7 Days 
C57 BUCBA-T,7, 18-2 (2:11) 124 (2°72) 0-7 (1-49) 3-0 (1-09) 
C57 BUP, =- mee 6-3 (1-25) 2-8 (085) 
C57TBUYCBA -EPa + 

(sensitized) 29-2 (6-07) 17-7 (343) 13:1 (120) $3 (0-18) 


Cell counts x 10%/ml. are given followed by mitotic index after ‘Colcemid’ 
treatment (1,000-2,000 cells counted). Figures are based on celis collected 
from two diffusion chambers in cach case, except at 4 days where each figure 
is a mean of counts from six chambers. 

The fact that most dividing cells in parental type/P, 
hybrid mixtures are of parental origin strongly supports 
the contention that the reaction has an immunological 
basis. It is therefore likely that the strong proliferative 
response in parental type/parental type mixtures is also 
a result of an immune reaction. Nevertheless, there is clear 
evidence of asymmetry in this response which is also 
reflected in a slightly stronger Ci7Bl/F, than CBA-T,7./F, 
reaction. This accords with the results of graft versus host 
reactions involving these strains where the degree of 
enlargement produced and the proportion of donor cells 
persisting in host spleens is always greater after the 
inoculation of C57Bl cells into F, hybrids as compared 
with the injection of CBA-7,T, cells!®1*. Several 
explanations for this situation have been suggested, but the 
present data do not help in deciding between them. 

lt seemed worthwhile, however, to test whether the 
asymmetry could be reversed by previous sensitization of 
CBA-T,T, spleen cells against C57 antigens. Table 1 


303. 


shows that this results in a complete reversal of the 
relative proportions of CBA-7,7', and CTBI cells so 
that CBA-T,T, cells predominate. This further confirms 
the immunological nature of the mixed spleen cell reaction. 
It may be noted that the whole tempo of the reaction is 
speeded up by sensitization as shown in the high mitotic 
indices found at early stages (Table 2). 

The evidence presented here concerning the direction 
of response in parental type//’, mixtures and the marked 
effect of previous sensitization on CS7BIU/CBA-T,7, com- 
binations not only accords with the suggestion that the 
mixed lymphoid cell response is a homograft reaction in 
vitro, but also indicates the suitability of the diffusion 
chamber technique for studying this type of immune 
response in the mouse. 
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GENERAL 


Recovery of Helminth Eggs from 
Archaeological Excavations, and their 
Possible Usefulness in providing 
Evidence for the Purpose of an 
Occupation 


HELMINTH eggs vary widely in their structure and, 
consequently, in their ability to resist desiccation and 
destruction. But usually theirs is the most resistant stage 
in the life-cycle of the worm and any conclusions to be 
made, concerning early helminthic infections, are most 
likely to come from recognition of these eggs. These have 
been recovered from three sources: mummified or other- 
wise preserved bodies, formed stools and soil from cesspits 
or similar structures. While the first two sources can 
provide more positive identification of the origin of the 
eggs, it is from the third source that the greatest variety 
of species has been obtained, presumably because they 
accumulate over a period of time. Here is reported an 
investigation in which soil from a Roman Age occupation 
at Owlesbury, near Winchester, was examined in the hope 
that positive identification of eggs might provide some 
chie to the nature of the occupation, to supplement the 
archaeological evidence. I have reviewed the literature on 
similar investigations’, 

Samples of dry greyish soil were taken from the centre 
fil (OW67 Q118) at the bottom (about 4-5 feet) of ea 
rectangular pit cut into the chalk substratum. Two 
samples, containing a considerable amount of chalk, were 
taken which differed slightly in colour and texture. 
Findings from topsoil from the location of the excavation 








Fig. 1. a, Ascarid egg, lacking mammillated layer. b, Dicrocoelium egg 

with operculum partly open. c, Trichurid or capillarid egg. d, Type A 

, thin walled, containing remains of embryo, ë, Type B egg with 

thick shell. /, Type C egg, thin gente with germinal mass. All scales 
0-01 mm. 


and also from an adjacent field were examined concurrently 
and compared. 

Small quantities of pit soil were thoroughly ground in 
a mortar, soaked for a week or more in 0-5 per cent tri- 
sodium phosphate? and then washed with water and 
sieved. Flotation techniques failed with this material 
so sievings were examined directly in water. Surface 
soil samples were treated similarly. 

The eggs found in the pit soil are shown in Fig. 1 and 
their measurements are given in Table 1. Only three types 


Table 1. MEASUREMENTS OF EGGS FOUND IN SOIL SAMPLES 
Egg Measurements (mm) Characters 
Ascarid 0-058—0-062 x 0-043-0-050 Yellow or colourless. contain- 


ing embryo 


Trichurid or 0-05-0-058 x 0-023 Colourless, with polar plugs 


eapillarid 
Dicrocoelium 0-039 x 0-019-4)-027 Dark brown, distinet oper- 
culum 
Type A 0077-0085 = 0:039-0-046 Colourless, thin-shelled 
Type B 0-039-0-05 x 0023-0027 Colourless, possibly with a 


thick shell 


Type C 0-046 x 0-023 Colourless, thin-shelled 
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are clearly recognizable as helminth eggs. these being the 
ascarid, possibly Ascaris but lacking the mammillated 
layer, the trichurid or capillarid eggs and the Dicrocoelium 
eggs. All three lie within the size range for their respective 
groups. There was also possibly more than one species of 
trichurid or capillarid present. The identity of the three 
remaining types, A, B and C, is doubtful. particularly the 
last two, because although they resemble nematode eggs 
no common species resembles them closely enough for a 
comparison to be made. Type A could be a nematode 
egg, on the basis of size and general appearance, but 
whether or not thin-shelled eggs of this type would 
survive under extremely desiccated conditions is not 
certain. 

Protozoan cysts were not found in this material (per- 
sonal communication from J. R. Baker), 

Surface soil samples examined contained few objects 
that resembled helminth eggs, and only one or two 
specimens resembling ascarid eggs were recovered. 

Dating helminth eggs in the conditions described here 
is perhaps open to dispute simply because of the possibility 
of percolation from overlying inoculated strata. Evidence 
of continuity between recent and ancient strata in this pit 
comes from the discovery of live, free-living nematodes 
in the samples (personal communication from M. R. 
Siddiqi). These were, however, very few in comparison 
with those found in the surface soil, and the absence in 
this top soil of helminth eggs similar to those found in the 
pit suggests that the eggs found are probably contempora- 
neous with other datable remains in the pit. 

The hope that this study might provide some evidence 
as to the nature and purpose of the pit was not entirely 
realized because the eggs could not be identified positively 
enough to suggest their hosts. Taylor? has discussed the 
possibility of attributing a porcine or human origin to 
the eggs identified from material of a later period. If the 
unidentified eggs found were nematodes it might be 
possible to inelude cattle and sheep as possible sources. 

The most clearly recognizable eggs were those of the 
ascarid, trichurid or capillarid and of Dicrocoelium. The 
first two have frequently been recovered from archaeo- 
logical deposits or from preserved bodies', possibly because 
they are more resistant than other eggs or perhaps they 
might have been more common than other species. It is 
significant that eggs of Fasciola hepatica and Diphyllo- 
bothrium latum have been reported although these might 
be considered unlikely to survive for long periods. 

The possibility of recovering intact parasites in certain 
circumstances has become more of a possibility with the 
report by Samuels of rhabditid nematodes of free living 
or plant parasitic origin in coprolites from Wetherill 
Mesa, USA. Structures identified as nematodes, from 
scorpions in Carboniferous rocks, have also been described 
by Stormer’. It is therefore possible that evidence of 
parasitic infections in prehistoric animals could be re- 
covered from geological deposits, in the form of parasites 
or their eggs, if the problem of recognizing them could 
be overcome. 

I thank Mr John Collis, director of excavations at 
Owlesbury, for the soil samples, Dr M. R. Siddiqi, Common- 
wealth Bureau of Helminthology, for looking at the samples 
for plant nematodes, and Dr J. R. Baker, London School 
of Hygiene and Tropical Medicine, for examining the 
material for protozoan cysts. 
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BOOK REVIEWS 


LIFE AND DEATH 


Social and Genetic Influences on Life and Death 

Edited by Lord Platt and A. 8. Parkes. (A Symposium 
held by the Eugenics Society m September 1966.) Pp. ix + 
222. (Edinburgh and London : Oliver and Boyd, 1967.) 
638. 


THE first Eugenics Society symposium was held in 1964 
under the title of Biological Aspects of Social Problems”’, 
and was followed a vear later by “Geneties and Environ- 
mental Factors in Human Ability”. Now we have the 
record of the third symposium, held in 1966, on an 
equally broad if not even broader subject and marked, 
as were its two predecessors, by the same width of interest 
and expertise that is evident in the papers from which 
itis built up. As Lord Platt points out in his introduction, 
this third symposium has a more medical flavour than the 
others, but this is not to imply that it 1s entirely medical 
in either its interest or its contributors. 

The symposium included fifteen papers divided among 
four sessions, the first concerned with conception, preg- 
naney and birth; the second with somatic illness; the 
third with psychological illness and the last with ageing. 
Such a range of subjects must surely defy the ability of 
any single reviewer to bring an equal perception and 
understanding to bear on all the contributions. I hope, 
therefore, that I shall be understood—-and forgiven—if 
I devote most of my space to those points which are of 
special interest to me. For me, the third session, on 
psychological illness, was the least rewarding, though the 
subject is obviously one of great and growing importance 
to society. Nor could one fail to be attracted by Leighton’s 
suggestion that the disorganization of social systems 
generates psychiatric disorders, or to be interested in 
Rawnsley’s correlation of psychiatric and somatic dis- 
orders both in the Ministry of Pensions figures and in 
observations made on the Tristan da Cunha islanders 
when they were temporarily evacuated to this country. 

Many will, I am sure, share my gratitude to Morris for 
his survey of the incidence and cost of coronary thrombo- 
sis and to Fletcher for his presentation of the relationship 
between smoking and lung cancer in the session on somatic 
illness. In this same session Spicer discusses recent 
trends in mortality and points out that improvement in 
death rates is slowing down. Of special interest, however, 
is his point that the suicide rate is rising in both sexes 
between 25 and 34. One is left pondering the implications 
of his observation that this rise has been marked in the 
“affluent” period of the past decade or so. 

It is encouraging to find a session devoted to the causes 
and consequences of ageing for, as Backett points out 
in his introduction to the session, medical interest has 
been understandably less in the quality of life that was 
saved than in the prevention of death, especially prema- 
ture death. The study of old age is, again as Backett 
says, the meeting point of many disciplines, and Roth re- 
emphasizes this when he sees neuroses of the old as the 
result of interaction between social, familial and genetic 
factors rather than the outcome of any one of them—a 
thought which is to be commended to those enthusiasts, 
from whatever discipline, who over-simplify by claiming 
a unique importance for their own approach. Roth 
further brings out the widespread incidence of psychiatric 
disorders in the aged and points to the need for greater 
help in the community for older people, especially at the 
earlier stages of their upsets. In his account of the 
changing age structure of the population and the sociologi- 


cal problems of age Cox makes the point that so le 
old people can help themselves we should pay particular” — 
attention to advising them on how best they can dose. — 
The importance of the genetic element in ageing is brought. - 


out by both R. D. Clarke and Hollingsworth; but they — 


bring ‘out the importance of other factors too, and we are 
left with no doubt about the great need for more informa- 
tion on this subject, both from observation on man and 
experiment on other species. 

In a brief, but very well presented, contribution to the 
session on conception, pregnancy and birth, C. A. Clarke 
gives an account of what I may perhaps call the “Liver- 
pool” treatment for circumventing Rhesus disease of the 
new-born. I commend this paper to anyone interested in 
the application of biological science to medical problems, 
and no less because he points to what we do not yet know 
as well as glancing at the implication of his results for the 
wider problems of transplant control. Ulsley looks at 
the variation of that uniquely significant character, 
intelligence, with family size, parity and maternal age. 
He makes the point that certain disturbances of preg- 
nancy give I.Q. test scores higher or lower than normal, 
but like all such studies the results are far from easy to 
interpret. In discussing foetal and infant deaths McKeown 
brings out the fact that some 20 per cent of conceptions 
end in death before the age of fifteen. He points to the 
need for wider knowledge of the social, economic and 
psychological reasons for unwanted pregnancies and of 
the aetiology of spontaneous abortion. He sees haif the 
deaths between the twenty-eighth week of gestation and 
age fourteen as potentially avoidable, by prevention of 
maternal illness, by improved obstetric care and by 
prevention of infection, accident and violence after birth. 
He also regards prenatal deaths as largely non-genetic, 
but I do not see how such a view can be sustained in the 
face of the data that Polani provides in the first paper of 
the symposium. Chromosome abnormalities are very 
much higher among spontaneous abortions than among 
live births and the later the conceptions are lost the lower 
the frequency of recognizable abnormality. Clearly the 
chromosomal, and hence the genetic, constitution 1s 
significant for successful foetal life. Clearly, too, natural 
selection has not just acted to delay the expression of 
genetical upset into postreproductive life, as is so often 
pointed out: it has also brought forward the expression 
of other upsets into early foetal life, or at least has failed 
to settle with upsets that express themselves early enough. 
Polani makes one further point that will intrigue many 
geneticists—that triploidy in man is incompatible with 
postnatal existence. In all other respects the effects of 
chromosome upsets in man reflect the effects that they 
were established (some thirty or forty years ago) as having 
in other species. Yet triploidy, while producing sterility, 
appears not to lead in general to serious somatic upsets in 
other species ranging from plants to vertebrates. Why 
is triploidy in man aberrant in this respect ? 

It would be invidious to attempt comparison between 
this third symposium and its predecessors in their quality 
and interest. Rather it should be seen as their continua- 
tion in bringing a wide range of approaches and points 
of view to the discussion of hufman affairs. As such it 
helps to consolidate the success of the “new-look” eugenics. 
Can we doubt that Francis Galton would have apprect- 
ated it and approved ? KENNETH MATHER 


DIFFERENTIATION 


The Evolution of Differentiation 

By William S. Bullough. Pp. vi+ 208. (London and New 
York: Academic Press, 1967.) 45s.; $8. 

In this remarkable book Wiliam 8. Bullough, Birkbeck 
College, University of London, presents himself as 
candidate for the role created by F. Jacob and J. Monod 
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in the study of development and differentiation. Bullough 
assembles the known facts, both those connected with 
the development of higher creatures and those connected 
with the evolutionary steps by which development as we 
know it today has established itself in the 3x 109 years 
of life on Earth. He then applies to these facts the tools 
of rigorous analysis and strong inference which have been 
so successful in forwarding our understanding of molecular 
biology. He applies to embryology the picture of cell 
life as it has emerged from molecular biology. The result 
is an enormously stimulating and thoughtful book. 

Bullough starts with the premise, with which I hope all 
biologists will agree, that “it is (the) choice of programme 
whereby certain genes are activated while others are 
repressed which is the essence of differentiation’. He 
therefore considers first the control of gene action in 
bacteria—bacteria are not only the presumed ancestors of 
the eukaryots, but pre-date them by some 2-5 x 10° years. 
We know in some detail how gene action is controlled in 
bacteria. We know about operons, regulator genes, re- 
pressors and the control of repressor by small molecule 
effector substances. We know that bacteria possess 
operons concerned not only with metabolism but with 
such further basic processes as DNA replication and 
indeed with differentiation (sporulation). It is Bullough’s 
conclusion that biologists must operate on the assumption 
that the opercn mode of genetic control has constituted 
one gift to the eukaryots from the prokaryots from which 
they are descended. This is also a proposition with which 
it is hard to disagree, particularly because the work of 
E. B. Lewis has established the existence of just such an 
operon in the gene complex bithorax for the control of a 
developmental pathway in Drosophila. Bullough, then, 
sees differentiation as regulated by a host of kinds of small 
molecules, each of which, by interaction with a specific 
repressor protein, causes that repressor to repress or to not 
repress. Mitosis and cell multiplication in the liver, say, 
or in a tumour, are to be regarded as controlled by a 
particular kind of small molecule, a particular kind of 
“chalone”, which interacts with a particular repressor 
and which, in turn, regulates the activity of the “mitosis 
operon”. 

But, as things turn out, there are still too few facts 
available to enable Bullough to make a detailed central 
dogma for differentiation, He cannot decide whether 


JAMES BONNER 


Ban AF 


PROTOZOAN CHEMISTRY 


Chemica! Zoology 

Vol. 1: Protozoa. Edited by Marcel Florkin and Bradley 
T. Scheer. Pp. xvi+912. (New York and London: 
Academic Press, 1967.) 354s. 


One of the obstacles in undertaking investigations in new 
fields of inquiry is, as stated in the preface of this book, 
the complex and scattered nature of the literature. Such 
a problem is encountered when an alliance is made between 
two disciplines such as chemistry and zoology. This 
book, which deals specifically with protozoa, is the first 
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volume of a treatise aimed at alleviating this situation as 
it arises in connexion with those zoological topics that are 
amenable to a chemical and biological approach. 

The opening chapter on systematics by J. O. Corliss is 
likely to be of limited value to the chemist because of the 
terminology involved, a criticism that also applies to the 
second article on chemical aspects of ecology by E. 
Fauré-Fremiet. The very readable chapter on carbo- 
hydrates and respiration by J. F. Ryley, apart from being 
a good example of the fruitfulness of the combined chemi- 
cal and zoological approach, demonstrates that the pro- 
vision of introductory material is not incompatible with 
the subsequent advanced treatment of a topic. Nitrogen 
metabolism is dealt with comprehensively in an inspiring 
fashion by G. W. Kidder. The chapter by V. C. Dewey 
on lipids is rather too long for the newcomer but will be 
a most valuable source of reference. The important 
topic of axenic culture is ably discussed by D. M. Lilley 
in & very interesting chapter on growth factors. The lucid 
account of transport phenomena by R. L. Connor leads 
on to the discussion of digestion and hydrolases by M. 
Müller. 

The rest of the book is mainly about the problems 
associated with protozoan morphogenesis and its control. 
The topic is clearly introduced by E. D. Hanson in an 
article that is long but includes well chosen examples. 
Nucleic acids and their replication, and the chemistry of 
cilia and flagella are the subjects of two short chapters 
by M. Mandel and F. M. Child respectively. Control of 
metabolism at the enzyme and substrate level and its 
importance in differentiation is the theme of a satisfying 
discussion on carbohydrate accumulation in protists 
by R. G. Pannbacker and B. E. Wright. Control at the 
gene level is considered by S. L. Allen. The examples of 
genic control of metabolic steps and of the elaboration of 
specific proteins are most enlightening as is the genetics 
of extranuclear nucleie acids. This chapter is exciting 
but not always explicit. The final chapter is a long 
one by B. M. Honigberg and deals mainly with the inter- 
esting biochemical constitution of the malarial parasite 
and the intriguing relationship between the morphology, 
biochemistry, evolution and parasitic habit of the trypano- 
somes. 

The book covers a variety of topics and well demon- 
strates that the protozoa, because of their unique organ- 
ization and biochemistry, are becoming increasingly 
important in biological research. The book succeeds in 
its aim of assembling a large amount of information in a 
stimulating form, but it fails in that it does not always 
cater for the range of readers envisaged. This is particu- 
larly noticeable in the lack of suitable introductory 
information and the use of terminology, especially some 
ecological terms and chemical nomenclature, that is not 
readily explainable by reference to standard texts. A 
glossary would solve such a problem. Furthermore, the 
wealth of detail in some cases tends to obscure the main 
themes. Unfortunately, there has been a considerable 
amount of repetition of information, as can easily happen 
in a book of this type which relies on separate contribu- 
tions. C. R. SLADDEN 


PARASITES OF LIVESTOCK 


Veterinary Parasitology 
By Geoffrey Lapage. Appendices by T. E. Gibson and 


W. N. Beesley. Second edition. Pp. xvi+ 1182+34 
plates. (Edinburgh and London: Oliver and Boyd, 
1968.) 168s. net. 


WHEN this book first appeared in 1956, it was recognized 
a3 an important contribution to veterinary science 
because there were no modern English textbooks dealing 
comprehensively with animal parasitology. As the position 
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i has not changed very much since then, the appearance of 


a second edition is a good indication of the continuing 


demand for this excellent treatise. 

The author has taken account of the important advances 
made in our knowledge of the subject during the twelve 
years since this book was first published, and has revised 
the text and brought it up to date. Thus, to the introduc- 
tion has been added a brief account on the immunology 
of parasitic infections; the section on nematodes was 
rearranged, and that on protozoa rewritten. As the 
result of these changes the size of the book has increased 
by more than 200 pages, and one can foresee the time 
when it will be too bulky for a single volume. 

Because new readers might not be familiar with the 
first edition, an indication of its contents may be given. 
In the first three chapters an account is given of the 
fundamental aspects of parasitism—its nature and host- 
parasite relationships. Parts 2 and 3 are devoted to 
helminthology, part 4 covers the arthropods, while the 
fifth part deals with the protozoa. In the case of economi- 
cally important species, the descriptions include—in 
addition to taxonomy and morphology—their life cycle, 
effects on the hosts, control and treatment. There are two 
appendices: one dealing with anthelmintics (by T. E. 
Gibson), the other on chemical control of arthropods 
(by W. N. Beesley). 

Random sampling of the text revealed a few minor 
errors and omissions: thus in the account of the Trypano- 
somatidae the author has ignored the revision of Crithidia 
and the creation of the genus Blastocrithidia; in the case 
of Toxoplasma it should have been made clear that only 
a single species (T. gondii) is valid. 

The author can be congratulated on bringing together 
in one volume this mass of knowledge relating to the 
parasites of domestic animals, a formidable task which 
could be achieved only with the wide experience and 
capacity for work possessed by Dr Lapage. 

The book is well printed and adequately illustrated; 
it is provided with an ample bibhography (38 pages) and 
a useful index. Its price—for a book of that volume— 
is by present standards not excessive. C. A. HOARE 


VEGETATION AND SOILS 


Vegetation and Soils 


A World Picture. By 8. R. Eyre. Second edition. Pp. 
xvi+328+32 plates. (London: Edward Arnold, 1968.) 
45s. 


Iv is again a pleasure to review Dr Eyre’s useful and 
versatile book now in its second edition. The text, which 
includes topics other than those indicated by the title, 
is a source of interest and information for students of 
many disciplines. 

Although basically a treatise on vegetation as a world 
system, the author succeeds in showing the correspon- 
dence of this phenomenon with soils. A limited number of 
alterations have been made to the original script especi- 
ally in relation to various soil processes and properties. 
It has to be noted, however, that there is still a lack of 
data on some important aspects of the subject. For 
instance, undocumented, general references to evapora- 
tion, transpiration and precipitation in forests take no 
account of valuable work on these activities being con- 
ducted by university departments of forestry in this 
country. Perhaps, too, quantitative evidence should be 
quoted where cause and effect are invoked or implied. 

These minor criticisms apart, the book remains com- 
mendable for its comprehensiveness as well as for its 
meticulous, if repetitive, attention to detail. The applica- 
tion of the geographer’s systematic approach to complex 
soil situations makes simplified explanations adequate for 
the general student of soils if perhaps not entirely satis- 
factory to “pure” soil scientists. In this regard, the author 
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is very successful in his resolution of the British vegetation 
-soil complex into a classical structure and function 
relationship. The indigenous forest, herbaceous, heath and 
bog species are clearly shown to have their soil counter- 
parts and vice versa, and there are well-qualified ex- 
planations for anomalous features. It is quite an achieve- 
ment to be able to comprehend pattern and trends in our 
ecosystem considering Britain’s latitudinal range, isolation 
from the continental land mass, degree of glaciation and 
human influence, agricultural and industrial. 

The claim that the book provides a world picture is 
fully justified. There is a new extended bibhography to 
go with the admirable figures, plates and maps. It is 
certainly now more a work of reference instead of the 
introductory text originally intended by the author. 

W. 8. WILson 


AFRICAN EVOLUTION 


Background to Evolution in Africa 

Edited by Walter W. Bishop and J. Desmond Clark, 
Pp. x+935. (Chicago and London: The University of 
Chicago Press, 1967.) $27.50; 247s. 


THE publication of the proceedings of the month long 
Wenner-Gren Symposium on a subject as complex as 
“Systematic Investigation of the African Later Tertiary 
and Quaternary” is an event of unusual importance to 
African Studies. 

The editors, Walter Bishop and Desmond Clark, 
pay warm tribute to the characteristic excellence of the 
foundation’s organization (inspired by its director of 
research, Lita Osmundsen) which made possible the three 
successive eight day seminars at Burg Wartenstein on 
palaeontology, stratigraphy and archaeology. Each was 
restricted to twenty scientists, while continuity was 
simultaneously provided by a small group from among 
their number which was present throughout. 

The aim of the symposium was to review the work 
accomplished during the previous ten years or so in the 
wide spectrum of scientific disciplines related to the study 
of man and the evolution of culture. More particularly 
it was to re-examine the definitions and agreed pattern of 
nomenclature which have been the subject of some 
uneasiness ever since the first Pan-African Congress on 
Prehistory in 1947 attempted standardization, ‘This 
problem has proved only slightly less intractable than on 
previous occasions. The palaeontological seminar under- 
standably had no doubts about the vital need for expan- 
sion of palynological studies and for closer collaboration 
between research workers in such a vast field, where 
isolation, in the three main fossiliferous provinces, has 
militated against the creation of an internationally 
acceptable framework, adaptable for the widely different 
fields of study. 

The seminar on stratigraphy unanimously pressed for 
the adoption, for African Quaternary studies, of a code 
comparable with that used in North America, which 
rigorously separates rock units as material entities from 
time-stratigraphic units of rock. The group insisted 
also on sharp definitions, including reference to existing 
accessible type sections. These recommendations had 
such manifest advantages that controversy was virtually 
absent. 

The third seminar, which debated the archaeological 
considerations, with a view to recommending further 
revision of the terminology used in Africa, ran to 450 
pages of important background papers (exceeding in 
length the two previous seminars taken together), 
followed by forty pages devoted to discussions on termino- 
logy, and to the symposium’s specific recommendations, 

In spite of Desmond Clark’s hopes that African archaeo- 
logy can eventually be placed on the “same precise basis 
of definition as, for example, geology” it is fairly clear 
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(and understandably so) that this is unattainable. But 
this is an indispensable dialogue between scholars which 
must, and undoubtedly will, continue for a very long 
time. l 

A new and interesting feature in the discussions was the 
attempt to agree on identical French and English words, 
and to provide agreed “cultural-stratigraphic” definitions 
to fit archaeological requirements. It remains to be seen 
whether the languages themselves will tolerate these 
liberties. The advantages may be illusory when it is 
realized that African archaeologists must in any case 
accept that African scientific literature is bound to be 
shared between English and French. 

The need for more intensive ethnographic research by 
scholars who really understand material culture and 
technology, as well as their value and their limitations in 
archaeological studies, was referred to many times. It is 
surprising how few people will admit that the two dis- 
eiplines, ethnology and archaeology, are essentially 
different approaches to the same subject. 

The recommendations contain a great many excellent 
ideas, including pleas for standardization of methods of 
presentation and illustration, which may in fact be of 
even greater practical value than the revision of termino- 
logy. It would perhaps have been instructive, and a good 
augury for the ideal of closer collaboration, to have 
redrawn (with authors’ permission) all the maps, plans 
and archaeological drawings (using metric scales through- 
out !) in this impressive volume-—-good as many of the 
drawings are—to the excellent standard already set in 
Inventaria Archaeologica Africana, which are, in my 
opinion, much superior to Fiches T'ypologiques Africaines. 

No library of African prehistory can afford to be without 
this volume, the production of which was only made 
possible by a Wenner-Gren subvention of $10,000 to the 
University of Chicago Press. In common with other 
books from abroad its price, which certainly seems high, 
has, of course, been augmented by sterling devaluation. 

BERNARD Faca 


ICE OR FLOOD? 


Studies on Glaciers preceded by the Discourse of 
Neuchatel 

By Louis Agassiz. Translated and edited by Albert V. 

Carozzi. Pp. Ixxi+213+32 plates. (New York and 

London: Hafner Publishing Co., 1967.) $27.50. 


To replace the waters of the biblical flood as the main 
agent for dumping rock debris by transport of rocks 
by ice was perhaps less of an upset to man’s beliefs than 
the theory of evolution which came twenty years after 
Agassiz propounded his ideas on ice ages. Both ideas 
inevitably aroused much controversy. 

Agassiz was not the first to realize that processes seen 
to be taking place on alpine glaciers could also be used 
to invoke the idea that vast ice sheets once covered 
northern Europe. However, much of the eredit for 
convincing the scientific world at large of the occurrence 
of past ice ages is his.* He had the stature and ability 
to do this—starting with considerable effect. in 1837, 
when, as the young president of the Société Helvétique 
des Sciences Naturelles, he presented his ideas on ice ages 
in his “Discours de Neuchatel’. The address apparently 
had much impact, and even though the basic idea of 
ice ages was eventually adopted by the scientific world, 
his physiological view of natural processes could hardly 
have appealed to many in the audience who were present. 
Some account of the discussion which followed the dis- 
course would have been illuminating. 

Professor Albert V. Carozzi of the University of Tlinois 
has now made available in English the “Discourse” 
because “this fundamental and controversial paper, often 
quoted, is nevertheless very little known, because it was 
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never printed separately and the Actes de la Société 
Helvétique were published in an extremely small number 
of copies”. The major part of this publication is, however, 
the first translation into English of Agassiz’s “Etudes sur 
les Glaciers”. Whereas the “Discourse” is full of en- 
thusiasm and impact, the “Studies on Glaciers” gives an 
account of three years intensive investigation of alpine 
glaciers, which followed the “Discourse”. This period 
confirmed for Agassiz the main ideas that he had pro- 
pounded at Neuchatel. 

The handsome volume starts with an introduction 
setting out the background events and contacts that 
Agassiz had with Venetz, De Charpentier and others 
which led up to his “Discourse”. Then after the translation 
of the “Discourse” follows “Études sur les Glaciers”. This 
work shows Agassiz at his best, making critical observa- 
tions on alpine glaciers-—their structure, colour, moraines, 
movement, temperature and action of glaciers on their 
substratum. This leads up to his chapters on “Oscillations 
of Glaciers during Historical Times”, the “Former Extent 
of Glaciers in the Alps” and then to the major thesis, 
“Proofs of the Existence of Large Ice Sheets Outside the 
Realm of the Alps”. The broad field covered by “Études 
sur les Glaciers” shows Agassiz laying many of the founda- 
tions of modern glaciology and is well worth reading. 
There are some weaknesses in his physical arguments, 
but for an energetic and intelligent study the work is 
admirable. 

An accompanying folio or atlas was published at the 
same time as the studies. The series of eighteen litho- 
graphs drawn by his artist Bettanier in the days preceding 
glacier photography are handsomely reproduced with 
overlays, at only a small reduction in size on the original. 
An active glaciologist will perhaps feel that the maps and 
diagrams in the original atlas might also have been 
reproduced. However, the excellent lithographs and the 
general standard of production of the text, give the 
umpression that one is dealing with a work of art rather 
than an early scientific treatise, which, except for the 
folio atlas, was published as a modest octavo volume. 
The price, although high, is reasonable for the quality of 
production, and makes the book a worthy collector’s 
piece for those interested in the early development of 
our ideas on glaciers. G. de Q. ROBIN 


ULTRAMAFIC ROCKS 


Ultramafic and Related Rocks 

Edited by P, J. Wyllie. Pp. xvii+464. (New York and 
London: John Wiley, 1967.) 211s. 

COMPILATION on a broad but specifie aspect of the 
earth sciences has now become a standard method of 
presenting an up to date review of the data and out- 
standing problems of these specialized subjects on a scale 
not possible in a general textbook. The present volume 
is thus essentially aimed at research workers, teachers 
and advanced students who wish to obtain an authoritative 
review of the current position without the necessity of 
reading a large volume of original papers. In the field 
under review the reader is presented with a compre- 
hensive account of the wide variety of ultramafic and 
related rocks by a total of thirty-three contributors who, 
with two exceptions, are either North American or 
British workers. 

To some British petrologists the use in the title of 
ultramafic in preference to ultrabasic may engender some 
dissent, but the use of the term ultramafic, based as it is 
on modal composition, is not likely to be widely criticized 
provided it does not lead to its misuse when discussing 
magmatic compositions. All the major regimes of the 
ultramafic rocks, in layered complexes, minor intrusions, 
zoned complexes, alpine associations including the more 
recently recognized high-temperature peridotites, kimber- 
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lites, alkali ultrabasic rocks, as well as ultramafic and 
‘mafic nodules, are included, although not all are con- 
sidered in the same detail or with the same authority. 
‘Thus some hundred pages are devoted to the alpine type 
ultramafic rocks, their deformation and petrogenesis, com- 
pared with sections on other ultramafic regimes which 
vary between twenty and fifty pages. In addition to the 
more environmental studies of the ultramafic rocks, the 
volume contains a section on their geochemistry, including 
the trace element contents of these rocks, stable isotope 
studies and ®*Rb-*’Sr and K-Rb ratios. In the final 
chapter the petrogenesis of the ultramafic and ultrabasic 
rocks in relation to possible mantle compositions and the 
mineral paragenesis of the ultramafic rocks are considered. 
Of necessity the volume contains a substantial element of 
the descriptive petrology of the ultramafic rocks, but this 
is leavened by the inclusion of subsections devoted to the 
stability ranges of the individual minerals of these rocks, 
particularly im relation to their pressure-temperature 
equilibria in the presence of water or water vapour and to 
experimental studies in the system CaO-—-MgO—Si0,-—— 
CO,—H,0. 

Many sections of the volume certainly attain the aim 
stated in the preface, and the teacher will find an excellent 
account of the major types of ultramafic intrusions and 
the research worker a clear statement of many of the 
problems that still await solution. For the enthusiastic 
advanced student the various sections provide an excellent 
basis, and there is a more than ample bibliography 
of the more important original papers for further read- 
ing. The volume is clearly printed and the diagrams 
are well drawn and add to the general efficiency of the 
presentation. The work is an essential for all earth science 
libraries, and in spite of its high price will be equally an 
integral part of the equipment of all teaching petrologists. 

W. A. DEER 


LOW DENSITY FLOWS 


Introduction to the Dynamics of Rarefied Gases 

By V. P. Shidlovskiy. Translated by Scripta Technica 
Inc. Translation edited by J. A. Laurmann. Pp. xvi+ 168. 
(New York, Amsterdam and London: Elsevier, 1967.) 
130s. 


In spite of the extremely rapid growth of interest in this 
field during recent years, this is the first text-book to 
appear for some time which can claim to be entirely about 
low density flows, though several books on gas dynamics 
have dealt briefly with the subject. Consequently, the 
book fills an obvious gap in the literature and is doubly 
welcome since it contains a number of references to Russian 
work before 1965, when the book was first published in 
the Soviet Union. The translation editor has helped 
considerably by including footnotes on relevant research 
which has been published subsequent to this date. Al- 
though the translation is no doubt accurate in a literal 
sense, it is somewhat pedestrian. There are a number of 
minor syntactical errors and misprints. 

It is stated that the book is aimed at graduate students, 
presumably those coming to the subject after an intensive 
training in conventional fluid mechanics. The treatment 
is theoretical; experimental methods he outside the 
scope of the book and no detailed comparisons with 
experimental data are given. In fact, the author says that 
his aim is to introduce the subject without giving a com- 
plete survey of the whole field. Perhaps for reasons of 
continuity the author has put considerable emphasis on 
specific problems, for example, Couette flow in all its 
various guises. It is debatable whether it is ideal to 
include in an introductory text a large amount of detail 
on particular problems, rather than to concentrate on 
more fundamental aspects. It does, however, enable the 
student to follow closely the practical application of some 


of the mathematical techniques used in non-continuum 
flow theory. 

Occasionally the arguments used to justify the approxi- 
mate methods seem rather tortuous and are not always 
very clear; for example, the statement on page 86 that 
“If R72 is not negligible but Rz) can be neglected m 
comparison with unity then the Navier-Stokes equations 
yield simpler equations for the boundary layer” is at best 
misleading. 

Nevertheless, this is undoubtedly a useful book. It is 
one which most graduate students will wish to read. 
Whether they can afford to buy it is another matter. 

P. A. BLYTHE 


ANOTHER JOURNAL 


International Journal of Mass Spectrometry and lon Physics 
Vol. 1, No. 1, April 1968. (Amsterdam: Elsevier, 1968.) 
Annual subscription £10 7s. 6d. 

THE title of this new journal is somewhat lengthy. Tt 1s, 
however, quite explicit and shows that it is seekmg to 
gather, into one set of covers, papers which at present are 
spread over many publications. If successful, this will be a 
great convenience to those wishing to keep up with the 
growing number of papers in this field, though any increase 
in the number of periodicals to be taken may not be so 
enthusiastically regarded by librarians and hbrary com- 
mittees. 

The first issue includes papers concerned with essentially 
practical considerations of design and operation of equip- 
ment, with results illustrating their success. ‘These 
embrace a sample inlet system, an ion source using mono- 
energetic electrons, a mass spectrometer collecting positive 
and negative ions simultaneously and an improved ion 
detector. There are other papers concerned with the 
detailed interpretation of mass spectra in which electron 
impact ionization, photoionization and field ionization 
are all represented, besides direct coupling to a gas-uquid 
chromatography column. A theoretical paper on field 
configurations complements the experimental accents. 

Some “short communications” are included in this first 
number, as well as more lengthy papers. No author has 
vet taken the option of writing in French or German, 
nor has a review article appeared, although these possibili- 
ties are apparently in view. 

In summary, a good start has been made in launching 
a journal which will be very worthwhile if it can maintain 
its initial promise. P. F. KNEWSTUBB 


LEARNING SYSTEMS 


Automation Theory and Learning Systems 
Edited by D. J. Stewart. Pp. xi+ 215. (London and New 
York: Academic Press, 1967.) 63s. 


THE papers in this book are of various levels of sophistica- 
tion. The mathematics, for instance, range from simple 
arithmetic to the rigours typified by the Bourbaki serios, 
making it difficult to imagine how the engineers, psyeholo- 
gists and other behaviourial scientists, for whom the book 
is partly intended, will cope. This is not to say that the 
individual papers themselves are anything but excellent; 
the list of distinguished contributors ensures that the 
material is first-class and that “a complete spectrum (in 
the field of learning) is covered, from the mechanical 
procedures of algorithms and the set theory of mechan- 


machines”. f 

Shepherdson’s paper, in a sense, is the odd man out 
for it only hints at learning systems. Finite and infinite 
machines, both deterministic and probabilistic, are dis- 
cussed together with a mention of theorem proving by 
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computer. I should like to indicate two very excellent 
books by Minsky' and Rogers? which cover and expand 
much of Shepherdson’s material. 

The fine expository paper by Andrew takes in a large 
area of learning theory and systems while three of the 
other papers could be thought of as extended examples 
of points put forward by Andrew. With each of these 
articles one finds that the predominant theme is that 
“human learning interlocks with problem solving, think- 
ing and, above all, language”, language being taken as a 
point of utmost importance although so far grossly neg- 
lected by most learning theorists. George and Stewart 
mention that the ease of solution of problems depends 
on the problem being embedded in the right ‘‘problem- 
space”. A recent article by Newell? illustrates this point 
well, 

The other two papers, by Pask (about a third of the 
book) and Ross Ashby respectively, might have been better 
presented as short monographs in their own right. Pask’s 
basic premise is that man needs to learn and is an active 
control system that cannot be turned off and isolated 
from the environment he controls. With this in mind he 
proposes the requirement for an experimental environ- 
ment (the maintenance of which is delegated to a machine) 
such that the subject (man) acts as a self-organizing 
system. From this the general theoretical aspects are 
expounded in the first part of the paper. In the second 
half, experimental results are given for the case where the 
environmental machine is a teaching device. It might 
be as well to have studied Ashby’s contribution to read 
the mathematics of Pask’s paper. Ashby lays down a 
mathematical foundation, in terms of Bourbaki’s algebraic 
set theory, suitable for a discussion of general systems 
theory. The style is terse and may not suit the 
uninitiated. 

Although there is seemingly no cohesive force tying 
all the papers together this book should serve as a useful 
source for those interested in learning systems. 

CHARLES RATTRAY 
ae M., Computation: Finite and Infinite Machines (Prentice-Hall, 
? Rogers, H., Theory of Recursive Functions and Effective Computability 

(McGraw-Hill, 1968). 
* Newell, A., On the Representation of Problems, Computer Science Research 


Review: An Annual Report (Carnegie-Mellon University, Pittsburgh, 
USA, 1966). 


HEAT AND MASS TRANSFER 


Thermophysical Properties Research Literature Retrieval 
Guide 

Edited by Y. 8. Touloukian, J. K. Gerritsen and N. Y. 

Moore. Second edition, revised and expanded. Book 1: 

Pp. xxi+819. Book 2: Pp. 621. Book 3: Pp. ix+1315. 

(New York: Plenum Press, 1967.) n.p. 


THE acquisition of reliable data often presents a major 
problem to engineers and scientists who require know- 
ledge of the physical properties of materials in any tem- 
perature range. Although the required data may have 
been published, a quick search in a few abstracting 
journals often fails to, yield the desired information 
because it is hidden away in governmental and industrial 
reports. Consequently, any aid to locating all the litera- 
ture of a particular field should be warmly weleomed. 
The work under review covers the following transport 
and thermodynamic properties encountered in heat and 
mass transfer calculations—thermal conductivity (in- 
cluding accommodation coefficient and contact resistance), 
thermal diffusivity, diffusion coefficient, specific heat, 
viscosity, thermal radiative properties, and Prandtl 
number. This publication is the third volume of a series 
and, in addition to updating the set, it also includes the 
information contained in the earlier volumes, each of 
which covered references from different and mixed 
chronological periods. Volume 3 therefore claims to 
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cover virtually all relevant information published in the 
world up to July 1964; a few of the more important 
references from 1965 are also included. In essence, the 
three books comprising volume 3 are a print-out of a 
specially devised computer programme which leads the 
user to references on the properties listed earlier. The 
search starts in the first book, which is mainly a classified 
directory of all substances, and which indicates whether 
any information is available on the required property. 
This leads to the second book, which is arranged under 
property headings and usefully reveals whether the re- 
quired subject matter (theoretical, experimental, and so 
on), physical state (gas, liquid, solid), temperature range, 
and year of interest may be found in the master biblio- 
graphy of the third book. The 139,305 reference entries 
given in book 3 certainly offer the widest possible coverage 
because they are drawn not only from scientific and tech- 
nical journals but also from university dissertations and 
the reports of government agencies, industrial organiza- 
tions and research centres. 

The substance classification in book 1 gathers materials 
into similar classes by their chemical composition. 
Although most substances are easily located, it is neces- 
sary to know the chemical composition of many alloys 
and compounds before the search can begin. A dictionary 
of synonyms and trade names is included in book 1 for 
those materials which are known by more than one name, 
but it does not always record every class grouping for a 
particular material. For example, the dictionary of 
synonyms suggests that yttrium iron garnet is listed as 
yttrium ferrate in group 110 (elements and their com- 
pounds), but does not mention that it is also listed as 
garnet (iron yttrium) in group 521 (minerals). Group 521 
yields a reference for the specific heat which is different 
from any of the five references derived from group 110 
for the same property. This underlines the advice given 
in the instructions that the search should be made in 
more than one class of material. The classification of the 
ferrous and non-ferrous alloys is remarkable in giving the 
precise composition of each alloy recorded. The time 
taken to complete a search, however, could have been 
made even shorter if those alloys with specific titles 
(Nimonics, for example) had been included in the die- 
tionary of trade names. A point worth remembering is 
that a substance is classed as an element if the total 
impurity content is less than 0-5 weight per cent and 
individual impurities do not exceed 0-2 weight per cent 
each; outside these limits the material is classed as an 
alloy. This means that the well-known “Armco Iron” is- 
not mentioned at all by name but is ineluded in the 
references for elemental iron; it would again have been 
useful if this had been noted in the dictionary of trade 
names. 

The “Retrieval Guide’ contains forty times more 
references than the data books originating from the same 
source (TPRC) and, apart from the foregoing observa- 
tions, all pertinent references from the world literature 
can be found quickly and easily. With the promise of 
further volumes to keep the series up to date, this work 
should prove invaluable to all workers in the fields of 
heat and mass transfer. M. J. WHEELER 


SCIENCE AS POLITICS 


Science and Technology in British Politics 
By Norman J. Vig. Pp. ix+190. (London and New 
York: Pergamon Press, 1968.) 45s. 


Now that the British Government has decided not to 
support the CERN 300 GeV machine, it 1s easy to forget 
that the Labour Party once claimed to be the party of 
science. But in 1963 and 1964, when the party leadership 
suddenly stumbled on science, things were different. 
There was talk of the technological revolution, of re- 
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organizing the government machine on scientitic lines, 
of harnessing science to socialism. It was not done 
well, perhaps, but it was surprising to find it done at all. 
Disappointments since then, as much in economic as in 
scientific policy, have made the 1964 election seem more 
forgettable than most, but Dr Vig, who comes from 
Columbia University, has persuaded the participants to 
remember it all for the benefit of his tape-recorder. The 
results seem first to have been used as a thesis, later as a 
book, and the final product owes more to the former 
than to the latter. 

Dr Vig’s book covers the period of the last Conservative 
Government, between 1959 and 1964. It deals with the 
hard faets of British politics—the debates in Parliament, 
the political manifestos, the pressure groups and the 
parliamentary questions. These are things which are on 
record, readily at hand for analysis, and Dr Vig, by the 
nature of his method (at one point he counts all the 
parliamentary questions which were asked on science) 
gives more importance to appearances than to personali- 
ties—-a refreshing change from much British political 
writing, which tends to do the opposite. But there is a 
real danger in this of being blind to the obvious. Is it 
not possible, for instance, that the Labour Party seized 
on science as an electoral issue simply because Mr Quintin 
Hogg was responsible for looking after it? 

Dr Vig deals fairly and at length with the positions 
taken by both parties during what he calls “the science 
policy debate”. For the Government, Mr Hogg elevated 
the Haldane structure of independent research councils 
into a political philosophy, arguing at the end that science 
was capable of being corrupted even by technology. On 
the other side, some of the most determined spadework was 
done by Mr Aubrey Jones, who, although a Conservative, 
was out of sympathy with his party. The Labour Party 
itself held a series of meetings up and down the country, 
seeking opinion at the grass roots. The Trend Repoct 
was published and pigeonholed. In the end, the Labour 
Party emerged with a policy far less radical than its 
earlier suggestions had been, and made only marginal 
changes in the Department of Education and Science, 
which had already been reorganized by the Conservatives. 

The real results of the debate between 1962 and 1964 
have been the Ministry of Technology and the specialist 
committees of the House of Commons. The chances are 
that both these innovations have been something to be 
thankful for. The legislature will undoubtedly be en- 
riched by the select committees, particularly the Com- 
mittee on Science and Technology, and the executive is 
on balance better off since the Ministry of Technology 
came into existence. Unfortunately, although it looks 
as if it were put together in a hurry, Dr Vig’s book is 
rather out of date, and can make only a superficial judg- 
ment of these two innovations. This is a pity, for Dr 
Vig’s analysis of the formulation of policy is sound and 
sensible, and a valuable addition to the literature. 

NIGEL HAWKES 


OBITUARIES 


Rev Dr R. T. Wade 


Rogert Tuompson Wape, the noted Australian palich- 
thyologist, who was born in Dublin in 1885, died on 
September 23, 1967. He was the eldest son of Robert 
Wade, of County Clare, who emigrated to Australia in 
1890. Young Wade was educated at All Saints College, 
Bathurst, New South Wales, and graduated BA, BSc 
from the University of Sydney, later receiving his MA. 
It was here that he studied geology under Sir Edgworth 
David, and his interest in the subject, like his pleasure 
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in teaching the young, continued throughout his life. In 
1908 he was ordained. | 

In 1930 he interrupted his work as a schoolmaster and 
clergyman to go to Cambridge to study for his PhD, 
which he took in 1931, his thesis being on the Triassic 
fishes of Brookvale, New South Wales, of which he had 
made a substantial collection. After leaving Cambridge, 
he continued to live in Britain, apart from a brief return 
to Australia in 1933 to seek further material. 

He was a schoolmaster first in North Devon and 
then in Kent, and always seized every opportunity to 
work on the Brookvale fishes at the British Museum 
(Natural History), the Trustees having purchased his 
collection. In 1935 the result of his researches were pub- 
lished by the British Museum in an admirable little 
memoir, which has long been a standard work. Later 
that year he went to the Falkland Islands as dean of 
Christ Church, but the climate proved too severe for his 
wife and he returned to New South Wales early in the 
following year to resume his teaching career. For most 
of the time he was senior science master at King’s School, 
Parramatta. During this period his interest m the 
Australian fishes of the Jurassic and Triassic never 
flagged and he published seven papers on them, chiefly 
in the Journal and Proceedings of the Royal Society of New 
South Wales. However, after 1953 his wife's continued 
ill-health, and still later his own, forced him to relinquish 
active scientific work, although from time to time con- 
tinuing with his ministerial duties until his death. 


Mr Denzil Blunt 


Tur news of the recent death of Denzil Blunt, Minister 
of Forest Development, Game and Fisheries in Kenya 
from 1955 to 1960 and a former director of agriculture in 
Cyprus, Nyasaland and Kenya, will make sad reading for 
all those who have been concerned with international 
developments in locust control. 

As chairman of the Advisory Committee of the Desert 
Locust Survey Organization in Eastern Africa, which was 
the British predecessor of the present international Desert 
Locust Control Organization for Eastern Africa, Blunt 
used all his considerable powers of charm, persuasion and 
single-mindedness, as well as the influence of his position, 
to promote and foster a truly international outlook, and 


damage which locusts could do, and of the difficulties 
which faced purely local efforts to control them. He 
therefore spared no effort to secure recognition for the 
fact that countries must be prepared to support eam- 
paigns beyond their own borders to protect their own 
agriculture, and as an earnest of this the Desert Locust 
Survey worked in Ethiopia and the Arabian Peninsula, 
far beyond the borders of its member governments. 

He played an active part in supporting other inter- 
national control organizations in Africa, such as the 
International Red Locust Control Service and the Inter- 
national Organization for thé Control of the African 
Migratory Locust, being chairman of the council of the 
latter body. He actively supported the entry of the Food 
and Agriculture Organization of the United Nations inte 
the international locust field and served on many of the 
committees which gradually, by patient and persistent 
efforts, brought. about the cooperative arrangements that 
exist today. 

Despite tremendous physical disability of a chronic 
nature, which he overcame with a courage that was a 
source of comment to all that met him, Blunt seermed 
never too busy or too preoccupied with his ministerial 
duties to listen to or discuss locust matters, and his wide 
experience both of the practical and administrative side 
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of the work enabled him to see all aspects of a problem 
and generally produce useful suggestions. 

Only recently, the Council of the Desert Locust Con- 
trol Organization for Eastern Africa, representing six 
countries which are cooperating along the lines advocated 
by Blunt for many years, passed a special resolution of 
thanks to him, recognizing the important part he played 
in international locust control. It will be a matter of 
regret to his many friends that this did not reach him 
before his death; but they might well reflect that the 
existence of the organization itself is a lasting tribute to 
his work. 


University News 


Professor A. R. Collar, the pro-vice-chancellor, has 
been appointed vice-chancellor of the University of 
Bristol for the remainder of the present session and for 
the session 1968-9 in succession to the late Professor 
John Harris. Professor T. F. Hewer has been appoin- 
ted pro-vice-chancellor and Professor S. Kérner pro- 
vice-chancellor (additional) for the remainder of the 
present session. Professor Körner is to be pro-vice- 
chancellor for the session 1968-9. 


Dr Cesare Emiliani has been appointed chairman of 
the Department of Geology in the University of Miami. 
He is to continue as chairman of the Division of Marine 
Geology and Geophysics in the university’s Institute of 
Marine sciences. 


Appointments 


The Gas Council has appointed Mr K. L. Stretch, 
pro-vice-chancellor of the University of Aston, Birming- 
ham, as director of research and development. This 
is a new post which is linked with the industry’s plans 
to introduce massive amounts of natural gas throughout 
Britain. 


Announcements 


The following have been elected honorary fellows of the 
Royal Society of Edinburgh : T. A. Bennet-Clark, 
emeritus professor of biology, University of East Anglia; 
M. L. Cartwright, mistress of Girton College, Cambridge; 
R. W. Gerard, professor of biological sciences, University 
of California at Irvine; M. V. Keldysh, president, USSR 
Academy of Sciences, Moscow; G. F. von Weizsacker, 
professor and director, Faculty of Philosophy, University 
of Hamburg; Mrs Chien-Shiung Wu, professor of 
physics, Columbia University, New York. 


THe Comité Internationale de Photobiologie will be cele- 
brating its fortieth anniversary this year, during an 
international congress on photobiology to be l held at 
Dartmouth College, New Hampshire. The committee was 
started at a meeting in Lausanne in 1928 as the Comité 
Internationale de la Lumiére and adopted its present 
name in 1951. The international congress, the fifth to be 
held by the society since 1951, will cover basic photo- 
chemistry, radiation damage and repair in vivo, photo- 
morphogenesis, biological clocks, vision, effects of uv 
radiation on skin, photosynthesis, skin cancer, photo- 
tropism, photodynamic action and Instrumentation and 
action spectroscopy. At the meeting the Finsen Awards 
in photobiology will be presented; Dr E. J. Bowen has 
been honoured for his Investigations into the chemical 
aspeets of light, Dr W. S. Stiles for his work on the 
sensory aspects of human vision, and Dr A. Hollaender 
for fundamental contributions to the development of 
photobiology. Information about the congress can be 
obtained from Dr S. A. Gordon, Argonne National 
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Laboratory, Argonne, Illinois 60439, and further informa- 
tion about the committee can be obtained from Dr E. M. F. 
Roe, at the Chester Beatty Research Institute, Roya! 
Cancer Hospital, Fulham Road, London SW3. 


AI tn erent. Ke etter aie 


CORRIGENDUM. In the review of the book Australian 
Inland Waters and their Fauna (Nature, 219, 99; 1968), 
A. H. Weatherley was incorrect] y shown as the author. 
Dr Weatherley was in fact the editor. 


CORRESPONDENCE 


Where to put Laboratories 


Sir,—In your issue of May 18 you say “There is more 
than a suspicion that the Ministry of Technology had a 
hand in the business, for the ministry seems to have set 
its heart on making Norwich into a centre for food 
science, and had hoped that the Fruit and Vegetable 
Research Association would move there rather than to 
Reading”. This part of the article is relating to the 
possibility of the move to Reading by the Fruit and 
Vegetable Preservation Research Association, The part 
which indicates that the Ministry of Technology wanted 
us to move to Norwich rather than Reading is incorrect. 
In fact the ministry has pressed our ease for the Reading 
move with the Board of Trade and at no time have they 
suggested that we should move to Norwich. 

I should be grateful if you would correct the statement 
which you made in the issue mentioned above. 


Yours faithfully, 
H. R. Hisron 
The Fruit and Vegetable Preservation Research 


Association, 
Chipping Campden. 


This letter is referred to in the leading article on page 
212——Eprror, Nature. 


Training Mathematicians 


SIR, — Your recent review of 
Report on Postgraduate Applied Mathematics (Nature. 
219, 2; 1968) was somewhat cri tical of it, although 
the report certhinly performed a useful] service in stressing 
the need to avoid aridity in applied mathematics by 
relating it to practical situations and in highlighting the 
shocking neglect of such areas as control theory by British 
applied mathematicians. | 

Your review did not comment on a ma jor defect of the 
report, namely, its ignoring of applied mathematics work 
outside actual mathematics departments, in engineering 
or other departments. As a result, the appendices of the 
report, which attempt to present a survey of applied 
mathematies in the UK, are in places wholly m isleading, 
This is nowhere more ap parent than in the field of control 
theory, for which the list entirel y omits many of the main 
centres, such as Imperial College, simply because this 
field of mathematics has been developed in Britain mostly 
in engineering departments, 

It is to be hoped that any action that arises from this 
report will be based on a more thorough survey of the 
situation than has so far been attempted, 


the Royal Society 


Yours sincerely, 
J. A. Suencrurey 
Mniversity of Warwick, 
Coventry, Warwickshire. 
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FORTHCOMING EVENTS 


{Meetings marked with an asterisk are open to the public) 


Monday, july 29—-Wednesday, July 31 


INSTITUTION OF ELECTRICAL ENGINEERS, CONTROL AND AUTOMATION 
Division (at the National Physical Laboratory, Teddington, Middlesex)— 
Conference on “Pattern Recognition”. 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before the 
dates mentioned: 

DEMONSTRATOR (honours graduate in agriculture or graduating in 1968) 
in AGRICULTURE in the DEPARTMENT OF AGRICULTURE AND HORTICULTURE, 
for duties which will comprise demonstrating to undergraduates and visiting 
paua PoE Registrar, University of Nottingham, University Park, Notting- 

»NG7 RD (July 22). 

LECTURER (with experience of mass spectrometry) in PAYSICAL CHEMISTRY 
Gee University of Bradford, Bradford, 7, quoting Ref. PCY/L/2 
(July 23). 

ASSISTANT LECTURER in SoctaL ANTHROPOLOGY—The Registrar, Uni- 
versity College of Swansea, Singleton Park, Swansea, South Wales (July 24). 

ASSISTANT LIBRARIAN, GRADE II (graduate with a good honours degree) in 
the Scrence Liprakies—The Registrar, The University, PO Box 147, Liver- 
pool, quoting Ref. RV/570 (July 25). 

DEMONSTRATOR (preferably with an interest in statistical methods, social 
geography or the geography of planning) in the DEPARTMENT OF GEOGRAPHY 
~The Registrar, The University, Newcastle upon Tyne (July 26). 

RESEARCH ASSISTANT in the SCHOOL or Eptucarion for work with the 
COLLEGES OF EDUCATION RESEARCH GRoup-——The Assistant Registrar (E), 
University of Birmingham, PO Box 363, Birmingham, 15 (July 26). 

TEMPORARY ASSISTANT LECTURER IN CHEMISTRY—The Registrar, Uni- 
versity College of Wales, Aberystwyth (July 26). 

ASSISTANT LIBRARIAN (with an honours degree)-~The Secretary, The 
University, Aberdeen (July 27). 

LECTURER GRADE J in AGRICULTURAL CHEMISTRY (some preference may 
be given to candidates with interests i physics}—-The Principal, Seale- 
Hayne Agricultural College, Newton Abbot, Devonshire (July 27). 

LecTURBR (with a good honours degree in the appropriate subjects or 
equivalent qualifications, some postgraduate experience in research or 
industry, and preferably some teaching experience) in TELECOMMUNICATIONS 
in the DEPARTMENT OF ELECTRONIC SCIENCE AND TELECOMMUNICATIONS— 
rie aia University of Strathclyde, George Street, Glasgow, €1 

uly 27). 

ReswaRcu FELLOW (with at least a good degree in zoology, agriculture or 
related subject) to work on the ecology of the anailintermediate host of liver 
fluke in connexion with the control of the disease by attacking the inter- 
mediate host--The Secretary, The University, Aberdeen (July 27). 

ASSISTANT LECTURER in CRYSTALLOGRAPHY to undertake research in the 
field of large enzyme structures calling for a combination of X-ray diffraction 
and electron microscope techniques— The Secretary, Birkbeck College (Uni- 
versity of London), Malet Street, London, WC] (July 29). 

LECTURER or ASSISTANT LECTURER IN PLANT PuysioLoGy—The Regis- 
srar, University of York, Heslington, York, quoting Ref. 68/29/A (July 29). 

RESEARCH ASSISTANT in the DEPARTMENT OF APPLIED MATHEMATICS for 
duties which will consist primarily of research work and partly tutorial 
teaching work--The Registrar, University College of North Wales, Bangor, 
North Wales (July 29). 

LECTURER (honours graduate in electronic or electrical engineering or 
physics with some years experience in an industrial research or development 
organization) in the DEPARTMENT OF ELECTRICAL AND CONTROL ENGINEER- 
inc-~The Academic Registrar (LFG), University of Surrey, Battersea Park 
Road, London, SW11 (July 31}. 

LECTURER in the DEPARTMENT OF GEOPHYSICS and PLANETARY PHYSICS 
in the SCHOOL OF PHYSsIcs-—-The Registrar, The University, Newcastle upon 
Tyne (July 31). 

LECTURER or ASSISTANT LECTURER (interested in any branch of mathe- 
matical or applied statistics or operational research) in STaTisTics—The 
Registrar (Room 38, ORB), The University, Reading (July $1). 

RESEARCH STUDENT (with a first- or second-class honours degree in 
metallurgy) in the DEPARTMENT OF METALLURGY, to form a research team 
working on the high temperature creep of metals— The Registrar, Universit y 
College of Swansea, Singleton Park, Swansea, South Wales (July 31). 

PLANT PHYSIOLOGIST (preferably with a higher degree or equivalent post- 
graduate experience) to work with Dr T. A. Mansfield on responses of stomata 
to atmospheric pollutants—-The Administrative Officer, Department ot 
Biological Sciences, University of Lancaster, St. Leonard’s House, Lancaster 
{August 1). 

ASSISTANT EXPERIMENTAL OFFICER/EXPERIMENTAL OFFICER ( preferably 
with a degree or diploma in horticulture or related subject, and seme field 
experimentation experience) for survey and experimental work with ferti- 
lizers on commercial growers’ holdings—The Secretary, National Vegetable 
Research Station, Wellesbourne, Warwick (August 3). l 

CHAIR OF SHIP SCIENCE-—The Secretary and Registrar, The University, 
Southampton (August 3). 

SENIOR DEMONSTRATOR in VETERINARY CLINICAL STUDIES (Farm Animals) 
at the Veterinary Field Station, Leahurst, Neston, Wirral--The Registrar, 
The University, PO Box 147, Liverpool, quoting Ref. RV/576 (A august 5), 

LECTURER/SENIOR LECTURER (with research interests in cell biology, 
biophysics, plant morphogenesis or algolegy) in BOTANY at the University of 
Sydney, Australia~-The Association of Universities of the British Common- 
wealth (Branch Office), Marlborough House, Pall Mall, London, SW1 (Aus- 
tralia and London, August 9), 

LECTURER (with experience in teaching topographical anatomy, and pre- 
ferably medically qualified) in ANATOMY at the University of Tasmania- The 
Association of Commonwealth Universities (Branch Office), Marlbercugh 
House, Pall Mall, London, SW1 (Australia and London, August 9), 

SENIOR LECTURER (preferably with a higher degree and/or Diploma in 
Public Health or Social Medicine) in SOCIAL MEDICIN g—'The Secretary, The 
University, Dundee, Scotland (Angust 10). 

SENIOR LECTURER (with a degree in chemistry or biochemistry and 
extensive experience in clinical chemistry) in the DEPARTMENT OF CLINICAL 
CHEMISTRY--The Secretary, University of Edinburgh, Old College, South 
Bridge, Edinburgh, Scotland (August 10). 

POSTDOCTORAL FELLOW in CHEMISTRY for work on “hot-zone” and high 
temperature reaction calorimetry in collaboration with Dr H. A. Skinner and 
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Dr G. Pileher—Thbe Registrar, The University of Manchester, Manchester 13, 
quoting Ref. 127/68 (Angust 14). 

CHAIR OF ANIMAL HUSBANDRY in the FACULTY OF VETERINARY MEINE 
a Secretary of the University Court, The University, Gilisgow (Angust 

J: 

LECTURER in the DEPARTMENT oF CONTROL ENGINERRING—The Regis- 
trar, The University, Sheffield (August 17). . 

CHAIR OF MECHANICAL ENGINEERING at the University of Canterbury, 
Christchurch, New Zealand—The Association of Commonwealth Universities 
(Branch Office), Marlborough House, Pall Mall, London, SWi (New Zealand 
and Londen, August 19). 

SENIOR LECTURER or LECTURER in GEOGRAPHY ; and SENIOR LECTURERS 
or LECTURERS IN ZOOLOGY at the University of Canterbury, Christehurch, 
New Zealand—The Association of Commonwealth Universities (Branch 
Office), Marlborough House, Pall Mall, London, SW1 (August 23). 

CHAIR OF GEOLOGY-—The Registrar, University College of Swansea, 
Singleton Park, Swansea, South Wales (August 29). 

ASSISTANT LECTURER (with a good honours degree in mechanical engineer- 
ing and preferably postgraduate research and/or teaching experiences in the 
DEPARTMENT OF MECHANICAL ENGINEERING, University of Melbourne, 
Australia—The Association of Commonwealth Universities (Branch Office), 
lide gh House, Pall Mall, London, SW] (Australia and London, August 

CHAIR OF ANTHROPOLOGY at the University of Otago, Dunedin, New 
Zealand—The Secretary-General, Association of Commonwealth Universities 
(Branch Office), Mariborough House, Pall Mall, London, SW1 (New Zealand 
and London, August $1). 

SCIENTIFIC INFORMATION OFFICER (with a degree in one of the biological 
sciences, a reading knowledge of one or more foreign languages (and preferably 
Russian), and ability to write concise English) for duties which will incinde 
the preparation and editing of abstracts for the journal Animal Breeding 
Abstracts, indexing, information retrieval and dealing with enquiries —‘The 
Director, Commonwealth Bureau of Animal Breeding and Genetics, West 
Mains Road, Edinburgh, 9, Scotland (August 31). 

CHAIR OF CHEMISTRY---The Registrar, University College of Wales, Aboryat- 
wyth (September 6), 

PROFESSOR OF FOREST ScrENcE—-The Registrar, University Registry, 
Oxford (October 5). 

PROFESSOR OF MATHEMATICS——The Registrar, University Registry, Oxford 
(October 5). 

SECOND ASSISTANT in the DEPARTMENT OF MEDICINE (Austin Hospital), 
University of Melbourne, Australia—The Association of Commonwealth 
Universities (Branch Office), Marlborough House, Pall Mall, London, SW1 
(Australia and London, October 11). l 

ASSISTANT LECTURER (with medical qualifications registrable in the UK, 
or with appropriate non-medical qualifications) in PoarMacoLooy— The 
Registrar, The University of Manchester, Manchester, 18, quoting Ref. 
133/68. 

DONALD CAMPBELL RESEARCH FELLOWSHIP (applicants should be of degree 
or higher degree standard in engineering) in the ARRONACTICS DEPARTMENT, 
for the study of airflow around bodies travelling at high speeds near the 
ground— Professor P. R. Owen, Aeronautics Department, Imperial College of 
Science and Technology, Londen, SW7. 

FEMALE SCIENCE GRADUATE (interested in bacteriology, preferably with 
first- or top second-class honours, but common sense, adaptability and 
initiative more important than higher academic qualifications) for a vacancy 
in the DYSENTERY REFERENCE Laporatory at Colindale—-The Personnel 
Officer, Central Public Health Laboratory, Colindale Avenue, London, NWS. 

GRADUATE RESEARCH ASSISTANT (honours graduate in zoology cr physi- 
ology) to study the kinetics of the macrophage system: in nervous tiesue— 
The Director, MRC Research Group in Applied Neurobiclogy, Lustitute of 
Neurology, Queen Square, London, WC1. 

JUNIOR TECHNICIANS (2) (with two “A” levels (one in chemistry) or Inter. 
IMLT qualification) in the BIOCHEMISTRY SECTION of the PRU: one to assist 
in research on human metabolic errors, including operation of amino-acid 
analyser-—The Secretary, Paediatric Research Unit, Guy's Hospital Medical 
Scheol, London Bridge, London, SEI. 

LECTURER Or ASSISTANT LECTURER (preferably with an intereat or training 
in taxonomy or plant ecology) in BIOLOGICAL SCTENCES at the University of 
the West Indies, Trinidad—The Inter-University Council, 38 Bedford Place, 
London, WEL 

PROFESSOR or SENIOR LECTURER in Hteman BioLtoey (Physiology); 
& PROFESSOR, SENIOR LECTURER or LECTURER in BIOCHEMISTRY: a SRNIOR 
LECTURER or LECTURER in HUMAN BioLoay (Anatomy); a PRoressor or 
SENIOR LECTURER in PHARMACOLOGY: and a PROFESSOR or SENIOR 
LECTURER in MICROBIOLOGY or in ParTioLoGy in the School of Medicine, 
University of Zambia--~The Inter-University Council, 33 Bedford Place. 
London, WCH, 








ws 





RESEARCH ASSISTANT (with experience in machine code programming and 
preferably a knowledge of executive prograniming for a large system) in the 


COMPUTING LABORATORY-~—The Registrar, niversity of Bradford , Bradford, 7. 
RESEARCH FELLOW in EXPERIMENTAL Metat Puystcs--Professor K, B, 


Puttick, Department of Physics, University of Surrey, Battersea Park Road, 
London, SWH 

RESEARCH FELLOW or RESEARCH ASSISTANT (with an interest in bhioe 
chemistry) in the MICROBIAL GENETICS Group, SCHOOL OF PIOLOGICAL 
SCIENCES, to work on problems concerning metaboliam of DNA in bacteria— 
The Secretary of Science, Science Office, The University of Sussex, Falmer, 
Brighton, Sussex. 

RESEARCH STUDENT (honours graduate in microblology or biochemistry) in 
the SCHOOL OF BIOLOGICAL SCIENCES to work on the biochemistry and genetica 
of resistance to a new anti-bacterial drug Dr K. A. Stacey, The School of 
Biological Sciences, The University of Sussex, Brighton, Sussex. quoting 
Ref. 225/3. 

RESEARCH WORKER (preferably with some postgraduate experience in 
either EM histochemistry or neuroanatomy) for work on EM histochemistry 
of nervous tissue—-The Departmental Administrator, Department of Physi- 
ology and Biochemistry, The University, Southampton. 

SENIOR RESEARCH FELLOW (with several years’ postgraduate experience, 
and preferably experience in muscle biochemistry) in the DEPARTMENT OF 
PHARMACOLOGY, to join a research team = studying myopathies—The 
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Secretary, Royal Free Hospital School of Medicine, 8 Hunter Street, 
London, WCL. 

SENIOR TECHNICIAN and a STODENT TECHNICIAN for research work in a 
new laboratory—The Secretary, Westminster Medical School, 17 Horseferry 
Road, London, SW1. 

TECHNICAL ASSISTANT to work on a project. concerning hydrolytic enzymes 
involving glycogen metabolism with particular reference to heredity disorders 
-The Secretary, Royal Holloway College (University of London), Englefield 
Green, Surrey. 

TECHNICAL OFFICERS (3) to work in the fields of electron microscopy, 
biochemistry and physiology--Medical Research Council, Dunn Nutritional 
Laboratory, Milton Read, Cambridge. 
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Pp. 373-470 + 12 plates. 528. 6d.; $9. Vol. 67, No. 10: Kochiproductus 
coronus SP. NOV, from the Scottish Visean and a Possible Mechanical 
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institute 1967, Pp. iv+49+6 plates. (London: H.M. Stationery Office, 
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Pp.x+105. (Wellesbourne, Warwick: National Vegetable Research Station, 
1968.) 8s, bd. 17 

Social Services for AN? Part 4. By David Owen, Peter Townsend and 
Brian Abel-Smith. (Fabian Tract 385.) Pp. 91-128. (London: Fabian 
Society, 1968.) 3s. 6d. [27 

Beecham Group. Annual Report year ended March 1968, Pp. 24. (Brent- 
ford, Middx.: Beecham Group, Ltd., 1968.) 27 

Metrication in Schools—Report of Conference on 20 March 1968, Pp. 4: 
(London: The Royal Society, 1968.) 5s. {27 

Political and Economic Planning. Annual Report 1967-8. Pp. 27. 
Planning, Vol. 34, No. 501 (Jane 1968): Regional Planning and Horticulture 
in France, By B. C. Rickard, Pp. 144-200. 7s. 6d. (London: Political and 
Economic Planning, 1968.) {27 


wed 


HOW TO BUY NATURE 


Volumes start in January, April, July and October, but subscriptions 
may begin with any issue. 
The direct postal price per subscription for one copy of NATURE 
each week is: 

+12 MONTHS (52 issues and 4 indexes) 


Great Britain and Eire... 0... cee £14.0.0 each 
United States of Amarica........ {by air freight).......... $48 each 
Canada............ e e a cin {by air freight).......... $62 each 
Elsewhere overseas by surface mail............0...0-... £14.0.0 each 


{Charge for delivery by air mail on application) 
*Shorter periods pro rata. (Minimum three months.) 


NATURE, VOL. 219, JULY 20. 1968 


Other Countries 
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Organization for Economic Co-operation and Development. National 
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$5.50. 216 
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99. (Geneva: World Health Organization; London: H.M. Stationery Office, 
1968.) 5 Sw. france; 10s., $1.75. 246 


Organization for Economic Co-operation and Development. Technical 
Assistance and the Needs of Developing Countries. Pp. 48. (Paris: 


Organization for Economic Co-operation and Development: London: H.M. 
Stationery Office, 1968.) 5 francs: 98.; $1.20. [246 
_ A Brief History of British Weights, Measures, Signs, Symbols and Decimal 
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Press, 1968.) 246 

World Meteorological Organization. World Weather Watch. Planning 
Report No. 25: System for the Collection of Ships’ Weather Reports. By 
M. Hanzawa and T. H. Tournier., Pp. xi +68. (Geneva: World Meteoro- 
logical Organization, 1968.) i246 

institutt for Atomenergi, Kjeller Research Establishment. Kjeller 
Report No. 128; Long-Chain Alkylammonium Nitrates as Extracting Agents 
for Pu( IV) Nitrate. By R, Bac. Pp. vili+ 127. (Kjeller, Norway: Institutt 
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Pp. 15. Re, 1.00, Annual Report of the Mauritius Institute 1966. Pp. 15. 
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Field Museum of Natural History. Fieldiana: Geology. Vol. 16, N.7 
(March 21, 1968): A Revision of the Chelonian Genus Hothremys (Pleurodira: 
Pelomedusidae). By Eugene 8. Gaffney and Rainer Zangerl. Pp. 193-240. 
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Insectivores. By John Clark. Pp. 241-254. (Chicago: Field Museum of 
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Fonds National de la Recherche Scientifique. Quarantiéme Rapport 
Annuel 1966-1967. Pp. 281. (Bruxelles: Fonds National de la Recherche 
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Vols. 1, 2 and 3 were published in book form, 
the series is now continued as 
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parties that we have, in the past, been ge aie | ' 


unduly modest about certain of our 
; activities. For example, these people 


say, "Why don’t more people know o | Nites | R m unya 
that S.E.. manufacture hygromelers? , EES TTA 
Both electrolytic and thermoelectric AN i Ea | AP. 
dew-point hygrometers.” and, “Since ee SE 
these are accurate, reliable fon 


eer SS) Vol. 4, No. 1: TRANSITION METALS 


operate and very reasonably priced— 


why shouldn't more people ben E Ss | is now available. 
from them?” Always ready to oblige. TEN ! 


we give brief details below and will fy i | Further issues (Main Group Metals) to follow 











send free, dlustrated brochures 
on request, 


Our conscience is clear. | AR [er i mnt 


ELECTROLYTIC HYGROMETER MK.1 

Determines the moisture cantent of = ect R 

gas or vapour with extreme sensitivity. «l YE o O A i EPES Gey 
Ranges, on two scales. are 10,30, | TOES | Subscription price Sfr. 78.00 (plus Sfr. 5.52 
100, 306, 1000, 3000 ppm. fo an J ; Da 

accuracy of t 3%. By varying the postage) 
gas flow both sensitivity ana range 
can be increased beyond these imis. 


An output is provided to allow | ew Subscriptions should be sent to 
recording. 7 i 


THERMOELECTRIC DEW-POINT 
HYGROMETER MK.3 

Provides continuous and automatic 
measurements of dew-points down to 
45°C below ambient temperature for 
gases and vapours. Accuracy is to 

+ 45°C, and an output is provided 
to allow recording. 
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APPOINTMENTS VACANT 
a an e A 


UNIVERSITY COLLEGE OF NORTH 


WALES 
BANGOR 


DEPARTMENT OF APPLIED 
MATHEMATICS 


RESEARCH ASSISTANT 


Applications are invited for the post of Re- 
search Assistant in the Department of Applied 
Mathematics. Duties will consist primarily of 
research work and partly Tutorial teaching work. 
The successful candidate would be required to 
assist in theoretical and experimental investiga- 
tions into the transfer properties of turbulent 
boundary layers. The opportunity will exist of 
taking a higher degree. The appointment will 
commence on October I, 1968. Salary will be 
within the range £760 to £868, plus ESSU. 
benefits. 

Applications (two copies) giving full details of 
Education and qualifications, together with the 
names and addresses of two referees, should be 
sent by July 29, 1968, to the Registrar, Univer- 
sity College of North Wales, Bangor, from 
whom further particulars may be obtained. 


UNIVERSITY OF SYDNEY 
LECTURER /SENIOR LECTURER IN 
BIOLOGY 

Applications are invited for the above-men- 
tioned position. The School of Biological Scien- 
ces Was established in 1963 by an amalgamation 
of existing Departments of Botany and Zoology. 
Research interests of members of the Scheol in- 
clude cellular biology, organismal biology, and 
population biology. Applications from candidates 
with research interests ip cell biology, biophysics, 
plant morphogenesis or algology would be wel- 
comel. 

Salary : Lecturer, $43,400 by $A270 to $47,300 
per annum; Senior Lecturer, $47,600 by $A230 
to $48,750 per annum. 

Information concerning supcrannuation, housing 
scheme, sabbatical leave, etc, and method of 
application is obtainable from the Association of 
Commonwealth Universities (Branch Office), 
Marlborough House, Pall Mall, London, S.W.1. 
Applications close in Australia and London on 
August 9, 1968. (246) 


UNIVERSITY OF 
STRATHCLYDE 


DEPARTMENT OF eAPPLIED 
GEOLOGY 


Applications are invited from Honours 
Graduates for the past of Assistant Lec- 
wrer in the Department of Applied 
Geology. 


Applicants should have a particular in- 
terest in those aspects of Geology that 
have a bearing on the geological problems 


arising from Mining Engineering, Civil 
Engineering and the Building Industry. 

Salary scale: £1,105 to £1,340 per 
annum with F.S.S.U. 

Further particulars and application 
forms (quoting 35/68) can be obtained 
from the Registrar, University of Strath- 
clyde, Glasgow C.i with whom applica- 
tions should be lodged by August 3, 1968. 

(270) 
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The Wellcome Research Laboratories 


Information Officer 


An Information Officer, male or female, is required for work 
connected with the research, development and production of 
vecerinary biological substances. 


A pass degree (or its equivalent) in a biological subject is 
essential but specialist knowledge of veterinary work is not 
needed as training will be given. Previous library experience 


is desirable and the ability to read 
French would be an advantage. 


German, Spanish or 
This post would provide 


valuable experience to a young graduate seeking work of an 


interesting nature. 


Further information and an application form can be obtained 
from the Senior Personnel Officer, The Wellcome Research 
Laboratories, Langley Court, Beckenham, Kent, BR3 3BS. 


(228) 





UNIVERSITY OF EDINBURGH 


DEPARTMENT OF FORESTRY 
AND NATURAL RESOURCES 


Applications are invited for the following posts, available from October i, 1968 - 
(D) RESEARCH ASSISTANT ¿o investigate the influence of sheker from wind on the 


growth and production of hill pasture. 


Opportunities for 
studies ; for the latter, a new controlled-environment wind tunnel is available, 


both field and laboratory 


A qualification in botany, agricultural botany or ecology, preferably with postgraduate 
experience, is required. 


Salary in the range £900 to £1,000 according to qualifications and experience and with 


FSS... benefit, 


(2) RESEARCH ASSISTANT 40 investigate the economic value of Shelter in relation 
t land use, especially in relation to the managerpent of hill stack farms, : 


A qualification in economics or agricultural cconomics is required, or a degree in which 


the study of economics formed a 
siady for a higher degree are available, 


major part. 


Computer facilities and opportunities for 


Salary in the range of £800 to £900, according to qualifications and experience, 
Further particulars from the Secretary, Department of Forestry and Natural Resources, 


King’s Buildings, West Mains Road, 
1968. 


UNIVERSITY OF ABERDEEN 
Applications are invited for post of 
RESEARCH FELLOW 


to work on the ecology of the snail intermediate 
host of liver fluke in connection with the control 
of the disease by attacking the intermediate host, 
The fellowship is supported by Shelistar Ltd. end 
is for two years with a strong possibility of ex- 
tension for a third: the results are expected ts 

2 sultable for submission for a higher degree. 
Minimum qualifications—good degree in zoology, 
agriculture or related subject. Salary £1,105 per 
annurn. 

Further particulars from the Secretary, the 
University, Aberdeen, with whom applications 
{two copies), should be lodged by July 27, 1068, 

(2543 

TECHNICAL REPRESENTATIVE RE. 
QUIRED with appropriate qualifications (BSc. 
or EM.L.T.) tọ assist in marketing Diagnostic 
Reagent Kits and Biochemicals. Based London. 
Willing to undergo eight weeks training abroad. 
Knowledge German an advantage. Company 
car. Good salary. Pension scheme.——Box a 
T, G. Scott and Son Ltd., 1 Clement's Inn, 
Strand, London W.C.2. {2733 





Edinburgh. 9, 


Applications close on August 7, 
(2713 





UNIVERSITY OF MANCHESTER 
MANCHESTER, 13 


ASSISTANT LECTURER 
IN ZOOLOGY 


Particulars and application forms (returnable 


oY August 19) from the Registrar. Quote Ref. 


DEPARTMENT OF BOTANY 

A vacancy exists for a Research Assistant for 
a prejcct involving floristic and phytogeographical 
Studies in antarctic bryophytes. Candidates 
shouki have an honours degree in Botany or 
equivalent, an interest in Taxonomy and some 
oe of bryophytes; salary scale £576 to 

Arplications (three copies), naming two 
referees. by July 28 to the Assistant Registrar 
iS), P.O. Box 363, Birmingham 15. from whom 
further particulars may be obtained. (246) 
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Unilever 





Research 


An experienced Electron Microscopist is 
required to take over responsibilities for 
an existing microscopy unit consisting of 
a JEM 7 high resolution microscope to- 
gether with good supporting equipment. 


The unit has already been used success- 
fully in a range of investigations such as 
the interaction of lipids, proteins and 
water; crystal form and growth in fats; 
the structure of edible fats and other 
foods; and the relation between fat struc- 
ture and behaviour in food processing. 


Applicants should have a degree, and 
relevant experience. An Electron Micro- 
scopist who has worked mainly in the 
biological field, but who has a sound 
chemical or biochemical background, 


C200) 


COMMONWEALTH 
AGRICULTURAL BUREAUX 
Vacancy for 
SCIENTIFIC INFORMATION OFFICER 
at the 


COMMONWEALTH BUREAU 
OF ANIMAL BREEDING AND 
GENETICS 
EDINBURGH 


Duties include preparation and vduing of 
abstracts for the journal Animal Breeding 
Abstracts, indexing, information retrieval 
and dealing with inquiries. 

Applicants must have a degree in one of 
the biological sciences, with a reading 
knowledge of one or more foreign langu- 
ages dand preferably Russian), or be willing 
to aeguire this. Ability to write concise 
English essential. 

Salary in the seale £926 to £2431, with 
provision for superannuation. Starting 
point according to age and experience. Two 
extra increments after two years" satisfac- 
tory service for applicants aged 32 or ander 
on date of appointment. 

Application forms and full particulars 
from the Director, Commonwealth Bureau 
of Animal Breeding and Genetics. West 
Mains Road, Edinburgh 9, to whom the 
completed forms should be sent, in dupli- 
cate, by August 31, 1968. (370) 





UNIVERSITY OF DUNDEE 
Vacancies exist for two RESEARCH ASSIST- 
ANTS to werk under Professor W. D. P, 


Stewart on environmental aspects of nitrogen 
fixations by blue-green algae. The work will form 
Dart of the International Biological Programme 
project on nitrogen-fixing-blue-green algae. 
Candidates. who may be able to register for a 
higher degree, should possess a degree in a bio- 
logical subject or jn chemistry. 

Applications (three copies) containing the 
mames of two referees should be lodged as soon 
as possible with the Secretary, The University, 
Dundec. a 
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AGRICULTURAL RESEARCH 
COUNCIL 
FOOD RESEARCH INSTITUTE, NORWICH 


Two ASSISTANT EXPERIMENTAL OFFI- 
CERS/EXPERIMENTAL OFFICERS required 
within the Plant Division-~Piant Physiology Sec- 
tion-~for investigations of the effect of environ- 
mental factors on the inter-relationship between 
growth and cha ratio and quality in potatoes. 

Ref. 68/4 AEO/EO to take charge of the 
growing of Riis under controlled conditions 
(Greenhouse and growth cabinets} and of the 
analytical work in the laboratory. 

Ref. 68/37 J. AEQ/EO to take part in the 
chemical and biochemical investigations of the 
potato plant. Experience in chemical and bio- 
chemical techmiagaes an advantage. 

Minimum Qualifications: G.C.E. in five sub- 
jects inclading two scientific subjects at “‘A™ 
level (or equivalent). Candidates at age 22 (or 


over) should have Pass Degree, HNC. or 
equivalent. 
Salary: According to age and experience in 


AEG or EO grade. AEO on scale £484 to £803 
fage 22), £1,017 tage 26 or over) rising by annual 
increments to £1,243. EO £1,365 to £1,734. 
Optional contributery suptrannuation scheme. 
Applications quoting appropriate reference 
number to Secretary, Food Research Institute, 


Low Temperature Research Station. Downing 
Street, bible (208) 
WYE COLLEGE 
{UNIVERSITY OF LONDONI 


RESEARCH CHEMIST 

Applications are invited for an appointment 
as a research chemist in the Department of 
Horticulture. Candidates should be graduates 
in Chemistry or Biochemistry with some post- 
graduate exmerience, preferably in the chemistry 
af natural products. The candidate appointed 
will be expected to take part in a research 
programme on factors controlling flowering in 
higher plants and to undertake some under- 
graduate and postgraduate teaching. The ap- 
pointiment will be made according to qualifica- 
tions and experience within the Assistant Lec- 
turer scale, £1,105 to £1,340 with F.S.S.U. 

Further particulars may be obtained from the 
Seoretary, Wye College, Nr. Ashford. Kent, tù 
shom applications should be submitted by July 
34. (1993 


may have the required experience, but 
we are prepared to consider those with 
other experience. Imagination in continu- 
ing and developing the range and scope 
of the present work will be an important 
part of this post. 


The laboratory is well equipped and 
situated just over 20 miles north of Lon- 
50-acre country estate. Help 
will be given with house purchase and 
removal in appropriate cases, and the 
recruit will enjoy the benefit of the Com- 
pany’s attractive superannuation scheme. 


Please write for an application form to: 


The Staff Department (53/ A) 
Unilever Research Laboratory, 
The Frythe, Welwyn, Hertfordshire. 
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THE BRITISH COUNCIL 
THAILAND 


THE UNIVERSITY OF CHIENGM Ad 
requires by October 1968 a LECTURES 
IN TAXONOMY. Candidates, prefersiiy 
men, should have an M.Sc, or PhD. de 
gree in Plant Taxonomy or Plant Morge 
logy from a university in Breain and reke- 
vant teaching experience. 

Salary: £2.576 to £3.094 ner annum 
according 46 qualifications and experience, 
Oversea allowance: married facconmpanice} 
within the range £1,058 to £980. marries 
funaccompanied) within the range £703 w 
£715; single, within the range £219 to Elai, 
(Children’s and home education aliterances. 
Income tax refunded if levied. Free fur 
nished accommodation, Oui grare. 
Employer's  superanduation contributions 
paid, Medical and insurance schemes, 
Fares paid for Lecturer and family, is- 
cluding mid-tour passages for children ot 
Britain. Assistance with freight and inert 
duty on approved car. Two-year contract 
guaranteed by the British Counc, 

Write, quoting reference number 8PUi7, 
10 Appointments Division, The Brizieh 
Counc, 65 Davies Street, London, Wi, 







for further particulars and annlication forns, 
to be returned gomplcted as soon as pos- 
sible. i197) 









UNIVERSITY OF LEICESTER 
SCHOOL OF BIOLOGY 


Applications are invited from men anc 
women graduates whoa have special ige 
terests im eviology and/or experimental 
taxonomy for a Lectureship in the Depar- 
meni of Botany. 

Salary according to qualifications and eg- 
perience on scale £1,470 to £2,630 a yeer, 
with ESSU. membership, 

Further particulars from the Register. 
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Rolls-Royce and Associates 
Limited are responsible for the 
Gperation of the Royal Navy's 
Land-Based Prototype Nuclear 
Submarine at Dounreay inthe 
North of Scotland. We require 
a Senior Health Physicist to 
administer the Health and 
Safety Department, and to 
ensure that the Nuclear Health 
and Safety regulations are 
adhered to at all times an the 
site, 

Applicants should hold a 
degree or H.N.C.in Physics or 
Chemistry, have attended a 
recognised Health Physics 


Please apply in writing or by course, and be familiar with 
telephone for an application regulations pertaining to 

form to: ~ hazards associated with 

The Personnel Officer, radioactive materials. 
Rolis-Royce The salary is commensurate 
& Associates Limited, is with age, qualifications and 
P.O. Box 31, f experience, In addition, a site 
Derby. i allowance will be paid, 
Telephone i” accommodation provided at 
Derby 61461 Ext 356 Vk moderate cost and assistance 
reversé charges given with relocation expenses, 





MEDICAL OFFICER (RESEARCH) 
(PHARMACOLOGIST) 


Ministry of Defence (Army Department) 


Post for registerede medical practitioner { man or woman) aged at least 28 
at the Chemical Defence Exocrimental Establishment, Porton, Salisbury, 
Wilts, 

DUTIES: To undertake investigations into clinical and genera! pharma- 
cology, and to take charge of a section of medical and pharmacological 
research, 

QUALIFICATIONS: Knowledge of pharmacology, physiology, and bio- 
chemistry essential. Experience of clinical responsibility in pharmaco- 
logical trials, particularly with drugs which affect behaviour, and research 
experience with the use of standard mammalian experimental techniques 
desirable, 

STARTING SALARY: £2,260 at age 28 to £3,434 at 40 or over (possibly 
higher at 41 or over), Scale maximum £3,895, Non-contributory pension. 
WRITE to Civil Service Commission, Savile Row, London, WIX 2AA, for 
application form, quoting 6957/68. Closing date August 14, 1968. a 
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PLANT BREEDING INSTITUTE 
MARIS LANE. 
TRUMPINGTON, CAMBRIDGE 







Applications are invited for the follow. 
ing posts i= 

(ai EXPERIMENTAL or ASSISTANT 
EXPERIMENTAL OFFICER required to 
maintain collections of cereal varieties and 
to accumulate and process data of interest 
to geneticists and plant breeders. Candi- 
dates should have experience in field plat 
techniques. 

(b> ASSISTANT EXPERIMENTAL 
OFFICER required to assist with the 
breeding and = genetical work on forage 
Kales and oilseed rape, 

íc} ASSISTANT EXPERIMENTAL 
OFFICER to be responsible for the hand- 
ling of nucleus stocks and the multiplica- 
tHon of field beans, red clover and other 
forage crops. Practical experience of field 
experimentation and crop botany an ad- 
vantage. 

















Candidates should have qualifications in 
a biological subject. 

Contributory superannuation scheme, 
Salary: Experimental Officer £1,343 ma. 
fising to £1,734 pa. Assistant Experi- 
mental Officer £744 at age 21, £1,017 at 
ag? 26 or over, rising to £1,243 Da. 

Applications naming two referees and 
stating age, qualifications, experience and 
specifying post preferred should be sent to 
the Secretary by July 41, (272) 












EDINBURGH NORTHERN 
HOSPITAL GROUP 
DEPARTMENT OF CLINICAL CHEMISTRY 

Applications are invited for~- 

(1) The newly established post of CHIEF 

TECHNICIAN I. and 

(2) SENIOR TECHNICIAN 
in the above Department. 

This is a rapidly developing Denartment which 
wik occupy new, well equipped laboratories Be 
the Western General Hospital in the near future. 
This Department provides the clinical chemistry 
service for an 4,100 bedded group and also for 
the Nuffield Organ Transplant Unit at the West 
ern General Hospital. Whitley Council cen- 
ditions of service apply. 

Prospective candidates may obtain further par- 
ticulars from the Medical superintendent, West 
ern General Hospital, Crewe Road, Edinburgh 
4, with whom applications, with names of we 
recent referees, should be lodged within 21 days. 

Arrangements to visit the laboratories may be 
made with the head of the Deparunent, Dr. 
Horn, Northern Genera! Hospital, Ferry Road, 
Edinburgh, $. (201) 


INSTITUTE OF BASIC MEDICAL 
SCIENCES 
Applications are invited for the full-dme post of 
WOLFSON RESEARCH LECTURER IN 
BIOCHEMISTRY 
(Senior Lecturer or Lecturer) 

The successful applicant will take part in the 
teaching activities of the Department of Bio- 
chemistry, but ample time and facilities will be 
available for research, Candidates should be 
medically qualified and have a particular in- 
terest in biochemistry in relation to medicine or 
surgery. 

Salary will be within the University Scales to. 
gether with membership of the F.S.S.U. The 
commencing salary will be determined by the 
age, qualifications and experience of the successe 
ful candidate. 

Applications, together with the names of two 
referees, should be sent not later than August 
26, 1968, to Mr. W. F. Davis, Secretary, Insti- 
tute of Basic Medical Sciences, Royal College 
of Surgeons of England, Lincoln's Inn Fields, 
London W.C.2. (22)) 


UNIVERSITY OF OXFORD 


Fhe electors intend to proceed to an election 
to the PROFESSORSHIP OF FOREST 
SCIENCE. The present stipend of the post is 
£4305 a year plus an allowance of £420. 

The electors invite applications in nine copies, 
naming three referees, but without testimonials, 
to be received not later than October 5, 1968, 
by the Registrar, University Registry, Oxford. 
from whom further particulars can be es: 

(204) 
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INNER LONDON EDUCATION 
AUTHORITY 


NORWOOD TECHNICAL COLLEGE 
KNIGHTS HILL, LONDON, S.E.27 


BIOLOGY AND GEOLOGY 
DEPARTMENT 


LECTURER GRADE | AND/OR H 
IN ZOOLOGY required for September, 
1968, or as soon thereafter as possible. 

The department provides courses mainly 
to G.C.E. “A“ and General B.Sc. De- 
gree standard; a rapidly expanding section 
of the work involves the teaching of 
medical laboratory technicians. Applicants 
who have particular interests or qualifica- 
tions in medical laboratory techniques or 
applied aspects of Biochemistry and/or 
Physiology will be given special considera- 
tion. Research facilities may be made 
available in sultable cases. Applicants 
should hold an appropriate degree of a 
British University or a high qualification 
in applied biology. 

Salary in accordance with Burnham Tech- 

£1,728 to 


tical Scale: 

Lecturer Grade Hi; £2,280 
(plus London allowance of £70). 

Lecturer Grade f: £1,035 to £1,735 (plus 
London allowance of £70). 

With additions for qualifications ; start- 
ing point denends on qualifications, train- 
ing and experience. 

Assistance may be given towards house- 
hold removal expenses. Application form 
from College Secretary, returnable by 
August 19, 1968. Enclose self-addressed 
foolscap envelope, and state which post 
you are appiving for. (2423 


UNIVERSITY OF 
NOTTINGHAM MEDICAL 
SCHOOL AND TEACHING 

HOSPITAL 
DEPARTMENT OF MEDICINE 
GENERAL HOSPITAL, NOTTINGHAM 


Applications are invited for the post of 
HEAD TECHNICIAN to this department, 
the salary scale being £1,133 to £1,849 per 
annum, depending on experience and quali- 
fications. 


The newly-created department wilh be 
commissioned in August and the sutcess- 
ful applicant will assist the Professor of 
Medicine, Professor J. R. A. Mitchell in 


the recruitment and training of technical 
and ancillary staff, in the creation of a 
departmental organisation, and in the de- 
velopment of research programmes in 
vascular and gastro-intestinal disease. Ex- 
perience in the administration of tabora- 
tories and laboratory staff is therefore 
essential and a sound knowledge of labora- 
tory practice is more important than 
specialisation in any particular field. In 
the mid-1970’s the Department will move 
to the new Teaching Hospital and the 
successful candidate will assist in the 
planning of this accommodation. 
Applications should be sent to the Regis- 
mar, Nottingham University, University 
Park, Nottingham NG? 2RD before 
August 19, 1968. and the names af three 
referees should be given. (216) 





UNIVERSITY COLLEGE OF 
WALES 
ABERYSTWYTH 
CHAIR OF CHEMISTRY 


The College Council invites applications 


for the above Chair. The salary will be 
within the professorial range of £3,570 to 
£4,990 per annum. 


Further particulars may be obtained from 
the Registrar to whom twelve conics of the 
application, with the names of three 
referezs, should be sent not Tater than 
September 6. 1968. (QT) 
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Glaxo Laboratories Ltd. 


Barnard Castle 


hs 
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Bacteriologist 


A young graduate is required for a post in the Analytical Department 
for work controlling biological conditions of factory areas as well as 
final control of pharmaceutical products. Some investigational and 
development work concerned with details of manufacture and testing 


will also be undertaken. 


The person appointed will take responsibility for the work of two 


junior assistants in a separate laboratory and on occasion be required 
to deputise for the microbiological section head. 

Industrial experience is not essential since training will be given. 
Associates of the 1.M.L.T. would be considered for this post. 
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The factory is situated in a pleasant rural area on the Durham/Y orkshire 
border. A five day week is operated with three weeks annual holiday. 
The company operates a bonus scheme and a contributory pension 
scheme. There is an active Sports and Social Club with good facilities. 
Please write, quoting ref. U.694 and giving details of qualifications 
and experience, to the Personnel Manager, Glaxo Laboratories Ltd., 


Greenford, Middlesex. 
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LECTURESHIP IN MICROBIOLOGY 


Applications are invited for the above- 
mentioned posi. Applicants working in any field 
of microbiology wil be considered but candi- 
dates with interests in cytophysiology, virology. 
bacteriophage and/or microbial variations will be 
preferred. Courses in Microbiology are provided 
for undergraduates in the Faculties of Science 
and Agriculture and the appointee will be re- 
quired to teach in these Faculties at undergradu- 
ate. Honours and postgraduate Ievels. He will 
also be able to develop research work within the 
organisation of the Department. Salary: 
$A5.400 by $A270 to $A7,300 per annum. 

Information concerning superannuation, hous- 
ing scheme, sabbatical leave. ctc., and methods 
of application is obtainable from the Association 
of Commonweaith Universities (Branch Office}, 
Marlborough House, Pall Mali, London, S8.W.1. 
Applications close in Australia and London on 
August 2, L968. (244) 


COUNCIL 
FOOD RESEARCH INSTITUTE. NORWICH 


ASSISTANT EXPERIMENTAL OFFICER / 
EXPERIMENTAL OFFICER required to take 
part in a programme of physiological and bio- 
chemical investigations of plant respiration. 

Qualifications: Pass degree or H.N.C. in 
Chemistry essential with some knowledge of 
Botany. 

Salary: A.E.O.--£803 (age 223, £1,017 (age 26 
or over) Maximum £1,343. E.0.--£1,365 to 
£1,734. Optional contributory superannuation 
scheme, 

Application forms from: Sccretary, Food Re- 


search Institure, Low Temperature Research 
Station, Downing Street, Cambridge. quoting 
ref.: 67/68. (207) 


(293) 


THE POLYTECHNIC 
309 REGENT STREET, LONDON, W. 
SCHOOL OF PHOTOGRAPHY 


Applications are invited for the following tull- 
time post, duties to commence on September 1. 
1953, 

LECTURER GRADE H IN PHOTOGRAPHIC 
SCIENCE AND TECHNOLOGY 

A graduate with good honours degree in 
Physics or Chemistry, or an equivalent qualifica- 
tion in an appropriate branch of applied science. 
is required to assist with the B.Sc. (Hons } degree 
course in PHOTOGRAPHIC TECHNOLOGY. 
Previous experience both in lecturing ard the 
photographic industry is desirable, but outstand- 
ing applicants in one or the other will be cone 
sidered. A programme of research in photo- 
graphic science is being developed and the suse 
cessful candidate will be expected to contribute 
10 this existing worg or to initiate new lincs of 
research. Salary scale: £1,795 per annum by £55 
(9) by £60 (D to £2,350 per annum including 
London Allowance of £70. 

Forms of application to be returned by July 
31, may be obtained from the Director of Edu- 
cation (Estab.). (242) 


FIELD STUDIES COUNCIL 


FIELD ASSISTANT a: ibe Leonard Wilis 
Field Centre, WNettlcombe Court, Somerset. 
Applicants (preferably male) should have a good 
Honours degree in a geographical subject with 
human/geographical interests. Main duties on 
the teaching side with good opportunities for 
field research. Salary scale £650 by £30 to #718 
by £38 to £750, plus free board and lodging. 

Application forms, obtainable from the 
Scientific Director. Field Studies Council 9 
Devereux Court. Strand, London W.C.2. sheukl 
he returned by August 17. F968. 21d} 





XXX 


Merhem dnima eaae enaA. = ige 


NATURE. JULY 20, 1968 


= vama 


UNIVERSITY OF 


STRATHCLYDE 
DEPARTMENT OF METALLURGY 





CENTRAL VETERINARY LABORATORY 
New Haw, Weybridge, Surrey 


The following RESEARCH FELLOWSHIPS are available ; 


Junior or Senior Fellowships : 

(a) Parasitism and Intestinal Physiology. The investigation of absorption ef a 
limited range of substances through the intestinal wall of normal animals and the 
comparison of resulis with those chtained using parasitised animals, 

Candidates should be either graduates in anima! Physiology with biochemistry. or 
yeierinarians wich post-graduate training in physiology. Interests in the physiology of 
nutrition essential. (Reference: S/ S70/MAF/1.) 

f Study of myelin lipid metabolism in congenital central nervous system defects of 
domestic animals. Candidates should be Biochemists with interest in molecular 
pathology. (Reference §/570/MAF/2.) 

Senior Fellowship : 

(c) Work on the Metabolic processes involved in the growth of Brucella abortus for 
vaccine purposes. Candidates should be biochemists with experience in the field of 
microbiology. (Reference §/570/M AF/3.) 

Qualifications : A good honours degree or equivalent or higher qualification in appro- 
priate subject, together with at feast two years’ (for Junior Fellowship) or three years’ 
(for Senior Fellowship) post-graduate research. 

Satary: Senior between £1,745 and £2,155 annually, Junior between £1,180 and £1,575 
annually, Both are tenable for three years. F.SS U. terms, Fellowshins a! this 
and other establishments are available in most scienufic disciplines and successful 
candidates have considerable freedom of choice of their specific research topics. 
Requests for application forms for the above posts and enquirics about opportunitics 
for fellowships elsewhcre should be addressed to Civil Service Commission, Savile 
Row, London, WIX 2AA, stating age, Qualifications and research interests. Please 
quote appropriate reference. Closing date August 16, 1968, 


WATER POLLUTION RESEARCH 
LABORATORY 


Ministry of Technology 
Stevenage, Herts. 


MICROBIOLOGISTS / BIOCHEMISTS (graded E.O; AEO) to work on the problems 
of treatment processes for waste waters. Experience in basic technigues of bactericiogy 
or enzymology desirable. Good scone for an original approach to experimentation. 
Qualifications : Degree, H.N-C., or equivalent in appropriate subject. Under 22. 
minimum qualification is G.C_LE. in five subjects, including two Scientific/Mathe- 
matical subjects ar “A” level or equivalent level. 

Salary: EO. (minimum age 26) £1,365 to £1,734: A E.O.. £584 {at 18) to £803 
{at 22) to £1,017 (at 26 or over) to £1,243. 

Housing may be available. 

Prospecis of permanent pensionable appointments. 


APPLICATION FORMS from the Director at the above address. Please quote 


HC/2D/1548/F. Closing date August 12, 196 


MEDICAL RESEARCH 
COUNCIL 
DUNN NUTRITIONAL LABORATORY 
MILTON ROAD, CAMBRIDGE 


Owing to expansion of tvs Laboratory 
three TECHNICAL OFFICER grade posts 
have been established. 

Successful applicants will be expected to 
work in the fields of electron microscopy, 
biachemistry and physiology. 

The following is also required 
EXPERIENCED TYPIST 
Knowledge of shorthand an advantage 
bul not esserfial. 

Salaries according to age. qualifications and 
experience. 


Apply. giving full particulars to the ahove 
address. (172) 





SCIENCE GRADUATES 
Young men and women with bachelors, 
masters or doctors degree invited to phone 


G.K. Bureau. i 
For details of vacancies in most fields 
such as: Analytical chemistry, biochem- 


istry, electronics, economic geology, 
pharmacology, physiology, structural geo- 
logy or virclogy. 01-636 6858. 

No fees to pay. (X58) 


8. (210) 
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UNIVERSITY OF LIVERPOOL 
GRADUATE IN BIOLOGICAL 
SCIENCE 


Applications are invited for the post of 
ASSISTANT LECTURER (non-medical) In 
the Department of Pathology. Duties wil 
be entirely of a research Nature, the suc- 
cessful applicant joining a team tO investis 
gaie certain aspects of heart and hung dis- 
ease, The initial salary will be within the 
range of £1,105 to £1,340 per annum, 
according to qualifications and experience 

Applications, stating age, qualifications 
and experience, together with the names of 
three referees, should be received not jater 
than July 26, 1968, by the Registrar, The 
University, P.O. Box 147, Liverpool, from 
whom further particulars may be obtained. 
Please quote Ref. RY ISITIN. (187) 


RESEARCH STUDENT 


An opening exists for a recent graduate 
with a good degree to work on the 
molecular biology of mammalian DNA. 
Good facilities exist in this M.R.C. SRP- 
ported group in a wide range of tech- 
niqucs. 

Apply immediately to Professor P, M, B, 
Walker, Department of Zoology, Edin- 
burgh University. (284) 





LECTURESHIP IN 
EXTRACTION METALLURGY 


Applications are invited for a Lecture- 
ship in Extraction Metallurgy in the De- 
partment of Metallurgy. 


Candidates should be Metallurgists or 
Physical Chemists with an interest in 
thermodynamics and should be willing to 
develop these interests within the context 
of Extraction Metallurgy. There is an 
active Research School and the successful 
applicant will be expected to supervise and 
carry out research in this field. i 

Salary scale: £1,470 to £2,630 per 
annum plus F.S.S.U. 

Application forms and further particulars 
(gucting 38/68} can be obtained from the 
Registrar, iniversity of Strathclyde, 
George Street, Glasgow. C.i, with whom 
applications should be lodged by August 
0, F96. (284) 
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SOUTHERN COMMAND 
PATHOLOGY LABORATORIES 
MINISTRY OF DEFENCE (ARMY), 

MILLBANK, LONDON S.W.1. 


PATHOLOGIST (graded EO/AEQ) for the 
control of routine chemical pathology of the 
biochemistry department, including quality con- 
trol and the assessment and introduction of the 
latest techniques, and assistance in the training of 
all technicians in this subject. 

QUALIFICATIONS: Degree, H.N.C. or 
equivalent in appropriate subject. Under 22, 
minimum qualification is G.C.E. in five subjects, 
including two Scientific/Mathematical subjects at 
“VA” level or equivalent level. 

SALARY (nner London): EO (minimum age 
28) £1,490 to £1,859; AEO £709 (at 18) to £928 
(at 22) to £1,142 (at 26 or aver) to £1,368. 

PROSPECT of permanent pensionable appoint- 
meant. 

APPLICATIONS to Ministry of Defence, CE 
24) (AD), Northumberland House, Northumber- 
land Avenue, London W4.C.2. (209) 


UNIVERSITY COLLEGE OF NORTH 
WALES 
ABERYSTWYTH 


DEMONSTRATOR IN CHEMISTRY 


Applications are invited for candidates with 
an honours degree and approximately one year’s 
research experience for appointment as demon- 
Strator in physical, organic or inorganic 
chemistry. Demonstrating or tutorial duties in- 
volve three or four periods weekly and research 
for a Ph.D. is also undertaken. The appoint- 
ment is renewable annually for a maximum of 
three years and the salary is within £900 to 
£1,484} per annum. 

Application forms are obtainable from the 
Registrar to whom all applications should be 
sent by not later than July 26, 1968,  ¢220) 


MEDICAL RESEARCH COUNCIL 
GRADUATE SCIENTIST 


Who wil work on completely new concepts 
of automation in the Division of Clinical Chem- 
istry. Experience in laboratory automation is 
essential and knowledge of Clinical Chemistry 
will be considered an advantage. Since this is an 
early appointment in the Division, both junior 
and senior applicants will be considered. Salary 
will be within the range for Lecturer or Senior 
Lecturer, according to qualifications and experi- 
ence. 

Laboratory accommodation will be in London 
until the new Clinical Research Centre opens at 
Northwick Park in 1970. The Division will then 
include a service department for the Centre and 
Hospital (which will eventually have 800 beds) 
as well as sub-divisions for research in automa- 
lion, general Clinical Chemistry and basic Bio- 
chemustry. Close collaboration will be main- 
tained with the divisions of Bio-Engineering and 
Compuung and Statistics. 

Farther details will be sent to applicants who 
should write to: C.R.C, Administrative Office, 
t64 Tottenham Court Road. London, bie 
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UNIVERSITY OF DUBLIN 
Trinity College 


JUNIOR LECTURER IN 
BIOCHEMISTRY 


Applications are invited for the above 
post. 
SALARY SCALE: 
£1,160 by £60 to £1,340 per annum. 
Marriage and children’s allowances are 
paid and there is a non-contributory 
F.S.8.U.-type pension fund. 
Further particulars may be obtained from 
the 
Secretary to the College, 
Trinity College, 
Dublin, 2, 
who will receive completed applications up 
to Friday, August 16, [968, 


PLEASE NOTE CHANGE OF CLOSING 
DATE (229) 





IMPERIAL COLLEGE 


RESEARCH INTO THE CREEP 
CHARACTERISTICS OF SOIL 


Applications are invited for a research 
post in the Soil Mechanics Section, under 
the direction of Professor A. W. Bishop. 


The starting salary will depend on the. 


applicant’s qualifications and experience, 
with an upper limit of £1,470 plus £60 
London AHowance. The appointment will 
be for a period not exceeding two and a 
half years. Applicants should have a good 
honours degree in engineering or physics, 
together with research experience and pre- 
ferably a Ph.D. 


The research will be into the properties 
ef soils as engineering materials and in 
particular into the long-term creep of soils 
under both steady and fluctuating loads. 


Applications, stating age, qualifications 
and experience, together with the names of 
three referees, should be sent as soon as 
possible to Professor A. W. Bishop, De- 
partment of Civil Engineering, Imperial 
College, Imperial Institute Road, London, 
§.W.7, from whom further details can be 
obtained. (231) 


NEW ZEALAND 


UNIVERSITY OF 
CANTERBURY 
Christchurch 


Applications are invited for the follow. 
ing appointments: 


SENIOR LECTURER OR LECTURER 
IN BOTANY: Applicants should have an 
honours or a higher degree in Botany or 
Plant Physiclogy and preference will be 
given to a suitable candidate with experi- 
ence in some aspects of whole-plant 
physiology. 


SENIOR LECTURER OR LECTURER 
IN PHYSICS: The appointee will be ex- 
pected to take an active part in assisting 
and extending research being carried on in 
solid state studies, atmospheric physics and 
astronomy. 


The salary attached to the position of 
Senior Lecturer or Lecturer is SNZ3.000 to 
$NZ5,400 per annum, subject to a bar at 
$NZ4,460, commencing salary being in ac- 
cordance with qualifications and experi- 
ence. (The designation ** Senior Lecturer ” 
is used to denote members of staff above 
the $NZ4,400 bar). 


Approved fares to Christchurch will be 
allowed for an appointee and his depen- 
dent familv, together with actual removal 
expenses within specified limits. 


Further particulars and information as 
to the method of application should be ob- 
tained from the Association ef Common- 
wealth Universities (Branch Office), Marl- 
borough House, Pall Mall, London S.W.1. 


Applications close on August 31, 1968. 
(247) 





JULY 20, 1968 


UNIVERSITY OF EDINBURGH 


Applications are invited from graduates 
for the post of LECTURER IN AGRI- 


Department of Agriculture. 
should have had some postgraduate ex- 
perience in research, teaching or manage- 
ment. Salary Scale: £1,470 to £2.630 per 


annum, together with 
benefit. 

Further particulars from the Secretary to 
the University, Old College, South Bridge, 
Edinburgh. Applications close on August 
10, 1968. (248) 





City of Sheffield Education Committee 


Principal: 
G. Tolley, 
M.Sc., Ph. De 


COLLEGE OF TECHNOLOGY POLYTECHNIC 


Department of Mathematics and Physics 





Applications are invited for the following posts: 


LECTURER GRADE I in PHYSICS 
LECTURER GRADE Il in PHYSICS 


Applicants should possess high academic qualifications and should have 
appropriate teaching, industrial or research experience. The successful 
applicants will be required to teach in the Higher National Diploma 
course in Applied Physics and in other Degree and Diploma courses at 
the College. 


Salary Scales: Lecturer |; within range £1,035-£1,955 per annum accord- 
ing to qualifications and experience 
Lecturer Il: £1,725-£2,280 per annum. 
Application forms, obtainable with further particulars from the Principal, 
College of Technology, Pond Street, Sheffield, SI 1 WB, should be returned 
within 10 days of the appearance of this advertisement. 


G. M. A. HARRISON, 
Chief Education Officer. 
(288) 


Education Office, Sheffield. 


National Research Council of Canada 


SENIOR PHYSICIST 


Applications are invited for the post of Director of a major research 
division of the National Research Council. The laboratories con- 
cerned are located in Ottawa and have a total staff of approximately 
200 of which about 75 are professionals. Although the emphasis is 
on applied research, a substantial amount of fundamental research 
is also undertaken. The fields of research include acoustics, optics, 
mechanics, electricity, solid state physics and radiation physics. 


‘Those interested should write in confidence. giving a brief description 


of their background, to: 


Secretary of the Council, 
National Research Council of Canada. 


Ottawa 7, Canada 
(260) 


UNIVERSITY OF SHEFFIEL 


Department of SEARCH ASSISTANT, duties to begin on 


Agriculture 


Medicine or a good konours degree in ane 


Applicants with FSS. U. provision. 

and the names of two referees to. Fer. 
Blank, Centre for Human Genetics, i17 
chester Road, Sheffield 510 SDN, f 





superannuation 


Volunteer terms |: board. lodging, expenses. 


King Street, London, W.C.2, ref. E/C. 


Applications are invited for a post of 
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D 
DEPARTMENT OF GENETICS 


RE- 
PRAD- 


ber 1. 1968. The field of study will be Human 
Genetics and candidates should have a degree in 


oi the 


Biclogical Sciences or Statistics. The successful 
candidate may register for a higher desrer, 
CULTURE (Animal Husbandry) in the Salary, to be determined, up to £1,180 a year, 


Applications, including a full curriculum vitae 


Man- 
144) 


ENTOMOLOGIST WITH PRACTICAL BENT 
required for very rewarding mosquito coniroal 
assignment under expert guidance in Wes: Indies. 


fares, 


aHowances, pocket-money.— Write CLR SOV, 38 
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Sunderland Education Authority 


SUNDERLAND 
TECHNICAL COLLEGE 


(Polytechnic Designate) 
BIOLOGY DEPARTMENT 


Applications are invited for the post of: 


SENIOR LECTURER 
IN 
BIOCHEMISTRY 


to participate in the development of B.Sc. 
degree courses in Biological subjects, 
H.N.C. and HN.D. Applied Biology 
courses, and short advanced courses, 


Research and Consultaney are encour- 
aged, 


Salary for this post will be in accordance 
with the Burnham Technical Scale.: 


Senior Lecturer: £2,280 to £2,595. 


The Education Authority 
help the successful candidate with removal 
expenses, house purchase and temporary 
lodging allowance. 


is prepared to 


Further particulars and forms of applica- 
ton may be obtained from the Registrar, 
Technical College, Chester Road, Sunder- 
land. Completed forms should be returned 
not later than July 31, 1968, to the Direc- 
tor of Education. 15 John Street, Sunder- 
land, Co. Durham. (2863 


UNIVERSITY OF BRISTOL 
DEPARTMENT OF BIOCHEMISTRY 


Applications are invited for the appointment 
of a TECHNICAL ASSISTANT in the mole- 
cular enzymology laboratory's diffraction group. 
The work of the laboratory is concerned with 
the study of enzyme structure and function by 
both physical and chemical methods. The suc- 
cessful candidate will be expected to assist prim- 
arily with the problems associated with the col- 
lection and processing of x-ray diffraction data. 
Candidates should possess good A-levels in 
Maths, Physics and Chemistry and should pre- 
ferably have a degree or its equivalent in one 
of these subjects. Salary will depend on quali- 
fications and experience but will fall within a 
range up to at least £1,000 per annum. The 
appointment is tenable from September 1 and 
will be for a period of four years in the first 
instance. 

Applications, including the names of two 
referees and details of Past experience should be 
sent to Dr. H. Watson, c/o Dr. H. Gutfreund, 
Department Walk, 
Bristol BS8 ITD from whom further particulars 
(262) 
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SCHOOL OF BIOLOGICAL SCIENCES 
RESEARCH FELLOW OR 
RESEARCH ASSISTANT 

Applications are invited for a RESEARCH 
POST in the MICROBIAL GENETICS group, 
to work on problems concerning metabolism of 
DNA in bacteria. An interest. in biochemistry 
would be desirable. Salary in accordance with 
age, qualifications and experience will either be 
on the scale for Research Assistants £750 to 
£1,050- per annum or f Research Fellows 
£1,105 to £1,340 per annum. 

Please write for application forms to the Sec- 
retary of Science. Science Office. the University 
of Sussex, Falmer, Brighton. BNI GSQH. Please 
guote Ref. 223/1. (205) 
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UNIVERSITY OF MANCHESTER 
MANCHESTER 13 
RESEARCH ASSOCLATE 

Applications invited from biologists with medi- 
cal or physiological /biochemica!l interests for this 
post in the Department of Child Health with 
new research group investigating brain growth 
and development. Salary by arrangement up LO 
£1.470 per annum. 

Further details and application forms (return- 
able by August 5) from the Registrar. Quote 
Ref. 130/68/Na. {242} 





UNIVERSITY OF NEW SOUTH 
WALES 
LECTURER (BIOCHEMISTRY) 


SCHOOL OF BIOLOGICAL SCIENCES 

Applications are invited for appointment to the 
above-mentioned position. Salary: $A5,400 range 
$A7,300 per annum. Commencing salary ac- 
cording to qualifications and experience. Appli- 
canis must hold a Ph.D. or have eguivalent 
qualifications. Some preference may be given 
to applicants with experience in protein and 
nucleic acid research and in genetic aspects of 
molecular biology. The successful applicant will 
lecture and assist with practical classes for 
science and medical students and with the super- 
vision of higher degree students. He will be 
expected to undertake research in his own field 
Of imterest, 

Details of appointment, including superannua- 
tion, study leave and housing scheme, may be 
obtained from the Association of Commonwealth 
Universities (Branch Office), Marlborough House. 
Pail Mall, London S.W.1. Applications close 
in Australia and London on August 12. 1968. 

(268) 


SCHOOL OF BIOLOGICAL SCTENCES 


A vacancy has arisen for a temporary TECH- 
NICIAN (£692 to £1,007 per annum) or SENIOR 
TECHNICIAN (£957 to £1,225 per annum) to 
work with the Nuffield Foundation research group 
on the physiology of plant roots. The post ter- 
minates on July 31, 1969. Candidates (male or 
female) should be 21 years of age or over and 
Should possess qualifications in biological or 
chemical subjects, or have had appropriate ex- 
perience in laboratory work. 

Application forms may be obtained from the 
Superintendent of Laboratories, School of Bio- 
logical Sciences, University Plain, Norwich, NOR 
88C, to whom they should be returned as soon 
as possible. (250) 





THE MIDDLESEX HOSPITAL MEDICAL 
SCHOOL 


MEDICAL UNIT 
RESEARCH ASSISTANT 


Applications are invited from graduates for a 
post of RESEARCH ASSISTANT in the De- 
partment of Medicine for a project on para- 
thyroid hormone. Experience in protein chem- 
istry is desirable but not essential. A post- 
doctoral Fellowship, financed by the Medical Re- 
starch Council, is available for three years tut 
a graduate wishing to work for a Ph.D. would 
also be considered. Salary on the scale £1,415 
by £90 (4) to £1,775 plus £60 London Allowance. 
Superannuation under the F.S.S.U. 

Applications to include the names of two 
referees, to Dr. J. L. H. O'Riordan. The 
Middlesex Hospital, London W.1. by August 23, 
1968, (283) 





THE CORPORATION OF 
GLASGOW--EDUCATION 
DEPARTMENT 


FURTHER EDUCATION 
THE DAVID DALE COLLEGE 


DEPARTMENT OF BIOLOGY AND 
CHEMISTRY 


Applications are invited for two posts 
as TEACHERS OF MICROBIOLOGY. 
The department provides courses for 
National Certificate qualifications appro- 
priate to the requirements of laboratory 
technicians from University and Hospital 
departments. 

The successful applicants should possess 
an appropriate degree or an ordinary de- 
gree with a two-year course in Bacteriology 
or Microbiology. 

Syllabus development 
encouraged. 

Salary scales: £1,000 to £1,870, £1,170 
to £2,295 or £1.220 to £2,295 per annum 
according to qualifications. Placing on the 
appropriate scale will be given for ap- 
proved teaching and/or industrial experi- 
ence. An additional £85 per annum is 
payable for approved teacher training. 

Application forms may be obtained from 
the Director of Education, 25 Bothwell 
Street, Glasgow €.2, to wham completed 
forms should be returned by July ala 
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UNIVERSITY OF DUNDEE 


Applications are invited for a TEMPOR- 
ARY LECTURESHIP or ASSISTANT 
LECTURESHIP in Organic Chemistry in 
the Department of Chemistry from Octo- 
ber 1 1958 or as soon after as possible to 
September 30, 1969, Salary: Lectureship 
£1,470 to £2,630; Assistant Lectureship 
£1,105 to £1,340 with placing according to 
qualifications and experience. 


Applications (ix copies) containing the 
names of three referees. should be lodged 
by August 31 with Secretary, The Univer- 
sity, Dundee, from whom further particu- 


lars may be obtained. (260A) 





EAST MALLING RESEARCH 
STATION 
STATISTICS SECTION 
Vacancy for an able graduate in Statistics or 


Mathematics. Research encouraged. Biological 
or herucultural interests an asset. Access to 
computers. Appointment in the Scientific Officer 


grade or possibly Senior Scientific Officer sub- 
ject to adequate prior experience, 
Further details and application forms from 


the Secretary, East Malling Research Station, 

Maidstone, Kent. (238) 
IMPERIAL COLLEGE 

EXPERIENCED GRADUATE or POST- 


DOCTORAL MICROBIQOLOGIST required for 
work on bacterial proteins. or microbial amino 
acid metabolism. Some knowledge of genetical 
approach desirable. Salary according to age and 
qualifications. 

Applications to Secretary, Biochemistry De- 
partment, Imperial College of Science and Tech- 
nology, Kensington, London S.W.?7. (213) 


TECHNICAL OFFICER, REQUIRED TO 
work with a team of research scientists and 
technicians in the Biomedical Engineering Divi- 
sion of the National Institute for Medical Re- 
starch at the Hampstead Laboratories, Holly 
Hill, N.W.3. The applicant should possess ex- 
perience in Electronic Engineering (Semi-conduc- 
tors} and a pleasant personality is important for 
this position which includes travelling to hospital 
installations. Salary on appointment according 
to age and experience on an incremental scale 
rising from £1,363 pa. to £1,942 p.a., permanent 
and pensionable post.—Please apply, giving 
brief details of experience to the: Personne} 
Officer, National Institute for Medical Research, 
The Ridgeway. Mill Hill. N.W.7. Tel.; G1-959 
3666. (225) 





Gynaecology require an Honours Graduate to 
work on the purification of human protein hor- 
mones and the development and application of 
their cummunoassay. Previous experience in 
Chemistry, Biochemistry or Biophysics would be 
advantageous. Facilities available for study for 
a further degree —Applicants should have, or 
hepe to attain, basic requirements for a further 
degree at London University. Application form 
available from the Secretary, University College 
Hospital Medical School, University Street, Lon- 
don, W.C.1. Please quote reference OBS. 3, 


Equine Research Station, Newmarket, requires 
two Assistants: 

(D Assistant Experimental Officer to work in 
roiwtine testing section dealing with toxicological 
analysis of body fluids. 

2) Assistant Experimental Officer / Experimental 
Officer ta assist in research in drug metabolism 
in the horse. 

Salary scales: A.E.O., £625 by £50 to £1,365 
per annum; E.O., £1,080 by £60 to £1,920 per 
annum. 

Write, giving full details of qualifications and 
experience to the Director of the Forensic 
Laboratory. (248) 


GRADUATE MICROBIOLOGIST RE- 
quired to work in a diagnostic laboratory in the 
Department of Bacteriology. Salary scale £1,415 
by £90 to £1.775 plus £60 London Allowance. 
Appointment to take effect from October 1, 


1968.—-Applications to Secretary, Royal Post- 
graduate Medical School, Hammersmith Hospi- 
tal, Ducane Road, London, W.12, quoting ref. 
No, 5/225. (241) 
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Instruments of Compromise 


Tur Newsom Commission on the public schools has 
done very little to resolve the question of what should 
happen in an important part of the British educational 
system, but its report should be yet another proof 
that royal commissions are not sensible ways of trying 
to solve practical problems. The report (HMSO, 
22s. 6d.) is not so much a solution as what Dr Herman 
Kahn would call a scenario. It is a vision of what 
might happen if there were an improbable conjunction 
of all kinds of independently improbable events. The 
trouble, of course, is that nobody seriously believes 
that the organizations most directly concerned will 
seriously exert themselves to make any but the peri- 
pheral parts of the scenario into realities. For one 
thing, it is unthinkable that the British Government 
could resolve in present circumstances to spend £12 
million a year on the commission’s scheme for filling 
roughly half the places in the public schools with 
state-supported students from the local authorities. 
Everybody agrees that if there is the money to spare, 
it should be spent on primary schools in crowded cities. 
The British Government may eventually find the 
report a useful means of diverting the occasional 
clamour to “do something about the public schools’’: 
it will, for example, be able to point out that people 
have spent two and a half years on the commission 
and have failed to devise a sensible course of action. 
Elsewhere, however, there may be a clamour to do 
away not necessarily with the public schools but with 
the royal commissions. 

The follies of the Newsom Commission hardly need 
to be spelt out. The cornerstone on which its proposals 
have been based is the view that the public schools 
have a divisive influence in British society, and there 
is plenty of evidence of a correlation between attend- 
ance at a public school and success in later life, in 
politics, business or a host of other activities. So 
much is admitted by the more progressive public 
schools, which seem earnestly to seek a broader intake. 
But the Newsom Commission would have done its 
self-respect a considerable service if it had seriously 
set out to decide whether its evidence of social divisive- 
ness in the institution of the public schools is to be 
interpreted as a prime cause in its own right or, alterna- 
tively, as a symptom of more deep-seated anachronisms 
in British society. This is the question with which 
a more reflective commission would have begun. The 
issue is not entirely academic, however. The report 
of the Newsom Commission would have been less smug 
if it had asked itself whether its remedies would be 
likely to attain the goals that it had set itself. In 
reality, the nostrums which it peddles are likely to be 
ineffectual as well as impracticable. 

‘The commission’s most obvious assault on common- 
sense is its glib calculation of the supposed unsatisfied 


demand for boarding education. By adding up the 
numbers of children at present in the care of local 
authorities or whose parents work in the armed 
services, the commission comes to the conclusion that 
it would be possible to recruit enough children to 
fill up half the truckle beds in the dormitories of the 
public schools. In the process, the commission seems 
entirely to have overlooked the psychological needs 
of the children concerned. Like Nelson, but in a less 
heroic cause, the commission seems to have deliber- 
ately ignored the work of the research unit at King’s 
College, Cambridge, which it had itself commissioned 
and which seems to support the reasonable expectation 
that the children most in need of boarding education in 
Newsom terms will include a large number for whom 
boarding education would be emotionally disastrous. 
It is hard not to see a connexion between this social 
monstrosity and the tactlessness with which Sir John 
Newsom's first educational report, on comprehensive 
secondary education, gave unexpected currency to 
Victorian convictions about the different educational 
needs of boys and girls. Luckily, both errors are too 
unfashionable to win respect and influence. 

The internal defects are made more apparent by the 
way the commission's first report has spluttered into 
public consciousness on the heels of a long run of 
equally undistinguished documents. Only a few weeks 
ago, the report of the Royal Commission of Trades 
Unions under Lord Donovan served as a vivid demon- 
stration that only the most watery of compromises 
are accessible to committees on which opposing inter- 
ests are balanced with the nicety if not the wisdom of 
Solomon. Then came the report of the Fulton Commis- 
sion on the Civil Service, with its fussy preoccupation 
with how the Civil Service should manage appointments 
and careers and with its indifference to the question of 
what the Civil Service should be for in an industrialized 
society. With the exception of the Todd Commission 
on Medical Education, hardly a public document in the 
recent past has taken a broad look at the problems with 
which it should be concerned. Connoisseurs of trivial- 
ity could do worse than look at the second report of 
the Pilkington Committee on the use of resources in 
technical colleges. What has gone wrong? The 
Government and its agencies are partly to blame for 
persuading themselves that problems which they cannot 
deal with on their own can sensibly be solved by com- 
mittees. In this sense, the proliferation of committecs 
in the past few years is as much a symptom of cowardice 
in the Government as of the British taste for genteel 
compromise. And is it not ironical that an organiza- 
tion like the Ministry of Technology, setting out to 
intervene more actively in industry, should then 
employ the energies of capable industrialists on the 
committees which are whimsically called “Little 
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Neddies” ? The real trouble is, however, deeper and 
more serious. The public commissions seem to have 
become entirely persuaded of the Government's need 
of compromise. They are forever hiding behind their 
terms of reference. In their anxiety to produce 
recommendations that will be acceptable, they go to 
far too much trouble to avoid giving offence. The 
result is that their reports are vapid documents. 


This is not just a bad joke, but an enormous waste of 


There is an urgent need for a 
without com- 


busy people’s time. 
moratorium on the process, preferably 
mittee discussion in advance. 


Nuclear Compromise 


THE long argument over what should happen to the 
British nuclear power industry now seems likely to be 
settled by a compromise. Rejecting the advice of those 
who favour a single design authority, Mr Anthony 
Wedgwood Benn told the House of Commons last week 
that he favours the formation of two “‘design and con- 
struction organizations’, and that the Industrial 
Reorganization Corporation is to help in devising ways 
in which the two teams could be set up. The IRC has 
already had discussions with the industry, so it may be 
assumed that this pattern is one which the IRC thought 
feasible, but it will certainly not be easy to bring about. 

The central part of the new structure, according to 
Mr Benn, will be the fuel company. This will be a 
public company, with its entire share capital owned 
initially by the Government. Later on, the fuel com- 
pany will take up minority shareholdings in the two 
design and construction organizations—the rumour is 
that it will acquire 30 per cent of the shareholding. 
But it is not clear what exactly these organizations will 
be; Mr Benn’s statement suggests that they will be 
“closely integrated” with the manufacturers of the 
main elements of nuclear boilers, which is generally 
taken to mean that they will be something like the 
existing consortia but incorporating elements of the 
Atomic Energy Authority. 

If this interpretation is correct, the AEA will be 
losing its reactor group and its fuel business. Until 
legislation is introduced, the AEA will be responsible 
for looking after the fuel company for the Government, 
but this is only an interim measure. Ultimately— 
perhaps in two years or so—the fuel company will 
pass entirely from the control of the AEA. These 
changes will mean that about 9,600 people at present 
employed by the AEA will have to shift to new organ- 
izations (or get out of the business altogether). About 
9,000 of these will go to the public fuel company (it may 
be a few less, because some will stay to run Chapelcross 
and Calder Hall), where life is unlikely to be very different 
from life within the AEA. The other 600 are in the 
design team which will be split in some way between 
the two design and construction groups. 

It is hard at the moment to see how the two groups 
can be put together. But at the end of last week, three 
of the companies which make boilers announced plans 
for a merger which will cross the boundaries of the 
existing consortia. The three companies, John Thomp- 
son Ltd, Clarke Chapman Ltd, and International Com- 
bustion Ltd, are to merge to form a company with a 
capital of £32 million. John Thompson and Clarke 


NATURE, VOL. 219. JULY 27. 1968 
Chapman are both members of the Nuclear Power 
sroup, which has won the contracts for advanced gas 
cooled reactors at Hinkley Point B and Hunterston B. 
International Combustion, on the other hand, owns 50 
per cent of Atomic Power Constructions, which is 
building the first AGR, Dungeness B. The other half 
of APC, Fairey Engineering, is thus left ont in the cold 
for the time being, and may be tempted to link up with 
Nuclear Design and Construction, the third of the 
existing consortia. NDC is responsible for the last of 
the Magnox stations, Wylfa (which suffered a small fire 
this week) but has won no AGR contract yet, and isin a 
comparatively weak position. 

While these elaborate musical chairs are in progress, 
existing contracts will have to be worked off. In 
addition, some of the companies have arrangements 
with European companies which they are anxious to 
preserve. This is going to make life very complicated 
for the next few years, until the new structure asserts 
itself. Meanwhile the AEA seems determined to 
maintain its grip on the Prototype Fast Reactor which 
is being developed at Dounreay and on the Steam 
Generating Heavy Water Reactor which has started 
operating at Winfrith. When the time comes, the AEA 
explains that both these designs can be offered on 
licence to the design and construction groups. The 
same will presumably be true of the high temperature 
reactor Dragon, which is being developed collabora- 
tively by the European Nuclear Energy Agency at 
Winfrith. Mr Benn also visualizes the formation of an 
Atomic Energy Board on which the AEA, the design 
and construction organizations, the generating boards 
and the fuel company would be represented. The board, 
he said, would be concerned with research and develop- 
ment planning, export coordmation and major policy 
matters. 

Although, so far, these are only suggestions for 
discussion, they raise some interesting issues. The 
AEA, it is clear, will gradually work itself out of a job 
on the nuclear side if it is not allowed to initiate new 
designs. What will be left will be a rump AEA dedica- 
ted to diversification projects such as those which are 
in progress at Harwell, and to running the reactors at 
Chapelcross, Calder Hall, Winfrith and ultimately 
Dounreay. As for the design and construction organ- 
izations, it is hard to see that this is anything but 
another way of saying consortia. The fuel company 
will take a minority holding in the organizations, but 
who will take a majority holding ? One of the weak- 
nesses of the existing consortia in international compe- 
tition is that they have no capital to back them, because 
their constituent companies have been reluctant or 
unable to provide it. The proposals so far made will 
do nothing to correct this. In this sense, the proposals 
look like a complicated way of reducing the number of 
consortia to two. They may produce nothing but an 
unhappy compromise. 


BMA and Abortion Law 


THE British Mepicat AssocratTion has adopted a 
curious attitude towards the new Abortion Act which 
came into operation on April 27 this year. At the 
annual conference held at Eastbourne last month, the 
association gave its assent to a view which in effect 
threatens doctors with expulsion if they carry out 
abortion on certain of the grounds permitted by the Act. 
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This is tantamount to declaring that practices ex- 
pressly permitted by Parliament are unethical. 

The clause of the Act which has evoked this differ- 
ence of opinion is the so-called social clause. This 
states that an abortion may be carried out when there 
is a risk to the physical or mental health of any of the 
existing children of the pregnant woman’s family. As 
with the other clauses, two registered medical prac- 
titioners, acting in good faith, must decide that such a 
risk is greater than that involved in terminating the 
pregnancy. 

The Council of the BMA regards this clause as 
unacceptable because it embodies the principle of 
acting on behalf of someone other than the patient 
herself. Presenting the council’s views to the con- 
ference, Dr Gibson (see BMJ, July 6, Supplement, p. 
25) said that this principle was “completely at variance 
with medical tradition. Once that principle was 
abandoned, the way was opened to the legalization of 
practices which had been regarded elsewhere as com- 
pletely reprehensible.” 

The conference then debated the motion that the 
association should not oppose “that part of the 
Abortion Act referring to social grounds’. The motion 
was lost, whereupon Dr G. R. Outwin proposed that 
“the ethical machinery of the association should not be 
invoked in respect of any member who may be properly 
associated with the termination of pregnancy within 
any of the provisions defined in the Abortion Act 
1967”. One speaker referred to the “Gilbertian”’ 
situation that could arise if doctors who had acted in 
accordance with the law were exposed to ethical proceed- 
ings to justify their behaviour. Another member said 
that doctors might, as individuals, disagree with the 
law, but he asked whether they had any inherent right 
to frustrate the intention of Parhament. 

Dr Outwin’s motion was also lost. This means that 
doctors who carry out abortions on the grounds per- 
mitted in the social clause are liable to be called before 
the Central Ethical Committee of the BMA. The 
committee has the power to recommend expulsion and 
its recommendations are in effect “‘rubber-stamped” by 
the council of the BMA. Dr J. Havard, the secretary 
of the Ethical Committee, asked to comment on the 
BMA’s position towards the Act, said on the telephone 
this week that there are many practices which are not 
illegal, for example adultery, which are nevertheless 
unethical. In the opinion of his committee, there are 
practices permitted in the Abortion Act which are also 
unethical. He added that the logical extension of the 
principle embodied in the social clause, that the health 
of people other than the patient should be grounds for 
treatment, was that aggressive psychopaths should be 
castrated and euthanasia permitted. 

Dr Havard agreed that the discretion given to doctors 
under the Act was likely to be restricted to some extent 
by their liability to appear before the Ethical Com- 
mittee. He pointed out that the social clause had been 
inserted into the Act at a late stage of the debate in the 
House of Lords, on the motion of Baroness Summers- 
kill, and that her amendment was not really necessary 
to deal with the kind of case she described. The House 
of Lords, Dr Havard said, is a predominantly non- 
medical body and it is of course possible that a non- 
medical body could be in error when legislating on 
medical matters. Dr Havard denied that the position 
adopted by the BMA is in any way contrary to the 
intentions of Parliament. 


No doctor has yet appeared before the 
Committee for carrying out legal but unethical abor- 
tion, and because abortion cases, like other cases, are _ 
confidential, it is not clear on what evidence a doctor 
could be brought before the committee. 
practice is for a member of the BMA to inform a doctor 
suspected of unethical practices that he proposes to 
bring the case to the attention of the Ethical 
Committee. 


Return of the Locusts 


Events have quickly justified the forebodings of the 
Anti-locust Research Centre, which was still hoping 
as recently as May this year that it would be possible 
to contain the swarms of desert locusts then being 
reported along the coasts of the Red Sea and Arabia 
by using conventional methods (see Nature, 218, 626: 
1968). In the event, control has been inadequate and, 
according to reports reaching the centre from Saudi 
Arabia and Jordan, breeding in the Arabian penin- 
sula has been unprecedentedly late and almost un- 
believably successful. In Ethiopia and the Sudan, the 
situation is little better. Large numbers of swarms are 
breeding in the summer breeding areas. 

The situation in the whole area has either become or 
is becoming out of control; if past experience is any 
guide, once swarm cycles of plague proportions have 
become established, they will persist for several years. 
Saudi Arabia has been facing a serious plague situation. 
and the swarms, which have now begun to migrate 
into North Africa, will almost inevitably return later 
in the year, probably on an increased scale. On the 
other side of the Red Sea, swarms have already 
migrated from the Somali Republic into northern 
Ethiopia and it seems that by October and November 
they will migrate from there to Kenya. As things 
stand, any control measures other than extensive 
aerial spraying can be nothing more than local pallia- 
tives; even aerial spraying is unlikely to terminate the 
plague. 

Since the end of the last major plague of desert 
locusts in 1963, the whole breeding area has been 
virtually free of locusts. Solitary locusts have been 
reported, but not large swarms. The primary cause of 
the resurgence, the first sign of which appeared late 
last year, seems to have been a series of heavy rains in 
several of the arid areas of Arabia and North Africa 
in the autumn of 1967. The luxuriant vegetation pro- 
vided the locusts with unusually favourable and pro- 
longed breeding conditions. By February and March, 
when Mr J. Roffey of the Anti-locust Research Centre 
went to advise the Saudi Arabian Government’s locust 
control officers, there were large bands of locust nymphs 
or hoppers on the coastal plains of Arabia. Attempts at 
control were only partially successful and large numbers 
of locusts escaped inland where they have since bred 
to plague proportions. In Ethiopia and the Somah 
Republic, the pattern has been similar although 
control in late 1967 and early this year was more 
successful. 

The prolonged recession has also probably con- 
tributed to the resurgence by inducing a false sense of 
security and a relaxation of field surveys and control. 
Roffey’s report from Saudi Arabia suggests that the 
control efforts there were too small and too late to be 
really effective. There has been no aerial spraying, 
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The reported distribution of locusts in Africa and Arabia during June and early july 1968 (from Desert Locust Information Service). 
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only killing with bait and, despite help from the Anti- 
locust Research Centre and teams from Pakistan and 
Kgypt, time has now run out and the swarms are 
beyond control. 

Discouraging reports are also coming in from West 
Africa. Swarms of desert locusts have ‘been sighted in 
northern Mali and Niger. In 1961, spraying in Morocco 
broke the swarm cycle of the desert locust in West 
Africa and from then until last year swarms were not 
seen in the area. Last year, swarms were controlled 
by the former French colonial organization, Organiza- 
tion Commune de Lutte Antiacridienne et de Lutte 
Antiavian (OCLALAV), but some locusts must have 
escaped. Although the Information Service had few 
reports of swarms in Algeria it seems virtually certain 
that locusts which escaped last year’s control, bred 
in southern Algeria during the winter and have re- 
turned in swarms to Mali and Niger. Unless the control 
now in progress is effective, the desert locust looks like 
re-establishing its swarm cycle in West Africa. 


In Defence of the Angstrom 


A Group which includes most leading spectroscopists 
issued this week a statement about the adoption of SI 
units. Their case is that two units banned by the SI 
system, the Angstrom and the em~, are so convenient 
that they should not be dropped. The full text of the 
statement is as follows. 

“The Inter-Union Conynission for Spectroscopy was 
established by ICSU (International Council of Scientific 
Unions) in order to ensure full cooperation between 
spectroscopists in chemistry and astronomy and physics, 
and possibly other fields. In particular, it was felt 
that questions of notation should not be decided by any 
single Union, but only after consultation between all 
parties within the framework of an Inter-Union 
Commission. 

“Recently the question of the adoption of the SI 
System of Units (Systéme Internationale) has been 
brought to the attention of the members of the commis- 
sion. While all the members of the commission are 
strongly in favour of most of the recommendations 


adults, mature or partly mature * ; 


adults, maturity unknown +. 


embodied in the SI system, it is felt that the proposal 
that the units A and cm should be abandoned is 
most unwise, since they have been used from the 
beginning of spectroscopy and all the immense litera- 
ture in the field employs these units (which are metric). 
The enforcement of such a change could undermine 
the respect for the SI system as a whole and thus spoil 
an otherwise good idea. At any rate, after consulting 
many spectroscopists, the commission has come 
unanimously to the conclusion that no one should es 
forced by any journal to abandon the A and em~ 
Most of the members of the commission would go further 
and recommend the indefinite preservation of these two 
units in spectroscopy, since both are metric and of a 
very convenient size 

“The importance of the Ångstrom as a unit is, more- 
over, not confined to spectroscopy. It is a very con- 
venient unit for interatomie distances and chemical 
bond lengths, and its elimination in this connexion is 
undesirable.” 

The statement, issued under the aegis of the Inter- 
Union Commission for Spectroscopy (which represents 
the International Astronomical Union, the Inter- 
national Union for Pure and Applied Physics and the 
International Union for Pure and Applied Chemistry), 
is signed by twelve eminent spectroscopists. They are, 
for the IAU, A. H. Cook, B. Edlen, J. C. Phillips and 
M. J. Seaton; for the IUPAP, G. Hertzberg, A. 
Kastler, M. Migeotte and W. C. Price; and for the 
IUPAC, V. A. Fassel, R. N. Jones, R. C. Lord and 
H. W. Thompson. It is probably fair to say that 
resentment about the demise of the Angstrom unit 
has been simmering ever since scientists realized that it 
was to go: but this is the first time that the opposition 
has received such strong institutional support. Chemists 
may now be encouraged to set up their own barricades 
—in defence of the calorie. 


Fuel Economy 


BRITAIN is about to be the first country with a com- 
puterized statistical model of an entire sector of the 
national fuel economy, though quite how it is used 
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remains to be seen, For the past eighteen months the 
Ministry of Power has been working on a model of 
Britain’s fuel economy, and within six weeks hopes to 
have the five sub-models—one for consumer demand 
and one for supply from each of the four fuel industries 
—which will give a picture of the fuel situation in 
Britain over the next 20 years, for any given set of 
conditions. 

The impetus for the model came in 1966 after the 
discovery of natural gas in the North Sea, when Mr 
Richard Marsh, then Minister of Power, called for a 
wide-ranging review of fuel policy. This led to a 
statistical analysis of various possible long-term 
demands for fuel in different cireumstances—variations 
of oil taxes or developments in nuclear power, for 
example. The four industries—gas, oil, coal and nuclear 
power—were asked to estimate how each would be 
affected, what decisions would be made regarding such 
factors as investment and manpower and what their 
prices would be. These analvses gave interesting results 
but each set of results took four to six months to work 
out and had to neglect far too many factors. The new 
model is an attempt to formalize the sequence so that, 
for each given set of assumptions, the computer can 
turn out an estimate of the final demand in hours 
rather than months. 

For each set of conditions, the consumer demand for 
energy from one sub-model will be fed into the other 
sub-models for each fuel industry which, given the 
wage rates and other industrial costs, will give the 
total industrial cost to meet that demand. With 
demand and cost determined, the final price for fuel 
will emerge and can be fed back into the model to 
see how it will affect the initial assumption about 
consumer demand; one would hope that the solutions 
would eventually converge into a steady state condi- 
tion for each particular case. The model, by the very 
nature of the fuel situation, must be representational 
rather than optimizing, for there are too many social 
factors involved that cannot be quantified. 





Eat More Leaves 


THERE are now some hopeful signs that a machine for 
extracting edible protein from leaves, developed by Mr 
N. W. Pirie at Rothamsted Experimental Station as 
long ago as 1953, may at last start work in two under- 
developed countries. A British charity called “Find 
your Feet’, with the moral support of the World 
Health Organization and the Food and Agriculture 
Organization, launched a campaign last week to raise 
funds to send one machine to East Africa, probably to 
Uganda, and another to India. Three machines have 
already been sent from Rothamsted to India and 
one each to Nigeria, New Guinea and Ireland. but all 
six have so far been used solely for experimental work 
at research stations. The sponsors claim, however, that 
evidence from feeding trials in Madras, available only 
in the past two months, has proved that the material 
is an acceptable and effective protein supplement for 
children. This could tip the seales in favour of the 
machine, for practical experience has so far impeded 
its introduction. 

The remarkable simplicity and cheapness of the 
machine—it costs about £8,000 and annual running 
costs are about £10,000—are two important selling 
points in underdeveloped countries. By siting machines 
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in villages, elaborate storage facilities and distribution 
networks can be dispensed with. In the operation of 
the machine, leaves of a crop are mixed with water and 
fed first into a pulper and then into a press which 
separates the protein solution from the fibrous material. 
The protein solution is then mixed with steam and the 
denatured protein floats to the surface as a green 
scum which can be filtered off, washed and dried. 
The recovery of protein ranges from 50-75 per cent, 
and even the 25 per cent remaining in the fibrous 





The leaf lift at the start of the process. 


residue can be used for animal feeds. The machine has 
a maximum capacity of one ton per hour and, at 
Rothamsted, 40 pounds of pure dry protein can be 
extracted from a ton of clover. wheat or 
leaves. 

According to Mr Pirie, the green protein extract has 
a mildly grassy flavour which can easily be masked. It 
is intended only to be a protein supplement and not a 
complete diet, and has about the same nutritional 
value as fish meal or meat, but less than milk or eggs 
It has more of the essential amino-acids than the pro- 
tein from cereals or other seeds and, given a continuous 
supply of leaves, a single machine should produce 
enough high class protein to provide 40,000 to 60,000 
people with one-tenth of their daily requirement. 

The machine is, of course, of little use in semi-arid 
regions, but it is ideally suited to humid tropical 
regions with no winter. Weed plants and tree leaves 
can be processed, but the problems of harvesting rule 
them out as practical and continuous sources of raw 
material. The problem to be solved is therefore that 
of deciding on a suitable crop sequence to provide a 
continuous supply of leaves throughout the year 
Potatoes, cassava, jute, peas, beans, wheat, beet and 
sweet potatoes have all been used successfully in trials, 
and it is claimed that the yield of protein per hectare 
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can be at least doubled if crops are harvested when the 
foliage is at its most lush, not simply when the crop is 
ready for conventional harvesting. A side benefit is 
that the land is by this means set free more quickly for 
resowing. At Rothamsted during 1967-68, an acre 
produced 1,400 pounds of extracted protein, and in 
Mysore, where growth continues through the winter, 
an acre yielded 1-2 tons of the protein. 


All Fall Down 


THE National Tower Testing Station is one of the most 
unusual laboratories in Britain. It is sited in a deep 
quarry in Somerset, just around the corner from the 
Cheddar Gorge. Although the station was built by the 
Central Electricity Generating Board, it will undertake 
tests of structures for anybody prepared to pay the 
‘quite modest charges. The station offers the opportu- 
nity for full scale testing of structures such as electricity 
transmission towers, which cannot be tested effectively 
at model scale. Even a small improvement on a tower 


of which 5,000 examples are to be built can be impor- 
tant, especially if it makes it possible for the tower to 
be made lighter, 
steel. 

The structures to be tested are assembled on the 
floor of the quarry and firmly anchored to the rock 
Stresses are applied to the 


with the saving of a ton or so of 


through anchor points. 





towers through steel wires attached to two rams in 
the side of the quarry—#ne can be seen in the picture 
and hydraulic rams anchored to the floor. A variety 
of different tests can be carried out, leading ultimately 
to a test to destruction which reveals whether or not 
the structure fulfils specification. The picture shows a 
new type of 400 kV tower being tested for the CEGB 
which is only 100 feet high, compared with the 165 
feet of the usual 400 kV tower. 

Last week, the station tested to destruction a 200 
foot tower built for the Atomic Energy Commission of 
Canada. But it is also capable of testing much smaller 
structures, such as glass-fibre components or yacht 
masts. The station is about to begin work on wooden 
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telegraph poles, which have never been systematically 
tested before. In effect, the station is being used to 
calibrate the inspectors, who usually decide when a 
pole shall be condemned on visual appearance alone. 
The station would also like the chance to test the steel 
frame structures used for large buildings. A structure 
up to 13 storeys high could be tested, and, for an 
expenditure of £10,000 to £12,000, e normously valuable 
information could be gained. No building structures 
as large as this have ever been tested in Britain, though 
they are widely used. 


Another Look at CERN 


THE House of Commons Select Committee on Science 
and Technology has decided to investigate the British 
Government's decision not to support the CERN 
300 GeV machine. The committee, which announced 
this in a special report last week, will also be investiga- 
ting fusion research at Culham Laboratory and the 
development of carbon fibre materials. 

These will not be full-blooded investigations on the 
lines of the present investigation into defence research. 
Instead, they will be carried out by the General Pur- 
poses Sub-Committee of the full committee. The sub- 
committee has six members—Mr Arthur Palmer (chair- 
man of both the select committee and the sub-com- 
mittee), Mr Tam Dalyell, Dr Edmund Davies, Mr Eric 
Lubbock, Mr David Price and Mr Airey Neave. The 
sub-committee has not yet started work, and nothing 
very serious is likely to happen until after the recess. 
Mr Palmer says that, because of the importance of the 
investigation into defence research, the committee 
thought there was a danger of other matters being 
overlooked. It had therefore decided to set up 
machinery to make rapid assessments of important 
issues without going into the elaboration of a full 
report. On the CERN decision, he points out that 
“the minister made no statement to the House, and 
there is no chance of a full debate’. In these circum- 
stances, the committee thought it important that it 
should make an investigation. The immediate inten- 
tion is to bring all the available documents together 
and to consider them. If further information is needed, 
witnesses can, of course, be called. Mr Edward Short. 
the minister responsible for the decision, is an obvious 
candidate. 

The investigation into Culham follows the last major 
investigation into the British nuclear power pro- 
gramme. In that report, the committee said that it 
would be taking a continuing look at fusion research. 
As for carbon fibres, it seems that the committee was 
concerned by reports in the press that British firms 
are not developing carbon fibre technology sufficiently 
vigorously. Rolls-Royce, one of the companies in- 
volved, has denied this. The suggestion has also been 
made that the Ministry of Technology, dissatisfied by 
the rate of development, is considering handing the 
whole problem over to the Harwell Laboratory of the 
AEA. If there is any truth in these reports, the com- 
mittee will do well to investigate them. But Rolls- 
Royce, which has already won a major contract on 
the strength of the new technology, must be feeling 
understandably bitter that its enthusiasm has already 
been called into question. 

The other sub-committee of the Select Committee, 
which has been investigating coastal pollution, has now 
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finished its report, which was being considered by the 
~ Select Committee this week. It should be published by 
the end of the session. 


Breach of Privilege 


Mr Tam DALYELL, a member of the Select Committee 
on Science and Technology, has been severely repri- 
manded by the House of Commons Committee of 
Privileges for passing on information about the Porton 
establishments. In a report published this week, the 
privileges committee says that Mr Dalyell was guilty 
of a serious breach of privilege and a serious contempt 
of the House: Mr Laurence Marks, Assistant News 
Editor of the Observer, who wrote the story about 
Porton, was also guilty of a contempt of the House, 
but the committee recommends that no action be 
taken against him. Mr David Astor, Editor of the 
Observer, was guilty of a more serious contempt, but 
again the committee recommends that no action should 
be taken. 

The information given by Mr Dalyell to Mr Marks 
was contained in minutes of evidence taken by the 
Select Committee on a visit to Porton. Although these 
minutes had been published for the members of the 
committee, they were not generally available and the 
meeting at Porton had been private. Some of the 
material in the evidence would be “‘side-lmed”’ (that 
is, deleted) before the evidence was officially published. 
Mr Dalyell gave it as his opinion that the proposed 
side-lining was “‘fatuous’’, but admitted that he was 
gravely at fault and offered profound apologies. Mr 
Marks said that he was unaware that a question of 
privilege arose, but he checked the story before pub- 
lication with the D notice committee, which is respon- 
sible for clearing stories which may contain breaches 
of security. Admiral Denning of the D notice committee 
cleared the story for publication. As Mr Marks pointed 
out in evidence to the committee, it was not Admiral 
Denning’s job to tell him the rules of parliamentary 
privilege. 

The report of the committee draws one general moral 
from all this. The new committees, it says, rely for 
their success on the existence of mutual trust and con- 
fidence between their members and those who appear 
as witnesses, and breaches of this confidence may 
imperil their work. 

The committee is within its rights, of course, to deal 
with members of the House of Commons as it chooses— 
which is not to imply that it is right. But there must 
be serious doubts whether the committee is wise to 
try to bring the press to heel as well. 


Cheaper Water 


THE cost of supplying London with water in the 
seventies may have been cut by a system for upsetting 
the stratification of reservoir water which has been 
developed by the Metropolitan Water Board. Because 
of the tendency for water to stratify, especially during 
the summer when the demand for water is at a peak, 
deoxygenated and unusable water accumulates in 
the deeper layers with the result that reservoirs have 
had to be shallow and have had to cover large areas. 
Research at the Metropolitan Water Board’s King 
George VI reservoir, where axial flow pumps have been 
used to break the summer epilimnion and hypolimnion 








stratification, has now, however, convinced the. b 


tion; its existing reservoirs have a maximum depth 
of about 13 metres. The reservoir at Wraysbury, 
which will be fitted with the pumping system and 
which is due to come into service two years from 
now, will store 7,000 metric gallons on 340 acres. 
The largest of the board’s existing reservoirs stores 
6,500 metric gallons on 770 acres. The saving in land 
costs alone is estimated at £1-7 millon, and there will 
be a comparable saving at the new reservoir bemg 
built at Datchet. 

The trials of the pumping system which have been 
carried out at the King George VI reservoir have been 
impressive. Within five’days during the summer of 
1966, the volume of usable water was increased by 
6x 10° cubic metres—almost a third of the capacity 
of the reservoir—by lifting water between l1 and 
13 metres below the surface to 4-6 metres below. The 
volume of usable water was increased at a rate of 
14 cubic metres a second although the output of the 
pump was only one cubic metre a second, apparently 
because pumping creates conditions in which wind- 
water energy interchange is effective at comparatively 
great depths. 

The problem of stratification in reservoirs is not 
new, of course, and neither are attempts to break it 
by pumping. The secret of the board’s success seems 
to be the efficiency of the pumping system. Water is 
discharged horizontally as jets a few metres below the 
surface and these entrain large volumes of surrounding 
water so as to ensure turbulent heat exchange. In the 
experiments at the King George VI reservoir, mixing 
occurred to a depth of one metre below the level of the 
pump discharge even though the pumps were designed 
to draw water only from radial positions. According 
to the board’s 42nd annual report, the operating cost 
of the pumps is negligible. 

Transfer of deoxygenated bottom water to the 
surface layers necessarily reduces their oxygen content, 
but surface re-aeration and photosynthetic algae 
rapidly restore the oxygen level to near saturation. 
By bringing deep water rich in minerals to the surface, 
there is the risk of inducing algal blooms. Thus, in the 
King George VI experiments, pumping resulted in a 
bloom of the diatom Asterionella formosa which 
normally blooms in the Thames valley in February 
and March—not in July—but the bloom died dramatic- 
ally in August. In fact, the board considers that by 
controlling pumping operations, it can prevent micro- 
organisms rendering the water unacceptable. 


New Fields to Conquer 


Tue Radiobiological Laborétory of the Agricultura! 
Research Council at Wantage is one of the few labora- 
tories to have redirected much of its research from an 
area of decreasing importance. The laboratory was 
established in 1957 to investigate environmental 
radioactivity from fallout, but the decreased demand 
for surveys and for quantitative measurements of the 
amount of strontium-90 in milk has meant that more 
time and effort can be spent on nutritional relation- 
ships between soil and plants. The laboratory claims 
to work in close cooperation with the other institutes 
of the ARC—the Grassland Research Institute, the 
Weed Research Organization, the Plant Breeding 


that reservoirs 22 metres deep are an economic proposi- 
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Institute and the Rothamsted Experimental Station— 
and that its close proximity to Harwell continues to be 
useful in work with radioactive tracers. 

One previously neglected area of research is the 
effect of micro-organisms in the soil on nutrient uptake 
in root systems. It seems that metabolically active 
micro-organisms on the surface of roots absorb a 
great deal of plant nutrient at the expense of the 
plants, but that nutrient transport in sterile soil is 
far more efficient, with greater uptake in the centre of 
the root and more even distribution overall. 

At Wantage, radioactive tracers are being used 
extensively to study nutrient uptake in field conditions, 
and the comparative efficiency of various types of 
systems. This supplements work already being carried 
out on the growth and development of root systems in 
water culture. One by-product. of these studies is a 
device using the attenuation of beta radiation for 
measuring the water in soil to a depth of 70 em. ee 
pads are placed between a radioactive source and z 
Geiger counter; the attenuation of beta radiation 
varies with the mass of material between source and 
counter, so that the water absorbed by the nylon 
pads can be directly related to the beta radiation 
recorded at various levels. 


Graduates for Industry 


Graduates are 20 per cent more plentiful this year 
than last, but there has been an increase of only 10 
per cent in the number of postgraduate grants awarded 
by the Science Research Council. Professor Brian 
Flowers, the chairman of the SRC, has said that com- 
pared with 1967 there will be between 600 and 1,000 more 
good quality graduates in science and technology who 
will not find grants and will be available for industry. 

To what extent has industry benefited from this 
situation ? Most companies have now finished their 
recruiting campaigns at the universities and have 
made their offers. But final acceptances have not 
yet been received and it is too early to judge the 
exact results for this year. The general impression, 
however, is that the SRC’s policy has had little or no 
identifiable effect on graduate recruitment. 

In the words of one veteran recruiter, “Graduates are 
hungrier this year and there are a Jot of social scientists 
looking for sales jobs’. Most companies have seen more 
people this vear but there has been no marked change 
in quality. ICI has the impression that higher quality 
graduates are easier to get, but Shell has noticed no 
difference in quality from previous years. Twenty per 
cent more graduates applied for interviews with GEC, 
but this is in part attributable to the favourable publi- 
city brought about by the recent merger with AEI. In 
recent years GEC has néticed a progressive improve- 
ment in the quality of electrical and mechanical 
engineers from certam universities, but it is hard to 
detect any alteration in this trend effected by the 
policy of SRC. Ford finds that gradvates who had 
applied for SRC grants are in general of the same 
quality as those who had not applied. 

A more definite change is apparent in the recruit- 
ment of postgraduate students. Several companies 
have received more applications from postgraduates 
this year, probably because the slowing down of the 
expansion of new universities has brought fewer new 
academic posts on to the market. 
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The SRC itself does not yet have the figures with 
which to appraise the results of its policy, but if the 
impressions so far gained in industry are correct, it 
seems that some of the graduates disappointed of 
grants have turned elsewhere than to industry, per- 
haps to teaching or to various short. term jobs. 


Technology at Teddington 


THE reorganization of the National Physical Laboratory 
now seems to be complete, judging by the annual 
report of the laboratory for 1967 (HMSO, 24s.). The 
changes have been designed to fit the laboratory more 
closely to the technological needs of industry, and 
have involved the division of the NPL into three 
groups——the measurement group, the materials group 
and another referred to in the report simply as the 

‘third group” but which can be called, without too 
much injustice, an engineering sciences group. This 
third group is concerned with aerodynamics, auto- 
nomics, mathematics and ships, and last year took over 
the hovercraft unit at Hythe. One result of the 
reorganization has been the setting up of committees 
to oversee the activities of the NPL—chiefly a steering 
committee which prepares an annual report and a 

research programme for the ensuing year, and presents 
ee to a second committee, the vi isiting board. The 
function of the visiting board seems to be to convey 
the report. of the steering committee to the Royal 
Society and to the Ministry of Technology, the twin 
masters of the NPL. The report now published is the 
second annual report of the steering committee. The 
chairman is Professor Brian Flowers, the chairman of 
the Science Research Council, and he seems quite 
satisfied with the NPL as it is now, and with the 
programmes of the groups. The steering committee 
adds that it has considered the need for a new large 
high-speed wave-tank for the ship division but realizes 
that this is not the time to ask for such a costly facility. 
Professor Flowers, the would-be sponsor of the 300 GeV 
machine, knows that as well as anybody. 


Will Indians Survive? 


THe American Indians are splendid subjects for the 
study of the adaptation of human communities, as 
the International Biological Programme (IBP) has 
quickly recognized. To begin with, the date and 
place of their arrival is more accurately known than 
for any other population group. The land bridge across 
the Bering Strait was open only between 26,000 and 
10,000 vears ago and the present Indian inhabitants, from 
the Yukon to Tierra del Fuego, are descended from the 
migrants who crossed then. The rapid spread across 
the continent means that a homogeneous ancestor 
group quickly colonized a great variety of habitats. 
Although isolation was complete for more than 15,000 
years, and although even today there are a few com- 
munities in South America. still operating a Stone Age 
economy, the integrity of these groups cannot be 
expected to last much longer. 

This emphasizes the importance of a conference held 
recently in Washington under the sponsorship of the 
Pan-American Health Organization and the IBP. 
With the opportunities for studying the 16 million 
American Indians in mind, the chairman of the con- 
ference, Dr James V. Neel, said that “Ours is the last 
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generation of scientists that will be able to study the 
quickly disappearing examples of primitive man. The 
simple fact is that at present we know virtually nothing 
about how selection works in man. One way of 
understanding the genetic impact of our rapidly 
changing environment is from the baseline supplied 
by detailed knowledge of primitive man in his primitive 
ecosystem’. 

Studies among the Yanomama Indians of Venezuela 
and Brazil have already revealed a remarkable degree 
of genetic differentiation between villages, thought to 
be the result of the fission-fusion pattern which domin- 
ates village proliferation. Work with transitional 
groups also shows that rapid and subtle changes take 
place in the health of communities subjected to even 
quite small changes of environment. A high incidence 
of gallstones and diabetes is a feature of such Indian 
groups and is well documented from the south-western 
United States. Moreover, there is a shift in the type of 
intestinal microflora after contact with civilization. 
The accident proneness common among Indians in 
contact with Western civilization has yet to be 
explained. In his summing up Dr Neel noted that, 
whereas “we tend to view many of these surviving 
primitive groups as representing extremes of adapta- 
bility, they have lived under their conditions far 
longer than we under ours, and it is only an act of 
faith that we will adapt to our man-made environment 
as successfully as they to theirs”. 


Patients Without Care 


The unhappy plight of out-patients in British hospitals 
is well documented in a report published on July 18 
by Mr Gordon Forsyth and Dr R. F. L. Logan for the 
Medical Care Research Unit at the University of 
Manchester (Gateway or Dividing Line, OUP, 21s.). 
The report is based on a survey of 13,600 out-patients 
referred for the first time to clinics in eleven groups of 
hospitals in England and Wales, and therefore covers 
about 0-3 per cent of the five million people who 
attend hospital each year as out-patients. Between 
them, the 80 hospitals selected for the survey serve 
about two million people. The report has the merit 
of showing precisely where the function and manage- 
ment of out-patient departments fail and speculates, 
albeit cautiously, on how the present structure might 
be improved. 

Even where trivialities are concerned, the report 
reveals that the out-patient service leaves much to 
be desired. Signposting for out-patients is frequently 
absent or ambiguous. Toilet facilities are often in- 
adequate. More often than not, the appointments 
system breaks down because hospitals tend to over- 
book at the begmning of a clinic to ensure against 
non-arrival or lateness of patients. In a nutshell, 
“scant regard is paid either to natural anxieties experi- 
enced by patients, or to basic human dignity”. Much 
of the trouble, the report suggests, stems from ambi- 
guities about responsibility for day to day management 
of departments. 

A more serious charge is that departments often fail 
to carry out adequate clinical investigation. Thus 
laboratory tests were not carried out on half the patients 
in the survey with peptic ulcers. A quarter of those 
with menstrual disorders were similarly neglected. 
Not one of the departments visited had its own ont- 
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patient theatre for minor surgical operations. The 
authors of the report say that there is imadequate 
communication between consultants and the referring 
general practitioners, and that appomtments are 
often needlessly delayed. Another criticism in the 
report is that little cross-referral takes place between 
specialties in the clinics and that patients are rarely 
referred to medical social workers. 

In view of the crammed programme of which con- 
sultants complain, Mr Forsyth and Dr Logan question 
the nonsensical prolonged attendance at out-patient 
departments of patients with minor complaints such 
as common prolapse. Consultants questioned during 
the survey seem to have had the impression 
that general practitioners ask for specialist help too 
readily, and they would like to see more junior hospital 
medical staff assisting in out-patient departments. 
What, then, is to be done ? Mr Forsyth and Dr Logan 
offer little advice in this connexion, but do fly the 
old kite for opening hospital facilities to general 
practitioners. They also emphasize the need to make 
è continuous review of the referral of patients, and 
suggest that consultant units may have to give way 
to area specialist departments under chiefs of service 
who would take over many of the responsibilities 
of the laymen who often, at present, find hospital 
administration too exacting. 


Flood Research 


A GRANT for the study of flood control in Britain was 
announced last week by Mr Edward Short, the Secre- 
tary of State for Education and Science, during a visit 
to the Institute of Hydrology. The study will cost 
£250,000, and will be conducted in collaboration with 
the Water Resources Board during the next three to 
five years. The minister stated that the problem of 
flood control must be tackled much more efficiently 
and scientifically than it has been until now, and 
hoped that this study would lead to nation-wide 
standards. Part of the study will be to analyse data 
from the various river flood boards in order to give an 
accurate basis for decisions in the future. At present, 
decisions on such engineering problems as bridge 
heights and river bank reinforcements must be made 
in a haphazard way because of a lack of accurate 
data, the minister added, and the study will help to 
define the programme of research needed to produce 
the design data required by civil engineers for flood 
control. 

The institute. which comes under the aegis of the 
Natural Environment Research Council, already studies 
all aspects of hydrology—precipitation, stream flow, 
evaporation and storage changes within the soil and 
bedrock, soil physics, geology and micrometeorclogy-—~ 
and is concerned with drought as well as flood. Mr 
Short noted that “water shortage for domestic and 
industrial use is already apparent, particularly in the 
south-east, and is likely to become so serious as to 
impair development of the area in the not too distant 
future”. 

In an attempt to learn more about the factors that 
control river flow, the institute is studying seven 
“catchment areas” or river basins, measuring rainfall, 
evaporation and storage changes in the soil and bedrock 
in order to understand the water balance under differ- 
ent soil and land use conditions. To simplify these 
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and other on-site measurements, automatic weather 
stations are being set up. Measurements will be fed 
into a small computer to monitor the accuracy of the 
instruments and calculate the average values from the 
individual measurements, taken every half minute. 
Data will be recorded on a punched tape for analysis. 
A new area of study is the physical and biological 
processes controlling evaporation from forests. V ery 
little is now known of the process except that it 
complicated, so the institute is setting up a detaited 
experiment in Thetford, Norfolk, w here there is a very 
large forest: planted in the ez urly thirties and now reach- 
ing a height of 50 feet. Two instrument towers are being 
built to measure wind speed, air temperature and 


humidity at five heights, as well as radiation, leaf 


temperatures, soil moisture and rainfall. Because 
extensive work has already been done on evaporation 
from low vegetation—grass and arable crops—this 
new study will enable the situation in the catchment 
areas to be estimated from a combination of the two 
extremes. 


Rose-coloured Syrup 


THE complacency of the annual report of the Ministry 
of Health for 1967 (price 23s.) hardly seems justifiable 
in view of the many difficulties which have become 
apparent in many branches of the British Health 
Service. The indispensability of this service is self- 
evident, but, at the same time, it is equally obvious 
that a long hard look needs to be taken to see how its 
present functioning could be improved, for it is far 
from perfect. 

According to the report, last year “‘saw progress on 
almost every front in the health services’, and value 
for money was a chief consideration. Expenditure 
amounted to £1,358 million in the financial year which 
ended on March 31, 1967. This represented an increase 
over the previous financial year of £117 million and 
accounted for about one-ninth of total public expendi- 
ture by the central Government and local authorities. 
The total can be broken down in the following way: 


Central administration £7 million 
Hospitals £765 million 
General medical £97 million 
Local Health Authority £126 million 


Pharmaceutical £142 million 
Others £291 million 


Following the increase in remuneration in 1966, no 
general improvements in remuneration for hospital 
medical and dental staff were made in 1967, but the 
number of distinction awards was increased. General 
practitioners were a little more fortunate, for a new 
system of remuneration was brought fully into opera- 
tion on April 1, according to which payments are made 
for night visits, immunization, vaccination and so on. 
This new scheme, it is hoped, will increase the attrac- 
tiveness of general practice as a career. Interest-free 
loans to doctors were discontinued on May 31 but a 
scheme was approved to assist general practitioners in 
the financing of practice premises (the General Practice 
Finance Corporation). 

Not surprisingly, the number of prescriptions rose 
by 3-5 per cent sees with 1966, and the cost rose 
by 57 per cent. 1,539 doctors were visited by the 
ministry's Regional Medical Officers because of high 
prescribing costs. Baroness Serota was appointed 
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chairman of the new Health Education Council in 
November. Fourteen new health centres were opened 
as were 121 new homes for elderly people, providing 
accommodation for 5,322 residents. 

The number of hospital beds available at December 
31 was 467,447——a fall of 848 compared with the pre- 
vious year. The number of patients treated in hospital, 
however, increased by 114,000. The report welcomes 
the relatively small increase of patients waiting for 
admission to hospital, but the waiting lists for surgical 
departments (415,513) and gynaecology (83,297) cannot 
really be regarded as satisfactory. In August the 
Government “announced that it would make available 
the finance necessary to establish a new medical school 
at Southampton University, the need for which is 
emphasized by the fact that the provisional figure of 
2.431 British-based students accepted for medical 
school in 1967 is only shghtly higher than the number 
(2,312) in 1966. 


Money for Booms 


COMPENSATION of £3,200 has so far been paid by the 
Ministry of Technology for the damage caused by the 
four sonic boom tests carried out over London last 
summer with Lightning aircraft. The other seven tests 
over other parts of Britain cost just over £700 in 
compensation. The minister has promised a full report 
on the tests “shortly”, which by all accounts means 
not before the next session of Parliament in October. 

Until the report appears, the number and details of 
the claims that have been settled are being withheld, 

but all were referred by the Ministry of Technology to 
the Claims Commission of the Ministry of Defence—a 
body with experience of and machinery for adjudicat- 
ing and settling claims for damage resulting from 
military activities. With one exception, all the claims 
involved damage to property. The exception was a 
claim made by a woman from Hornchurch who suf- 

fered a partial loss of hearing as a result of a sonic 
boom and accepted £150 settlement. 

Even before the tests, the British Government seems 
to have recognized that aircraft should not be allowed 
to fly at supersonic speeds over densely populated 
areas. On June 19 last year, for example, Lord 
Beswick told the House of Lords that the Concorde 
will not reach supersonic speeds until 100 miles after 
take-off. It seems inevitable that all supersonic flight 
over land will be prohibited, at least until a great deal 
more information on the effect of sonic booms has been 
collected. Last year’s tests should not have had any 
influence on that decision. The Minister of Technology 
himself admitted their irrelevancy when he said on 
July 21 last year that the sonic booms heard in London 
during the tests were not comparable to those which 
could be expected from the Concorde. And eleven tests 
can hardly be said to have justified the ministry's much 
more modest claim that “we have achieved the object 
of informing people about the nature of a supersonic 
bang’. In the United States, where much more 
extensive tests have been made, the National Academy 
of Sciences~National Research Council Committee on 
supersonic transport and the sonic koom concluded 
that with the currently available data it is just not 
possible accurately to assess the type and amount of 
damage that sonic booms can cause (see Nature 217. 
1101: 1968). The makers of the Concorde certainly 
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anticipate a complete ban on overland supersonic 
flight. That is perhaps the most realistic factor in 
their calculations, which lead them to say they will 
sell two hundred Concordes by 1975 


Mr Healey on Top 


THE Secretary of State for Defence has been at his 
job for much longer than the Select Committee on 
Science and Technology. The difference in experience 
was clear when Mr Healey gave evidence to the com- 
mittee last week. For a bluff and cheerful two hours, 
Mr Healey instructed the committee on the ins and 
outs of defence research. It was an impressive perform- 
ance—helped, it must be conceded, by some indifferent 
questioning from the committee. 

Mr Healey started by explaining that the withdrawal 
of British forces from the Far East is unlikely to save 
money for research and development, since very little 
of the work is explicitly designed for that part of the 
world. The research expenditure is likely to remain 
about 11 per cent of the total defence budget. Collabor- 
ation, once achieved, could give savings, but the total 
cost of the project would be up by about 20 per cent. 
Defence research could only be justified by defence 
needs, not by any appeal to the benefits it might bring 
to the civil field. But the Far East withdrawal did 
mean that Britam’s defence needs were now more 
closely identified with those of Europe, which should 
make collaboration easier. Mr Healey was unimpressed 
by the suggestion that there were large areas of research 
which could be put out to industry. For one thing, he 
said, most of the problems were those industry had no 
interest in solving, and there would in any case be a 
continuing need for the work to be monitored, so that 
some expertise would have to be retained by the 
ministry. The easiest way of doing this was by 
keeping the establishments open. In any case, Mr 
Healey doubted whether the staff redeployed would 
move quickly into industry—people tended to be far 
too optimistic about this, he said. 

Later, Mr Healey denied that the organization of the 
Ministry of Defence was “a jungle’. It was more like 
a well planned garden, he said, though it was unfamiliar 
“to those who strayed in from the surrounding country- 
side”. To those who claimed that the organization 
chart was too complicated, Mr Healey recommended 
opening the back of a transistor radio; although it 
looked complicated, it was really very simple, he 
suggested. In this, Mr Healey found an unexpected 
ally in Mr Tam Dalyell, who believes that time spent 
on organizational details is time wasted. Mr Healey 
was also doubtful of the value of the building block 
concept of defence procurement. This idea, which 
Mr David Price put forward, holds that if defence 
procurement is based on existing technology with- 
out building into the specification the need for 
extensive research and development, it is cheaper and 
more effective. Mr Healey doubted that it would be 
cheaper; the US FIII aircraft, made on the building 
block approach, had cost £400 million, without taking 
into account the costs of the building blocks themselves, 
while the cost of the TSR2, built by the British approach, 
would have been £300 million. The US system was 
“appallmgly expensive’, he said. And although there 
might be some delays in the British system, it was 
nothing like as bad as people suggested. 


Parliament in Britain 
by our Parliamentary Correspondent 


British Museum 

Mr BOYD-CARPENTER asked the Prime Minister why -~ 
no consultation had taken place between him and — 
the Standing Commission on Museums and Galleries 
before the Government announcement that the British 
Museum Library could not be built in Bloomsbury. 
Mr Wilson said that the consultation would have been 
between the standing commission and the Secretary 
of State for Education and Science, but that Mr 
Gordon-Walker had not thought the subject of such 
direct concern as to make advance consultation neces- 
sary. Mr Wilson added that he was grateful to Lord 
Rosse, chairman of the commission, for agreeing to 
help the Dainton Committee in its work. [t was, he 
agreed, arguable whether or not Lord Rosse should 
have been consulted. (Oral answer, July 16.) 


Defence Research 

Mr Gerry Reynoups, for the Ministry of Defence, 
said that by the end of March 1971 the numbers of 
scientists and other professional grades employed in 
defence work would be reduced by 6 per cent compared 
with numbers previously planned for that year, and 
by 4:5 per cent compared with present numbers. 
(Written answer, J uly 16.) 


Power Stations 

Mr Roy Mason, the Minister of Power, told Mr Arthur 
Palmer that he was setting up a committee to investi- 
gate delays in the commissioning of power stations. 
The terms of reference were: “To enquire into the 
causes of delays in commissioning CEGB power stations, 
and measures to remedy them, and to make recom- 
mendations about any further action that may be 
required”. The chairman of the committee is to be 
Sir Alan Wilson, Chairman of the Glaxo Group and 
Deputy Chairman of the Electricity Council, and there 
will be five other members. The committee would 
keep in touch with the NEDC working party on large 
industrial construction sites, in order to eliminate 
unnecessary duplication. It is noteworthy that the 
committee's brief refers only to the CEGB, and not to 
the Scottish boards. (Written answer, July 17.) 


Computers 

Dr Jeremy Bray, for the Ministry of Technology. 
gave a breakdown of the £116 million which the 
Government has authorized in support of the British 
computer industry. The Science Research Council 
spends £2-5 million per year, and the National Research 
Development Corporation £3-0 million (excluding £4 
million lent to ICL). The Ministry of Technology has a 
ceiling of £2-6 million on the Advanced Computer 
Technology Project, £2-5 million on the Atlas Computer 
Aided Design Centre at Cambridge, £0-5 million on 
university research contracts and another £0-5 on 
UKAEA sponsored work. Dr Bray also gave details 
of the total spent in support since the beginning of 
computing. It includes £6-6 million from NRDC, 
and £1-08 million spent so far of the money allocated 
to the Advanced Computer Technology Project. But 
these totals do not include the cost of work in govern- 
ment establishments, or expenditure for military 
purposes, and application projects and computer pur- 
chases are also excluded. (Written answer, July 18.) 
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NEWS AND VIEWS 
Rockets for Rent? 


Tue Americans have come up with some quite sound 
suggestions to placate the anti-American members of 
Intelsat, the International Telecommunications Satel- 
lite consortium. Placating is necessary: the temporary 
agreement under which the American Communications 
Satellite Corporation and a dozen or so other national 
communications entities (such as the General Post 
Office) began organizing a commercial satellite network 
in 1964 must now be discarded in favour of a permanent 
agreement. But Europeans have been dissatisfied with 
the present state of affairs. Not only is Comsat manager 
of the Intelsat consortium (which now has about 60 
member countries), but American industries have 
run away with most of the contracts for satellite 
development. And Intelsat has frowned hard on any 
suggestion of regional independent satellite networks 
such as that the French are thinking about forming 
with French-speaking countries in Africa and the 
Middle East. Negotiations are now going on quietly 
among representatives of Intelsat’s governing com- 
mittee and it could be that the concessions which 
Comsat officials have recently aired will satisfy every- 
body except the French, who would like to see Comsat 
drop far below the 53-8 per cent majority that it holds 
when votes are taken. 

Some of the concessions were revealed at the recent 
Eurospace conference in Munich. Intelsat (a Comsat 
executive said) might allow members to run their own 
national networks—a move to appease Canada and 
Japan, who are determined to have their own systems, 
whether Intelsat likes it or not. (Canada has even 
approached ELDO, the struggling European rocket 
project, to take it on as a customer should Intelsat 
refuse to launch Canadian satellites on the American 
rockets which have launched the Intelsat satellites 
now in orbit.) Moreover, Intelsat might go so far as 
to sell off the national satellite companies, the satellites 
and allied services or, alternatively, to run them for a 
fee. These concessions would do no harm to Comsat, 
which is desperate for the assignment of running an 
all-American domestic (Hawaii included) system. 
Intelsat would even run regional systems, but allowing 
them to be totally independent would be absolutely 
taboo. 

The consortium has a point here. Monopoly is a 
considerable advantage in the communications indus- 
try and the current prospect of incompatible colour 
television systems should be enough to seare off those 
who would create competing satellite transmission 
systems. What Intelsat (or Comsat) should really be 
thinking about is how to entice the Russians into its 
own network. A single unified global network, trans- 
mitting telephone, radio, data and television, would 
be a magnificent international achievement, and might 
even yield enough revenue to make it worth Comsat’s 
while to relinquish a great share of its leading role. 
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But not all. The simple truth about satellites is 
that Americans inevitably dominate the field. The 
representatives of American industry tried to point 
this out gently at Munich. If the goal is to establish 
a working and reliable network of communications by 
satellite as soon as possible and at the lowest price. 
the contracts inevitably end up in American hands. 
Why should Intelsat be used as an instrument to 
subsidize the technological training of European 
industry? What about the 40 underdeveloped 
countries in Intelsat ? 

Rumours are that Comsat will offer to drop to a 
fifty per cent share of power, or even slightly less, and 
that it will give up its role as manager. Already 
Comsat has tried to correct its xenophobic image: 
foreigners have been taken onto its managerial staff, 
contracts for Earth stations have been given to Japan. 
European firms have been allowed (and subsidized) 
to build the latest versions of the Intelsat. TH satellites 
(1,200-cireuit models which will be launched soon) and 
Japanese, European and Canadian firms will get 
about $20 million worth of sub-contracts from the 
contracts soon to be awarded for the building of the 
next generation, the 6,000-circuit Intelsat IV satellites. 


Scanning Electron Microscopy 


from a Correspondent 

Tue first conference in Britain to be devoted solely 
to the applications and instrumentation of the scanning 
electron microscope took place in Cambridge from 
July 8-10. The enthusiasm accorded to the conference 
is a compliment to the pioneers in the field and to 
Cambridge Scientific Instruments, which made the 
instrument commercially available in 1965. The con- 
ference proper was preceded by three introductory 
papers, presented by Professor €. W. Oatley, Mr 
A. D. G. Stewart and Dr W. C. Nixon, which served to 
provide both a historical background and fundamental 
appreciation of the physics of this new science. 

In the part of the conference concerned with metals 
and materials, H. DÐ. Blakelock (Morganite Research 
and Development) described how he has been able to 
use the large depth of focus available with the micro- 
scope to examine the irregular fracture surfaces in 
carbon fibre composite materials. A desirable feature 
of such materials is that crack propagation should be 
inhibited by the presence of the relatively strong 
oriented fibres within the matrix, thus pre senting dis- 
continuities to the progressive cleavage front. Examin- 
ation of the cleavage front has revealed three modes 
of fracture which can be related to the relative strength 
of the composite materials. Fig. 1 depicts a result 
typical of the condition in which the fibre and matrix 
are of comparable strength-—-although fibres have 
pulled out of the fracture interface, the matrix strength 
has remained sufficiently high to bond groups of the 
fibres together. 

For the biological application of this scanning 
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Fig. |. Fracture interface in carbon fibre composite. 


electron microscope, Professor Pfefferkorn (University 
of Munster) outlined preparation techniques suitable 
for varying applications. He described a coating 
technique which is fairly generally applicable when a 
specimen is susceptible to charging. This involves a 
triple evaporation of carbon on gold on carbon. The 
pong carbon layer, which needs to be only 
100-200 A thick, provides a coating which inhibits 
nucleation of the subsequent gold over-layer. The 
gold is applied to enhance the secondary emission 
coefficient. The upper layer of carbon serves to sup- 
press the usual effects of hydrocarbon contamination 
on the specimen and thus maintain high contrast 
conditions for a longer period of operation. The total 
“sandwich” need not be thicker than 400 A. Dr P. 
Echlin (Department of Botany, University of Cambridge) 
discussed work in which he had correlated information 
from both the light microscope and the transmission 
electron microscope with observations in a scanning 
electron microscope, in order to establish the conditions 
which create artefacts peculiar to specimen preparation 
for the scanning electron microscope and the precautions 
to be taken to avoid them. 

Contrast arising from the presence of magnetic fields 





Fig. 2. Domain structure in cobalt crystals. 
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localized on the specimen surface, although previously 
predicted, has only recently been shown to Le detect- 
able. D.C. Joy (Department of Metallurgy, University 
of Oxford) has been able to use this effect to investigate 
domain structure in detail, and in particular to show that 
contrast due to domain structure on large cobalt 
crystals can be removed if the sample is heated to 240° 
C. Cycling the sample through this temperature region 
established the reversibility of the process (see Fig. 2). 


Legal Medicine 
from a Correspondent 


THE ninth annual scientific meeting of the British 
Academy of Forensic Sciences was held at the British 
Medical Association on July 19 and 20. The four 
scientific sessions were each well attended by the three 
professions represented in the academy—medicine, 
law and forensic science. 

In the first session, papers were presented on the 
Abortion Act and the Sexual Offences Act. The 
second of these Acts of Parliament seems to have 
been so rapidly and completely assimilated that almost 
no questions about it were raised. On the other hand, 
the Abortion Act is undoubtedly generating interest 
and causing severe problems in some fields of gynae- 
cology and associated psychiatric practice as well. 
Not only are growing numbers of patients seeking 
termination of pregnancy under the act, but the new 
technical r: quirements often present great difheulties. 
How, for example, is one to quantify the effect of non- 
termination on the existing children of the pregnant 
woman’s family, or how is one objectively to assess the 
risk of abnormality in the child yet to be born, if 
psychiatric as well as physiological factors are to be 
given full weight ? A leading gynaecologist contended 
that many young girls were coming to regard the 
prospect of having an abortion as no more serious than 
going to a dentist, and were indignant to learn that a 
period in hospital was necessary. 

The session on “Family Law—Paternity—Child 
Protection” was interesting chiefly because serelogical 
techniques have advanced so rapidly that the courts 
need no longer rely only on those tests which prove 
exclusion of a putative father. With the discovery of 
increasing numbers of serological grouping systems, 
the courts can now venture into the realm of “proof 
of paternity”. Significantly high figures could often 
be obtained in balancing the probability of Mr X being 
the father, rather than a male picked at random from 
the population. 

The Criminal Justice Act is remarkable for the way 
in which science, law and medicine are equally drawn 
into its orbit. Of particular interest is the impact of 
section 2 of the Act, dealing with “written statements 
before examining justices” in regard to the presentation 
of scientific evidence in court. The academy was told 
that because the forensic scientist is now relieved of a 
considerable amount of court-going, he can spend 
longer at the laboratory bench. The quality of scienti- 
fic evidence has been much improved both fer this 
reason and because the written evidence in court now 
has to be understood and evaluated without the 
presence of the scientist; consequently his conclusions 
must be expressed in an unambiguous, almost narrative, 
style—an exercise of inestimable value and ene from 
which other disciplines would no doubt benefit 
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Fertile Meetings 
from a Correspondent 


Tue Society for the Study of Fertility held a successful 
conference at Newcastle upon Tyne from July 9-13. 
The symposia, although informally organized, were 
well attended. Altogether there were three half-day 
symposia devoted to intersexuality, uterine factors 
affecting fertility and water metabolism in pregnancy. 

The symposium on intersexuality did more to con- 
fuse than to clarify. Dr J. L. Hammerton demon- 
strated that phenotypically male goats may be genetic- 
ally female and lack a Y chromosome. For bovine 
freemartins, Dr 8. Ohno pointed out that it is no longer 
possible to accept that the female foetus is masculinized 
by sex hormones produced by a male twin, and Dr 
Patricia Jacobs described a case of a pair of mono- 
zygotic human twins with X Y/XO mosaicism where one 
developed as a boy and the other as a Turner’s syndrome 
girl. Thus the phenotypic sex of an individual is 
determined to a large extent by the genetic sex of the 
gonad itself. 

The symposium on uterine factors affecting fertility 
concentrated more on a review of the existing informa- 
tion than on the presentation of new data. Dr 
J. D. Biggers described the effects of ageing uteri and 
ageing ova on reproductive potential, and Dr J. M. 
Bedford discussed the different properties of the uterus 
and the fallopian tube of the rabbit in the capacitation 
of spermatozoa. J. H. Marston drew together informa- 
tion on the mede of action of intra-uterine devices in 
primates, laboratory animals and farm animals, and 
the diversity of mechanisms producing infertility was 
miore impressive than any common theme. The 
idea that infertility in monkeys is caused by an increased 
rate of tubal transport of the unfertilized ovum no 
longer seems tenable. 

Water metabolism is not at first sight the most 
exciting of topics for a reproductive physiologist, but 
Dr F. E. Hytten and his colleagues from Newcastle 
held the interest of the audience. It seems still to be 
unclear to what extent oedema of pregnancy in women 
may be considered a normal physiological process and 
to what extent it is pathological. Dr A. D. Dewar 
gave a lucid and well reasoned account of the weight 
gain of pregnancy induced by progesterone in mice. 
Although this can be produced by progesterone injec- 
tions to non-pregnant females, it cannot, for some 
curious reason, be elicited in male mice. 


Bigger Fish 


from a Correspondent 


A SUCCESSFUL conferenceson river fisheries was held at 
the University of Southampton on July 16-17 and 
was organized by Mr W. J. Fairbairn of the Department. 
of Zoology, Mr L. S. Wright of the Hampshire River 
Authority, and Mr D. W. Cross of the Cornwall River 
Authority. Much of the time of the conference was 
concerned with the maintenance and management of 
fisheries—a particularly appropriate topic in view of 
the urgent need for the development of potential sources 
of food. 

Dr D. H. Mills of the Department of Forestry at 
Edinburgh dealt with the survival, in some Scottish 
streams, of salmon fry reared in hatcheries. He pointed 
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out that a high rate of stocking could be wasteful of 
fry and that the ideal concentration at which to aim 
was 2-5 fry per square metre. The density of the 
populations of trout in the streams was important 
because trout are predators of salmon fry. Dr Mills 
emphasized that artificial stocking served little purpose 
where spawning tock place naturally because of the 
high wastage rate among salmon fry—between 0-5 
and 1-5 million fry were necessary to produce only 150 
adult salmon. | 

Mr M. J. Bulleid of the Central Electricity Generating 
Board deseribed the strict daily routine necessary in 
hatcheries—cleanliness, knowledge of population den- 
sity, strict control of growth rate by means of food 
supply and a good supply of water are all essential. 
Dr D. Cragg-Hine from the same organization described 
how the methods being used in the Netherlands for 
the rearing of coarse fish might be relevant in the 
future to the development in Britain of coarse fish as a 
source of food. Dr W. R. Munro of the Freshwater 
Fisheries Laboratory at Pitlochry said that at present 
there is no evidence that the Greenland salmon fishery 
is harming the salmen fisheries of North Europe. For 
one thing, salmon tagged in Greenland had been 
recovered in Canada, Ireland and Scotland, which 
showed that some of the Greenland fish did return to 
the spawning populations of other fisheries. Moreover, 
since the Greenland fishery reached its peak in 1964, 
catches in the Scottish salmon fishery had been better 
than previously. 

The population dynamics of river fish were dealt 
with by E. D. Le Cren of the Freshwater Biological 
Association River Laboratory, who pointed out that 
the production of trout in a chalk stream was often 
no more than in a mountain beck but that chalk 
streams tended to contain a few very large fish and 
becks many small ones. In an account of the flow of 
energy in freshwater ecosystems, Dr M. E. Varley 
of the Department of Zoology at Oxford argued that 
the efficiency with which pike are able to convert the 
flesh of minnows amounts to 50 per cent. In general, 
she concluded, it is easier to cultivate one species of 
fish than to maintain a mixed population of species 
because, in these circumstances, optimum conditions 
for one species could be maintained and maximum 
productivity thus attained. 


Rust Fungus Cultured 


OnE of the topics of discussion during the second week 
of the first International Congress of Plant Pathology, 
which ended at Imperial College on July 26, has been 
obligate parasites and, in particular, efforts to culture 
them away from the host plant. Successful cultures 
provide the opportunity for close examination of the 
growth of the parasite, and, if the need for host. tissue 
can be obviated, there is the possibility of investigating 
the biochemical nature of the part played by the para- 
site in its relationship with the host. There is also the 
prospect of providmg geneticists with permanent 
cultures for use as breeding material in the development 
of resistant strains of the host species. 

There was therefore considerable interest and excite- 
ment when Dr K. J. Seott of the University of Sydney 


rust fungus which causes so much damage to wheat. 
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crops, in an artificial medium. This is something that 
plant pathologists have spent much energy on for a 
good many years, never with complete success. Spores 
from infected plants were placed on a medium contain- 
ing the combination of minerals first used by Czapek, 
as well as sucrose, peptone and yeast extract. After one 
day of incubation at 17° C in a moist chamber, germin- 
ation had occurred and the germ tube had begun to 
grow. After ten days, a network of fungal growth—a 
mycelial mat—had developed, and after two to four 
weeks, stromata bearing uredosopores and occasionally 
teleutospores—the form in which the fungus over- 
winters on the host plant—were seen. Previous 
attempts at culturing this parasite have not succeeded 
in producing the vegetative stage which usually grows 
within the host tissues, and gives rise to the fruiting 
bodies. Dr Scott has been able to use the uredospores 
produced in the culture to infect fresh host plants. 
Puccinia graminis was also cultured on a chemically 
defined medium to obtain some information about the 
growth requirements of the fungus. A medium con- 
taining Czapek’s minerals together with sucrose and 
cysteine supported good vegetative growth. Sulphur 
amino-acids such as cysteine seem to be growth require- 
ments for this fungus. Now that culture of rust fungus 
has been achieved—Dr Scott’s culture has been growing 
for about three years—the way is clear for further 
investigations of growth requirements and other physio- 
logical features which should lead to a better under- 
standing of the effect of the parasite on the host. 


Essential Fatty Acids 


from our Medical Biochemistry Correspondent 


THE poly-unsaturated fatty acids are called essential 
fatty acids because mammals seem to be unable to form 
them from mono-unsaturated or from saturated fatty 
acids. It has often been suggested that the diet of 
advanced Western countries is deficient in essential 
fatty acids, and that this deficiency may be the cause 
of diseases such as cardiovascular disease and multiple 
oo (Bernsohn and Stephanides, Nature, 215, 821: 

967) 

Dr M. A. Crawford has now shown that the propor- 
tions of fatty acids in the muscle lipids which are poly- 
unsaturated differ very much when animals are living 
in wild and in domesticated conditicns (Lancet, i, 
1336; 1968). In domestic beef from Britain, only 
2 per cent of the fatty acids were poly-unsaturated, 
while in buffalo meat from East Africa the proportions 
were 10 per cent in animals living in parkland (which 
was mainly grassland) and 30 per cent in animals 
living in natural woodland surroundings. In a survey 
of different species of wild African animals, the propor- 
tion of the fatty acids in the tissue lipids which were 
poly-unsaturated was between 20 and 40 per cent for 
those living in woodland or bushland environments. 
Those living on grassland, like most domestic animals 
and man, had only 2-8 per cent of poly-unsaturated 
fatty acids in their tissue lipids. Preliminary results 
on the tissue lipids of the heart and aorta showed that 
these lipids possess the same difference in the propor- 
tion of poly-unsaturated fatty acids. The difference 
seems to depend on the proportion of oil-rich woodland 
vegetation as opposed to water-rich grass vegetation 
in the animals’ diets. Dr Crawford feels that the 
proportion of poly-unsaturated fatty acids in the diet 


may be directly linked with the development of ather- ; ie. 
oma, because Dr S. Sikes (Proc. Roy. Soc. Wed., 61, ae 
160; 1968) has already shown that elephants living i in 





grassland and scrubland develop calcification and lipid 


deposits in their arteries which are very similar to 
human atheroma—a condition which has never been 
found in the elephants living in their natural habitat 
of wooded mountains. 

In the same spirit, A. J. Sinclair and F. D Collins 
(Biochim. Biophys. Acta, 152, 498; 1968) have recently 
studied the effects of essential fatty acid deficieney on 
some aspects of lipid metabolism in rats. Rats given 
only saturated fats develop an accumulation of fat 
in their livers, but only when fed a saturated fat diet 
for at least 10 weeks. There is a great increase in the 
concentration of both triglycerides and phospholipids 
in the liver. Although the rate of secretion of trighy- 
cerides to the plasma from the liver is increased, the 
deficient animals have lower plasma concentrations of 
triglycerides and phospholipids. The rate of synthesis 
of fatty acids in the liver is not significantly altered, 
but the serum concentration of free fatty acids is con- 
siderably increased. When the serum lipoproteins are 
separated in the ultracentrifuge, the very low density 
lipoproteins are decreased in quantity and there is 
less triglyceride and phospholipid per unit of protein 
in this fraction. Other agents causing fatty livers 
act much more rapidly, usually, it is thought, by 
decreasing the synthesis of very low density lipopro- 
teins. The authors consider that the decrease in very 
low density lipoproteins in essential fatty acid deficiency 
is not enough to account for the development: of fatty 
liver on its own. There are obviously great changes in 
fat metabolism in the complete absence of poly-un- 
saturated fatty acids, and the long-term effect of a 
relative deficiency may be of great importance. 


Bacteria without DNA 


from our Cell Biology Correspondent 


Hirota and his colleagues lament, in the current issue 
of the Journal of Molecular Biology (85, 175; 1968), 
that if only bacteria without DNA had been discovered 
ten years ago, they would have been a splendid tool 
for studying problems which, today, are understood. 
No doubt Adler and his colleagues (Adler, Fisher, 
Cohen and Hardigree, Proc. US Nat. Acad. Sei, 57, 
321; 1967) felt the same when they discovered minicells 
last year but such is the pace of discovery that most 
of the properties of these cells have been precisely 
predicted. 

Hirota et al. have obtained their cells without DNA 
from a temperature sensitive double mutent, strain 
CRT46, of E. coli K12 which, at 40° C, lacks the ability 
to synthesize DNA but oan® still form cross-walls or 
septa. The mutation which halts DNA senthesis 
apparently affects chromosomal DNA replication spec- 
ifically; phage and sex factors replicate at 40° ©. The 
cells without DNA are produced at 40° C as septa 
split off non-nucleated cytoplasm from the parental 
cell thus forming a multicellular filament with nucleated 
cells in the centre and non-nucleated cells on either 
side. No DNA can be seen in the light and electron 
microscopes in the non-nucleated cells, and, as auto- 
radiography shows, they fail to incorporate thymidine. 
Apart from this, the fine structure of the cell without 
DNA is similar to that of normal cells. 
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They respire normally and so must have an intact 

cytochrome system; glycolysis is normal and at 40° C 
both nucleated and non-nucleated cells have about 
the same DNA polymerase activity. The non-nucle- 
ated cells have very little DNA dependent RNA 
polymerase activity, and it seems that this enzyme and 
the DNA are the only two cellular components which 
are not equally divided when CRT46 divides at 40° C. 
Presumably most DNA dependent RNA polymerase 
is bound to the DNA and, as expected, the burst. size 
after Tę phage infection of cells without DNA is 
about ten times less than that from the infected 
parental Æ. coli. Adler and his colleagues reported at 
this year’s Cold Spring Harbor Symposium that mini- 
cells, like the CRT46 cells without DNA, contain DNA 
polymerase and DNA ligase but lack RNA polymerase. 
They also lack DNA me th viases and photoreactivation 
enzymes. 
— Genetic crosses with CRT46 show that one mutation, 
T46, blocks both chromosome replication and septum 
synthesis and that a second mutation, DivA, restores 
septum synthesis, and hence cell division, but DivA 
can only be expressed if DNA replication cannot be 
initiated. The other remarkable property of CRT46 is 
that, unlike Adler’s minicells, the bacteria without DNA 
are about the same size as normal cells. There must be 
a control system which correlates the increase in length 
of the cell with the position of formation of cross- 
walls and so determines the position of the cross- 
walls with respect to the poles of the cell. The mutant 
of E. coli K12 which produces minicells lacks this 
control. 

Although cells without DNA may not be as valuable 
now as they would have been ten years ago, they may 
come into their own again if techniques for intro- 
ducing whole, heterologous bacterial chromosomes 
and RNA polymerase are developed. Adler and his 
colleagues are already using minicells to study DNA 
transfer during mating and DNA replication. 


The Truth about Chymotrypsin 


from our Molecular Biology Correspondent 


THE second paper from the Cambridge group on the 
results of the X-ray analysis of a-chymotrypsin has 
now appeared (Sigler et al, J. Mol. Biol., 35, 143: 
1968), and has produced a generous bonus of answers to 
questions which have been agitating enzymologists for 
some time. 

In the first place, the crystal structure reflects the 
tendency of the enzyme in solution to associate into 
dimers: in the er ystal, the molecules are organized in 
pairs, related by a pair of two-fold axes Sever al inter- 
molecular hydrogen bonds and an ion pair between the 
terminal residues of twe different chains have been 
identified. These contacts are in the region of the active 
centre, but evidently do not deny access to the sub- 
strate, for enzymic activity has been observed in the 
crystals. 

Difference electron density maps have been obtained 
for the enzyme in the inhibited (tosylated) and free 
states. These reveal, first, a movement of the side 
chain of the serine residue at the active centre (serine- 
195), indicating the formation of a sulphonyl ester with 
the inhibitor and, second, a rotation of the histidine-57 
side chain from a position corresponding to a hydrogen 
bond between an imidazole nitrogen and the serine 
hydroxyl to one in which the hydrogen bond is directed 
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toward the sulphonyl group. These effects are accom- 
panied by a considerable displacement of the methio- 
nine-192 side chain. 

One of the most provoking questions raised by Sigler 
et al. is the relation of chymotrypsin to trypsin. The 
amino-acid sequences of these two enzymes show exten- 
sive homologies and it is clear that the molecules are 
closely related structurally and functionally. The 
inference is that the conformations must also be 
assumed to be similar, and in fact this reasoning was 
recently applied by Dlouka et al. (Biochem. Biophys. 
Res. Commun., 31, 66; 1968) to deduce a model for the 
interaction between trypsin and pancreatic trypsin 
inhibitor. Sigler et al. have fitted the trypsin sequence 
to their a- -chymotrypsin model, and have arrived at the 
interesting conclusion that trypsin contains two di- 
sulphide bonds which are absent in chymotrypsin. 
From the sequence homology, these would correspond 
to bonds between residues 22-157 and 127-232 in the 

chymotrypsin. In reality, these pairs of residues are so 
close together that disulphide bonds could be formed 
between them with a minimum of distortion, if only 
they were cysteine residues. This strongly supports 
the notion of close conformational similarity between 
the two proteins. Moreover, it is consistent with the 
idea, originally enunciated by Anfinsen, that the folding 
of the polypeptide chain determines the pairing of the 
half-cystine residues rather than being determined by 
them. The existence of disulphide bonds must however 
provide a source of stabilization of the correct confor- 
mation, especially under the adverse conditions which 
are hable to exist outside the cell. The suggestion is 
that disulphide bonds will occur for the most part in 
extracellular enzymes, which will be subject to extreme 
and fluctuating environments. (It is interesting to note 
in fact how few bacterial enzymes seem to possess 
disulphide bonds.) 

A comparison of the electron density data with the 
lower-resolution maps obtained from chymotrypsinogen 
by Kraut and his associates has thrown much light on 
the nature of the activation process. First, there is no 
large conformational change, and certainly no appre- 
ciable loss of a-helical structure (as a more daring inter- 
pretation of circular dichroism of enzyme and zymogen 
had suggested). Presumably, then, the creation of new 
chain termini in a-chymotrypsin is responsible for the 
activity. The model shows the formation of an ion- 
pair between the new N-terminus on isoleucine-16 and 
the -carboxylate of aspartic-194. Recent work in two 
laboratories had shown that the enzymic activity 
survives acetylation T all a amino EUU ieee 
that of isoleucine-16. g 
group is EA tne enzyme o inactive 
and this inactivated form is characterized by an optical 
rotatory dispersion resembling that of the zymogen 
rather than the active enzyme. Finally, the di-isopropyl- 
phosphoryl-enzyme (blocked at serine- 195) fails to show 
the transition. The suggestion, then, is that titration 
of the isoleucine-16 amino group causes its partner 

carboxylate group to escape from the interior of the 
protein into the solvent, so reverting to the conforma- 
tion Sted in the zymogen. This migration is pre- 
vented by a large inhibitor attached to serine-195. 
Although the nature of the cata yte me chanism | is aa 


defining the arahen a reguit. 
the closely related proteases trypsin ne cease can 
also be drawn. 
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Hormonal Regulation of Growth and 


Protein Synthesis 


b Regulation of protein synthesis by growth and developmental 
y hormones is built largely into newly formed ribosomes. A topo- 


J. R. TATA 


National Institute for Medical Research, 
Mill Hill, London 


Sinck the pioneering studies of Korner, Mueller? and 
Williams-Ashman’ it has been well established that a 
number of growth and developmental hormones regulate 
the protein synthetic activity of their target cells at some 
level at which the ribosome is involved, but fail to in- 
fluence amino-acid incorporation when added in vitro to 
cell free systems? >. At the same time, most growth 
promoting hormones markedly and rapidly stimulate the 
rate of RNA synthesis im vivo; the use of inhibitors of 
RNA synthesis has shown that some or all of the RNA 
formed under the influence of hormones is important for 
the hormonal regulation of growth and protein synthesis‘. 
These observations quite logically fit into a hypothetical 
mechanism! whereby hormones modulate protein syn- 
thesis through a selective regulation of messenger RNA 
(mRNA) synthesis, much in the same way as inducers 
and repressors control microbial protein synthesis. 

It is becoming increasingly clear, however, that in 
nucleated animal and plant cells protein synthesis can 
be regulated by several processes which are independent 
of the rate of mRNA transcription, especially when pro- 
teins of a short life are formed on relatively stable mes- 
sengers’:*. Higher cells seem to deviate from the sirnple 
regulatory mechanism controlling genetic expression in 
bacteria in at least the following ways. 

(1) Ribosomal RNA (rRNA) is a major product of 
gene transcription in growing nucleated cells. 

(2) There is a high degree of a selective restriction of 
many species of DNA-like or messenger RNA to the 
nucleus? and which are degraded in the nucleus’. 

(3) Cytoplasmic mRNA may be predominantly trans- 
ferred from the nucleus as a complex with ribonucleo- 
protein particles and then directly assembled into poly- 
somes so that the rate of formation or maturation of 
ribosomes or ribosomal precursors could influence the 
response to a growth-promoting stimulus. 

(4) In the intact cell only those polysomes attached to 
membranes of the endoplasmic reticulum (or some other 
cellular structural element) synthesize the bulk of the 
proteins!) 12, 

(5) Mueh of the mRNA in animal cells is long lived 
whereas ribosomes and membranes of the endoplasmic 
reticulum, to which the ribosomes are bound, turn over 
relatively rapidly?)*#3, The whole unit of protein synthesis 
im vivo, that is, the messenger, ribosomes and the struc- 
tural elements, may therefore turn over at not too dis- 
similar rates. 

Because of the multiplicity of hormone actions and the 
diverse evolutionary adaptations of cells to hormones! 
it would be misleading to generalize too much from any 
one of the phenomena I have described, but I hope to 
draw some conclusions which provide new approaches to 
understanding how hormones regulate protein synthesis. 


Direct Translational Control 


The anabolic action of some hormones such as insulin™ 
and ACTH! may be partially a result of some form of 
translational control which regulates protein synthesis 
independently of RNA synthesis in the intact eell. 
Tomkins and Thompson!’ have perhaps made the best 
case for translational control based on their studies on the 


graphical segregation of polyribosomes by attachment to cytoplasmic 
membranes, which are generated in parallel with the additional 
ribosomes, may facilitate the synthesis of hormone-specific proteins. 


induction of tyrosine aminotransferase in cultured hepat- 
oma cells. They suggested that the hormone exerts a 
dual control on the transcription of the mRNA and 
translation of the template for the synthesis of this 
enzyme. In bacterial cells it seems that transcription of 
the message and its translation into protein may be 
directly linked'*, but no satisfactory model for such a 
link has been proposed for animal and plant cells. Tomkins 
and Thompson"? have invoked the existence of a “transia- 
tion repressor” regulating the synthesis of specific enzymes 
so that the hormone or inducer could stimulate enzyme 
synthesis by either inhibiting the synthesis of this special 
repressor or somehow blocking its action on translation 
of the specific mRNA. Hepatoma cells in culture may 
represent a special case, however, and HKenney?® has 
explained the ‘“‘superinducibility” by actinomycin P 
of dexamethasone-induced tyrosine transaminase in 
hepatoma cells as resulting from very high doses of the 
antibiotic. 

Much of the evidence for translational control im viva 
is indirect and based on inhibitor effects which suggest 
that proteins mediating hormone-specific response may 
be short lived and that they are synthesized on relatively 
stable templates'*. Inhibitors of RNA and protein syn- 
thesis (or even other stresses) have, however, been found 
to alter the stability of some hormone-induced enzymes™, 
As far as strictly growth and maturational hormones are 
concerned (such as growth hormone, sex steroids, thyroid 
hormones and ecdysone in animals and gibberellic acid 
and iodoleacetic acid in plants), their principal effect on 
protein synthesis is markedly or entirely abolished if 
RNA synthesis is perturbed by actinomycin D or 5-fluor- 
acil. 


Hormones and Transcriptional Processes 


Ribosomes from immature tissues, or from specific 
tissues of animals experimentally deprived of the natural 
hormones on which the growth and development of those 
tissues depend, are deficient in their capacity to incorpor- 
ate amino-acids into protein. The correetion of this defect 
by hormone administration seems to be built into newly 
synthesized ribosomes during their biogenesis. Within 
the lag period between hormonal treatment and the 
acceleration of cytoplasmic protein synthesis there usually 
occurs a massive increase in the rate of synthesis of RNA 
in the nucleus. The relatively short latent period between 
hormone administration and éhe stimulation of RNA 
synthesis varies from just a few minutes for oestrogen 
acting on the uterus’??? to several hours for thyroid 
hormones acting on mammalian or amphibian target 
coells?3-24, 

It is important to distinguish between changes in 
permeability (or labelling of precursor pools) and a true 
net synthesis of RNA due to hormones. Means and 
Hamilton’! detected an increase in the incorporation of 
’H-uridine into uterine rapidly labelled nuclear RNA as 
early as 2 min after the administration of oestrogen to 
ovariectomized rats but they also found that it was 
accompanied by an increased entry of the labelled pre- 
cursor into the tissue (Fig. la). With the slower acting 
thyroid hormone it was possible to dissociate a rapid and 
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Table 1. LAG PERIOD AND MAXIMAL STIMULATION OF NUCLEAR BNA SYNTHETIC CAPACITY MEASURED IN DIFFERENT WAYS AFTER HORMONE ADMINISTRATION 
In vite 


Hormonet Target 
RNA labelled ia vive t 
Oestrogen Rat uterus’ Stai 2-10 min, 500 per cent 
Growth hormone Rat liveris Lh, 50-100 per cent 
Rat musclet! 
Hydrocortisone Rat Hvert Lh, 300 per cent 
Testosterone Rat prostate? se-s 90 min, 300-500 per cent 
Seminal vesicles** 
Thyroid hormone Rat Hver??? 3h, 350 per cent 
Tadpole Uver*+-? 8h, 600 per cent 


Lag period (time) and maximal stimulation (per cent) 


Chromatin 
activation 


2h, 70 per cent 


RNA polymerase 
High ionic strength 


24 h, 50 per cent 


RNA polymerase 
Low ionic strength 


Lh, 150 per cent 


2h, 80 per cent No effect 

18h, 50 per cent 18 h, 50 per cent inhibition 

2-4 h, 75 per cent No effect 4h, 30 per cent 
2 h, 120 per cent 20 per cent No effect 


12 h, 200 per cent 24 h, 50 per cent 


4 days, 50 per cent 


* Lag period is the time elapsed between hormone administration and a 10 per cent stimulation of RNA synthesis. 
t Hormones administered to immature animals or animals made hormone-deficient. 


t For oestrogen, hydrocortisone and tri-iodothyronine, data are available on the extent to which the incorporation of the labelled precursor represents 
a net synthesis of RNA or may be due to specific activity changea in the acid-soluble components. 


transient change in the specific activity of the nucleotide 
pool from a later but more sustained effect on the true 
rate of nuclear RNA synthesis (Fig. 1b). The first phase 
of what appears to be an early increase in RNA synthesis 
may therefore be a consequence of variations in the size 
of precursor pools. Perhaps an early effect on cell perme- 
ability, or other factors controlling substrate pool sizes, 
which anticipates and possibly facilitates an impending 
increase in biosynthetic activity is a common feature 
of accelerated growth rates. Hormonal regulation of 
RNA synthesis, independent of effects on precursor pools, 
can be demonstrated by the higher activity of RNA 
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Fig. 1. Time-course of stimulations of specific activity of acid-soluble 
fraction, labelling of nuclear RNA and RNA synthesis by isolated 
nuclei in (a) the uterus of ovariectomized rats after a single injection 
of oestradiol-172 and (6) the Hver of thyroidectomized rats following a 
single injection of 3,5,3’-tri-iodothyrunine. Labelling in vivo was 
achieved by 2-10 min pulses of (4) *H-uridine and (6) “C-orotic acid. 
(O) Acid-soluble fraction labelled in vive: (@) rapidly labelled nuclear 
RNA (dashed line represents values obtained after correcting for the 
increase in acid-soluble fraction); (A) RNA polymerase assayed at 
low ionic strength (produci mainly ribosomal RNA); (A) RNA poly- 
merase assayed at high ionic strength (product mainly DNA-like RNA). 
Note the differences in the time scales for the two hormones. Curves 
derived from data in refs, 21-23. 


polymerase in isolated nuclei er by increased chromatin 
template efficiency. Table 1 shows that hormonal stimula- 
tion of the capacity of isolated nuclei or chromatin to 
synthesize, or prime the synthesis of, RNA in vitro is 
often manifested after an increase in the rate of labelling 
of nuclear RNA in vivo has occurred. The activation 
of RNA synthesis by isolated nuclei or nuclear fractions 
following hormone administration in vivo is greater and 
occurs earlier if RNA polymerase is assayed at low ionic 
strength than (a) at high ionic strength or (b) when 
isolated chromatin is transcribed by bacterial polymerase‘. 
The product of the latter two reactions is more DNA-like 
than that formed by the endogenous RNA polymerase 
functioning at low ionic strength; this indicates that the 
transcription of ribosomal RNA is considerably more 
sensitive to hormones than is transcription of other species 
of RNA. Actinomycin D, which is a more potent inhibitor 
of rRNA synthesis than mRNA synthesis, inhibits the 
growth promoting and metabolic actions of many hor- 
mones at lower concentrations than those necessary for 
blocking all RNA synthesis®. 


Nature of Hormone-induced RNA 


What is the nature of the additional RNA formed under 
the influence of hormones? The synthesis of all classes 
of nuclear RNA is influenced by hormones‘ 5:22-21, Claims 
that hormone administration led to a preferential or 
exclusive synthesis of hormone-specific mRNA! have 
either not been confirmed? or have been based on pro- 
cedures of RNA extraction which yield only a part of 
rapidly labelled nuclear RNA (see also ref. 4). This is not 
to say that mRNA synthesis does not play an important 
part m hormonal modulation and direction of protein 
synthesis. Indeed, control of the transcription of struc- 
tural genes at some step in the chain of events offers one 
of the best explanations for the specificity of growth and 
developmental hormones, especially when hormone- 
specific enzyme synthesis is involved. The problem is 
experimentally characterizing the small amounts of 
hormone-specific mRNA formed in the midst of relatively 
vast quantities of labelled rRNA or tRNA. 

Recently, Wyatt and myself** attempted to characterize 
both nuclear and cytoplasmic RNA formed during hor- 
mone action by DNA~RNA hybridization. By annealing 
a constant and small amount of labelled RNA with 
increasing amounts of denatured DNA trapped on mern- 
branes, they observed during the precocious induction of 
metamorphosis in bullfrog or Xenopus tadpoles, or during 
the acceleration of growth of rat-liver provoked by 
growth hormone and tri-iodothyronine, that the nuclear 
RNA formed had a higher absolute content of hybridizable 
RNA but that its hybridization efficiency was lower than 
that of RNA from untreated controls. In other words, 
small increases in the labelling of mRNA and DNA-like 
RNA were engulfed in a considerably higher rate of 
synthesis of rRNA (Table 2). This apparently paradoxical 
finding shows that these hormones do control mRNA 
synthesis and at the same time confirms that the synthesis 
of ribosomal RNA is more sensitive to growth and glevelop- 
mental stimuli than synthesis of mRNA. The situation, 
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Table 2, SOME EXAMPLES OF HYBRIDIZATION WITH HOMOLOGOUS DNA OF RNA SYNTHESIZED DURING HORMONE ACTION - S 
Specific RNA Hybridization 
activity hybridized emidieny — > 
Species Source of RNA Hormonal treatment {c.p.m./ at plateau (per went). 
uae RNA) {Ep} 
Rapidiy labelled nuclear RNA Hx, control 2,004 198 öh 
Rar PNS Hx, 2 days after HGH + T, 3,630 242 43 
Long-term labelled microsomal RNA Tx, control 220 21 Ot 
Ba : Tx, 3 days after T, 393 44 0-7 
Rapidly labelled nuclear RNA Pre-metamorphosis 80 13 ae 
see ed Metamorphosis induced 155 838 g2 
Total body long-term labelled RNA Pre-metamorphosis 87 23 PE: 
ces ad ý : Metamorphosis induced 629 BE p 


Hx, Hypophysectomized; Tx, thyrcidectomized; HGH, human growth hormone; T,, tri-iodothyronine. 


*H-Labelled RNA was used on cellulose nitrate membranes on which denatured homologous DNA was trapped. 
diena by hybridizing a constant amount of RNA with diferent amounts of DNA bound to membranes, 


The hybridization platean level was 
Hybridization efficiency is the percentage 


of radioactive RNA input recovered as the hybrid at saturation levels of DNA/RNA. Further details will appear in Wyatt and Tatas, 


however, may vary from one type of hormone to another. 
When performing competition analyses to determine the 
degree of homology of hybridizable RNA, Drews and 
Brawerman*? showed that growth hormone, which stimu- 
lates overall growth, did not alter the distribution of 
mRNA in the rapidly labelled nuclear RNA. Hydro- 
cortisone, on the other hand, which induced the synthesis 
of a few specific enzymes, produced a shift in the relative 
distribution of mRNA molecules. 

While it is difficult to say why the transcription of 
rRNA cistrons is more sensitive to hormones than that of 
other cistrons, such differential sensitivity is not exclusive 
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Fig. 2. Increase in protein synthetic caparity of cvtoplasmic ribosomes 
coinciding with the appearance of additional polysomes formed as a 
result of hormone administration. g, Effect of a single injection of 
< oestradiol on ovariectomized rat uterus; b, effect of a single injection of 
o -tri-iodothyronine on thyroidectomized rat liver. (A) bicrease in amount 
of cytoplasmic rihosemal population: dashed line indicates the increase 
radioactivity of the newly labelled ribosomes (including potysomal 
adioactivity), (O) Amino-acid incorporation in vitro expressed per 
unit ribosomal RNA. Curves derived from data in refs. 22, 23 and 38. 





to hormones for it is also observed for other growth 
stimuli, such as tissue regeneration and chemical -carcino- 
genesis. An exaggerated acceleration of the rate ef rRNA 
synthesis may be a common feature of rapidly growing 
cells, one which possibly ensures the transfer of small 
amounts of mRNA from the nucleus to the cytoplasm. 


Cytoplasmic RNA and Ribosomes 


The rather abrupt increase of cytoplasmic protein syn- 
thesis stimulated in the target cell by many hormones 
does not occur until the hormone induced ribosomes 
begin to accumulate in the cytoplasm‘, Fig. 2 illustrates 
this for both the relatively rapid action of oestrogen on 
uterine growth and the slower action of tri-iodotayronine 
on hepatic growth. Thus a large part of the hormonal 
effect on protein synthesis may be due to more mRNA 
coding the additional ribosomes or a change in the 
intrinsic amino-acid incorporating activity of the new 
ribosomes or both. Growth hormone and hydro- 
cortisone*® increase the rate of appearance in liver cyto- 
plasm of a 40S ribosomal precursor-mRNA particle just 
before the stimulation of cytoplasmic protein eynthesis 
or induction of specific enzymes. This 408 particle is 
thought to be the immediate precursor of the poly- 
ribosome", It is unlikely that protein synthesis can be 
modulated merely by a regulation of the number of 
ribosomes in the cytoplasm. In faet the protein synthetic 
capacity per unit ribosomal RNA is either lowered on 
the withdrawal of hormones or raised on their replace- 
ment!-*, Part of the overall increase in amino-acid 
incorporation, im vivo or in vitro, must therefore be a 
consequence of either an increase or a re-distribution of 
cytoplasmic mRNA or of some change in the inherent 
efficiency of the ribosome in its translational capacity. 
The results of some experiments that I carried out with 
Wilhams-Ashman*? (Table 3) illustrate how kormonal 
stimulation of growth and protein synthesis is accompanied 
by a simultaneous increase in ribosome and cyteplasmic 
mRNA content as well as by an enhancement of the 
inherent amino-acid incorporating activity of the ribo- 
somes in vitro. In these experiments the virtual eessation 
of growth caused by hypophysectomy of young rats was 
reversed by a combined treatment with growth sormone 
and tri-iodothyronine. The relatively greater inerease in 
amino-acid incorporating activity produced by the addi- 
tion of poly-U to the sluggish rfbosomes from hypaphysee- 
tomized rats compared with that seen with the more active 
ribosomes from hormone-treated animals suggested that 
the endogenous mRNA content per ribosome wes some- 
what increased on hormonal stimulation. (Similar results 
were obtained when the incorporation of isoleucine was 
measured in the presence and absence of poly-UA.) At 
the same time, the absolute incorporating activity was 
considerably elevated by hormonal treatment so that part 
or all of the newly formed ribosomes were inherently 
more efficient in handling synthetic or natural messengers. 


Protein Synthesis and Cellular Architecture 


A variety of mammalian, amphibian and insect growth 
and developmental hormones which cause a simultaneous 
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increase in ribosome population and enhancement of 
protein synthesis, also bring about a re-distribution of 
ribosomes in the cytoplasm (refs. 4, 23, 24 and 42, and 
personal communications from G. R. Wyatt, R. P. Ebstein 
and M. J. Greenstein and from P. I. Payne and D. Boulter). 
The re-distribution may vary from relatively small shifts 
from free polysomes to rough endoplasmic reticulum 
(ribosomes firmly attached to microsomal membranes), 
as in hormone replacement in well differentiated cells of 
mammals (Table 3) to a very profound structural re- 
organization of cytoplasmic protein synthesizing apparatus 
such as that which occurs during hormone-induced meta- 
morphosis in amphibian‘ 4 and insect (personal com- 
munication from G. R. Wyatt, R. P. Ebstein and M. J. 
Greenstein) larvae. 

An important question arises whether a mixture of 
ribosomes formed before and after hormone admunistra- 
tion is simply re-distributed on existing and stable 
structures or whether the hormonal stimulus also modifies 
the formation and type of the membranous elements at 
the same time. A detailed analysis in our laboratory of 
several hormone-sensitive systems has now revealed that 
the latter is indeed the case?*:#4.43.44, An example of this 
effect observed in tri-iodothyronine-induced metamor- 
phosis in bullfrog tadpoles is illustrated in Table 4. It is 
quite obvious from these data and other observations?‘ 
that we are here dealing with a coordinated proliferation 
of ribosomes and microsomal membranes. When micro- 
sornal preparations were treated with increasing amounts 
of the detergent sodium deoxycholate there was a pro- 
gressively greater enrichment in both the newly made 
polysomes and residual membrane phospholipids (pre- 
sumably still associated together) from metamorphosing 
tadpoles than was noticed for preparations from un- 
induced controls. This suggested that the polysomes and 
the membranes to which they are bound may not be in a 
state of rapid exchange as has been inferred from some 
indirect observations*®. Fig. 3 correlates the coordinated 
increase in the rates of ribosome and membrane pro- 
liferation in bullfrog tadpole livers during tri-iodothyro- 
nine-induced metamorphosis on the one hand (Fig. 3a) and 
the distribution of nascent protein formed in vivo on 
membrane-bound or free ribosomes on the other (Fig. 36). 
The same figure also shows that, whether the system is 
under hormonal] influence or not, most proteins are made 
on the heavy rough membranes (that is, membranes with 
a high density of ribosomes). This observation is com- 
patible with the idea that most protein synthesis an vivo 
occurs on ribosomes that are associated with membrane 
structures! ?? although polysomes released from mem- 
branes can, of course, actively incorporate amino-acids 47 
vitro. 

The existence of marked shifts in distribution of ribo- 
somes seen in preparations from tissue homogenates durmg 
rapid development is confirmed by electron microscopy 


Table 3. INCORPORATION OF 4C-PHENYLALANINE INTO PROTEIN BY “FREE” 

POLYSOMES AND POLYSOMES IN LIGHT AND HEAVY ROUGH MEMBRANE FRAC- 

TIONS OF LIVER MICROSOMES FROM NORMAL AND HYPOPHYSECTOMIZED RATS. 

WITH OR WITHOUT HORMONAL TREATMENT: RESPONSE TO POLY URIDYLIC 
ACID (POLyY-U) 


4C.Phe incorporated 


mg RNA/g (c.p.m../10 min/ 
Rats Polysomes tissue mg ENA) 
~Poly-U + Poly-U 
Normal Free 0-57 13,590 38,090 
Light membranes 0-61 18,626 41,840 
Heavy membranes 162 58,800 128,400 
Hx Free 0-44 6,700 30,520 
Light membranes 0-46 14,550 44.250 
Heavy membranes 0-59 40,100 102,900 
Hx + HGH +T, Free 0°66 26,700 86,300 
Light membranes O47 22,630 101,130 
Heavy membranes 1:40 66,000 144,000 


Hormonal treatment consisted of three injections of 75 ug of human 
growth hormone (HGH) at 21, 47 and 74 h before killing and twe injections 
of tri-iodothyronine (Ta) at 47 and 74 h. RNA used for incubation: free 
polysomes, 60-100 xg; light rough membranes, 20-80 mg; heavy rough 
membranes, 50-70 pg. Light and heavy rough membrane fractions consist 
of ribosomes attached to membranes of the endoplasmic reticulum and differ 
from one another by the density of ribosome packing. Other abbreviations 
asin Table 2 and further details are given in ref. 42. 
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Table 4. EFFECT OF INDUCING METAMORPHOSIS PRECOCIOUSLY IN BULLFROG 

TADPOLES ON THE DISTRIBUTION OF NEWLY SYNTHESIZED RNA IN LIVER 

MEMBRANE-BOUND AND FREE RIBOSOMAL FRACTIONS OBTAINED BY TREAT- 
MENT WITH DIFFERENT AMOUNTS OF Na DEOXYCHOLATE 


Specific activity (¢.p.m./Foesga) and 


Conc, of distribution (per cent) of RNA in fractions 
LTadpoies Na deoxy- Membrane- 
cholate bound Polysomes Dimers + < 408 
(percent) ribosomes monomers zone 
Control 0-08 205 (4-7) 227 (21-5) 107 (56-6) 58 (12-0) 
0-16 418 (2-0) 254 (22-8) 92 (53:0) 41 (8:8) 
0-30 —— (0; 238 (18-7) 122 (625) 73 (d45) 
Metamorphosis 0-08 875 (20-5) 480 (33-5) 492 (26-0) 196 (10°5) 
induced 0-16 990 (12°8) 518 (85:1) 681 (32-9) 281 (15-1) 
0°30 1,185 (1-5) 556 (25-8) 675 (29-0) 255 (11-9) 


Microsomal RNA was labelled by injecting 11:5 «Ci of *H-uridine per 
tadpole 22-5 h before killing them. Metamorphosis was induced by the 
injection of 0-7 pg of tri-icdathyronine 6 days before the experiment. The 
different fractions were obtained by sucrose density gradient centrifugation 
of mitoechondria-free supernatant treated with different amounts of Na 
deoxycholate. Figures in parentheses Indicate the percentage of total 
radioactivity delivered on the gradient that was recovered in each of the 
fractions. The “dimers+monomers” fraction also includes ribosomal pre- 
cursor particles smaller than 788. Data from ref. 24. 


on the intact cell (Fig. 4). This topographical re-distribu- 
tion of ribosomal population coincides with the appearance 
of newly formed ribosomes and membranes of the endo- 
plasmic reticulum as well as with an increase in overall 
protein synthesis or the induction of new proteins that 
are characteristic of the metamorphic process, such as the 
urea cycle enzymes and serum albumin*46, Similar co- 
ordinated changes in structure and biosynthetic activity 
have been observed in other hormone-dependent growth 
and developmental systems (ref. 47 and personal com- 
munications from G. R. Wyatt, R. P. Ebstein and M. 
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Fig. 3. Coordinated proliferation of endoplasmic reticulum and the 


inerease in protein synthesis in vive in the heavy rough membranes 
(densely packed ribosomes attached to membranes) during tri-iodo- 
thyronine induced metamorphosis in young bullfrog tadpoles. a, The 
appearance of newly synthesized (labelled with phosphorus-32) heavy 
rough membrane phospholipids (O) and RNA (@); 6, the recovery 
of labelled nascent proteins formed im vivo after a short pulse of radio- 
active aminc-acids (#C-labelled) in heavy rough membranes (C, 
light rough membranes (A) and e polysomes (@). For details see 
ref. 24. 
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Greenstein, and from P. I. Payne and D. Boulter). This 
phenomenon of a dynamic association between cellular 
structures and protein synthesis may be more widespread 
than suspected; for example, the almost simultaneous 
stimulation of phospholipid and RNA synthesis by 
oestrogen*:** and thyrotrophic hormone (TSH)**:** may 
reflect the same complex change, although turnover of 
ribosomes and membranes has not actually been compared 
in studying these systems. 

Coordinated changes in structure and biosynthetic 
activity are not unique properties of hormones but seem to 
be characteristic of cells undergoing rapid development*?. 
During this period there is often a preferential increase in 
those biochemical functions that are associated with 
structures of increasing complexity. Where then does the 
specificity of individual hormones lie in terms of such 
seemingly non-specific phenomena ? ‚Unfortunately, 
methods necessary to detect hormonal specificity at the 
level of translation of specific mRNA have not yet been 
devised but some recent experiments from our laboratory 
on the additive effects of hormones may give a preliminary 
indication of some degree of specificity*®*t, In Fig. 5a 
and b are shown the effects of growth hormone and trı- 
iodothyronine—administered separately and in growth- 
promoting amounts—on the rate at which newly formed 
ribosomes and membranes (to which they are bound) 
appear in the cytoplasm. The two hormones seem to have 
similar effects in the sense that increased rate of forma- 
tion of both of these constituents is coordinated and 
with it the enhancement of protein synthesis in vivo. 
But the different latent periods for the two hormones, 
the differences in the nature of the specific protein syn- 
thesized and the additive effects suggest that the two 
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Fig. 4. Schematic representations ol clectron micrographs showing 
the reorganization of the cytoplasmic membranes and ribosomes during 
hormone-induced metamorphosis in bullfrog tadpole liver sells. a, 
Hepatocyte in a pre-metamorphic tadpole showing small groups of 
ribosomes distributed uniformly, many of them around simple vesicular 
structures. b and ¢, Similar cell in tadpoles 6 days after induction of 
metamorphosis with tri-iodothyronine, showing accumulation of dense 
poo of polysomes, often attached to a more differentiated double- 
amellar type of reticulum. Inset in ¢ shows a higher magnifwation of 
polysomes. N, Nucleus; M, mitochondrion; ER, endoplasmic reticulum ; 
CM, cell membrane; P, typical polysomal chains, rosettes and spirals. 
See Tata*-** for details. 


hormones bring about apparently similar effects in the 
same tissue through different routes. Thus when the two 
hormones were administered simultaneously (Pig. 5c) 
there occurred two stepwise increases in the rates of 
proliferation of ribosomes and the membranes so which 
they were bound, each burst corresponding in its time- 
course and magnitude to that induced by the single 
hormone. Recent estimates of the half-life of bulk mRNA. 
ribosomes and membranes of the endoplasmic reticulum 
in complex animal cells are not as different from one 
another as was thought. 

These results are compatible with, but do not prove, 
three hypotheses: (a) that the biosynthetic response to 
the hormone is largely contained in different groups of 
newly generated ribosomes; (b) that there is very little 
free exchange of mRNA, ribosomes and membranes in 
highly structured cells; and (c) that different groups of 
polyribosomes in the cytoplasth may synthesize different 
groups of proteins, the topographical segregation being 
achieved by a very firm binding to membranes that are 
also generated at rates comparable with those of the 
polysomes. 


Conclusions and Future Problems 


A failure of almost all growth and developmental 
hormones to affect directly any of the processes of poly- 
peptide chain assembly in cell free systems has remained 
a salient observation in studies of hormonal response ever 
since the first studies of Korner’. Even where there is 
evidence suggesting some type of translational control*®-"" 
there is no direct effect on the ribosome in vitro or on 
other factors necessary for amino-acid incorporation; 
furthermore, the intact cell has to be exposed to the 
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hepatic microsomal phospholipkis (O) and RNA (A) and nascent 
microsomal protein formed in vivo (9 following the administration 
to hypophysectomized rats of (a) growth hormone alone, (6) tri-iodo- 
thyronine alone or tc) the two together. The rate of formation of miero- 
somal RNA and phospholipids was determined from the incorporation 
of phosphorus-32 after about 10 h exposure to the isotope whereas the 
rate of protein synthesis in vivo was derived from the incorporation of 
“C-labelled amino-acids within 10 min after their administration, The 
results are expressed as per cent increase in specifie radioactivities in 
hormone-treated animais over the values obtained in untreated controls. 
For details see refs. 43 and 44. 
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hormone for some time before protein synthesis is affected. 
Most growth and developmental hormones probably alter 
the biosynthetic activity of their target cells at multiple 
steps of both the transcriptional and translational pro- 
cesses. Although control of the messenger population is 
one of the simplest ways of explaining hormonal specificity, 
the high sensitivity of transcription of ribosomal cistrons 
to the presence of hormons makes it difficult to detect the 
relatively small changes in mRNA species that are likely 
to occur in differentiated cells (Fig. 6). An exaggerated 
increase in rRNA synthesis during all types of growth 
processes may be a common feature of nucleated cells in 
which the transport of mRNA from the nucleus to the 
cytoplasm is facilitated by ribosomal precursor particles. 
The accumulation of sufficient numbers of polysomes pre- 
coded with normone-specific mRNA would account for 
the easily separable and additive effeets of different 
hormones on the biosynthetic activity of the same tissues. 
Linked to these phenomena is the role of membrane- 
ribosome association which, besides stabilizing the mRNA, 
may restrict free exchange between different populations 
of ribosomes and messengers formed before and after the 
cell is exposed to hormonal stimulus. Such a topographical 
segregation of protein synthesizing units may be advan- 
tageous to cells of higher organisms in isolating adapta- 
tional responses to different environmental conditions 
(hormonal and non-hormonal), thus limiting to a minimum 
any likely perturbations in the orderly synthesis of pro- 
teins that are not involved in any one response, 

Could hormones affect the mechanism that discriminates 
between those species of RNA that do not leave the 
nucleus and the relatively small proportion that do® 5 ? 
The recent observation of Drews et al.™ that the restriction 
of much of nuclear RNA to the nucleus breaks down in 
cancerous cells suggests that the nucleo-cytoplasmic bar- 
riers may not be particularly rigid. It also means that we 
shall have to characterize more carefully both the nuclear 
and cytoplasmic RNA formed under hormonal influences, 
especially in extending the claims already made for the 
transcription of hormone-specific mRNA‘ 145. Further- 
more, what is the significance of the struetural require- 
ments of protein synthesis ¿n vivo? The possibility of 
topographical segregation of different types of proteins 
synthesized in the eytoplasm of complex animal and plant 
cells that I have suggested of course needs experimental 
verification. A recent promising development, and one 
which has not been discussed here, is the possible role of 
a limited DNA synthesis or cell division as a prerequisite 
for the control of specific protein synthesis during develop- 
ment as has been demonstrated by Topper et al.5* for 
prolactin-induced casein synthesis in mammary gland 
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Fig. 6. An over-simplified scheme showing some of the processes regivating protein 


synthesis 


in nucleated cells and their response to the growth-promoting stimulus of hormones. jt is pro- 


posed that the type of growth or development would be determined genetically via mRNA coding 

for specific proteins but that its expression requires the generation of ribosomes and their topo- 

graphical segregation by firm attachment to membranes. The width of the arrows is roughly 
related to the magnitude of response of that process to growth and developmenta: hormones. 
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Fig. 7. Three hypothetical models suggesting how multiple biological 
effects (4,B,C,D) of a hormone (H) may be derived from either a single 
primary site of interaction (X), as in models 1 and 2, or multiple sites 
(X,¥,Z) as in model 3. In the latter model, the result of interaction 
with one of the sites LY) facilitates the expression of slower events via 
another site (Y). The number and length of arrows have been varied to 
suggest that the lag period and degree of remoteness of the various 
actions from the initial site of interaction are different. 
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So far the primary site of action of growth and develop- 
mental hormones has not been identified but the recent 
search by Talwar? and Jensen** for the site of action of 
oestrogen offers one promising approach. Despite some 
claims to the contrary’, the failure of most growth and 
developmental hormones directly to affect transcriptional 
processes in isolated nuclei, chromatin or DNA?-5:72,29 
suggests that structural genes (or repressor molecules 
themselves) respond indirectly to hormones and are not 
their primary site of action. 

Mueh of the current thinking on the mechanism of 
hormone action is based on the assumption that the 
multiple biological actions are all derived from a unique 
interaction at a single site®®6® (Fig. 7). A currently 
popular hypothesis is that some permeability control 
mechanism, such as the regulation of 3’5’-cyclic AMP 
production or degradation, is this unique site (for example, 
the site X in mechanisms | and 2 suggested in Fig. 7). 
Whereas this is likely for some rapid metabolic effects 
of hormones® it does not explain all the actions of growth- 
promoting hormones. For example, the mimicry by 
3’5’-eyclic AMP of some anabolic actions of oestrogen® 
may be only an apparent one caused by changes in 
specific radioactivities of precursor pools without bringing 
about a net synthesis of specific RNA and protein mole- 
cules. A part of oestrogen action involves a very rapid 
adjustment of permeability of the uterus towards nuc- 
leotides and amino-acids. There is also the further 
complication that permeability factors may themselves 
be rapidly turning over and their synthesis may be under 
hormonal influence, as has been suggested for aldester- 
one®, oestrogen®® and thyroxine®*. There is no theoretical 
or practical objection to accepting dual or multiple sites 
of action at least for growth and developmental hormones 
(see mechanism 3 in Fig. 7). This acceptance would 
eliminate many difficulties arising at present from mutually 
exélusive mechanisms such as those based only on regula- 
tion of cell permeability (site X, for example), or only on 
interaction with genes or repressors directing the synthesis 
of specific proteins (say, through site Y). Thus, as sug- 
gested in the third mechanism, an early effect of all 
hormones may involve the re-adjustment of permeability 
barriers. Such a regulation, however (through process A), 
would not by itself impart hormonal specificity but would 
serve to facilitate processes regulating the synthesis of 
hormone-specific constituents (processes B and C). The 
latter, associated with the slower response of growing 
cells that I have described here, would arise indirectly from 
the interaction of the hormone with different sites of aetion. 
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LIVING organisms possess only one of two possible optical 
isomers. There is no generally accepted theory for the 
origin of this asymmetry. In experiments producing 
organic molecules from a simulated reducing atmosphere 
both isomers have been synthesized, and no factor seems 
to favour a particular isomer, or make possible the 
selection of one of thern!. 

No biological significance has been attached to optical 
isomery, except that it is involved in the effects of some 
drugs and hormones. From a thermodynamic standpoint 
it is often emphasized that the kinetics of chemical 
reactions are exactly the same in left and right rotatory 
systems or in racemic mixtures. 

Van’t Hoff? considered the possibility of using cir- 
cularly polarized light to synthesize optically active 
moleeules; he thought this could explain the origin of 
optical asymmetry in living organisms’. Experiments 
confirmed this hypothesis*.*: optically active tartaric acid 
and many other substanees were synthesized in cir- 
eularly polarized light. Kuhn and Braun! illuminated the 
racemic mixture of a-brom-propionie acid with circularly 
polarized ultraviolet light and found that the degree of 
decay of the different antipodes was not the same. In 
this way they could make optically active substances. 
What is the source of circularly polarized light in nature ? 
Apart from some speculation this question has not been 
solved yet. Lee and Yang* have shown that the electrons 
emitted in §-decay are polarized, and if they slow down 
they lose some of their energy by emitting y-radiation, and 
this so-called “bremsstrahlung” is left circularly polarized. 
Thus we have a natural source of circularly polarized 
photons and this seems to be associated with the occur- 
rence of left-handed isomers in living systems. 

I started to work on this problem in 1961, but Vester’ 
had already directed attention to the parallel between the 
asymmetry of matter and the optical asymmetry of meta- 
belites. The relationship between asymmetry at the 
level of elementary particles and at the molecular level 
has been discussed by him and Ulbricht*. They suggested 
that the optical asymmetry found in the Earth is related 
to the structure of matter itself, that is, it is a reflexion of 
the asymmetry of our part of the universe. They obtained 
no unequivocal results to prove their hypothesis. The 
optical activity induced by polarized radiation and cireu- 
larly polarized bremsstrahlung was less than 0-02 per cent 
-not significant’. 

Although I used different methods, my first experiments 
gave equally insignificant results. Racemic mixtures of 
D,L-alanine, D,L-tryptophan and p,L-tyrosine were put 
in 5 ml. flasks with 0-5 mCi of phosphorus-32 in sterile 
conditions. After 1 month there was no measurable 
optical activity, and so I modified the method. Because 
of its significance in optical rotatory studies? tyrosine 
alone was investigated further. p or L-tyrosine was used 
in alkaline solution, in which tyrosine had already been 
observed to decompose very slowly. Strontium-90 Y (in 
equilibrium) was used as a source of polarized 8-particles. 
When this isotope decays 8-particles are polarized, even 
if the nuclei are unpolarized, and the bremsstrahlung 
produced is circularly polarized. I expected that the very 
slow spontaneous decomposition of L and p-tyrosine 
would be affected differently by 6-particles. The com- 
position of the samples is outlined in Table 1. Each 
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When D and L isomers of tyrosine were bombarded with 6-particles 
the D isomer decomposed more quickly. A possible reaction 
mechanism would have relevance to the origin of life. 


$ 


Table 1. COMPOSITION OF SAMPLES 
2 ; 5 mi 80 Me + BEN, ho sha 4 P 
No. of ethanol -+ 2 mg tyrosine "OSr sar Without 
samples 0:2 mi. 2 N E H radio- inactive t Sri 
NaH active 

1 a + + 

2 an seins - 

3 = } + 

4 < p -$ 

5 me fe q4 

6 + + is 
* 25 mh “Sr Y (CF); 0-143 mCi/ml. in 0-95 per cent NaCl: Di mg 


Srtl./ml, 

+ 2-5 ml. Sr in 0-95 per cent Nati; 0-1 mg SrCl,/mi. 

t 2-5 mil. 0-95 per cent Nacl. 

For explanation see text. 
experiment was carried out twice. Another series of 
samples was prepared with 2 N HCl instead of NaOH. 
A high concentration of ethanol was used to prevent 
microbial contamination. 

The samples were kept in the light at room temperature 
and ultraviolet absorbance was measured by a Unicam 
SP 800 registrating spectrophotometer. From each sample 
0-2 ml. was diluted to 3 ml. with stock solution (25 ml. 
of 40 per cent ethanol +1 mi. of 2 N NaOH + 0-237 g of 
NaCl). At the start of the experiment the absorption 
was measured at the beginning of each month: later it 
was measured every 6 months. 

At first all samples showed the same absorption curves, 
which remained so for 12 months with only slight differ- 
ences. After 18 months, however, the absorption curves 
of samples containing strontium-90 in alkaline solution 
were considerably changed. As Fig. 1 shows, the p isomer 
of tyrosine decomposed more conspicuously than the 
L isomer under the influence of polarized 8-particles. The 
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Fig. 1. Decomposition of L and D-tyrosine (as shown by the absorbance 
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absorbance of samples incubated with the unradicactive 
strontium-88 did not alter during the same period (Fig. 2). 

The results were the same in both sets of experiments, 
which suggests that one-handedness of metabolites is 
connected with the intrinsic one-handedness of matter. 
In other words, if racemic molecules were produced on 
the surface of prebiotic Earth, 8-particle decay was prob- 
ably involved in the selection of left-handed isomers by 
causing asymmetric decomposition; if strontium-90 was 
not the source of B-particles, then it might have been any 
other weak interaction such as the decay of sodium-22 or 
phosphorus-32. 

There are insufficient data to suggest a mechanism for 
this phenomenon, Ulbricht and Vester? have summarized 
the difficulties. A direct magnetic effect is unlikely 
because of large differences between the energy level of 
the 8-rays and the molecular electrons. 

Another explanation could be that when 6-rays slow 
down they produce secondary electrons which interact 
differently with D and L antipodes. In this respect, Drude’s’” 
approach to optically rotatory power seems more appro- 
priate than Kuhn’s'! model, in which an optically active 
molecule has an asymmetric set of coupled oscillators. 
Drude assumed that an optically active molecule contains 
an electron which is displaced in a helical path by an 
electric field. According to Davies!*, this can be repre- 
sented quantum mechanically, and evaluated in terms of 
the transition moments between the electronic states 
giving rise to the interaction with radiation. These 
transition moments must have a symmetry character 
corresponding to a helical displacement. A simple 
example would be an electronic transition within the car- 
bonyl group of an asymmetrie molecule from a 2px to a 
2py type orbital. It should be noted that Kauzmann* 
demonstrated that a chromophoric electron moving in a 
helical path generates a positive Cotton effect in optically 
active molecules. l 

Tt is also interesting that B-decay effects the decom- 
position of tyrosine not in acidic solution (Fig. 3) but 
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in alkalic solution. Decomposition of tyrosine m alkale 
solution is an oxidation process, and experiment always 
suggests that the presence of oxygen enhances the ability 
of electrons and y-radiation to effect chemical changes". 

A possible explanation is suggested. If an electron in 
an optically active molecule is constrained to move in a 
helical path, then, depending on the left or right-handed- 
ness of this helicity, it would be expected to interact 
differently with the polarized secondary electrons, or 
with the left circularly polarized y-photons. 

Another consequence of Drude’s concept should be 
mentioned. Because oxidation in living organisms occurs 
through optically active molecules, it seems probable that 
in such cases the excited electrons have some one-handed 
helicity which is maintained in intermolecular electron 
transport. This idea is supported by helicity of optically 
active disulphide in protein? molecules. This helicity 
could be maintained even when the excited electron was 
transported through proteins. In a racemic system the 
left and right-handed helicities will compensate each 
other, but in an optically active one the sum of the 
helical motion of the electron produces a magnetic field 
which must be important in the reaction of the transported 
electrons with the strongly paramagnetic oxygen——-the final 
electron acceptor. Oxygen usually contains two unpaired 
electrons occupying separate orbitals with parallel spin. 
Whether this helical displacement of excited electrons in 
optically active molecules and the magnetic field induced 
can reverse the spin of the electron and trap is at the 
triplet level is a matter for speculation. 

I thank Dr N. Towers, Dr G. Shipley, Dr B. Tregunna 
and Dr J. Zimányi for their help. 
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Ir is usually claimed that electrodynamics is the best 
understood of all known interactions of physies today. 
Most of the problems of classical electrodynamics were 
solved soon after the arrival of Maxwell's field theory 
in the past century. Since then the theory has been 
successfully cast in the four dimensional language of 
special relativity. Attempts to integrate the theory with 
quantum mechanics have not been so successful, however. 
It is true that most predictions of quantum electro- 
dynamics have been experimentally confirmed. The 
remarkable agreement with experiment, however, has 
been achieved in many cases at a cost of mathematical 
rigour in the theoretical framework. Ingenious renormal- 
ization techniques are required to make certain integrals 
converge. 

This state of affairs indicates that the present descrip- 
tion of electrodynamics is incomplete. Opinions among 
experts differ, however, as to where the fault lies. Various 
attempts to eure the theory of is divergences have been 
made but without success. It is important therefore to 
investigate an entirely different approach to quantum 
electrodynamics, especially because such an approach 
works well in classical electrodynamics. 

This approach looks on electrodynamics as a theory of 
direct interparticle action rather than as a theory of fields. 
It was considered in the early part of the present century 
by Schwarzscluld', Tetrode? and Fokker*4. In the form 
given by Fokker the laws of electrodynamics are derived 
from an action principle, the action being given by 
S = — Xf mada — DE caes ff (SF) nu da'dbk (1) 

a a< 
Here a, b,... label the particles; ea, ma being the charge 
and mass of particle a. a‘ are the Minkowski coordinates 
and da the element of proper time on the world line of a. 
Hix is the space-time metric and Sł, the square of the 
four dimensional distance between A and B, typical 
points on the world lines of a and 6. The 4-potential 
generated by charge a at a general point X is defined by 


AD (a) = f ea B(S 2 6) Hix dak (2) 


By virtue of this definition, Maxwells equations and the 
gauge conuitiun are satirfied identically. The equations 
of motion are obtained by the variation of the world 
lines, and are the usual Lorentz-force equations, but 
without self action. 

The theory is completely time symmetrie in its basic 
interactions. According to (2), the field produced by the 
charge a at X is not the usually observed retarded field 
F2 but is given by 


ta ig} 

PS =a il Pa + Piel (3) 

i te) is the ti sversed form of Fl. The presence 
where F“ is the time reversed form of Frer p 


A fresh approach to quantum electrodynamics establishes a strong 
connexion between local electrodynamics and cosmology, and seems 
to support the steady state model of the universe. 


of advanced fields was considered a drawback of the theory 
and prevented further progress until it was reconsidered 
by Wheeler and Feynman’, These authors pointed out 
that (3) was the case for a pair of particles alone. In the 
actual universe there is a large number of particles, and 
interference takes place. If the universe is a perfect 
absorber of all disturbances produced by the motion of 
charge a, then the net field acting on a can be shown to be 


EPO = EP + PUPS - re, (4) 

bra b#a 
The first term denotes the usual (observed) retarded 
contribution from all other particles in the universe 
whereas the second term denotes the radiative reaction 
which damps the motion of a radiating charge. Unlike 
the usual field theory, the radiative reaction does not arise 
from self action but is the result of the response of the 
universe. 

Although this description resolves the paradox of 
advanced potentials, it is incomplete without a specifica- 
tion of the arrow of time. In the static Euclidean universe 
considered by Wheeler and Feynman there was no way of 
distinguishing between (4) and the alternative solution 
obtained by time reversal. Wheeler and Feynman re- 
solved this difficulty by introducing a thermodynamic 
arrow of tune. Snbsequent work®? has shown that this is 
unnecessary. Instead, an expanding universe provides 
an arrow of time in a more natural way. Furthermore, 
whether or not (4) is a self consistent solution depends on 
the cosmological model. Thus (4) is a self consistent 
solution in the steady state cosmology but not in the ever 
expanding Friedman cosmologies. 

This approach has three attractive features which con- 
ventional field theory lacks. First, it establishes a strong 
connexion between local electrodynamics and cosmology, 
thereby providing us with a means of testing a cosmological 
model by a purely local experiment. Seeond, the choice 
of retarded potentials is not arbitrary as it is in the field 
theoretical approach. Instead it can be proved within the 
background of the right kind of cosmological model. 
Finally, this theory is free from the self action difficulties 
which beset the usual field theory. 

Because of these successes of the theory in classical 
physics we have been led to consider its consequences in 
quantum physics. Here we summarize the salient aspects 
of this investigation which is reported in detail in an 
unpublished work. 

First, because there are no fields with their own degrees 
of freedom the question of field quantization does not 
arise. Only the particle tracks are quantized. The theory 
therefrre has to account for those results which are 
beheved to follow from field quantization in the conven- 
tional theory. One such result is the formula for the 
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spontaneous transition probability of an atom between 
specified states. 

The second apparent difference between the two theories 
relates to self action. The effects of self action are usually 
regarded as fully established by the phenomenon of the 
Lamb shift. It might therefore seem as if the direct 
particle approach cannot account for this phenomenon. 
This expectation is falsified by the detailed calculations. 
In fact both the spontaneous transition and the Lamb 
shift can be shown to owe their origin to the response of the 
universe. 

The nature of atomic transitions in the present theory 
can be understood in terms of formula (4) applied to the 
electron a in the atom. The first term in the right-hand 
side is the prescribed field which causes induced transi- 
tions. The second term, however, is not prescribed, but 
owes its origin solely to the motion of a. It represents 
the radiative reaction from the universe generated by the 
motion of a. It is to this term that we must look in order 
to account for spontaneous transitions. The argument 
proceeds in a closed cycle which can be broken into four 
parts: (i) the electron a jumps down in the atom; 
(ii) this gives rise to radiation as in the classical version of 
the theory; (iii) the radiation generates a response from 
the universe; (av) the response from the universe acts as 
a perturbation causing the transition. 

This idea can be expressed in a quantitative form using 
the path integral approach to quantum mechanics. This 
was developed by Feynman’ and has been described in 
detail by Feynman and Hibbs’. This method is eminently 
suited for our purpose although it limits the present 
investigation to wave functions without spin. It is hoped 
to remove this limitation in a future investigation. 

According to the path integral formulation if S is the 
action functional for the behaviour of particle a, the 
probability amplitude for a to go from 1 to 2 is given by 

K(2,1) = E (constant) exp {iS/h} (5) 
where the summation is over all paths from 1 to 2. In 
classical physics Sñ and K(2,1) gets a significant con- 
tribution only along paths close to the classical path 
given by 5S=0. In this way we understand the principle 
of stationary action in classical physics. 

Suppose now that S,[a(+)] denotes the action along a 
path a(t) of a free particle a. The action for a pair of 
interacting charged particles a, b, is given by 


S{a,b] = Sofa] + Sob] + 4r ea en ff Gia ip dai4 db’? (6) 


where the last term on the right-hand side of (6) is the 
generalized form of the Fokker interaction term of (1) in 
Riemannian space. We describe the model of the expand- 
ing universe by the Robertson—-Walker line element. For 
example, the steady state universe has the line element 


ds? = dé? — e?® fdr? + r? (d0? + sin? @ dọ?) (7) 


where H is Hubble’s constant. Considerable simplification 
results from the circumstance that Robertson—-Walkee 
spaces are conformally flat and that the electromagnetic 
equations are conformally invariant. The conformally 
flat form of (7) is 


ds? = (1 — Hq)? [d7? — dr? — r? (dO? + sin? dọ?)} (8) 
For the reasons just mentioned it is more convenient to 


use + as the time coordinate. The quantum mechanical 
behaviour of a is given by the path integral 


fu exp {2S{a,b]/A} Da Db (9) 
Fa 
We proceed to calculate (9) in the following way. 

For a given path a(t) calculate the full retarded field 
at 6. Consider induced transitions of b under this direct 
particle field. The motion of b generates its own time-sym- 
metric field, the advanced part of which is evaluated at a. 
Next the effect of summing over all ba is taken into 
account. Assuming that the universe is a perfect absorber 
along the future hght cone we arrive at the probability 
of transition from a state with wave function ọm(a) and 


energy Em to a state with wave function ọna} and =, 


energy En (<H,»,) in the form 
P(m—>n) = Jff eh (ar) galaj) J om (G4) Pml) diag 


d'ai d'as daz {10} 
where 
J = ff exp [é{Sola(z)] — Solat] F als), a'y 
D'al) Date) C11) 


The functional F includes the response of the universe, 
and can be evaluated by a Fourier resolution of paths 
a(t), a(t’) over a pre-specified time interval. (a, ay are 
the initial and final values of a(+).) 

The following results emerge. (i) For mn the spon- 
taneous transition probability formula of the usual theory 
is obtained. The calculations are considerably simplified 
by the fact that most absorption takes place at cosmo- 
logical distances which makes the wavelength of emitted 
radiation very long. Also it is important that dispersion 
in the intergalactic medium effectively decouples the 
different Fourier components of a(t). These components 
can therefore be treated as independent. This is amalogous 
to the random phasing of field oscillators in the quantum 
field theory although in the present case the randommess 
is shown to be a cosmological effect rather than postulated. 

(ii) The formula (10) can also be applied in she case 
m=n. In this case the wave function 9m is modified in 
its time dependence from exp [—7iE m t/h] to 

exp {[—i(Em + AE mit — yt/2] (12) 
where AE m and y are real. Equation (12) shows shat the 
free particle propagator is modified by the response of 
the universe. It can be readily shown that 

You H ig (m-n) 
Ene Em 

Thus the probability that the atom remains in state om 
decreases as et where y is the spontaneous transition 
probability to any of the lower energy states. AF m is 
the change in energy level Em and has the same form as 
the non-relativistic Lamb shift formula (ref. 9, page 264). 
There is one important difference, however. The non- 
relativistic formula in the usual theory diverges at high 
frequencies, but in this case this formula does not remain 
valid at high frequencies. This is because the response of 
the universe at high frequencies to a relativistic motion 
is different from the extrapolation of the non-relativistic 
formula. The situation is similar to the difference between 
the Fourier components of synchrotron radiation emitted 
by relativistie charged particles and of radiation emitted 
by slow moving particles. This strongly suggests that the 
correct formula for AE m will converge as v=o and with- 
out renormalization. This can be demonstrated once a 
theory of path integrals with spin is available. 

We conclude by emphasizing the important part played 
by cosmology in these calculations. The resulte (i) and 
(1) cannot be obtained in a static Euclidean universe, for 
example. Furthermore, even the expanding models of 
the universe do not automatically yield these results. 
Complete absorption along the future light cone is an 
essential requirement. Of the well known cosmological 
models only the steady state model meets the necessary 
conditions in an unambiguous manner. In our view this 
result goes far towards demonstrating that the steady 
state model is the correct form of cosmology. 


(13) 
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THe apparently random fluctuations in the amplitude of 
pulsed radio sources! contrasts strikingly with the strictly 
periodic nature of the pulses'?. This behaviour suggests 
that the fluctuations do not originate in the source itself 
but rather are imposed by the intervening medium. 
Scheuer®, however, has argued that the amplitude varia- 
tions cannot be scintillations produced by either the 
general interstellar medium or the interplanetary medium. 
A spaced receiver experiment which we carried out in 
May 1968 provides experimental confirmation of Scheuer’s 
conclusion, at least for those fluctuations having quasi- 
periods of up to several minutes’ duration. Our results 
demonstrate that there 1s no detectable time displacement 
between the amplitude variations at the spaced receivers. 
This provides direct evidence that variations in pulse 
amplitude are imposed at or near the source itself. 

The observations were made with the 64 m reflector 
at Parkes, New South Wales, and the 3 km diameter 
radioheliograph at Culgoora, New South Wales. The 
baseline from Parkes to Culgoora is orientated about 40° 
east of north. The hour angle of the baseline is — 37° 26’, 
its declination is 52° 09’ and its length is 325 km. Total 
power receivers closely aligned in frequency to 80 MHz 
and with identical rectangular bandpass characteristics 
of 1 MHz width were used at both sites. The 64 m 
reflector accepted linear polarization, but the ninety-six 
reflectors in the radioheliograph were arranged to respond 


E AA AR AREATA 


I 
fi 
H 
H 


or thy tanrsyM yarn Hat a 


| 
Ay AAAS ay rable 


Simultaneous observations of pulsed radio sources by the 64 m 
Parkes radio telescope and the Culgoora radioheliograph, 325 km 
apart, show that most of the amplitude variations in the pulsed 
signals are imposed at or near the source itself. 


to circular polarization. This scheme eliminated the 
fading of linearly polarized signals at Culgoora caused by 
Faraday rotation. Because the radioheliograph has about 
four times the effective area of the 64 m reflector, the 
signal/noise ratio at Culgoora on even the highly linearly 
polarized pulses was generally better than twice the 
signal/noise ratio at Parkes. The detected signals from 
the receivers were applied to identical chart recorders, 
which had response times of ~ 0-1 s for full scale deflexion 
and chart speeds of 160 mm min-?. 

The pulsars CP 0950, CP 1133 and CP 1919 were each 
tracked for several hours, the observations extending 
from May 23 to May 29. 1968. The degree of correlation 
between the pulse amplitudes at the two receivers varied, 
not unexpectedly, between wide limits; many of the 
differences were probably caused by the combined effects 
of Faraday fading at Parkes and uncorrelated ionospheric 
scintillations at both sites. Additional complicating 
factors in the comparison included occasional strong local 
interference at Parkes and a varying degree of ionospheric 
refraction, which was sometimes strong enough to shift 
the pulsar cutside the narrow (4' arc) beam of the helio- 
graph. There were, however, many intervals of 5-10 min 
when pulses of comparable amplitude were seen consist- 
ently at beth receivers, indicating that at these times 
none of these disturbing factors was serious. The results 
to be discussed here are confined to such occasions. 


| Whaat an ll 





Fig, 1. The upper and lower traces show the pulses from pulsar CP 1133 recorded at Culgoora and Parkes respectively over an interval of 
2-5 min on May 28, 1968. The traces have been aligned to within 0-18. The lower signal/noise ratio at Parkes is caused by the smaller effective 
area of the 64 m reflector. The straight sections on the lower trace denote regions of interference or where time marks have been removed. 
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Short sections of the chart records for pulsar CP 1133 
are reproduced in Fig. 1. The charts from the two 
receivers have been aligned in time to within about 0-1 s. 
If the high level of noise fluctuation on the Parkes (lower) 
trace is taken into account, it is clear that most of the 
pulses arrive at the spaced receivers with similar relative 
amplitudes. A cross-correlation analysis of short sections 
of the records confirms the impression given by Fig. 1 
that the correlation is highest for zero time displacement 
and is significantly reduced by a relative displacement of 
one pulse in either direction along the time axis. Similar 
results were obtained from pulsars CP 0950 and CP 
1919. 

The results demonstrate clearly that most of the 
amplitude variations with quasi-periods ranging from a 
fraction of a second up to several minutes are imposed 
at or near the pulsed sources. Highly correlated patterns 
of the kind shown in Fig. 1 cannot be caused by either 
interplanetary or interstellar scintillations, for the follow- 
ing reasons. 

(1) Because of the motion with respect to the Earth of 
electron irregularities in the solar wind, interplanetary 
seintillations (if correlated over a baseline of 325 km) 
should be displaced by ~ 1s; our cross-correlation analysis 
shows that any time displacement, if present at all, must 
be less than 0:25 s (the pulse period of CP 0950). We 





thus conclude that any interplanetary scintillations — 
present on our records were not correlated at the spaced. 
receivers; it seems likely that some of the decorrelation — 
evident in Fig. 1 is of this nature, 2 

(2) If it is assumed that the Earths motion with . 
respect to the interstellar medium is ~ 30 km s, inter- 


stellar scintillations would be expected to show time -o — 


Our experiment has not eliminated the possibility of 
diffraction by electron irregularities situated close to the 
pulsed sources and associated with them. In such eicum- 
stances the presence of only a very low relative trans- 
verse velocity between the source and diffracting region 
would result in a greatly magnified velocity for the 
diffraction pattern near the Earth. Much longer baselines 
would be needed to detect the presence of such fast-moving 
diffraction patterns. 

We thank Mr ©. S. Higgins for assistance with the 
observations at Culgoora. 
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Since the observation of microwave photons by Penzias 
and Wilson! and their subsequent identification with a 
universal black body radiation, there has been consider- 
able interest in the effects which the radiation would have 
on primary cosmic rays. Greisen*®, for example, has pre- 
dicted that there should be a rapid cut-off in the energy 
spectrum of primary protons because of photo-pion pro- 
duction m the region of 107° eV. More detailed calcula- 
tions®:+ have confirmed this view and current estimates? 
are that the radiation will effectively remove protons 
above 3x10 eV and heavier nuclei at even lower 
energies. Experimentally the nature of the high energy 
cosmic ray spectrum can only be inferred indirectly by a 
study of the extensive air showers produced in the atmo- 
sphere by the particles, and to date only the measurements 
from the Volcano Ranch array®’ give any detailed 
information in this region. Linsley? has observed one 
shower for which the estimated primary energy, Ep, is 
10°° eV and at least three other showers which (using a 
similar method to determine the primary energy) could 
be classified as having Ep > 3x10" eV. Confirmation that 
the primary intensity above 3 x 10? eV exceeds that now 
predicted is of major cosmological importance. Our pur- 
pose here is to report the observation of an extremely 
large air shower detected by the extended Haverah Park 


The analysis of an extremely energetic air shower produced by a 
primary cosmic ray particle of energy >5x 10'? eV is described. The 
flux of particles of this energy is shown to be greater than expected 
under certain assumptions concerning universal black body radiation 
and the location of cosmic ray sources. The observation also 
provides some evidence that the primary particles in this energy 
region are protons. 


array in February 1968, when three of the outer sets of 
detector groups had been incorporated in the array. The 
minimum estimate of the primary energy of the particle 
which produced this shower is #y>5x 10'° eV and there 
are indications that, when more showers in a similar 
energy range have been analysed, this minimum energy 
will be revised to a higher value. 

The Haverah Park array has been deseribed in some 
detail previously*®*, but for convenience a plan of the 
detectors which were operating when the shower was 
recorded are shown in Fig. 3. Before describing the 
method of analysis it is appropriate to discuss the problems 
in relating shower array observations with primary energy 
for Haverah Park and other arrays. 

All shower observations are based on sampling pro- 
cedures in which the nature of the sample depencs on the 
size, type and disposition of the detectors forming the 
array. The detailed samples are not a convenient descrip- 
tion for classification, however, and it is usual to identify 
some shower parameter which can be determined with 
confidence from the sample measurements. The transition. 
from this chosen parameter to the value of Ep involves 
incompletely understood features and a series of models 
is likely to be invoked and their conclusions compared. 
It is clearly desirable that the chosen parameter of shower 
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Fig. 1. 


Pian of the detectors in the ground plane. 


size should be related as closely as possible to what is 
observed, so that the uncertainties of treatment and the 
actual fluctuation of shower development are both en- 
compassed in the relation between this parameter and 
the primary energy. The parameter which first came 
into use for rather small showers and which has been 
extended to apply to very large ones is the number of 
charged particles in the shower. Its adoption was related 
to the process of measurement insofar as the original 
Geiger tube detectors did count charged particles, 

There are two reasons why this parameter is unsuitable 
for use In the Haverah Park array of deep Cerenkov 
detectors. First, these detectors do not count particles, 
and second, for the great majority of showers there are 
no measurements at all in that part of the shower where 
the greater number of particles are concentrated. If the 
response to the electron-photon complex is assigned unit 
weight per incident electron, the response for each incident 
muon proves to have weight greater than two. The 
Haverah Park detectors therefore, among other features, 
are relatively more sensitive to muons than are thin 
detectors and there are strong reasons for believing that 
the fluctuations of muons are less severe. 

What is actually observed can be confidently related 
to the energy loss of the shower complex in 120 g ecm? 
of water (the depth in the detector tanks), and a con- 
venient parameter, Æ, is the energy loss over the whole 
shower front at distances greater than r from the shower 
axis, where r is chosen to be near the minimum radial 
distance for which sufficiently numerous well defined 
measurements are made: for the 500 m (stage 1) array r 
is chosen as 100 m. An intensity normalization with the 
Chacaltaya energy spectrum? suggests Ep~ 140 Eis at 
Ey of the order 2x10" eV (ref. 11), while a detailed 
Monte Carlo calculation by Baxter! gives Ep~ 160 Eio 
for an entrant proton of Ep=9 x 10'* eV. Experimentally 
the Eio energy loss spectrum has a flatter slope than the 
primary energy spectrum, a result which seems reasonable 
from general arguments on shower development. Direct 
extrapolation of the two slopes suggests that for Ep= 
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10° eV, Hyyy~ 1/70 Ep and allowing for errors in the 
existing measured spectrum the factor relating Ey 9) to 
fy can scarcely be less than about 50. For the 2 km 
(stage 2) array, measurements of extroamely large showers 
are likely to he in the range of 0-5 km<r<3-5 km and 
the appropriate parameter is accordingly taken as E goo. 

In all large arrays (for example, Chacaltaya, Voleano 
Ranch, Haverah Park) the chief problem in determining 
the parameter used to describe shower size (whether it be 
electron number or H,) is the accurate location of the 
shower core. Except where the shower axis has fallen 
very favourably and the core can be located by inspection 
assuming only circular symmetry in saower development, 
core location depends on the structure function being 
known accurately in the region from the shower axis in 
which the observations are made. This problem has been 
discussed in detail by several workers™13-15; we wish here 
only to emphasize the general point that if the structure 
function used is too “steep” the shower size will be over- 
estimated. For example, if a simple power law structure 
function of the form r” applies in the region of measure- 
ment an overestimate of 3 per cent in n can lead to a 
20 per cent overestimate of Æ, (this excludes the even less 
favourable situation where the shower axis falls outside 
the geometric confines of the array). 

In analysing this unusually large event it is therefore 
necessary to be particularly careful in the choice of struc- 
ture function used to locate the core. Fig. 1 shows in the 
ground plane those detectors which were operating when 
the shower was recorded. The energy loss recorded at 
each detector, the area of each detector and other relevant 
information about the event are presented in Table 1. 
Initial inspection of the data from the 500 m array alone 
(A1,2,3,4) indicated that the shower was larger by a factor 
of five than any previously recorded during five years of 
operation and for which reasonable analysis was possible. 
The shower axis fell fairly near to detector A3 and, with 
the relevant 2 km detectors in operaticn, in a region where 
good core location was possible. Dezector D was about 
2-5 km from the shower axis. 


Table 1 
Area used Density 
in (equivalens 
Detector measure- Total energy vertical Comments 
ment recorded muons) 
(m) (m-~*) 
Al 2°26 32x10" GeV 590 + 60 Low gain channel 
A2 34 40x 107 GeV 60+ 16 
A3 34 Saturated Saturated Density > 10x Al 
(not used for core 
locations) 
A 34 33x 10? GeV 40 +20 > 
D 183-5 1-1 GeV 0-35 + 0-04 Not used for core 
location 
E 13-5 21 GeV 6-5 + 0-6 
FP 13-5 17-5 GeV KIE + O-6 


Zenith angle, 6= 26°. 
Azimuth angle (with respect to north), 279°. 


Because little experience of data with the 2 km system 
has yet been gained, the structure function to be used in 
core location must be inferred internally and from data on 
considerably smaller showers. From detailed studies of 
~ 30,000 showers recorded in the energy range 6 x 1018 
1038 eV the structure function is found to be sufficiently 
accurately a power law in the distance range 100—-1,000 m 
with a variation as a function of Es given by n = 3-05 + 0-50 
log (Ey99/10*) for showers with zenith angle 9<20°. For 
a group of forty rather large showers with 0<35° and 
Boo ~ 3x106 eV it is found experimentally that a power 
law applies, with n=3-9 m the range 300<7r<1,500 m; 
for 1,500<r< 2,200 m there is evidence for a very slight 
increase of n such that the mean ratio of the observed to 
expected density (with n= 3-9) falls so 0-84 at 2,200 m. 
Beyond 2,200 m no reliable data have yet been accumu- 
lated. Thus, although a further increase of n is probable, 
a value of n= 3-9 was adopted in estimating a lower limit 
for the shower size. All recorded densities (except that 
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at site D) were used in the core location programme. 
The result. of this analysis is shown in Table 2 where the 
distances of each detector in the plane of the shower 
front are presented. 

The parameter most directly determined from our data 
which characterizes shower size is Ess» the energy loss 
in 120 g em? of water at distances greater than 500 m 
from the shower core. The value of Ezo is 6-2 x 1018 eV, 
with an uncertainty of the order of 30 per cent. 

At the present time there is no unambiguous way of 
relating Ho, to Ep and it is necessary to diseuss the 
estimates of Ep derived by different methods of extra- 
polation. If the structure function index n 18 assumed to 
remain constant at 3-9 in the range 100<r<500 m then 
the estimate of Eie is 13x 10!% eV. Although the value 
of n may be reduced for r <500 m it is improbable that it 
will become smaller than the values obtained from the 
well established data on smaller showers which we have 
discussed. Taking n=3-9 for 300<r<500 m and 7=3-5 
for 100<r<300 m. which are minimum values ofn in 
the distance regions in question, an estimate for Eia of 
9-8 x 1017 eV is obtained. Eia is thus about 150 times that 
corresponding to a shower with Ep= 10 eV. As we have 
discussed, however, it seems likely that Hp 250 Eio in 
this energy range. An estimate of Ep=5 x 10% eV is thus 
obtained which, because of the structure function index 
used, is a lower limit. 


Table 2 


Distance from Predicted density 


Detector shower axis (n= 3-9) 
(m) (equivalent muons) 
Al 440 546 m 
A 770 61 
A3 115 1-1 «10% 
A4 810 49 
D 3 450 0-65 (not used in 
analysis} 
E 1,380 65 
E 1,440 5-4 


Result of analysis of data of Table 1 using structure function index, n = 3-9 


{t is possible from the data to make a point by point 
comparison with the data of Linsley* on his largest shower. 
Over a large range of possible structure functions (3-6< 
n<4-8), the distance of site E from the core varies very 
little, being 1,350100 m from the axis in the plane of 
the shower. To compare the density observed there with 
the data of Linsley it is necessary to estimate the number 
of charged particles associated with an energy loss of 
1:56 GeV m. Again it is necessary to extrapolate data 
from showers of much smaller Æp. For showers near 
maximum in the electron number range 107-108, data 
from Voleano Ranch" give the ratio of number of muons 
to all charged particles as 0-061 (2/100)%7* for 80< œR 
<1,000 m, while results from Chacaltaya, again for 
showers near to maximum, suggest that the energy carried 
by the electron-photon component, at distances greater 
than 100 m from the axis, is 100 MeV per electron, a 
value which has been confirmed by independent studies 
(Vernov et al.“ and Kellermann and Towers (private 
eommunication)) and by theoretical caleulations'*. Using 
these results, and extrapolating them to larger showers 
and larger core distances, gives a charged particle density 
at site # (1,350 + 100 m from the core) of 12 m-?; Linsley 
at 1,270 and 1.730 m finds densities of 21 and 8 m>? 
respectively. There is accordingly little doubt that these 
two unusually large air showers are of similar size within 
a factor of less than 2. 

It is necessary to consider critically to what extent the 
observation of showers of such large size necessarily implies 
primary energies as large as assumed here. A change 
in the nature of nuclear interactions at ultra-high energies 
might alter the relation between sea-level observations 
and Æp. In particular the fraction of energy transferred 
to the electromagnetic component is important. Nikolsky's 
has discussed a process—-gammanization—-whereby a large 
proportion of the primary energy goes directly into y-rays 
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and which might destroy the relationship, Hy = 2x 10 Aen 


eV, used by Chacaltaya and Voleano Ranch in deteryore 
ing primary energies from observations of particle number 
at shower maximum, 

Such a mechanism can cause more energy to be present 
in the electromagnetic component at sea-level and hence 
lead to an over-estimate of Æp if a model based on asymp- 
totic values of appropriate parameters at energies ~ 10% 
eV were used to interpret the observation. For Epa 10% 
eV, Nikolsky estimates that conventional analysis would 
lead to an over-estimate by 30 per cent. For Ep~ 3x 10™ 
eV. however, transfer of 70 per cent of the prumary energy 
to 10 y-rays (see ref. 18) might cause the shower maximum 
to occur below the level of observation, because of the 
Landau—Pommeranchuk effect which becomes inportant 
at ~ 10! eV (see ref. 19). The rather similar suggestion 
by Grigorov and his co-workers”? of a single =°-mesor 
taking ~30 per cent of the interaction energy would 
similarly delay the maximum and lead to an under- 
estimate of Ep. Other types of change in the nuclear 
interaction cannot be excluded but in general a device 
which samples the total energy in the shower rather than 
the total number of charged particles may give a less 
biased estimate of Ep. 

Assuming no serious alteration in the characteristics of 
nuclear interaction, the existence of primary particles 
with energies > 3x 10° eV must be considered as estab- 
lished. This has important consequences. If tbe muero- 
wave spectrum is really black body radiation then 1 
implies a rather local source of even the most energetic 
cosmic rays; Burbidge’ estimates that the distance o f 
such a source would have to be less than 3x 10% m 
(10 Mpc). 

To estimate an intensity for comparison with theoretical 
prediction it 1s necessary to use only events which have 
fallen within a well defined collecting area and solid angle. 
For the largest of the Voleano Ranch showers the colleet- 
ing area is not well determined, for those which fell outside 
the geometrical boundary of the array have been included. 
and the zenith angle range is rather large. Restricting these 
data to events within one steradian about the zenith (for 
which estimates of the collecting area are reasonably good) 
Linsley? observed two showers with Hp 25x 10" eV m 
an area of about 28 km? operating for ~ L5 yr. During 
about 5:5 yr Haverah Park has observed one shower of 
E 25x10" eV within 1 steradian on an area of ~ 1 km’. 
A total of three events have thus been recorded in a total 
area—time product of about 50 km? yr sr. From the 
calculations of Hillast only 0-3 events would have been 
expected. 

It is apparent, unless there are unsuspected gross 
systematic errors in the Volcano Ranch and Haverah 
Park estimates of Ep, that the observed rate of showers 
with Ey2>5x 10% eV is much greater than predicted. 


(but at an energy below 10° eV), even if it proved possi ble 
to bridge the gap between measurement and prediction 
for proton primaries, it would be much more d ifieult for 
heavy primaries and the results in this sense favour the 
view that the most energesic primaries are protons, 
Linsley and Searsi*!, using a different experimental teeh- 
nique and by a study of the differences in development of 
showers of the same size, have concluded that all cosmic 
rav primaries with Ey 2 107 eV are of the same mass and 
are probably protons. 

Hillas? has further discussed the modification of the 


It is probably chance that the right ascension and 
declination of the Haverah Park event (322°, 47°) and of 
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the Volcano Ranch event (310°, 47°) agree within the 
limits of angular error of the arrays; the celestial co- 
ordinates of showers in this energy range will, however, 
be closely observed. 

We thank the Science Research Council for their sup- 
port of the experiment at Haverah Park, and one of us 
(D. A.) is indebted to them for a maintenance grant. 
We have had many useful discussions with Dr A. M. 
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Mechanism of Replication of pX-174 Single Stranded DNA 


by Progeny single stranded DNA seems to arise by displacement of 


DAVID H. DRESSLER 
DAVID T. DENHARDT 


Biological Laboratories, 
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THE replication of the single stranded DNA of bacterio- 
phage 9X-174 begins with the laying down of a comple- 
mentary strand on the infecting polynucleotide circle’. 
The intracellular viral DNA molecule thus synthesized is 
termed the “parental replicative form” or parental RF. 
By closure of the ends of the newly polymerized comple- 
mentary strand, the parental RF is converted, if only 
temporarily, into a superhelix DNA molecule? comprising 
two interlocking but separately continuous polynucleotide 
chains. We use the term nonsuperhelix RF to refer to 
an RF molecule at least one strand of which is not a 
covalently continuous circle. 

The formation of the parental RF is mediated entirely 
by pre-existing host cell enzymes*. Indeed this initial 
phase of the virus life cycle can now be duplieated in 
vitrot by the sequential use of two enzymes isolated from 
E. coli-DNA polymerase and DNA ligase. In vive, and 
requiring the participation of both viral? and host* genetic 
information, the parental RF undergoes semi-conserva- 
tive replication’, evidently in association with a special 
site’:*, A population of progeny replicative forms accrues. 
The replication of the parental RF continues at least 
until the appearance of progeny single stranded DNA 
circles and the concomitant maturation of phage particles 
within the infected cell. 

A priort three classes of models can be proposed for 
the synthesis of single stranded ¢X DNA. (1) The 
single stranded viral DNA anolecules could be synthesized 
by a de novo polymerization of deoxyribonucleoside tri- 
phosphate precursors using, as templates, conserved RF 
molecules. Inasmuch as the templates would be fully 
conserved, the synthesis of single stranded 9X DNA 
would be analogous to the synthesis of mRNA. The early 
observations that the net synthesis of RF is greatly 
diminished during single stranded DNA synthesis®; that 
ultraviolet-sensitive BUdR-labelled DNA did not appear 
to be transferred from RF to progeny phage; that the 
infecting single stranded ring is not recovered among the 
progeny phage", and that the parental RF seems to be 
required in order to maintain the viability of the infected 
complex until the appearance of single stranded DNA®, 
led to the proposal!® that single stranded DNA circles for 


plus strand material from precursor RF-type molecules during the 
asymmetric synthesis of new plus strand material. 


progeny phage result from the de novo polymerization of 
low molecular weight precursors using the parental RF 
as the sole and conserved template. 

(2) A second mechanism for obtaining the net synthesis 
of single stranded viral DNA would involve RF replica- 
tion coupled with a nuclease attack on the progeny 
replicative forms so that the complementary or “minus” 
strands were selectively degraded. The remaining viral 
or “plus” strands would then be packaged into phage 
particles. 

(3) Single stranded 9X DNA might arise by means of 
an “asymmetric replication” of the ọX RF. Here a 
single strand DNA polymerase, operating on an RF 
molecule, would lay down new plus strand material while 
displacing the original plus strand material. In the case 
of the displacement model the immediate precursor of 
single stranded DNA could not, of course, be a unit ọX 
replicative form. Rather, a ọX replicating intermediate, 
which we initially define as an RF molecule contain- 
ing an extra measure of DNA, would of necessity be 
involved. 

To distinguish between these models it is necessary to 
be able to perform isotope tracer experiments probing 
the fate of progeny RF and the origin of single stranded 
viral DNA. The pX-infeeted cell has until recently been 
refractory to such biochemical analysis because of the 
continued replication of the Æ. coli chromosome during 
most of the life cycle of the phage!?:14. This problem has 
been resolved by the discovery! that host cell DNA 
synthesis can be preferentially inhibited by the use of the 
antibiotic mitomycin C, provided, for an unknown reason, 
that the host is unable to perform host cell reactivation. 
Thus it is possible to expose mitomycin-inhibited, oX- 
infected complexes to tritiated thymidine and monitor 
the events culminating in the appearance of single stranded 
progeny DNA. 
strongly supports model 3 as the mechanism for the 
production of viral strands during the life cycle of the 
single stranded DNA phages. A recent report of Komano, 
Knippers and Sinsheimer presents experiments which lead 
to similar conclusions”. 
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eX Growth in Cells after Abolition of Endogenous 
DNA Synthesis by Mitomycin 


The ability of cells, the endogenous DNA synthesis of 
which is inhibited by mitomycin, to incorporate tritiated 
thymidine and replicate ọX-174 is shown in Fig. 1. Æ. coli 
HF 4704 (requiring thymine and unable to perform host 
cell reactivation) was grown to early log phase at 31° Cina 
glycerol—-salts medium (m3XD)* supplemented with 5 ug/ 
ml. of thymime. The cells were centrifuged, resuspended 
in starvation buffer'*, and then aerated at 31° C for 30 min 
tc exhaust the last traces of nutrient. Following starva- 
tion, mitomycin C (Calbiochem) was added to the culture 
to 50 ug/ml. Within 15 min virtually all cells lost their 
colony forming potential. 

When the culture had been exposed to mitomycin for 
20 min, an aliquot of the culture was withdrawn to a 
separate bubbler tube while the rest of the cells were 
infected with ọX am-3, a lysis-defective mutant of ọX. 
The multiplicity of infection was 6. During the next 10 
min (min 20-30 of mitomycin treatment) more than 99 
per cent of the phage was eclipsed, assuring that virtually 
every cell became infected and ready to initiate a single 
synchronized cycle of virus replication on the subsequent 
direct addition of growth medium. 

Double strength m3XD, supplemented with thymine 
and carrying mitomycin, was added to both the master 
culture of infected cells and the subculture of uninfected 
cells. Immediately a second subculture was begun-—of 
mitomycin-inhibited and oX-infected cells. Tritiated 
thymidine was added to both subcultures and was pre- 
ferentially used (J. Cairns, personal communication, and 
unpublished experiments of D. H. D.) for DNA synthesis 
despite the presence of non-radioactive thymine. 

Periodically the infected and uninfected subcultures of 
mitomycin-inhibited cells were monitored for the cumula- 
tive incorporation of tritiated thymidine. The open 
circles of the graph show the effect of mitomycin on the 
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endogenous DNA synthesis of Æ. colt. After an i 
brief period of incorporation, the net uptake of 
thymidine by the uninfected cells ceased. In co: 
the limited uptake of *H-TdR by the uninfecte 
the continued incorporation in the mitomyecin-E 
but 9X-infected, subculture. By the end of the è 
period the rate of incorporation per 10? infected ce 
about 2,000 c.p.m./min, which is about 50 per cent of the. 
rate of DNA synthesis found in uninhibited and uninfected: — 
cells. 

An examination of the kinetics of *H-Tdh incorpora- 
tion by infected cells during brief pulse periods at pro- 
gressively later times after the initiation of synchronized 
phage growth shows that the rate of DNA synthesis 
increases during the later stages of the virus life eyele. 
The rates of incorporation per 10? ceils, observed when an. 
aliquot of the master culture was exposed to *H-Tdh 
from 6-11 min, or from 15-18 min, and so on, are given 
in the inset to Fig. 1. These data indicate the rate of 
incorporation was about 700 c.p.m./min at early times č - 
(the period of RF replication), about 2,000 ¢.p.m./min —. 
just when the first progeny phage was beginning fo o 
appear in the culture, and about 4,000 ¢.p.m./mm durmg 
the period of active single stranded DNA synthesis and 
phage maturation. 

The triangles of the graph trace the production of 
progeny phage in the master culture. The first progeny 
virus particles were evident by the sixteenth minute. 
The parameters of the virus life cycle, for example, the 
length of the eclipse period (19 min) and the final burst 
size (~ 200), are identical to those which are seen in the 
absence of mitomycin. 


RF Molecules and Replicating Intermediates as 
Precursors of Single Stranded Progeny DNA 
If tritiated thymidine is administered to mitomycin. 
inhibited, 9X-infected cells for brief but progressively 
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The ability of cells, the endogenous DNA synthesis of which is inhibited by 


mitomycin, to incorporate tritiated thymidine and replicate ¢X-174. Cultures of mitomy- 
cin-inhibited, ¢X-infected and uninfected cells were obtained as described in the text. To 
label intracellular ọX DNA forms, the infected complexes (1 x 10%/ml.) were transferred 
to bubbler tubes already containing *H-TdR. (16-6 Cijmmole from New England Nuclear; 
final TdR concentration: 0-8 zgjimi). The open and closed circles represent, respectively, 


the cumulative incorporation of *H-TdR i 


nto TCA-precipitable material/10’ mitomycin- 


inhibited uninfected and infected cells, The triangles show the mature phage per infected 
cell, assayed** on Æ. coli CR, a strain permissive for amber mutants. 
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longer intervals during phage maturation, one can obtain 
a kinetic study in which the origin of single stranded viral 
DNA from precursor replicative forms and replicating 
intermediates is evident. Fig. 2 shows the results of such 
an experiment, 

Cells the endogenous DNA synthesis of which had been 
arrested with mitomycin were infected with @X and 
exposed to tritiated thymidme beginning at the forty- 
third minute of phage development. By this time forty- 
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five progeny phage had already been matured in each 
infected cell; the final burst size was to be 140. 

At 60s intervals after the addition of label, aliquots of 
the culture were pipetted into equal volumes of acetone 
at — 70° C to stop incorporation. The pulsed cultures were 
collected, lysed with lysozyme and SDS, and exposed to 
pronase. The pronase-digested cell lysates, containing the 








total labelled DNA, were then analysed on neutral sucrose 
gradients. 
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Fig. 2. Replicative forms ang replicating intermediates are the precursors of single stranded DNA. Intracellular qX DNA forma, pulse-labelled 


for progressively longer intervals during the period of single stranded DNA synthesis, were displayed on neutral sucrose gradients. 
labelling was terminated by transfer of the infected complexes to acetone at — 70° i S 
and 0-01 M each of EDTA, KCN and iodoacetate), lysed with lysozyme (200 ugjmi., 20 min, 37° C) and 0-4 percent SDS, and 


pH s-1; 0-1 M NaCl: 


Pulse- 
C. The cells were collected, resuspended in buffer (0-1 M tris, 


exposed to self-digested pronase (250 ug/ml. 6h, 37° C) Sampie of 100 ul. containing the puise-labelled DNA from 6 x 107 cells were layered on 
7 


5-20 per cent sucrose gradients made in 0-05 M iris, pH 8-1, an 
for hats cC. 


The identification of the front-running single stranded DNA 


1M NaCl; the 5 ml. gradients were centrifuged in an SW-29 roter at 86,000 r. p.m. 


peak (fractions 15-16) depends on the isolation of viral DNA from 


labelled phage particles. Material known to be superhelix RF, from its high sedimentation velocity in alkaline sucrose, moves to the intermediate 


position (21-22) seen in these neutral sucrose gradients. 


sucrose gradients (from material pulse-labelled for several minutes) moves as superhelix when re-run in alkaline sucrose, 
material under the superhelix RF peak may be relatively heavy ọX replicating intermediates. ‘The slow moving peak (27~ 


Conversely, much of the material found at the intermediate position of the neutral 


The remainder of the 
28) contains material 


all of which dissociates in alkaline sucrose centrifugation to give DNA sedimenting with S values approximating that of single stranded ¢X DNA. 


All three peaks contain DNA which is infective to spheroplasts'®. A 0-5 ml. CsCl layer (1-8 g/ml. in 20 
neath the 5-20 per cent sucrose gradients to stop the sedimentation of fast moving particles (subsequently 
The bottom of each gradient is to the left; in all cases about 100 per cent of the 


which might be present in the pronase-digested cell lysates. 
input radioactivity is accounted for. 


labelled for 1208. The single stranded DNA appears at or very near fraction 15. 
traces the distribution of label observed when a 45 s pulse is followed by a 13 min chase in the presence of excess 
D, Material from 6 x 10° cells of the 60 s lysate was denatured by the 
5-20 per cent alkaline sucrose gradient containing 08 M NaCl and 0-2 M NaOH, EUT 
Fractions were collected alternately on Whatman No. 5 paper squares for radioactivity assay and in vials containing 0-05 M tris, 


PNA pulse-labeled for 180 s. 
lavered on top ofa 
but for 4h. 


A, DNA pulse-labeled for 60 s during the period 


per cent sucrose) has been placed under- 
identified by centrifugation as phage) 
of single stranded DNA synthesis. B, DNA pulse- 
The dashed line, corresponding to the right-hand ordinate, 
non-radioactive thymidine. C, 
addition of 0-25 volume of 1 M NaOH and 
Centrifugation was carried out as described 


pH 8-1, for assav'*, on non-permissive E. coli C, of the co-sedimented (marker) Xg single stranded DNA. 
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Fig. 3. Neutral sucrose gradient analyses before and after BNDC column purification of early and late intracellular X DNA forms, Enear- 


poration of 9H-TdR was terminated by the addition of sufficient water at 100° C to bring the temperature to 55° C. EDTA was added to 0-015 M, 
After heat denaturation (55° C for 25 min) the cells were centrifuged, esuspey nc’ in 2 ml. of the buffer described in the legend to Fig. 2: exposed 
to lysozyme, SDS, and pronase; and phenol extracted’. Finally the nucleic acics were precipitated twice with 0-1 volume of 3 M Na Ac and 2 
volumes of cold isopropanol, and redissolved in 0-75 ml. of 0-05 M tris, pH 8-1. The DNA from about 10° cells in 0-6 ml. of 2M NaCland 6-02 M 
tris, pH 7, was applied to a 2 ml. BNDC column (20° ©); the column was washed with 0-6 ml. of the same buffer. =A, DNA labelled from 
6 to 21 min after the initiation of phage development. B, DNA labelled from 27 to 30 min—during single stranded DNA synthesis. Open 
and closed circles represent, respectively, 15 per cent of the original DNA preparation and 15 per cent of the column purified preparation. 
Centrifugation was performed as described in the legend to Fig. 2, except that the CsCl cushion was omitted and the length of centrifugation 
was 85 h. Analysis of the 15-18 min pulse-labelled gX DNA (not shown) is nearly identical to the pattern given by the 6-11 min material. 
Sirnilarly the analyses of the 42-45 min and 57-60 min materia] mirror the pattern seen at 27-30 min. 


As Fig. 2A shows, at the end of the first 60 s of pulse containing a 3,000-fold excess of non-radioactive thymid- 
labelling about half of the radioactivity appeared in ine. The subculture was allowed to incubate for a further 
intracellular ọX DNA forms with a sedimentation 13 min. During this time label flowed from replicative 
velocity which is characteristic!’ of non-superhelix? 9X forms and replicating intermediates into single stranded 
RF. Replicating intermediates, similar to RF but con- 9X DNA (Fig. 2B; open circles). 
taming small extra amounts of DNA, would also be ex- We can now reconsider model 1 for the synthesis of 
pected to appear in this position (fraction 27). The rest single stranded progeny DNA. In its most general form 
of the radioactivity seen after 60 s of labelling is found this model predicted the origin of single stranded DNA as 
at the position expected for heavier or more compact RF resulting from the de novo polymerization of deoxyribo- 
molecules (for example, larger replicating intermediates nucleoside triphosphates mediated by the use, as tem- 
or superhelix replicative forms). Virtually no radioactivity plates, of fully conserved parental and progeny RE 
is seen at the single stranded DNA position (fraction 15). molecules. Coupled with the experimental observation 

Denaturation and subsequent analysis of the 60 s that net RF synthesis ceases? at about the time that 
pulse labelled material on an alkaline sucrose gradient single stranded DNA synthesis commences, the model 
(Fig. 2D) indicated that about 95 per cent of the input requires that the existing RF molecules cease replication 
radioactivity was in polynucleotide chains with a sedi- and thereupon serve solely as templates. In these con- 
mentation constant approximating that of single stranded ditions one would not have expected to find that during a 
oX DNA. Thus the label observed to move as non- short pulse period the primary synthetic activity is the 
superhelix RF and as replicating intermediates on neutral incorporation of label into gX replicative forms and reph- 
sucrose gradients cannot consist merely of radioactive cating intermediates*. The label would have been expected 
fragments of newly synthesized DNA non-covalently to flow directly into single stranded pX DNA. 
associated with pre-existing and conserved RF templates. Given that replicative forms and replicating inter- 
It is apparent that the radioactivity peaks somewhat mediates are precursors of single stranded DNA, there 
more broadly than the 9X single stranded DNA marker, are two fundamentally distinct hypotheses to explain the 
consistent with a size heterogeneity in the ẹX replicating net synthesis of single stranded DNA in the 9X-infected 
intermediates. eell—hypotheses which make experimentally distinguish- 

During the second minute of pulse labelling single able predictions about the location of the *H-TdR which 
stranded DNA appeared (Fig. 2B). From the second to is incorporated into the preqursor molecules during a 
the third minute of pulse labelling (Fig. 2C) the net pulse. The “RF replication coupled with minus strand 
synthesis was predominantly of single stranded DNA degradation” hypothesis (2) predicts that a population of 
(fraction 15) and of phage (fraction 5). replicative forms and replicating intermediates labelled at 

The most straightforward interpretation of this kinetic any time during the phage life eyele should acquire radio- 
study is that the label which appears as single stranded activity as the result of balanced semiconservative replica- 
DNA exists first in non-superhelix replicative forms and tion and thus contain equivalent radioactivity in both 
in related repheating intermediates. plus and minus strands. In contrast is the prediction 

Inherent in this interpretation of the kinetic study is 4 
the prediction that the label present m non-superhelix RE * The validity of the argument about the relationship between precursor 

S < ; T Fo ae i T l f and product depends on the assumption that the *H-TdR seen in pales- 
and in replicating intermediates should be unstable and labelled oX RF is not a consequence of the isolation-induced collapse of a 
capable of being chased into single stranded viral DNA. triplex DNA intermediate so as to give rise always to an artificial RP con- 


. ee pie ot cts DAA A 14. taining the old minus strand and the newly polymerized plus strand. (The 
To obtain evidence on this point, one aliquot ofthe culture random collapse of a triplex would be expected to release *H-single stranded 


of mitomycin-inhibited, 0 X -infected cells was transferred, DNA rings even in the shortest pulses—-a condition which is not found.) 
after 45 re f Ise labelli Bae pat le oe bubbler We believe that we have minimized the risk of such a collapse by avoiding 
after 45 s of pulse labelling, to a separate bubbler tube phenol extraction in the purification of pulse-labeled DNA. 
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inherent in the displacement model (3): that during the 
period of single stranded DNA synthesis label enters 
replicative forms and replicating intermediates because 
of the laying down of new plus strand material during the 
displacement of the pre-existing plus strand material. If 
these assumptions are correct the precursors of single 
stranded DNA should be labelled primarily in their plus 
strands. 


Asymmetricaily Labelled Forms during Single Stranded 
DNA Synthesis 


Replicative forms and replicating intermediates pulse- 
labelled at various times after the initiation of syn- 
chronized phage growth were isolated. characterized on 
neutral sucrose gradients, and analysed in DNA-DNA 
hybridization studies to determine the amount of radio- 
activity present in the plus and minus strands. 

Neutral sucrose gradients representing intracellular 9X 
DNA forms labelled before and during the period of single 
stranded DNA synthesis are shown in Fig. 3 (open circles). 
At early times (A) tritiated thymidine was incorporated 
only into 9X replicative forms and replicating inter- 
mediates. At later times (2) concomitant with the active 
maturation of progeny phage, an additional labelled com- 
ponent appeared—-oX single stranded DNA. 

Before hybridization analysis of the location of radio- 
activity in the replicative forms and replicating inter- 
mediates, the samples of pulse-labelled DNA are purified 
by passage through columns of benzoylated, naphthoy]- 
ated DEAE-cellulose (BNDC), a treatment which selec- 
tively removes material on the basis of its single stranded 
DNA content?*. This purification is essential. not only 
to remove labelled single stranded DNA from “late” 
pulsed material, but also to eliminate non-radioactive plus 
strands which accumulate in great excess during the ọX 
life cycle. These non-radioactive plus strands severely 
inhibit the hybridization detection of labelled minus 
strands—-presumably by offering, in the hybridization 
mixture, DNA templates which are complementary to 
minus strands but not immobilized on the membrane 
filter. 

The efficacy of the column purification is evident when 
the pulse-labelled DNA samples are re-examined on neutral 
sucrose gradients (Fig. 3, solid circles). Clarified peaks of 
X RF emerge; the single stranded 9X DNA circles have 
been almost totally removed. It is noteworthy that 
column purification results in a relatively greater loss of 
counts from the intermediate peak (Fig. 3B). This suggests 
that a disproportionately large amount of this material 
contains single stranded regions, as would be expected for 
intermediates isolated during replication. 

Table 1 shows the hybridization properties of oX 
replicative forms and replicating intermediates pulse 
labelled at several stages in the phage life cycle and 
purified by passage through BNDC columns. This DNA 
was isolated from the infection diagrammed in Fig. 1 and 
gave the neutral sucrose gradient patterns shown in Fig. 3. 
It is typical of the pulse-labelled DNA isolated in several 
simular experiments. 

A control for the analysis of the DNA-DNA hybridiza- 
tion data is provided first by the annealing capacity of 
symmetrically labelled RF molecules which have been 
produced in chloramphenicol-inhibited cells. In these 
hosts there is no synthesis of progeny plus strands; RF 
replication is the only possible viral activity. Table 1 
shows that about 25 per cent of the counts present in the 
symmetrically labelled RF will hybridize to filters which 
offer, as templates, an excess of immobilized non-radio- 
active plus and minus strands. About 10 per cent of the 
radioactivity can be detected as annealing to filters which 
contain only non-radioactive plus strands; this is the 
expected extent of minus strand hybridization given that 
43 per cent of the thymines in an RF occur m the minus 
strand and that the efficiency of the hybridization assay 
is about 25 per cent. 
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Table 1. ASYMMETRIC LABELLING OF 9X REPLICATIVE FORMS AND REPLICAT- 
ING INTERMEDIATES DURING SINGLE STRANDED DNA SYNTHESIS 


. Percentage ¢.p.m. able to anneal to 
Source of 7H-DNA RF S85 Rati 


input Ratio 
é.p.m. filter filter 
KF made in chloramphenicol- 4,300 25-1 10-5 2-4 
inhibited cells 
Single stranded çX DNA 4,700 35 Q-2 700 
6-11 Pulse 4,750 26 Tr 34 (3, 2-2) 
15-18” Pulse 1,880 27-5 F8 47 (10, 5:5) 
27—80 Pulse ž,700 24-5 25 9-7 (28, —} 
42-45" Pulse 6,440 27°6 2-1 13-2 (49, 18) 
57’-60’ Pulse 4,720 28:5 15 19-0 (51, 18) 
Gradient purified materia! 3,200 26 0-9 29 


(42—45 pulse) 

_ Membrane filters containing immobilized DNA (2x 10° plus strands, 
isolated frorn mature phage; or 3 x 10° heat denatured RF molecules, isolated 
from cells infected with ọX in the presence of 50 He/ml. of chloramphenicol, 
and purified or preparative alkaline sucrose gradients) were prepared as 
previously described**. The filters, resting on the bottoms of vials, were 
exposed af 65°C for 12 h to BNDC column-purified and heat-denatured 
(100° C for 20 min in 0-05 M tris, pH 8-1, measured at 20° C) pulse-labelled 
pX replicative forms and replicating intermediates representing material 
from about 7 x 107 infected cells. After incubation, the filters were washed?’ 
to remove non-annealed DNA, dried and assayed for radioactivity. 

All hybridizations were done in duplicate; the variations were insignificant. 
The ¢,p.m. able to bind to blank filters scarcely exceeded background. In 
control experiments it was determined that sufficient DNA was available on 
the filters to detect minus strands with maximum efficiency, and total plus 
and minus strand radioactivity with near maximum efficiency. Controls 
also showed that there was no inhibition of the binding of early life cycle 
SH-RF in the presence of late life cycle *H-RF. 

The last line of the table gives the hybridization properties of late life- 
cycle replicative forms and replicating intermediates purified by isolation 
from a neutral sucrose gradient. 

The tritiated replicative forms and replicating inter- 
mediates synthesized early in the oX life cycle (6-11 min) 
showed the expected symmetric hybridization pattern: 
about 25 per cent of the radioactivity hybridized to filters 
contaming both plus and minus strands, and about 8 per 
cent of the radioactivity annealed to filters which con- 
tained only non-radioactive plus strands. But the sym- 
metric labelling of replicative forms and replicating 
intermediates at early times is not found later. During 
the period of synthesis of single stranded DNA the per- 
centage of detectable label incorporated into minus strands 
dropped from its early level of 7-7 per cent to 1-5 per cent. 
The filters which contained both plus and minus strands 
continued to detect about 25 per cent of the total radio- 
activity in the replicative forms and replicating inter- 
mediates. The last column of Table 1 shows the ratio of 
the c.p.m. capable of annealing to RF-containing filters 
to the c.p.m. able to bind to filters containing only plus 
strands. This ratio increased during the course of infection 
and indicates the progressive asymmetry in the labelling 
of oX replicative forms and replicating intermediates. 
Similarly rismg ratios obtained in two other experiments 
are also given. 

Evidently a population of RF-type molecules pulse- 
labelled during single stranded DNA synthesis acquires 
label primarily in plus strands. This is precisely the 
prediction made by the displacement model (3) which 
assumed that a single strand DNA polymerase would 
cause the net synthesis of viral DNA for progeny phage 
particles by operating on a pre-existing replicative form 
or replicating intermediate to polymerize new plus strand 
material while displacing the original plus strand material. 


What the Labelling shows 


Resolution on neutral sucrose gradients of 9X intra- 
cellular DNA forms pulse-labelled for progressively longer 
intervals during synthesis of single stranded DNA in- 
dicates that label flows initially into non-superhelix 
replicative forms and into more rapidly sedimenting 
molecules which appear to represent a continuum of 
replicating intermediates**. From these intracellular viral 
DNA forms label can be chased into single stranded DNA 
cireles. 

Denaturation of the precursor RF molecules and repli- 
cating intermediates and analysis in alkaline sucrose 
centrifugation showed that the label was present in poly- 
nucleotide chains with a sedimentation coefficient approxi- 


a 


result demonstrates that label has actually been incor- 
porated into RF and repheating intermediates and is not 
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present as newly synthesized DNA fragments adhering 
to template surfaces. The alkaline sucrose centrifugation 
suggests that the replicating intermediate does not consist. 
of a minus strand associated with short, incomplete single 
stranded DNA rods. 

Hybridization studies indicated that the radioactivity 
found in the precursor RF molecules and replicating inter- 
mediates is localized in plus strand material. 

Collectively, these experimental findings imply that 
the synthesis of 9X DNA rings involves the displacement 
of pre-existing plus strand material from replicative forms 
and replicating intermediates during the asymmetric syn- 
thesis of new plus strand material. The time and mechan- 
ism by which the displaced plus strand material is circular- 
ized becomes the dominant question. 
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HM Prison, Grendon 


Estimates of the incidence of the XYY sex chromosome 
constitution in a male population regarded as a control 
population have suggested a figure of 1 in 1,500 (ref. 1) 
to 1 in 2,000 (ref. 2). 

These estimates are in marked contrast to the wide 
variation shown in the reported incidence of the “‘extra-Y 
syndrome” im mentally subnormal populations with 
dangerous, violent or criminal propensities found in 
special security institutions. By an odd = chance 
AYY chromosomes were first reported? in an entirely 
symptomless man, “of average intelligence”, not stated to 
be psychologically or criminally abnormal, although it 
was thought worth noting that he had difficulty in 
satisfying various employers. He had been twice married 
and had children by both marriages. The survey carried 
out by Jacobs et al.! at the State Hospital, Carstairs, 
indicated a figure of 3-5 per cent (8 in 197) which a later 
survey of a larger sample of the same population‘ reduced 
to 2-85 per cent (9 in 315). A survey involving examina- 
tion of only those males of six feet and over in height’ 
gave a frequency varying from 24 per cent (12 in 50) ina 
mentally subnormal population detained because of anti- 
social behaviour, to 8 per cent (4 in 50, and 2 in 24) ina 
mentally ill population detained because of antisocial 
behaviour and a criminal population respectively. In 
Australia, three XYY males and one XYY/XYYY 
mosaic were found? in a study of thirty-four prisoners 
selected on the basis of height (69-82-53 in. or 175- 
210 em) from a multipurpose prison where committal 
offences ranged from drunkenness to murder, and where 
some of the inmates were high grade mental defectives or 
psychotics. By contrast. a study in America’ of institu- 
tionalized males of 6 feet and more in height, classified as 
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in a Security Prison 


A chromosomal survey of 204 male inmates from a security prison 
for the psychiatric treatment of offenders revealed five ineividuals 
of abnormal karyotype. 
schizoid personalities. Arson was part of the offence or previous 
convictions of both XYY and one XXY subject. 


Both XYY subjects were homosexual with 


“defective delinquents”, found no AYY karyotypes m a 
group of eleven men with an IQ of 75 or less, nor in a 
group of twelve men listed as most aggressive, dangerous 
or violent inmates”, and only one X YY male tm a group 
of twenty-two inmates ascertained on the basis of being 
at least 74 inches tall. 

These discrepancies in the observation of numbers ofmales 
with X YY sex chromosome complement in specia security 


to present a further population for comparison. 


Results of the Survey 

A total of 204 male inmates, who were corsecutive 
admissions to HM Prison, Grendon--a purpose-built 
security prison for the psychiatric treatment of offenders—- 
formed the population of the present study. The average 
number of inmates at Grendon varies between 170 and 
180, and admissions differ from those of the State Hos- 
pitals in that they are not suitable for action under 
Sections 60 or 72 of the Mentai Health Aet of 1959. 
tion of Diseases? has revealed the following distribution 
of personality traits in previous surveys at Grendon— 
antisocial or asocial 46 per cent. immature 42 per cent, 
inadequate 41 per cent and sexual deviant 27 per cent. 
Assessment for principal psychiatric traits or symptoms 
revealed psychopathic traits in 83 per cent, neurotic 
traits in 59 per cent, anxiety in 48 per cent and depression 
in 45 per cent. The present survey included cetails of 
personal and family history. criminal record, psycho- 
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metric test findings, electroencephalogram (EEG) studies, 
and blood group and Rh-factor findings. Buccal smear 
and peripheral blood samples for chromosomal analysis 
were obtained in every case, and palm prints were also 
taken. 

Of the 204 inmates examined, two were found to have a 
pegative buccal smear and a 47, XYY karyotype, two were 
found to have a positive buccal smear and a 47, XXY 
karyotype, and one was found to have a positive buccal 
smear and a 46, XY/47, XXY karyotype. The two cell 
lines were present in the mosaic individual in the pro- 
portions of 75 per cent XY cells, and 25 per cent XA Y 
cells. The remaining 199 inmates had negative buccal 
smears and normal male 46, XY karyotypes. 

A comparison of the clinical, laboratory and criminal 
record findings for the five individuals of abnormal karyo- 
type with those for thirty-eight individuals of normal 
karyotype taken from the survey who could be matched 
for age as controls is shown in Table 1. Findings for the 
control population are expressed as means and standard 
deviations. It was found that the mean values for the 
“by age” controls (ten aged 22 years, twelve aged 24 
years, sixteen aged 33-36 years) showed no significant 
differences from one another for any given parameter and 
consequently the results for the three populations were 
pooled. It was possible to compare the means for psycho- 
metric test results, and EEG and limb tremor data of the 
38 “by age” controls used in this study with a larger 
Grendon “control” group of varying ages based on 100 
consecutive admissions over one year for psychometric 

tests, and on 340 admissions for EEG tests. No significant 
differences between the two groups emerged for any 
particular finding. 

Because there were few individuals of a given ab- 
normal karyotype, it would be unwise to assume that any 
differences noted between them and the control popula- 
tion were of significance. It may, however, be worth 
noting that the. two individuals of XYY karyotype (as 
also the two individuals of XX Y karyotype) are taller than 
the mean height of the control population, and that the 
mosaic individual is not as tall as the mean height of the 
control population. 

The values for the atd* angles for the left hands of two 
of the XXY subjects lay near the upper limit of the range 
for the control population, while the values for the right 
hands of the same subjects (and for both hands of the 
mosaic individual) lay near the lower limit of the same 
range. These differences are particularly evident for the 


*atd: Formed by lines joining the a triradius at the base of the index 
finger and the d triradius at the base of the little finger to the axis triradius 
in the palm. 


Table 1. COMPARISON OF THE 
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two XXY subjects, and this difference can be ascribed 
to the presence of a secondary ¢ triradius in the instance 
of only one (P/91) of the subjects. 

It was of some interest that while one X Y Y and one XXY 
individual had values for the total finger ridge count and 
ridge width which approximate to the mean value for 
the controls, the values for the other NYY individual 
tended to the lower limit and for the other XXY individual 
to the upper limit of the range for the control population. 

In the personal history of the individuals it was notable 
that arson was the offence for which one XYY and one 
XXY individual had been committed, and appeared 
twice in the previous convictions of the second X YY 


individual. It did not appear in the charge sheet for one 
of the XAY individuals, nor in that for the mosaic 
individual. 


A comparison of the psychometric test findings for the 

individuals of abnormal karyotype with those for the 
controls matched for age is set out in Table 2. The Raven’s 
progressive matrices grading (RPM) for non-verbal 
intelligence together with the sixteen major personality 
factors (16PF) score for verbal reasoning was taken as a 
better comparative indication of intelligence than the 
Wechsler adult intelligence seale (WAIS) rating; the 
latter test is only applied at Grendon to a few highly 
selected individuals who are suspected of having sub- 
normal intelligence. A score of 48-60 for those under 25 
years and 46-60 for those over 25 years is representative 
of the top 16 per cent of the normal prison population. 

High scores on the three sub-seales of the Eysenck 
personality inventory (EPI) are achieved by neuroties, 
extroverts and those who aim at “socially desirable” 
responses. The possible scores for the three sub-scales 
range from 0, to 24, 24 and 9 respectively. (The compar- 
able ranges for the Maudsley personality inventory are 
approximately double those for the EPI.) 

The Institute for Personality and Abihty Testing 
anxiety scale is scored from 0 to 10. Levels from 4 and 7 
are “essentially normal as far as anxiety is concerned”. 

Total scores on the hostility battery range from 0 to 52. 
Any score higher than 20 “significantly indicates hostility” 
The direction scores range from — 34 (extrapunitive) to 
+30 (intrapunitive). Seores greater than +4 or —6 are 
significant. 

Table 2 shows that there is no marked similarity of 
score on any particular psychometric test for individuals 
of a given abnormal karyotype, nor do the mean scores 
for the individuals of abnormal karyotype as a whole le 
outside the limits of the range for the control group. 

While the one AY Y subject (P/47) who was ‘tested had 
a high total score on the hostility battery, this was 


CLINICAL, LABORATORY AND CRIMINAL RECORD FINDINGS FOR FIVE MALES OF ABNORMAL KARYOTYPE WITH THOSE FOR THIRTY 


EIGHT CONTROLS MATCHED FOR AGE AND TAKEN FROM THE SAME POPULATION IN A SECURITY PRISON 
Parameter Finding 
Controls’ 
Subject: P47 P/196 Piet P177 P/s4 (mean è 8.2).) 
Genotype: 47, XYY 47, XYY AYY 7, AAF 46, YEKA VAY 46, XF 
Age (years) 34 23 e 24 36 22- 36 
Height (inches) 72 70 70-5 TLS 6s 69424 — 
Weight (pounds) 146 155 126 133 184 153 + 14-6 
Maternal age (years)* 32 NK 36 23 40 202 C2 
Paternal age (years)}* ° 28 NK NK 28 n K 33473 
Birth rank 5 3 3 i tiy 
Number of children None None None None Soit G-4 (majority 0) 
Blood group Q Q A A A 
Rhesus factor — ye + ye + ve + ye -+ ye 
Dermatoglyphics: f 
Total ridge count: left hand 41 635 93 66 104 73 432 
right hand 5i 70 36 54 an 73 £ 30 
Ridge width: ift hand 9-520 0-602 0-649 0-600 0588 0-568 +0051 
right hand 0-543 8-609 0-619 Q JTS GLD 0562 +0054 
atd angle: left hand 40 41 34 55 33 4228 
right hand 40 47 33 3G 33 4248 
Age at first conviction 34 17 19 . 17 17 Gat 
Number and type of previous convietions Nil §: Arson, lar- 4: Burglary, ler- 3: Car offenses, : Burglary, lar- T45 
ceny, frawd, ceny, violence, malicious ee indecent 
sacrilege rape damage assault 
Present offence Arson for Car offence Burglary andsex Arson for Burglary with 
attack on excitement motivation 


revenge 


* Age of parent at birth of subject. 
t Mean value for general Grendon population. 
NK, Not known. 


elderly female 
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Table 2. 


COMPARISON OF THE PSYCHOMETRIC TEST RESULTS FOR FIVE MALES OF ABNORMAL KARYOTYPE WITH THOSE FOR THIRTY-EIGHT CONTROL: MATCHED ~ 
FÜR AGE AND TAKEN FROM THE SAME POPULATION IN A SECURITY PRISON aA 








Non- a 
verbalin- Verba! Anxiety 
telligence reason- Eysenck personalityinventory battery PE : 
Subject. Genotype (Raven's ing Nettroti- Extro- ; IPAT Hostility battery Psychiatric diagnosis 
progressive 16 PF cism version L (sten Total  Direetion (International classifivation) 
matrices (sten scores) 
grade) Scores) 

PAT 47, XYY 33 i 16 7 2 10 26 +7 (1) Schizoid personality 
(2) Anxiety reaction 
(3) Sexual deviation-~-homosexuaity 

106 47, XYY 46 Nottested 15 17 8 a Not tested Not tested (1) Schizoid personality 

anne (2) Sexual deviation-—homosexuality 
(3) Drug addiction--ampietamimes 

P/O 47, AAY 28 Not tested  44* g* 10* 10 Not tested Not tested (1) Inadequate personality 

l (2) Anxiety reaction 
PAV? 47, XXY 49 bal 9 I7 3 4 15 -8 (1) Immature personalite 
P/d4 46, X VAT, 45 2 12 17 1 9 32 +l (1) Inadequate personality 
XXY (2) Sexual deviation-——posymorphous 
Controls 46, XY 41-3 4-5 16-1 10-5 2:5 s3 282 +2 
(mean t SDD + 6-8 +10 + 5-6 + 3-7 +16 +24 + 4-4 +5 


* These test results are based on the Maudsley personality inventory. 


significantly orientated in an intrapunitive rather than 
an extrapunitive direction. 

The high score achieved by one XX Y subject (P/177) 
on the RPM grading was borne out by the high level he 
also achieved on the 16 PF test. It is interesting that he 
was the only individual of the group to obtain a grading 
on the EPI neuroticism sub-scale comparable with that of 
the mean for the general population as opposed to that 
for the Grendon population. 

A comparison of the EEG and limb tremor data for 
the individuals of abnormal karyotype with those for 
the controls matched for age is set out in Table 3. All 
individuals had had a sixteen channel waking record 
with overbreathing and photic stimulation. Frequency 
analysis of EEG and limb tremor frequency content was 
part of the routine admission survey. Three patients also 
had repeat records to include seconal-induced sleep 
recordings. Routine reports had been made independent 
of the genetic and clinical information, but the records 
were later reviewed as a group for this particular study. 

Table 3 shows that all individuals had abnormalities 
in the waking-resting state, though some of these were 
slight. Although the group was very small the incidence 
seemed rather high for the Grendon intake. Frequency 
analysis confirmed this impression both for the EEG 
and limb tremor data, the values tending towards the 
lower level of those recorded for the control group. 

Individual sleep records showed no special features 
except for one XXY subject (P/177), who showed some 
unusual episodic and complex wave activity resembling 
that seen in the waking state. 


Table 3. 


COMPARISON OF THE EEG AND LIMB TREMOR DATA FOR FIVE MALES OF ABNORMAL KARYOTYPE WITH THOSE FOR THIRTY-FIVE CONTROL 


Trends in the Results 

The incidence of X YY individuals ascertained in the 
course of this survey is noticeably lower than that found 
by Jacobs et al.! in their first survey of a population that 
was almost identical in size with that discussed here, and 
lower than the revised figure given by Price amd What- 
moret for a larger population from the same source. The 
surveys of Casey et alè and in particular those of Welch 
et al? were more highly selective, but the inedence of 
XYY individuals among a small criminal population 
and a larger population classified as of antisocial behaviour 


stato 


$ 
with some degree of mental abnormality quoted by Casey 
indicated that a higher incidence might have been ex- 
pected in our survey. This is underlined by thefact that 
the population surveyed was defined as, “a largely 
recidivist and psychiatrically disturbed population cur- 
rently serving sentences of an average of two years”. 
It is perhaps worth noting, however, that the frst AYY 
individual in this survey was not found until tae karyo- 
types of forty-seven subjects had been examined, and the 
second XYY individual (P/196}) was not deteeted until 
the survey was practically completed. While this must 
be regarded as a fortuitous observation, it is ia marked 
contrast with the results of Casey et al* and indicates 
that examination of a small population, even shough it 
may have been specially selected, as in the survey of 
Welch et al.7, may not detect any individuals of abnormal 
karyotype. 

The general trend noted already concerning heaght!:1¢- 
was also seen here though one of the two XY Y individuals 
was less (70 inches) than 72 inches tall. Of the control 








MATCHED 


FOR AGE AND TAKEN FROM THE SAME POPULATION IN A SECURITY PRISON 
se er eee Hyper- Photic 7 . 
Waking~Resting EEG record ventilation stimulation Finger tremor 
: ; | | . frequencies 
Subject Genotype Frequency content _ a i D Degree of Mean Dominant 
a-Activity a-Dominant Mean Abnormalities of Gand d activity slow wave (3-16 (G-12 
range activity (3-16 ¢.p.s., accentuation cps} ERB) 
(E pB8.) (e.p.s8.) lead P, 01 
PAT 47,4 YY 8-9 8 TR Widespread moderate-severe responsive Slight F HR # 
8 and 4 activity, maximal posteent- 
rally, including bursts* 
P/106 47,4 FY 9-10 9-5 R-i Slight responsive @ activity, maximal Moderate F a7 & 
temporally with recurring midline 4 recurring 
waves 
Pig 47,44 ¥ 10-11 10 &-3 Widespread moderate, partially respon- Moderate Fand H 9-3 3 
sive mainly G activity, maximal tem- +unsustained 
porally, including bursts sharp and 
slow wave 
complexes 
PAT? 47, XXY 10-11 11 Bs Widespread moderate responsive @ Moderate F and sub H+ 7:2 8 
activity, with some A waves, ocea- 2 unrelated 
sionally in bursts, resembling com- slow wave 
plex* coniplexes 
Pisi 46, XY; 4+7, S-10 9 73 Slight/mmoderate responsive scattered 9 Slight F 85 8 
XXY and 4 activity mainly in posterior 
two-thirds 
— Controls 46, XY 10:0. $0 Approximately 10-15 per cent have BG $3 
(mean + S.p.) +075 + 0-68 moderate or greater abnormality 7 tp 
z= BD 


* Less abnormality on repeat test. 





F, Fundamental following: H, harmonic ‘cllowing. 
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population, however, fourteen were between 70 and 72 
inches tall, and five were 72 inches or more tall. This 
number constitutes half the control population and does 
not tend to support the statement that, “half of all men 
over 6 feet in special security institutions are Y ¥—prob- 
ably an exaggeration, but unlikely to be a very gross one’’}5, 

The absence of any characteristic dermatoglyphie 
findings in the X Y ¥ individuals resembled those already 
reported’* and the sole prints of one individual (P/47) 
showed a normal hallucal loop opening into the first 
interdigital interval on both feet, 

The pattern of crime and previous conviction was 
equivocal. One subject (P/196) had six previous con- 
victions and his behaviour pattern began at 1l years of 
age. All his previous convictions were crimes against 
property rather than the person, although he was noted as 
being a persistent homosexual. This behaviour pattern 
resembles that found by Price and Whatmore®. The 
other X YY individual (P/47) showed an atypical be- 
haviour pattern in that his first conviction was at the age 
of 34 years. The conviction, however, did concern crimes 
against property though he, too, was a homosexual, and 
he was noted as having attended a school for mentally 
handicapped children from the age of 12 to 16 years. It 
should, however, be noted that the absence of an early 
delinquent or criminal record does not necessarily indicate 
a late onset of such tendencies. Some individuals may 
have had convictions as juveniles, but these may sub- 
sequently have been disregarded. 

The “intelligence” rating for the XYY subjects did 
not differ very markedly from that of the XY controls 
from the same population. A WAIS rating was obtained 
from the individual of apparently lower intelligence (P/47). 
The finding of 81/108/92 on verbal/performance/full scale 
testing was comparable with the findings quoted by Welch 
et al? and Wiener et al. for XYY subjects of normal 
intelligence. 

The presence of a sexual deviation which was orien- 
tated towards homosexuality in both of the X Y Y subjects 
was striking and also the fact that in both cases this was 
associated with a schizoid affect. While homosexuality has 
been noted”, it does not appear to be a trait that has been 
frequently observed in the history of other XYY indi- 
viduals. A chromosomal study of a group of six homo- 
sexuals! revealed no abnormal karyotypes. 

The incidence of 47, XXY individuals in the present 
survey fits well with the figure of 1 in 100 given by 
Maclean et al.'* for chromatin positive males in most 
mentally defective populations, and of 11-1 per 1,000 
given by Nielsen™ in a survey of 450 male patients with 
mental disorders. Casey et al.” also gave an incidence 
of 0-9 per 100 (12 in 942) XXY males in a survey of the 
Rampton and Moss Side Special Security Hospitals. 
Both higher—1] in 507—and lower——-1-51 per 1,000%5— 
incidences have been recorded in buccal smear surveys 
of eriminal or delinquent populations, but the incidence 
shown here seems to represent the average expectation of 
XX Y individuals in such a population. 

The relatively high “intelligence” scoring recorded for 
one XX Y subject (P/177) was associated with a typical 
Kimefelter diathesis. He yas tall, with a female distri- 
bution of body fat, and had gynaecomastia, scanty body 
hair, drooping shoulders, a broad pelvis, small penis and 
scrotum, and testicular atrophy. Because most ehromo- 
somal studies have been carried out on populations of 
subnormal intelligence, chromatin positive males in the 
“average or normal” or “bright normal’ categories 
appear to be uncommon, but they have been described?4 
where groups of relatively normal intelligence have been 
examined. 

The presence of “moderate” abnormalities in the 
KEG recordings for all the subjects of abnormal karyo- 
type in the present study was in agreement with the 
findings of Wiener et al.*. Mildly abnormal and grossly 
abnormal EEG findings have been recorded?:\4 for X YY 
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individuais subject to grand-mal attacks of epilepsy. 
Abnormal EEG patterns with slowing of alpha waves 
have been noted* as a frequent feature in Klinefelter’s 
syndrome. 

The presence of arson was noted in the offences or 
previous convictions of both X YY males, and also in one 
(P/177) of the XXY males. Larceny was also noted in the 
previous convictions of three of the males of abnormal 
karyotype in the present study. It was clear, however, 
from the records of most of the subjects that larceny was a 
much commoner crime than arson. Court Brown®® has 
noted that a high proportion of males with abnormal sex 
chromosome complements are “institutionalized following 
such anti-social acts as larceny, fire-raising and indecent 
oxposure’’, and suspicion of arson was noted in the case 
history of the 24 year old XYY male reported by Kelly 
et al.. But the incidence of 60 per cent for arson in our 
study was almost double that (30-4 per cent) found by 
Court Brown for individuals in mental defective institu- 
tions, committed for these or similar reasons’. Such 
a finding prompted a comparison of the findings for the 
three arsonists of abnormal karyotype in this study with 
those for eleven other subjects of normal 46, XY karyo- 
type in the survey, all of whom had been committed for 
arson, and two of whom had also had previous convictions 
for this offence. Of these individuals, four were 70 to 
71-5 ches tall, but no significant associations or differences 
emerged in any parameters examined when the results 
for this subgroup were compared with those for the controls. 

The significance of finding individuals of abnormal 
karyotype in institutionalized criminal populations was 
underlined by Wallace Park**, The queries he raised were 
perhaps answered by Price and Whatmore’ when they 
noted in their study of the nine X YY males at the State 
Hospital at Carstairs that the criminal behaviour of 
such individuals had proved in the past to be resistant 
to conventional forms of corrective training and treat- 
ment. 

We thank the Home Office and Dr W. J. G ray, Medical 
Superintendent, HM Prison, Grendon, for permission to 
carry out this survey. We also thank Mr D. Hambry, 
Grendon Pathological Laboratory. and Mr R. G. Edwards. 
Oxford MRC Research Unit, for technical assistance. 
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LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 


Interstellar Magnetic Field 


Roger and Shuter? have pointed out that the recent 
measurement (Smith?) of the interstellar magnetic field 
from the Faraday rotation of the plane polarized radio 
waves from the pulsar CP 0950 may be interpreted as a 
combination of ionospheric and interstellar rotation. 
They conclude that the upper limit of 2x 10-7 gauss for 
the interstellar field should be replaced by an actual 
value of about 10-° gauss. 

This interpretation is based on values of the iono- 
spheric electron density obtained only from estimates of 
the penetration frequency at the time of observation. 
The actual values of penetration frequency at the Radio 
and Space Research Station, Slough, are available through 
the kindness of the director, and they show that the new 
interpretation is not justified. From 18h to 22h UT on 
April 3, 1968, the penetration frequency fell linearly from 
7 MHz to 4:8 MHz. Roger and Shuter quote a value of 
7-6 MHz at 20h UT. Our present estimate of the iono- 
spheric contribution is less than theirs by a factor of just 
over two chiefly because of this difference. Their calcula- 
tion must therefore be revised to read: Measured rotation, 
+4 radians; ionospheric contribution, +6 radians; 
interstellar contribution, —2 radians. The original 
conclusion is unchanged, and the upper limit of the 
interstellar magnetic field remains at 2x 107 gauss. 

F. G. SMITH 
University of Manchester, 
Nuffield Radio Astronomical Laboratories, 
Jodrell Bank. 
Received June 17, 1968. 
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Magnetic Cut-off of Extragalactic 
Protons in the Galactic Disk 


ACCORDING to the results of extensive air shower experi- 
ments, as inferred from observed electron densities, the 
integral energy spectrum of cosmic particle radiation 


ve 
{dEsdQS f(#,A,Q2), where f is the combined distribution 
E A 


function of energy E, atomic number A and direction Q, 
is of the form E-’, with yœ 1-6 for E < ~ 108 eV, y= 1-8 for 
~ 108 eV<H< ~10% eV and yx 1-6 for E> ~ 10" eV. 
There is still some uncertainty about the exact position 
of the first knee and about the existence of the second one. 
If they really exist, they may be consequences of the 
transition from galactic to extragalactic contributions 
caused by the presence of a large scale ordered magnetic 
field in the galactic disk. The chemical composition of 
cosmic particle radiation, [dQ f(#,A,Q), which is well 
known in the low energy range, has also been the object 
of intensive, though still inconclusive, investigations in 
the high energy region E > ~10'4 eV, by the measurement 
- of the muon content! or from the core structure of exten- 
sive air showers? in connexion with Monte Carlo simula- 
tions of cascade development’. The amplitude of possible 











anisotropic contributions to the angular distributio 
x f(#,A,Q) has been found to be within the bmits o 


statistical error, which are typically of the order of O1 per. 
cent for E< ~10!6 eV (refs. 4 and 5), of the order of I 
per cent for ~ 10% eV<E< ~ 10% eV (ref. 6) and oft 
order of 10 per cent for E > ~ 10$ eV. When study i 
magnetic cut-off, the combined distribution “wnetion. 
f'(e,) of magnetic rigidity p=H/Ze and direetion $e — 
may be considered instead of f(E,AQ), where 2 is the 0 0s 
charge number corresponding to A. 

The observed distribution function is expectec to con- 
tain galactic as well as extragalactic contributions. Extra- 
galactic particles may be assumed to be isotropically 
incident on the galactic disk. If the structure of the 
magnetic field of the galactic disk is at least partly closed, 
the angular distribution of extragalactic particles 1s 
expected to be isotropic in the neighbourhood of the Sun 
within the region of magnetic rigidity p> max. po (S2), 
where ¢(Q) is the cut-off rigidity for extragalactic 
particles reaching the Earth from the direction 42. The 
angular distribution of extragalactic particles is axpected 
to be anisotropic in the neighbourhood of the Suna within 
the region of magnetic rigidity mm. po ($%)<e< max. 
0» ($2), because of the existence of Stoermer cones. There 
will be no extragalactic particles with 9 < min. s4,(&) im 
the neighbourhood of the Sun. Purely galactic radiation 
is therefore expected to reach the Earth with p<min. 
o~(), whereas a mixture of galactic and extragalactic 
contributions may be present with p>min. p.(S). 
Changes in the form of the rigidity spectrum: are ob- 
viously expected for p=min. ¢.(8&) and for p=max. 
Pol). The corresponding changes in the form of the 
energy spectrum may be smeared somewhat because of 
the presence of particles with different charge to mass 
ratios. Cut-off rigidities p(Q) have been calculated for 
extragalactic particles. These cut-off rigidities are defined 
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Fig. 3. ẹ Cut-off energies for extragalactic protons reaching the Earth from various directions. 


by the time s/e spent by the particles within the region 
less than distance r from the galactic centre before reach- 
ing the Earth from the direction Q. Calculations have 
been performed by numerical integration of the equations 
of motion for cosmic ray particles, using a model for the 
large scale ordered magnetic field H of the galactic disk. 
This is supposed to be the appropriate procedure at 
extremely high energies, whereas at low energies the 
fluctuations H’ of the magnetic field will be important and 
a diffusion theoretical approach would be applicable. 

A model has been constructed for the large scale 
ordered magnetic field of the galactic disk as a basis for 
the calculation of high energy cosmic ray particle trajec- 


tories (unpublished work of Thielheim and Langhoff). A 
survey of high energy particle transfer has been given in a 
paper by Thielheim and Langhoff at the First European 
Symposium on Cosmic Rays, at Lodz, Poland, 1968. 
This model is not a map of the magnetic field existing in 
the galaxy. Tt does not inchide details of the local field 
structure such as bending, branching or divergence, or 
contributions from the galactic centre, which, because of 
geometrical considerations, have no influence on the con- 
clusions proposed here. The galactic halo, for which we 
have little information’, is not included. The model 
does, however, have some essential features of the existing 
field. In the model, the geometry of the galactic arms is 
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determined by a spiral function, shown in Fig. 1. There 
are two arms starting from opposite sides of the galactic 
centre, which become equidistant at larger distances from 
the centre. The distances of the inner windings from the 
galactic centre are 4 kpe, 7 kpe and 10 kpe along a straight 
line towards the position of the Sun. In the “galacto 
magnetic coordinates” used here, the position of the Sun 
is Ro =10 kpe, ¢9=65° and zę =—85 pe. At the 
same time, the spiral function forms the backbone” of 
the magnetic field structure. The magnetic field in the 
galactic arms is of quasi-longitudinal structure, that is, 
the lines of force run in approximately opposite directions 
on beth sides of the equatorial plane. The projection of 
the field vector on the equatorial plane is constructed 
with the help of a unit vector ay=R, cose+[2, R,] sine 
where ¢=are tan [ọ(R)+b R?/(k?+ R?)]; a, is obtained 
by rotation of the tangent vector to the spiral function 
around the galactic centre. Thus the field is proposed to 
be of the form H=a,H,,+7 f2,. Ha, is symmetric with 
respect to R and antisymmetric with respect to 2; it 
has its maxima along the line of the spiral function. Hg, 
vanishes rapidly outside the region of the galactic disk 
and has to be adjusted to its observed dimensions. Ha, has 
also to be adjusted to the observed mean field strength, 
which is about 10- gauss (ref. 8). These properties of Ha, 
are achieved by the following form: H g,=cz exp (—2*/ 
Za”) exp (—R2/R,*) [l—exp (— R?/R})] [1 +a? cos? (9-9 
(R))| with a=2, c=5x10 gauss kpe, A,=10 kpe, 
R,=2 kpe, zọ= 0:175 kpe. As an illustration, lines Ha, = 
const. are shown in Fig. 2. H, is obtained from Ha, 
with the help of div H=0 and appropriate boundary 
conditions. 
Cut-off rigidities 9,(Q) are presented in the form of 
cut-off energies for extragalactic protons in Fig. 3, where 
= 100 kpe and r= 20 kpc. One may consider two conelu- 
sions: (a) min. By .(8)=2 x 10" eV and max. Ej 99(&) = 
6 x 1017 eV, as found from this diagram, are not far from 
the empirical values mentioned before. The approximation 
made by neglecting the fluctuations H’ of the field is not 
expected to have a great influence on this result. Of course, 
there is a further approximation because of the calculation 
of Ey o(S2) instead of Eo (Q), the latter values being 
somewhat lower than the former. Furthermore, there are 
still the uncertainties connected with the empirical values; 
(b) a notion of the structure of the Stoermer cones for 
extragalactic protons may be obtained from this diagram. 
The angular distribution of extragalactic particles is 
expected to be much more sensitive to irregularities of the 
field occurring in the vicinity of the Earth than the limits 
of magnetic rigidity, however. The fluctuations of the 
field will cause a smearing of the angular distribution of 
galactic as well as extragalactic particles. We feel there- 
fore that the calculated result is consistent with the fact 
that so far no anisotropy of the total cosmic particle 


radiation has been found in this energy region. 
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Correlation between Solar Activity and 
the Brightness of Jupiter’s Great 
Red Spot 


Ir may be interesting to note in connexion with the letter 
of Graf, Smith and McDevitt? discussing the correlation 
of solar activity and brightness of Jupiter's great red 
spot that the brightness of the Jovian spot seems to 
have two maxima for each single maximum of the Zurich 
sunspot number. It has been pointed out, particularly by 
Gnevyshev?, that a number of aspects of the solar cycle 
behave in a similar manner. Perhaps the most striking 


of these is the incidence of proton flares (see especially 
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Venus Map: a Detailed Look 
at the Feature £ 


Rapar studies of Venus have shown the existence of 
relatively permanent topographic prominences on its 
surface. These features rotate with the planet and return 
to radar view year after year. Because of the peecuhar 
rotation period of Venus, the same features return very 
nearly to the same apparent position at the time of 
closest approach. The feature known as § is the “brightest” 
and hence most favourable to observe at these times. 
Several other features are brighter, but are on the otber 
side of the disk and are not presented to view until the 
radar range is much larger. 

3 and the other features were first located by a technique 
which is sensitive to only one dimension, the technique 
of radar Doppler shift!-*. It has been established that 
their reflectivity at 12-5 em is significantly stronger than 
that of the average regions of Venus. They also have the 
ability to depolarize microwaves, that is, if right eir- 
cularly polarized waves are bearned toward Venus, the 
reflexions from the features contain a much larger per- 
centage of right circularly polarized energy than the 
surrounding areas. This indicates that the features are 
relatively rough to the seale, of a wavelength, 12-5 cm. 
It is not known whether the features are mountains or 
craters or fields of boulders or some other such rough 
formations. 

To gain information about the actual size and nature 
of the region 8. we have studied it with the two-dimen- 
sional technique using both radar range and Doppler 
shift?. This results in a two-dimensional radar map of the 
area. It is a unique map exeept for a north-south am- 
biguity, that is, there are usually two points, roughly 
symmetric about the equator, which have the same v alues 
of Doppler shift and range. The results of our earlier 
studies, taken over several conjunctions of Venus. 
demonstrate that the highly reflecting areas are in the 
northern hemisphere. The location of the mapped region 


358 


UE 


Area of radar map. 





Fig. 1. 


in relation to the overall surface of Venus is indicated in 
Fig. 1 by the rectangle in its upper left part. The grid of 
latitude and longitude circles shown here represents a 
frame of reference characterized as follows: the Venus 
rotation vector pierces the surface at latitude — 90°. The 
zero meridian is the location of the sub-Earth point at 
the 1967 inferior conjunction. 

The map is shown in Fig. 2 where the darker regions 
represent areas of significantly higher than average 
reflectivity. This map was obtained as a weighted average 
of seventeen probings of Venus using the enhanced radar 
capability of the Jet Propulsion Laboratory 210 ft antenna. 
These experiments were conducted between August 12 
and September 11, 1967. Of the three distinct regions 
shown here, the one located at latitude 26° (6) was covered 
by ten of the seventeen observations. The one at latitude 
35°, previously identified as 5, was covered by six observa- 
tions. The third region at longitude — 40° was covered 
by three probings only and should thus be treated with 
some reserve pending further experimental verification. 
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It is the nature of extended rough radar targets to show 
statistical variation. This is so because very small changes 
in aspect angle can cause large changes in reflected power. 
Hence averages over many hours of observation are needed 
to produce reliable radar maps. 

Some of the observations have shown a detailed struc- 
ture for region B. The relatively high noise associated 
with these observations, however, precludes their use in 
a single observation map. It is anticipated that further 
observations coupled with improvements in the processing 
of the data will, in fact, yield a more detailed map. In 
addition, many other features have been recorded and will 
be the subject of a larger map. 

This work was sponsored by the 
nautics and Space Administration. 
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Todorokite in Manganese Nodules 
from a British Columbia Fjord 


CONCRETIONS of iron and manganese oxides and hydrous 
oxides—objeets commonly called manganese nodules— 
are widely distributed not only on the deep-sea floor but 
also in shallow marine environments. Such concretions 
were not known te occur north of Cape Mendocino in the 
shallow water zones bordering the North-East Pacific 
Ocean until the summer of 1966 when they were recovered 
by one of us (J. W. M.) in dredge samples from Jervis 
Inlet, a fjord approximately 50 miles north-west of 
Vancouver, British Columbia (Fig. 1, inset ma A 

The nodule site {Fig. 1, cross-hatched area) lies within a 
medial depression just below the crest of a submarine 
ridge which is probably of late Pleistocene origin, for 
ridges located in a corresponding position in other British 
Columbia inlets are known to have been formed during the 
Sumas Stade of the Fraser River Glaciation?. The nodules 
are quite soft and friable and could not have withstood 
the rigours of glacial transport. Recent sponges with 
manganese oxide coatings are also found on the ridge and 


Table 1, COMPOSITION OF THE CRUST OP JERVIS INLET MANGANESE NODULES 


Sample A* B 
&, Soluble RITS 81-09 
Fraction Seluble Insoluble Soluble Insoluble 
Fe,0, 765 306 6-55 2-45 
e0 aem 1-79 nem 1253 
MnO 51-70 0-10 52°31 O- 1G 
Sid, 23 64-9 nee 87-1 
Al,O, 0-4] 15-8 O71 16:3 
Tio, 096 0-62 O85 0-58 
P0; T Tt 0:72 O46 
NaO 1-08 a2 1:05 B37 
K,0 til 1-52 1-18 PSI 
MgO 319 2-24 3°36 EBB 
Cao 1-54 3:19 1-56 3-17 
Bad 27 O-AS 0-36 ORS 
Moo, O41 0-007 0-049 0-006 
V0; 0-028 mi 0043 — $ 
Coo 9-020 ~ 0-Q22 — 
NiO 1-040 wa 0-060 on 
cud PGBA — O-O14 a 
“ng 0029 a DOB56G am 
Pbo ND on ND —_ 
TeO, MOI G20 = 
St), p15 - mme = 
CO, 0-56 ~~ a = 
Nat] 1oo oo 1-09 mmn 
Active O 1912 we 10-09 ~~ 
H,O- ASI 93 8-84 -Od 
H,O78 8-83 2-94 829 2-17 
Sum GOS? 100-08 96-44 10058 


AR analyses are presented as weight percentages on an air dried basis. A 


dash indicates no analysis and ND means not detected. 


* Sample A (the unfractionated crust) also contains 0-0012 per cent Cr.0,. 
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it is reasonable to conclude that the nodules have formed 
in situ and that their maximum possible age is about 
12,000 yr. 

The nodules invariably contain a nuclear rock fragment, 
usually granodiorite, and oceur in two distinct growth 
forms: spheroidal masses up to 4 em in diameter and 
discoid masses up to 10 em in diameter. One of each type 
was selected for chemical analysis. The discoid type (sample 
A, Table 1) had a rim-like encrustation, about 1:5 em 
thick and 2 em wide, which encircled the central rock 
nucleus. The spheroidal type (sample B) had a rock core 
covered by an encrustation about 0-8 cm thick. The 
samples were prepared for analysis by removing the 
nucleus, grinding the crust to pass through a 0:34 mm 
nylon mesh, mixing 10 g of this powder with 200 ml. of 
solution that contained 10 ml. of hydrochloric acid and 
10 g of hydroxylamine hydrochloride and, after heating 
almost to boiling, separating the sample into soluble and 
insoluble fractions by filtration. The analytical results 
(Table 1) suggest that there is no major difference between 
the composition of the two types of encrustations. One 
of the trace constituents, tellurium, has apparently been 
detected in manganese nodules only once before’. 

The crust of a nodule was purified by magnetic separa- 
tion and hand picking of detrital silicates and the d- 
spacings of minerals in the resulting concentrate deter- 
mined by X-ray powder diffraction (Cu Ka radiation). A 
Table 2, THE ATOMIC PROPORTIONS OF CATIONS AND THE MOLECULAR PROPOR- 


TION OF WATER IN TODOROKRITE® (COLUMN 1) AND IN THE SOLUBLE FRACTION 
OF JERVIS INLET SAMPLE A (COLUMN 2) 


(1) (2) 
Mn 4:89-5-22 5:06 
Mn+’ 0-78-1-30 O78 
Mg* 0-14-0:57 0-63 
Cat 90-19-071 0-23 
Na 0:05-0:30 02T 
K 0-03-1) 20 0-19 
Total 68-93-727 T18 
HOHH? 3-06-3-88 3°83 + 


* Inchiding Co and Cu. 
+ Including Sr and Ba. f 
+ Probably includes some water from iron oxides. 
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Location map (inset) and bottom topography (20 fathom contour interval) of Jervis Inlet manganese nodule site. Cross-hatching 
indicates the area from which nedules have been recovered. 


similar X-ray analysis of the insoluble fraction of one of 
the crusts indicated that the only lines not characteristic 
of detrital minerals were those with d-spacings of 9-6, 4°34, 
3:19 and 2:45 A. There were additional possible lines 
corresponding with d-spacings of 8-0, 7-4, 7:0, 3-9 and 
9.5 A. These data suggest that the dominant manganese 
mineral in the crusts is todorokite!*, a mineral the X-ray 
powder pattern of which has been observed previously in 
both shallow water and deep sea nodules’. Straczek, 
Horen, Ross and Warshaw’, suggesting that the chemical 
formula of a unit cell of todorokite might be written as 


(Ca, Na, Mn+?, K) (Mn*!, Mn*?, Mg), Or” 3 H,O, 


computed the atomic proportions (the number of atoms per 
unit cell) of each of the major cations in six samples from 
Cuba and one from Japan; the range through which they 
varied is shown in column 1 of Table 2. Columa 2 gives 
the results of a similar calculation using the data for the 
soluble fraction of Jervis Inlet sample A negiecting 
H,O-"°, the sodium balanced against chloride ( presumably 
derived from sea salt) and any other constituent not in the 
formula. When so reduced, the composition of the 
soluble material is in good agreement with thas of well 
documented examples of todorokite. 
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Trace Element Identification of the 
Source of Obsidian in an 
Archaeological Site in New Guinea 


OBSIDIAN artefacts were found in an archaeological site, 
in a level dated to 470 pc +110 yr (ref. 1), on the island 
of Watom, 3 miles off the north coast of New Britain. To 
determine where this artefact obsidian originated, trace 
element determinations were made on the artefacts and 
on five samples of voleanic glass from known occurrences. 

The glasses are grey to black banded obsidian with 
conchoidal fracture except one from Rabaul, which is a 
black porphyritic glass with a blocky fracture. They 
were analysed for Ca, Mg, Fe, Mn, V, Ti, Nb, Zr, Sr, Ba, 
La and Cu, using a Jarrell-ash Ebert grating spectro- 
graph, calibrated using the international standard rock 
samples?, 

There are three known obsidian occurrences in New 
Guinea separated by distances of 300 miles (personal 
communication from G. A. Taylor). The most northerly 
one is an old caldera rim now protruding above sea level 
on the islands of Lou and Baluan in the Admiralty group. 
South of this are the obsidian flows at Talasea on the 
Willaumez Peninsula of New Britain. The third source is 
the Lamonai crater on Fergusson Island in the D’Entre- 
casteaux group off S.E. Papua. 

The porphyritic glass occurs as cobble sized lumps in 
the lower tephra of the last major eruption of the Blanche 
Bay volcanic complex at Rabaul. All these voleanic 
centres are Pleistocene to Recent in age. 


‘Table 1. RESULTS OF SPECTROGRAPHIC DETERMINATIONS 


Rabaul Baluan Louis. Talasea Fergusson Watom 
Ca Per cent 2-51 1-03 0-88 0-94 0-53 0-82 
Mg 050 0-19 17 12 12 O14 
Fe TL 2°03 161 0-91 0-94 91 
Mn P.p.m. 1 at 630 550 490 340 470 
Vv n.d. n.d, n.d, md. md. 
Ti 5100 2,100 1,950 1,550 1,600 1,500 
Nb nd, 50 54 nd. n.d. nd. 
ÈT 170 400 310 140 270 140 
Sr 320 120 OG 250 130 200 
Ba 57 1,000 920 749 1,000 650 
La n.d. 50 35 n.d. 38 n.d. 
Ca 20) 7 § 53 3 7 


n.d., Not detected. 


Table 1 shows the results of the spectrographie de- 
terminations. Fig. 1 shows the artefact values plotted 
along the vertical axis and those of the geological samples 
along the horizontal axis. Where these values are equal 
they fall on the 45° line. Increasing distance away from 
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this line is a measure of increasing dissimilarity in com- 
position. The diagram shows that the Rabaul glass 
differs most from the Watom artefacts. 

The archaeological sample from Watom Island has a 
major and minor element composition virtually identical 
to that of the Talasea obsidian flow (filled squares in 
Fig. 1) and is very different from the Rabaul glass. The 
data indicate that the Talasea obsidian flow was the 
source of the obsidian in the Watom Island site. 

The analyses were carried out in the spectrochemical 
laboratory of the Department of Geophysics and Geo- 
chemistry of the Australian National University, using 
the methods of Dr S. R. T aylor®, whose help, and that of 
Mrs M. J. Kaye, is gratefully acknowledged. G. A. 
Taylor, of the Australian Bureau of Mineral Resources, 
supphed the samples of obsidian. 

C. A. Key 
Department of Anthropology (Prehistory), 
Australan National University, 
Canberra. 
Received May 13; revised June 24, 1968, 
t Polach, H., Radiocarbon, 10 (2) (in the press). 
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Silica Balance of the Ocean 


Harriss! recently published a silica budget for the ocean 
from which he concludes that the losses outweigh the 
gains by something like 8 x 10 g yr- (Table 1). At this 
= only About ren centuries w A be E to 
he minimum concentration ce ee aden uate to. suppor t 
diatoms. 


Table 4, SILICA BUDGET FOR THE OCEAN (AFTER HARRISS} 
Silicon dboxide 


Charge ig yr?) 
Dissolved silica in continental drainage 4:3 x104 
Dissolved silica from submarine weathering 0-03 x 104 
43 = 10" 
Discharge 
Silica removed as diatomic ooze in Antarctica s x» 10 
Silica removed by organisms from rest of ocean 77 63x10" 


Silica is more concentrated in river waters (world 
average 13 p.p.m.) than in the sea (1-2 p.p.m.). As 
Harriss surmises, the pelagic organisms are probably 
spending all of the income. That they can fairly be 
accused of spending the capital as well is less certain, and 
before we can tell whether the concentration of silica in 
the ocean is changing. more precise estimates of charge 
and discharge will be required. A contribution which 
cannot at present be evaluated is that of submarine 
voleanism; recent study of the ocean floors? supports the 
idea that these spread away from the mid-ocean ridges at 
arate implying the production of about 8 km? of basalt 
per year, and there is no knowing how fast silica is added 
- the ocean by this process. On the debit side we have 

"7 x 10% gyr? used by organisms, but it is difficult, as 
Harriss points out, to estimate how much of this is 
really withdrawn in biogenic sediments and how much 
merely borrowed for the lifetime of the organisms. The 
red clay of the abyssal plains is practically devoid of 
biogenic silica, and it has long been known? that the 
deeper waters of the Pacific are richer in dissolved silica 
than those nearer the surface; this suggests that most of 
the skeletons are dissolved again before sinking to the 
bottom. Accordmg to Helmes!, 268 x 10° km? of the 
ocean floor are cov ered by pelagic sediments, of which 
7-5 per cent are made up of biogenic silica. Taking the 
average thickness as 300 m, we arrive at 6x 10° km? of 
siliceous sediments. Doubling this to be on the safe side 
and assuming a density of 25, we end with 3x 10° g, 


Bat 
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Even if the ocean basins were nowhere older than 100 
million yr, this would represent a withdrawal of only 
3x10" g of silica yr; a figure no doubt wide of the 
mark (granted the uncertainties involved), but very small 
compared with that based on the inferred silica consump- 
tion of the living organisms. The high sedimentation 
rates and relative abundance of diatomaceous sediments 
uae from the Antarctic justify the special considera- 
tion given to this region by Harriss. The rate of removal 
here, however (see Table 1), should probably have been 
given as 0:3 x 10% g yr? as on page 304 of Schutz and 
Turekian’s paper’, and not 0-8 x 10% g yr- as on page 
305, where it has evidently been misprinted. Although 
this still seems high in comparison with our estimate based 
on Holmes’s data for the ocean as a whole, it may well 
be correct in order of magnitude. We shall therefore 
adopt 6x 104 g yr as an upper limit for the rate of 
removal of silica from the whole ocean by pelagic organ- 
isms. Losses to benthic organisms and to authigenic 
silicates would be hard to estimate; the former are 
probably of a lower order of magnitude than concerns us 
here, and the latter are, strictly speaking, losses from 
sediment pore water and hence need not be taken into 
account. The pore water itself might seem to require 
consideration, for it is ocean water trapped in the sedi- 
ments, but the rate of withdrawal in this manner is readily 
shown to be negligible. Beeause there are no other obvious 
sources or sinks of silica, we may now draw up a tentative 
revised budget in Table 2. 





Table 2. TENTATIVE REVISED SILICA BUDGET FOR THE OCEAN 
; Silicon dioxide 
Charge (g yr 
Dissolved silica in continental drainage 4x 104 
Contribution required from submarine volcanism to 2 x 10" 
balance budget ooa em 
ĝ x 10m 
Discharge 
Net losses via pelagic organisms 6x 1938 


These figures, of course, are only order-of-magnitude 
estimates, but they suggest that oceanic gains and losses 
may not be seriously out of balance. The reserve held in 
solution (about 2x 10'§ g, say the supply for 3,000 yr) is, 
in geochemical terms, a very meagre one. The pelagic 
organisms live mprovidently, depleting the surface waters 
of nutrients as fast as the supply from deeper levels can be 
maintained. In latitudes where their proliferation is 
subject to seasonal control, nitrogen and silica concen- 
trations are reduced to threshold values in the first weeks 
of waxing sunlights, so that the organisms are unable to 
profit further from the radiation and their numbers 
dwindle until the following season, by which time the 
supply of nutrients has been replenished through mixing. 
(The labile structure of the Antarctic waters aids cir- 
culation and is no doubt an important factor favouring 
the unusually vigorous growth of diatoms in this region.) 

The rate of ocean mixing thus seems to limit the rate 
of withdrawal of silica, so preventing the average concen- 
tration from dropping to the planktonic threshold. There 
is, however, another regulatory mechanism already sug- 
gested by Harriss, the equilibrium between seawater and 
the silicates of the ocean floor. Mackenzie and Garrels’ 
have shown that a number of the silicates commonly 
found on the ocean floor approach equilibrium with sea- 
water in a few months at silica concentrations of 2-4 p.p.m. 
The ocean floor thus constitutes a reserve of soluble silica 
available at relatively short notice should the concen- 
tration in the bottom waters fall below about 2 p.p.m. 
Moreover, montmorillonite, which has been found in a 
large number of ocean cores, can maintain a concentration 
of about 20 p.p.m. and must therefore be a regular con- 
tributor to the oceanic silica cycle. One may question 
why quartz, which is abundant enough and comes to 
equilibrium at something over 10 p.p.m., does not main- 
tain the average silica concentration at a higher level. 
The answer may be that it goes into solution too slowly; 
from the experimental results of van Lier et al.* it can be 








calculated that to maintain a supply of 10" g yr, the 
area of quartz exposed would have to be something like 
a million times that of the ocean floor. 

BRYAN GeEcoOR 
American University of Beirut, 
Beirut, Lebanese Republic. 
Received April 16, 1968. 
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Large Scale Oceanic Drogue Diffusion 


OcEANIC turbulent diffusion is not well understood. Dye 
diffusion techniques are usually used to estimate diffu- 
sivity, but Lagrangian (particle) techniques are also useful, 
especially on a large scale. The most successful empirical 
method of organizing measurements of diffusing particles 
stems from Richardson's neighbour-diffusion theory’. 
Briefly, the probability gil. t) of two particles being a 
distance l apart is governed by the Siete 


oe eq | 
ot al al J 


where F(/) is the neighbour diffusivity and ¢ is time. It 
follows? that F is given by 


r 
4 FO (1) 
A 


Fil, + O-5Al) x — when Al <i, (2) 


where /, is the initial separation, Al is the change in 
separation in time At, and the bar indicates at & ie 
tively plentiful for 7< 100 m, but sparse for greater vah ueg 
of l (ref. 3). The data available indicate a power law 


where nw4/3, and k ranges (for different experiments) 
from 0-005 to 0-073 em?! s-t, 

We have collected data for rather large particie separa- 
tions on two cruises of the Davis (T-AGOR 4) in the 
California Current. The first measurements (Jaly 1967) 
were carried out 20 miles off Baja Cahfornia, the second 
(September 1967) 30 miles off Moa California. On 
both occasions, eight conventional 28 ft parachute 
drogues were seeded at a depth of 10 m in a cireular 
pattern. Their ranges and bearings were recorded each 
half hour for 4 h on the first cruise and 7 h on the second, 
using the ship’s radar. Bathythermograph traces showed 
well mixed surface layers of 15 m and 35 m, the state of 
the sea corresponding to Beaufort 1 wind cenditions, 
These measurements were used to caleulate F from 
equation (2) for separations ranging from 2-7 to 12-4 km, 
The results are shown in Table 1, Fig. 1, and. together 
with some work at smaller scales, in Fig. 2. All instances 
where Al>0-1 l, (about 10 per cent of the total) were 
excluded from the analysis. These occurred mostly at 
small separations, suggesting that the half kour time 
interval, although small compared with that suggested 


Table 1. 
Cruise 1 


NEIGHBOUR DIFFUSIVITY RESULTS 
Cruise 2 


No. of Al No, of Al 
values in i+ 3 *1O" may i10-5 — valuesin 79 410% pios 
average fem} fem? s} average (em) femea t) 
12 2-74 0-60 Hi ode SZ 
19 4-86 iil 34 S44 LB 
20) 6-73 2°69 66 775 P52 
31 8-38 345 RI BEES 256 
39 10-28 $11 54 14-77 2-42 
25 12°39 4-99 
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Fig. 1. Neighbour diffusivity against neighbour separation. 


by tommel’, was too large for these separations. The 
exclusion very likely has the effect of aliasing (lowering) 
the calculated values of F from the true values; the 
time interval should be smaller in future work. On the 
other hand, the rapid dispersion shown by the large 
values of Al indicates that the drogues did respond well 
to the smaller eddies. 

The data from the two cruises are quite consistent. but 
considerations of aliasing, error associated with the ship’s 
radar (discussed later), and, in particular, confidence 
limits on the sampling variability of (Al)? allow only 
tentative conclusions*. A least-squares fit to our combined 
data gives n= 1-21, which when corrected for radar error 
becomes n= 1-3. Beyond the scale of the energy eontain- 
ing eddies F should eventually become constant‘. It 
seems this scale was not surpassed in our work. In most 
previous work k is calculated by assuming n=4/3 and 
then finding a best fit. Here this procedure gives k = 0-008. 

The only other work at this scale is that of Nemchenko’, 
who seems to have used far fewer individual values in 
calculating (AlJ)*. A least-squares fit to the data gives 
n=1-08. Assuming a 4/3 slope gives k=0-01. The 
discrepancy between the values of k can be accounted for 
in ways other than through aliasing, radar error or 
sampling variability. Assuming (for lack of anything 
better) that the inertial subrange extends to this scale. 
dirnensional methods show that® 


k = cells 


where ¢ is dimensionless, and e is the rate of energy 
dissipation per mass. Because ¢ is unknown and probably 
quite variable, this relation can always be invoked to 
explain variations of k. Also, Ozmidov’? has shown 
experimentally that k decreases with increasing size of 
the diffusing particles, as they become less sensitive to 
the smaller eddies. Our particles were about 100 times 
larger than Nemchenko’s in cross-sectional area. 

The expected error in (Al)? caused by random (Gaussian) 


* According to Stormmel’s approximate solution to equation (1). 41, for a 
given ia follows a normal distribution. 
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errors in range and bearing radar readings is 


EX 8(Al)*}.1°72 = [(r, — ra cos y)? + (ra — r, cos Y)*| 
. AY(8r)"} + (rra sin Y)? BY(dy)4 (3) 


where 8z = x (measured) — zx (true), 


E is an expected value, y is the initial angle subtended by 
the two particles and r}, ra and | the initial ranges and 
separation. When an octagonal pattern closely similar to 
the seeded pattern is analysed using equation (3) with 
reasonable values 


E{(8r)*} = (1/20)? mile? 
E{(S))%} = (1/2)* degree? 


a slight increase in F over the true value occurs. The 
slope of a best-fit straight line decreases by dna — 0-1, 
and the constant of the line of slope 4/3 increases by 
kæ 0-001 em?’ s7, The effect of systematic errors is 
negligible. 

The change of the instantaneous average of l? in each 
successive time interval was calculated over all drogues. 
For the data from each cruise, this change fluctuated 
irregularly, instead of always increasing with time, as 
predicted theoretically*:*. This feature has been noted 
by other workers and suggests the presence of some type 
of organized motion. It will be very difficult to separate 
out these influences in field work. The calculations 
giving F(l) are apparently insensitive to them. 


WARREN W. Denner 
THEODORE GREEN 
WALLACE H. SNYDER 
Naval Postgraduate School, 
Monterey, California. 
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Ultramafic Rocks from the 
Mid-Atlantic Ridge 


AccorpING to the ideas of Hess! the backbone of active 
mid-oceanic ridges should consist of peridotites which 
originated in the Earth’s mantle and were subsequently 
upthrusted into the crust along the axis of ridges, above 
the upwelling limbs of mantle’s thermal convection cells. 
The ultramafies should lie below a layer of basalt about 
1 km thick, generated by partial melting of the upwelling 
mantle material. 

_Hess’s hypothesis could be substantiated if evidence were 
found that ultramafics are prevalent within oceanic ridges 
below a basaltic layer. Present dredging techniques, 
however, allow routine sampling only of material exposed 
on the sea floor: in fact, tholeitic basalts are the principal 
rock type dredged from oceanic ridges. Areas where deep, 
usually inaccessible parts of ridges may become exposed 
are those where ridges are cut and displaced by tectonic 
fractures. Accordingly, it was felt that, if Hess’s hypothesis 
is correct, the best chance of recovering ultramafics is 
through deep dredging of the sea bottom where fracture 
zones intersect mid-oceanic ridges. Our efforts in this 
direction were concentrated in the Equatorial Atlantic, 
where the Mid-Atlantic Ridge is intersected and dis- 
placed by three major fracture zones: the Chain, Rom- 
anche and St Paul Fracture Zones. These fractures are 
manifested on the sea floor by a series of deep trenches 


ROCKS DREDGED DURING CRUISE P6707 B 


44°yw 32° 30° 28° 26° 








running roughly perpendicular to the general elenga 
of the Mid-Atlantic Ridge’. o 

Dredgings were made in connexion with topegra 
surveys along the three fracture zones during Mian 
Institute of Marine Sciences cruise P6707. The type 
rocks recovered at each station is summarized in T 
and Fig. 1; the detailed petrology and chemistry of thes 
rocks will be reported elsewhere. ee 

Peridotites were usually dredged from the lower slopes, 
basalts from the upper slopes of the trenches; gabbros and — 
greenschists were recovered at intermediate levels. At 
one locality along the northern wall of the Remanche 
Fracture (stations 32 and 33) it was established that 
the thickness of the exposed ultramafics is a minimum 
of 3,500 m. Most of the peridotites dredged at the various 
sites are very similar mineralogically: they are lherzolites, 
consisting of the following assemblage: olivine, castatite, 
clinopyroxene and Cr-spinel. A chemical analysis of 
three samples is presented in Table 2. The degree of 
serpentinization differs in the various samples. The 
presence of slickensided surfaces and of strain fabrics in 
some of the peridotites suggests that they were emplaced 
tectonically. 

A preliminary evaluation of these findings supports the 
concept of mantle derived ultramafics being prevalent im 
the interior of mid-oceanic ridges’. If the peridotites 
recovered by us actually originated in the mantle, they 
may represent either unfractionated mantle material or 
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Fig. 1. 


Table 1. 
Location and depth (m) 
01°07" S5., 14°-52" W. 
(5,370-5,170 m) 
00°24 N., 177 
(2,560-2,450 m) 
90°18 N., 17°-14" W. 


Station 
P6707B-5 (Northern wall of 
` the chain F.Z.) 
P6707 B—-L0 (northern wall. of 
— Romanche F.Z.) 
P6707B-11 (northern wall of 


Basalt 


Romanche F.Z.) (5,305-5,100 mi) 
P6707B-13 (southern wall of 00°-18-5' 8., 18726 W. 
Romanche F.Z. “Vema (5,940-5,700 m} 


ont? 


00°~-22" N., 26°-09° W. 
(5,800-5,100 m) 

O1°~22’ S., 22°-46" W. 
(4,850-3,500 m) 

00° 56:83 S.,24°-04-7° W. 
(2,750-1,350 m) 

01°-08' S., 24° 05° W. 
(5,200-—4,800 m) 

00°-52’ N,, 25°-05-5° W. 
(4,000-3,700 m} 


_ Deep 
P6707B-25 (Northern wall of 
— Romanche F.Z.) 
P8707 B-30 (Romanche F.Z.) 
P6707B-32 (Romanche F.Z.) 
P6707B-33 “Romanche F.Z.) 
PO7O7TB-35 (St Paul F.ZO 
P6707 B~-38 (St Paul F.Z.) 01-03 N., 26°-34' W. 
y (4,000-3,800 mi) 
P8707B-40 (2 miles N.W. of 00°-56’ N., 29°-34’ W. 
_ $t Paul Rocks) 


D (1,100—~ 
>» P6707B-41 (4 miles 8.E.of St 00°55’ N., 20°-31" W. 
Ste Paul Rocks) (3,000-2,800 m) 


Basalt 


Basalt 





A = ULTRAMAFICS 
@ = BASALTS AND GABBROS 


Location of dredge stations during cruise P6707. 


SUMMARY ON DREDGE HAULS FROM THE MID-ATLANTIC RIDGE DURING CRUISE POTO7 


Description of rocks 


Partly serpentinized peridotite with olivine, enstatite, subordinate clinopyroxene ane Cr-apinel, 
Some fragments totally serpentinized 


* 
a, Gabbro. b, Greenschist, containing the assemblage epidote-albite-chlorite-actinolite 


a, Partly serpentinized peridotite with olivine, enstatite, clinopyroxene and Cr-spinel. k, Peridotite 
with accessory plagioclase. 
containing serpentine 

a, Partly serpentinized peridotite with olivine. enstatite, clinopyroxene and Cr-spinel. 6, Ga bbres. 
c, Breeeiated, glassy basalt 


c, Calcite-cemented peridotite breccias, d, Consolidate: sediments 


Partly serpentinized peridotite with olivine, enstatite, clnopyroxenes and Cr-apipel 
Partly serpentinized peridotite with olivine, enstatite, clinepyroxenes and Cr-spinel 


a, Largely serpentinized peridotites with olivine, enstatite, clinopyroxene and Cr-spinel. 6, Gabbro 


Mylonitized, amphibole-containing peridatite 


Mylonitized, amphibole-containing peridotite 
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Table 2, ANALYSIS OF PERIDOTITES 


ba 134 33a 

SiO, 38-65 42-36 37-82 
Al, Os 2-04 3-36 1-72 
FeO 176 3°07 1-44 
Fe,0, 7-23 5-55 5-45 
Cad 0-37 2-24 0-50 
MgO 35:88 36°48 37-80 
MnO 0-41 0-10 0-05 
NaO 0-42 0-62 G16 
K,0 0-05 0-03 0-02 
TiO, 0-04 0-10 0-03 
P.O, tr. tr. 0-04 
CrO 0-46 0-39 0-39 
NiO 0-21 O26 9-26 
H,0- 1:01 0-50 0-06 
H,0* 11-55 4-62 13-02 

Total 99°98 99°68 99-46 


Chemical analyses of peridotites from stations 5, 13 and 33 (see Table 1). 
Sample 13a contains some accessory plagioclase: this is reflected by its high 
CaO content. Analyses by R. Mazzuoli and O. Joensuu. 


residual material after the extraction of basaltic melt. 
This will be clarified when the detailed geochemical study 
now in progress is completed. 

I thank the scientific group aboard the R.V. Pillsbury, 
especially L. Baumgardner and W. Bock, for help in the 
field work. This research was supported by the US 
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Mossbauer Absorption in 
Zinnwaldite Mica 


During the past few years there have been several 
investigations of the sheet silicates by Méssbauer effect 
spectroscopy. Previous measurements have included 
micas from the muscovite? and biotite? series. We 
now report new results on zinnwaldite, an elastic mica 
from the lepidolite series. 


The Méssbauer spectrometer used for these measure- 


ments has a constant acceleration drive of conventional 
design. This was used in conjunction with a multichannel 
pulse height analyser operated in the time mode to record 
the hyperfine absorption spectra. Proportional counters 
filed with xenon and krypton were used to detect the 
14:4 keV gamma rays from a 5 mCi source of Co in a 
palladium foil. The zinnwaldite samples studied were 
from the Bob Ingersoll Mine, Keystone, South Dakota, 
and were obtained from Southwest Scientific Co. Absor- 
bers were made from a mosaic of thin cleaved sheets of 
the mica pressed between thin lucite windows. The 
zinnwaldite samples were approximately 90 mg em~? thick. 
The comparison biotite sample was a cleaved monocrys- 
tallme sheet 52 mg em- thigk, from Arendel, Norway, also 
obtained from Southwest Scientific Co. Observations 
were made with unpolarized gamma rays incident perpen- 
dicular to the cleaved sheets of mica. The measurements 
were carried out with both the source and absorber at. 
room temperature. 

Zinnwaldite is an intermediate between lepidolite and 
protolithionite. A typical zinnwaldite may be represented 
by the formula KUiFeAl(AlSi,0,,)(OH,F),. Many 
chemical substitutions may oceur in both zimnwaldite and 
biotite. Ferric iron may substitute for aluminium in both 
micas, and the ferric-to-ferrous ratio varies considerably 
among samples of these micas from different sites*. The 
basic structural feature in these micas is a composite 
sheet in which a layer of octahedrally coordinated cations 
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Table 1. MOSSBAUER PARAMETERS OF THE FERROUS ION IN MICAS 


Electrie quadrupole 


Miea Isomer ahift* peak separation, 
mm si mm g 

Zinnwaldite (gross) + 0-96 + 0°05 313 +005 
Biotite (gross) +0-87 + 0-05 2-40 + 0-05 
Biotite (gross) t +0-97 (+1-15)+ 2-40 
Biotite (comporer ts) f +89 (+ 1-23)4 2-41 

+1-68 (4+ 1-42)¢ 2-81 
Museovite (gross) +992 (4+ 1-204 O-05)© 2.05 + 0-05 


* Isomer shifts in this work have been measured with respect to a "Co in 
palladium souree; isomer shifts measured with respect to other source 
environments have been adjustec to this veloc ity zero using the isomer shift 
scale for sources quoted in Muir et altt. Figures in parentheses are the original 
reported valnes. 

t From ref. 2. [somer shift appears to be reported with respect to the centre. 
of the iron spectr um. 

t From ref. 4. Isomer shift reported relative to chromium. 

E From ref. 1. somer shift reported relative to stainless steel, 


is sandwiched between identical layers of linked (SLANDO, 
tetrahedra. In this structure, there are two different 
environments for the octahedrally coordinated cations. 
In one, the four surrounding oxygen ions are coplanar, 
and the two hydroxyl ions are at opposite vertices of the 
octahedron. In the other, the two hydroxy! ions occupy 
adjacent vertices of the octahedron, and the four oxygen 
ions occupy the remaining vertices’. 

Our spectral analysis of these micas has proceeded on 
the assumption that the peaks in these spectra originate 
from the superposed resonant absorption of iron at the 
two available octahedral sites in the mica structure. 
Apparently both sites produce resonances with similar 
isomer shifts and electric quadrupole splittings?*. The 
spectra are analysed in terms of the (gross) isomer shift, 
which is the velocity midway between the two peak 
locations, and the quadrupole splitting, which is the full 
separation in velocity between the peaks. The results are 
shown in Table 1. A data smoothing programme, made 
available by J. H. Reed of the ITT Research Institute, 

was adapted for Méssbauer work. This programme 
improves the signal-to-noise ratio by means of a least 
squares fit to the data points, and allows a more precise 
determination of the exact peak locations. These computer 
smoothed spectra. were employed in the calculation of the 
spectral parameters; however, the original unsmoothed 
spectra are reproduced in the figures. 

The hyperfine absorption spectrum of zinnwaldite 
is shown in Fig. 1. A spectrum of biotite is shown for 
comparison in Fig. 2. As can be seen from the figures, 
the most apparent feature of both spectra is the presence 
of two large peaks, the peak at negative velocities being 
the deeper of the two. The locations of these peaks in 
zinnwaldite are at —0-61 mm s~! and +252 mm s~ with 
respect to the °’Co in palladium source. For biotite, the 
corresponding peaks are located at — 032 mm s- and 
+2-14 mms". 

Figs. 1 and 2 show that the spectra of the two micas 
are centred at about the same energy. If one evaluates 
a gross isomer shift for the spectrum with equal weighting 
for the two peaks, the isomer shift is + 0-96 mm s- for 
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Fig. 1. Mossbauer hyperfine absorption spectrum of zinnwaldite. 
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Fig. 2. Méssbauer hyperfine absorption spectrum of biotite. 


zinnwaldite and +091 mm s- for biotite, both with 
respect to "Co in palladium. These isomer shift values 
indicate resonant absorption by high spin ferrous iron. 
They lie within the range of v alues previously observed 
for high spin ferrous iron in octahedral coordination with 
oxygen in the silicate minerals’. 

The electric quadrupole separation energies also fall 
within the range observed for high spin ferrous iron in 
octahedral coordination with oxygen’. It is of interest 
that the separation between the peaks of zinnwaldite is 
considerably larger than in tricctahedral biotite, and only 
slightly larger than that reported for the dioctahedral 
mica, muscovite’. The electric quadrupole separation 
energy in zinnwaldite is unusually large, in our experience 
exceeded only by that observed for the ferrous iron in 
garnets (ref. 8 and unpublished work of C. L. Herzenberg). 
For the ferrous ion, as the ligand environment approaches 
cubic symmetry, the quadrupole splitting increases, 
approaching a limiting value of 3-70 mm s~ for slight 
distortions from cubic symmetry®. Our measurements 
indicate that the ligand environment of the ferrous ion 
in zinnwaldite deviates only slightly from cubic symmetry. 
More generally, the evidence from Méssbauer spectroscopy 
suggests that the octahedral sites occupied by ferrous iron 
are most regular in the lepidolite micas, are only slightly 
more distorted in the muscovites, and are considerably 
more distorted in the biotite micas. This conclusion is in 
agreement with recent results of optical absorption 
spectroscopy which indicate that ferrous and ferric ions 
in muscovite and lepidolite are octahedrally coordinated, 
and seem to be compatible with the existence of essentially 
regular oetahedral crystal fields in both cases®. 

The difference in relative intensity between the two 
peaks is even more marked in zinnwaldite than it is for 
biotite. In general, an angular dependence in the relative 
intensity of the two peaks may be expected, with respect 
to the crystal axes of a single crystal. This effect would 
average out for a randomly oriented polycrystalline 
powder specimen. Measured spectra for polycrystalline 
specimens of biotite, however, are usually similar to 
those of biotite flakes®*. It seems that paramagnetic 
relaxation phenomena!®, and possibly an anisotropic 
resonant fraction!!, must contribute to the anomalous 
intensity ratios. The non-Lorentzian peak shapes which 
appear in the biotite spectra suggest the predominance 
of paramagnetic relaxation phenomena. 

In most of the mica spectra which have been reported, 
additional peaks have been observed at intermediate 
velocities. These are believed to result from ferric ions in the 
lattice. The identification and analysis of the absorption 
associated with these peaks is comphcated by the fact 
that in most cases these seem to be members of quadrupole 
doublets the lower peaks of which are located in the region 
of the larger ferrous iron absorption peak. As a result, 
only rather rough estimates have been possible for spectral 
parameters corresponding to this subsidiary resonance 


absorption. While there seems to be very little subsidiary > 
absorption of this type in the biotite investigated. here, the 
zinnwaldite exhibits an additional absorption. peak in the 


vicinity of +027 mm s~, a rather low velocity for the A 


upper peak of a ferrie absorption doublet. 

The properties of their optical absorption spectra seem 
to indicate that the field strength and geometry of the 
ferric ion sites in muscovite and lepidolite are probably 
much alike’. Because the intermediate peak which we 
observe in zinnwaldite is at a lower velocity than the 
intermediate peak in muscovite, this may indicate that the 
ferric ion actually has a smaller electric quadrupole 
splitting in the zinnwaldite. For the ferric ion, a smaller 
electric quadrupole splitting usually corresponds to a less 
distorted environment’, This therefore suggests that the 
ferric ions in zinnwaldite experience a less distorted en- 
vironment than do the ferric ions in muscovite. This 
a to our conclusion m se to the ferrous sites 


epal if both Ferie and Toon ions aubstivate ice 
aluminium in the octahedral layers of these micas. 

From these results it seems that further measurements 
with micas of specified composition, high in ferrie iron, or 
containing comparable amounts of ferric and ferrous tron, 
would be of interest. This would permit a more accurate 
determination of the ferric ion parameters. As a result, 
direct comparisons could be made of the parameters of 
ferrous and ferric ions in ligand environments with varying 
degrees of distortion. Further measurements at high 
resolution and over a wide range of temperatures would 
also be of value for determining the origin of the line 
shapes and intensities in the mica minerals. 

So L. HERZENBERG 
D. L. Rivey 
IIT Research Institute, 
Chicago, Illinois. 
R. LAMOREAUX 
Department of Physics, 
University of Arizona, 
Tucson, Arizona. 
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‘‘Molecular Clusters’” on the Surface 
of an Oxidizing Metal 


FIELD ion microscopy, which holds the possibility of 
resolving the individual atoms m a metallic surface, 
should in principle be a powerful tool for the study of 
reactions on surfaces. As part of an extensive study of the 
mechanism of oxidation of several metals, we have re- 
cently observed the formation of characteristic, repro- 
ducible, small clusters of atoms of regular shape when a 
perfect iridium surface is exposed to oxygen. 

An oxidation of metal to its oxide involves several 
mechanistic steps. {a) There must be a chemisorption 
step. Whether oxygen is adsorbed on surface sites or in 
the interstices between metal atoms, electron transfer to 
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Fig. 1. The same iridium tip, on same scale and orientation. 


fa) Clean, perfect surface. 
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(hy Four-atom clusters, 70 per cent BLY. 


(ec) Three-atom clusters, 75 per cent B.LY. 


the adsorbed oxygen (whether partial or complete) pro- 
duces a dipole sheet, negative outwards, as shown by the 


rise in work function that accompanies adsorption of 


oxygen on all metals. (b) Chemisorption must be followed 
by displacement of atoms-—-either a place exchange 
between surface oxygen and underlying metal atoms, or 
a lateral migration of some species over the surface, or 
both. (c) There must be an aggregation of metal-oxygen 
“somplexes’’ in some region, the aggregate then under- 
going an ordering process to nucleate and continue the 
growth of the new oxide crystal structure. If the con- 
centration of chemisorbed oxygen on the surface, and the 
rate of arrival of fresh oxygen molecules from the gas are 
both high, any metal atom displaced onto a surface site 
in step (b) serves as a fresh binding centre for the adsorp- 
tion of oxygen. It is in these conditions that iridium in 
oxygen reveals not only single displaced atoms but a high 
proportion of structured surface clusters, 

In the experiments a perfectly ordered field-evaporated 
iridium surface was exposed to oxygen from monolayer 
coverage up to an ambient pressure of 10-4 torr at 21° K 
or at 77° K. The advantage of the field-evaporated end 
form of the emitter tip in the field ion microscope is that 
any atom displaced from its original position becomes 
visible. After exposure to oxygen, the field was appled 
and rapidly raised to a value at which the first image 
points were visible (about 70 per cent of the best image 
voltage for the clean surface, or about 3 V/A). The ob- 
served area of the tip was thereby completely protected 
from oxygen, which would be ionized in space and repelled 
from the tip. The isolated bright image points first ob- 
served must correspond to atoms, clusters or the tips of 
hummocks standing out from the original surface contour. 
and imaged because the protrusion causes a local field 
enhancement. Many such images undergo field evapora- 
tion as they are observed, indicating that they are less 
firmly bound to the surface than is, for example, an 
isolated metal atom on its own surface. In the conditions 
specified, careful control of the imaging field showed that 
many of the “proud” features had a definite and frequently 
recurring structure. The field distribution around a 
protruding surface feature*acts as a divergent lens, locally 
increasing the magnification. In the conditions used in 
Fig. 4, the magnification factor is uncertain, but appears 
to be about x 2, so that interatomic distances cannot be 
inferred from the resolved mages. Interatomic directions, 
however, should not be distorted and may be related to 
the ‘structure of the underlying crystallographie plane. 

At 21° K and relatively low imaging fields of 70 per 
cent best image voltage (B.I.V.) there were four distinctly 
resolved atom image points in each such bright spot. 
The bright “first image” spots were not randomly distri- 
buted, but concentrated around the vicinals of the [110] 
planes, which are the areas most heavily attacked in the 
course of oxidation, and a high proportion showed the 
resolved cluster structure (Fig. 15). It was at first con- 


sidered that what was seen was the resolved structure of 
the tips of small built-up whiskers, but careful examina- 
tion of the form and intensity distribution in many such 
images (Fig. 2) and of their behaviour on field evaporation 
leads to the view that they are discrete clusters of four 
iridium atorns stacked into a tetrahedron or possibly into 
a bent rhombus and lying on the surface in different 
orientations. Because the brightness of an atom image 
depends on the degree to which the atom protrudes from 
the envelope of the mean surface (the “Moore hemi- 
sphere’), 16 is possible to interpret differences in the 
brightness of the image points within one cluster in terms 
of the geometry of the cluster and its aspect. On this 
basis, some of the images in Fig. 2 represent clusters lying 
almost symmetrically, others represent clusters tilted on 
one edge or one apex. This variation in aspect is in better 
accord with discrete clusters than with the truncated tips 
of whiskers or built up hummocks such as have been 
postulated, on the evidence of low energy electron diffrac- 
tion (LEED) studies, in the epitaxial growth of NiO on 
the (111) surface of nickel®, On field evaporation at fields 
far below best image voltage such clusters mostly desorb 
as a unit but occasionally one atom is ejected in the course 
of desorption and may be observed to migrate a few atomie 
spacings before coming to rest in a new site, on which it 
stays until a much higher evaporation field is applied. 





differences in brightness indicative 


Fig. 2, Four-atorn clusters with 
of different orientations on the surface. The line ; 
extimated scale of magnification. 


shows the rouchiv 


arrays of closely spaced clusters around one step 
(Figs. le and 4) have been obsi rved In such casi 
clusters are parallel in alignment but the inter 
directions do not coincide with close pack d lat 

in the underlying crystallographic plane. The poss 
was considered that the 3-atom clusters wer lent 
with the 4-atom clusters but orientated in the field so 
the base rather than an edge of a tetrahedral gi up 
facing down field. But the firm binding ol 
on the surface and the absence of any sign ot a tour 


in the images of supposedly tilted clusters argue aj 
this possibility. It is more likely that the entit | 
represent a balance between cluster formatiot 
destructive effect of the intense field. 

At 77° K the bright “‘first image” points ar 
into pairs of atoms. The surface ıs less stabi 
field evaporation of surface atoms at this tempe 
and it would appear that the different behaviour 1 
from the balance between the imaging condit 
temperature and applied field) and the rep 





cluster Size, 


Fig. 3. Three-atom clusters. [wo sets of apparently overlapping Further to the evidence that our observatior I 
clusters may be seen. discrete clusters of atoms, we suggest that thes 
At 21° K and rather higher fields (75 per cent B.I.V.) simple geometrical groupings of iridium atoms aro 
most of the 4-atom clusters are field evaporated and oxygen atom or ton; there may or may not be id 
images of “proud” surface features are seen over most of oxygen atoms bound on thi outside of th | 
the surface (Fig. le). Their appearance at higher fields such external oxygen could well be stripped of 
implies either that they protrude less or that they are evaporated in the act of imaging Müller? | 
raised above the surtace by the intense electric fields. observed triatomic clusters on the surfaci oft a 


They include a high proportion of resolvable triatomic evaporated niobium nitride emitter tip. and ha 

triangular clusters (Fig. 3), and the intensity distribution them to molecules of niobium nitride. By anatogy 
within them shows that the clusters may be either flat our observations it is probable that they were clust 
or tilted on the surface. They may persist up to fields high niobium atoms, bound to and around a central nit 
enough to image the underlying metal crystal structure, atom and formed in the course of the field e7 
especially when they lie flat Ol the surtace. Detailed NbN. The clusters formed in the reaction of ridi iri 


comparison of the location of clusters with the original oxygen could be regarded aS surface oxic 
image of the surface shows that they tend to be formed at which are the counterpart of the more fan 
step edges, which are indeed progressively eroded in the cluster compounds. Their geometry, anel tl 
oxidation reaction. Overlapping clusters (Fig. 3) and atom clusters occasionally observed. 18 related to gi 





Fic. 4. ‘The same area of surface at about 75 per cent B.LV. (a) and 80 per cent B.L.V. (o). Note festoons of 3-atom clusters al 
edges of lattice planes (A) and the change in the image at (B), where one triangular cluster, firmly bound flat on the surfs 
ubove the local best image voltage 
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of atoms that could be dissected out of the close packed 
structure of iridium metal; it is also related to the atomic 
arrangement in the rutile structure of IrO,, where each 
oxygen is in 3-fold triangular coordination with iridium. 
Clusters could originate either from the simultaneous 
extrusion of a group of metal atoms from the surface, as 
part of the place exchange process, or from aggregation 
of smaller units, single atoms or diatomic, migrating over 
short distances on the surface. It is not certain whether 
they are formed directly in the act of reaction of the surface 
with oxygen or whether they are produced in the act of 
observation because of drastic perturbation of the chemi- 
sorption system by the high electric field. On balance we 
believe the former explanation is true, at least in part, 
and it is tempting to speculate on the part that such 
“surface molecules” may play in the nucleation of a new 
oxide structure. 


G. K. L. Cranstoun 
J. 5. ANDERSON 
Inorganic Chemistry Laboratory, 
University of Oxford. 
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Origin of Extended-chain Lamellae 
in Polyethylene 


THE texture of crystalline polymers is typically one of 
thin (100 A thick) lamellae within which the long (105 
10° A) molecules lie transversely in chain-folded configura- 
tions. In certain circumstances, however, much thicker 
lamellae, often as thick as the molecular length, have 
been observed in polyethylene'-*. An example is shown in 
Fig. 1. Because a variety of evidence indicates little or 
no chain-folding in these layers (that is, the molecules. 
which lie across them, are essentially in extended con- 
figuration) they have become known as extended-chain 
lamellae (ECL) in contrast to the more familiar folded- 
chain lamellae (FCL). The circumstances in which ECL 
form are: (i) growth at low supercoolings for long times! 
and (ii) by reerystallization under high pressure?:*. 
The layers themselves vary in thickness, being most 
regular in slowly crystallized samples'. In pressure 


crystallized material, thicknesses varying by a factor of 


two for the same lamella, and ten for different ones, have 
been observed’. ECL are also mechanically very different 
from FCL, because the toughening effect of molecules 
crystallizing through several lamellae must then be small. 
In fact ECL are no longer plastic but waxy as befits their 
paraffinoid structure. It is, however, the growth of ECL 
that has provided a long standing problem in polymer 
physics. 

The first crystallizations under pressure revealed that 
growth from the melt at 227° C gave ECL alone above 
4 kbar but a mixture of E®L and FCL in the range 2 to 4 
kbar, the two being sharply differentiated by an ~ 10° C 
difference in melting point*. The presence of two separate 
phases rather than a gradual change from FCL to ECL 
seems to indicate that ECL form by a growth process 
distinct from that of chain-folding. There is another 
possibility, however, involving only familiar polymeric 
behaviour which could also account for the facts. This is 
based on the thickening of folded lamellae known to occur 
below the melting point‘. Indeed the observation that 
melt-growth lamellae can thicken while kept at the crystal- 
lization temperature® immediately suggests an explanation 
of Anderson's observations’. 

Consider now ECL formed at high pressure**. These 
have certainly been recrystallized from the molten state. 
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Fig. 1. 


Surface replica of ECL in polyethylene. 


Klectron micrograph, 


two alternative mechanisms could still 
apply. Either ECL form directly from the melt or FCL 
form first and subsequently thicken to ECL. Evidence 
said to favour the latter has been cited by Wunderlich®. 
This primarily concerns thermodynamic stabilities and, 
even if accepted, would not indicate which of the two 
molecular processes was involved. The following con- 
siderations suggest a means of deciding between them. 
Whereas crystallization from the melt involves heating 
above the melting point, thickening of lamellae occurs 
below it. Furthermore, with sufficiently thin lamellae, 
thickening does not alter the molecular orientation, but 
merely increases the fold length*. Thus if a thickening 
mechanism is involved, conversion to ECL should be able 
to proceed (below the melting point) with constant 
molecular orientation. If, on the other hand, growth from 
the melt occurs, then newly crystallized lamellae will have 
a random orientation. We have carried out experiments 
of this type. They show that it is indeed possible to form 
ECL with unaltered molecular orientation and thus that 
they form by the familiar thickening of FCL. 
Experimental details are as follows. A film of poly- 
ethylene with c, the chain axis, perpendicular to the plane 
was obtained by sedimenting crystals grown from 0:1 per 
cent solution in xylene at 75° C. This was maintained 


Nevertheless, 
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Fig. 2. Thermal measurement, DSC traces of polyethylene showing the 
increased melting point of ECL. 
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Fig. 3. Spherulites in polyethylene (a) before and (b) after the formation of ECL. Crossed polars. 


at a hydrostatic pressure of ~5 kbar while encapsulated 
in water in a tetrahedral four-anvil press. The temperature 
of the specimen was raised from ambient to 325° C in 
10 min. controlled at 325°+0-5° C for 25 min and then 
quenched below 50° C within 10s. The pressure was then 
released. Examination of the sample with X-rays before 
and after the experiment showed the same good orientation 
characteristic of such specimens’. Thermal measurement, 
however, using the Perkin-Elmer DSC1B with | mealorie s~? 
sensitivity and 8° C min-! scanning speed gave the traces 
in Fig. 2. The initial sample gave trace a; trace 6 was given 
after heating under pressure, showing full conversion to 
high melting/extended-chain form; and c indicates the 
reversion to a low melting form consequent on reerystalliza- 
tion following b. 

A second experiment reinforcing the same point is the 
basis of Fig. 3. Fig. 3a shows ringed spherulites in a thin 
polyethylene film. Because of a variation in their growth 
conditions these have a noticeably larger ring spacing 
near their centres. Part of the film was subsequently 
converted to ECL by the same treatment as before. Now 
if melting and recrystallization were involved in this change 
it is most unlikely that this same variation of ring spacing 
would be reproduced by chance in the new spherulites. 
Yet Fig. 36, which is of the converted ECL film, shows an 
unchanged pattern, indicating again that melting and 
recrystallization have not occurred in the formation of 
ECL. Rather, the unchanged pattern of extinction rings 
indicates that local molecular orientation has been 
preserved during the change. 

Having established that ECL can form directly from 
FCL, we shall now show that this is a sufficient hypothesis 
to account for a variety of other properties of ECL. In no 
case is it necessary to assume that ECL also form directly 
from the melt. We shall consider the following points, 

(1) The proportion of ECL found after crystallization 
at 227° C, followed by cooling at 4° C h-', increases with 
pressure, full conversion occurring at and above 4 kbar’. 
This is to be understood as crystallization followed by 
thickening, and it follows that thickening is a slow process 
in these conditions compared with chain-folded growth. 
If it were fast, then as soon as one FCL formed it would 
transform rapidly into an ECL, so that such a sample 
would contain lamellae of two thicknesses only, those of 
fully extended molecules and unconverted FCL left on 
cooling. The occurrence of a wide range of lamellar 
thicknesses*:* indicates, on the contrary, that thickening 


was incomplete and was therefore the slower process. 
Prolonged heating, however, should eventually lead to a 
more or less uniform distribution of the ECL widths 
elated to the molecular weight distribution of the polymer. 
This seems to be the case in Anderson’s experiments’. 
Moreover, a variation of thickness within one lamella*? 
would indicate an incomplete stage of thickening, rather 
than a fractionation of a particular molecular weight 
species’, The absence of FCL from specimens grown at 
higher pressures? is because the specimens were grown at 
increased supercooling, that is, the melting point has 
increased. They will thus be thinner and tend to thicken 
more rapidly at a given temperature than FCL grown at 
lower supercooling*, so the entire sample is converted to 
ECL within the fixed crystallization time. It may well be, 
however, that this tendency cannot continue indefinitely 
but that the rate of thickening at constant temperature 
may eventually decrease as pressure increases. This 
would parallel the behaviour at atmospheric pressure 
when the rate of thickening decreases with increasing 
temperature interval below the melting point. In this 
case the proportion of ECL would decrease again to zero 
with still higher pressures. 

(2) We have found (unpublished results) that at a con- 
stant pressure of ~5 kbar, heating to successively higher 
temperatures up to 350° C in the broadened’ melting range 
for 25 min, followed by quenching, leads to progressively 
decreasing proportions of ECL in a mixed product. The 
simple explanation of this is that at the high temperature 
the specimen is partly molten and partly ECL formed from 
the initial FCL. On quenching, the melt crystallizes as 
FCL and the ECL remain, but as a decreasing propor- 
tion the nearer the maximum melting point of ECL is 
approached. F 

It has thus been demonstrated that the known properties 
of ECL fit into the familiar pattern of polymer behaviour 
once their origin is recognized as lamellar thickening. 
Finally, we will consider the underlying reason for the 
relative speed and ease with which ECL form at pressures** 
high compared with atmospheric pressure. This is surely 
to be found in the echain-folds. If these have a lower density 
per atom, that is, they occupy more space, than would 
be the case in the main chain or subcell, then, evidently, 
each fold will be more and more costly of energy with 
increasing pressure. Thus, although kinetics may still 
lead to chain-folded crystallization, the thermodynamic 
drive towards thicker lamellae (and fewer folds) will 
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be formed with inereasing abundance. : 

We thank Professor T. Evans for the use of his high- 
pressure facilities. One of us (D. V. R.) acknowledges the 
pi of a postgraduate award from the Science Research 

council. 


increase with pressure so that, if rates permit, ECL will 
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Charge Distributions of 

Conjugated Molecules 

Pornt charges located at the atom centres of conjugated 
molecules can be calculated using the Del Re procedure 
for o electrons, the Hiickel procedure for z electrons and 
the principle of o-r additivity. Such point charges, caleu- 
lated by this and other procedures, have been used in 
biophysical problems'~-*. Can the very simple Del Re- 
Hiickel procedure give reasonable values for the charges ? 
This report provides a partial answer by comparing 
observed dipole moments with those calculated from Del 
‘Re—Hiickel charges obtained with established sets of the 
necessary parameters? ®, 

The most appropriate comparison is with vapour phase 
dipole moments of molecules of known vapour phase 
structure. In five of the twenty-two compounds found to 
satisfy these criteria the components of the dipole moment 
along the principal molecular axes were available and 
were used as an added test of the computed charges. The 
comparisons are presented in Table 1 and the parameters 
used are given in Table 2. The bromine o parameters are 
new and were determined by fitting the dipole moments 
of CH, Br and CHBr, (refs. 7 and 8). We observed (Table 1) 
improvement in the calculated moments of carbonyl- 


Table 1. COMPARISON OF CALCULATED AND OBSERVED DIPOLE MOMENTS 


Compound Calculated (D) Observed 
dey HA Htctal # 
Chlorobenzene’* 1-94 0-29 1-65 1-70 
‘Dichlorobenzene’ 3 3°33 0-49 2-84 2-4 
m-Dichiorobenzene™® 1-93 (0-28 1-65 1-68 
Chioroethylene® 1-R2 0-30 1-58 1:44 
Ha 174 0-29 1-45 1-42 
Ke? 0-55 0-07 0-63 < 1-00 
Cis-dichioroethylene? 4 2-05 0-22 2-73 1-89 
Flaorobenzene?:* 1-88 0-51 1°37 1-61 
m-Difluorobenzene? * 1-88 0-51 1-37 1:58 
Fiuorcethylene’!® 1-85 (55 1-48 1:43 
Faki 1:65 0-54 1-12 1-238 
PADL 0-83, 0-13 0-97 0-63 
1,1-Difuoreethylene*-* 2:07 1-04 1-038 1-37 
jis-difluoroethy lene? .* 3-07 0-29 2-78 2-42 
p- Bromofiuorobenzene’:* 002 0-29 027 0-50 
Bromobenzene’* TRS 0-22 1-83 1-70 
Bromoethviene’* 1-78 {)- 23 1-59 1-42 
Toluene? 0-08 {82 O77 0-35 
Pyridine? O71 EL? 1:83 2-15 
Pyrrole? Oli 2-42 2-53 1-84 
Furan?* 1-45 1-94 0-49 0-66 
Formaldehyde” 1-06 2°60 (1-41) 3°66 (2:47) 2-34 
Acetone? 1-09 4-19 (2-26) 5°19 43-35) 2-90 
Acetaldehyvde" 1-07 3°50 (1-89) 4:56 (2-95) 2-69 
Ban 9-90 320 (1-71) 4-10 (2-613 2-55 
fi," 1-58 1-42 (0-79) 2:00 (1-373 0-87 
t-Acrolein'? 1-09 4°70 (2:18) i 78 (3-2) zil 
ua” pL 4-57 (2-09) 5-58 (3-10) 3°06 
Bu; (40 1-11 (0-64) 1:52 (1-04) 0-54 
Formic acid teat 52 3°76 (2-04) 3:26 (1:54) 1:35 
ated 42 3°50 (1-89) 3°08 (1-47) 1-33 
Bh B-30 1-38 (0-77) 1-08 (0-47) 0-21 
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Table 2. PARAMETER VALUES FOR o AND z CALCULATIONS 


gt 
Bond C—H C-C (€--N C—O N—-H O-H C—F €C C—Br 
T LOO 100 160 095 O45 045 O85 0865 0-80 
yy O30 016 O10 610 080 030 010 020 0620 
Yy—x O40 O10 6:10 010 040 0-40 O10 040 0-40 
ð” 007 607 O07 007 O24 040 007 007 007 
ôg 000 0-07 024 O40 000 0-00 057 035 030 
Fa j 
Bond C-C CNS C—Ne Ge Cad C— CH, C—F C—Ct C—Br 
1-04 
kxy LIE O80 160 06806 1:00 670 O70 040 0-30 
TRIN (2-00) 
hy 000 1-50 050 290 100 200 3-00 2.00 1-56 


* Charges computed using the formula for bond charges asin ref. 15. 
+ For bond length of about 1-40 A, 
+ For bond length of about 1-34 Å. 
§ For bond length of about 1-47 A. 


containing compounds (values in brackets in Table 1) 
when the value of kce..9 was changed from 1-0% to 2-0, 
another generally used valuet*-}9, 

This communieation extends recent evaluations?® 2 of 
the Del Re-Hiickel type calculations of charge distribu- 
tions to include dipole moment components and pre- 
viously unexamined heteroatoms, as well as a larger 
numerical sample. The agreement between computed and 
observed moments emphasizes that this simplistie pro- 
cedure gives reasonable values for the point charges. 

We thank Mrs Ann-Marie Reardon for programming 
and performing many of the computations in this work. 
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Benzo[a]pyrene, Phenols and other 
Products from Pyrolysis of the 
Cigarette Additive, (d,!)-Menthol 


THIS communication surveys the chief products from the 
thermal degradation of (d,J)-menthol and discusses some 
qualitative and quantitative differences in product 
composition at two selected temperatures. The thermal! 
decomposition of menthol—-a naturally occurring aleohol 
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—is of special significance because of its extensive use as 
a commercial additive, particularly in tobacco products. 

Preliminary studies were undertaken to determine 
whether menthol, because of its structural characteristics, 
could serve as a phenol-precursor. Phenols are con- 
sidered to be significant contributors to the flavour and 
aroma of tobacco smoke!, and have been reported to 
enhance the carcinogenic activity of certain polynuclear 
aromatic hydrocarbons?. By examining the pyrolytic 
products of menthol, we sought to establish what contri- 
bution, if any, this additive might make towards the 
chemical, and consequently the biological, properties of 
tobacco smoke. Its effect on the flavour of such smoke 
is, of course, well known. 

Commercially obtained samples of gas chromato- 
graphically purified (d.J)-menthol (K and K Laboratories, 
Inc.) were pyrolysed in horizontal quartz tubes (4 ft. x 
1-25 in., O.D.) packed with quartz chips under a stream 
of dry nitrogen (30 ml./min). The first experiments were 
performed at 860 + 5° C, the reported burning temperature 
of a cigarette’. For proper perspective, however. and in 
order to examine the effect of temperature on pyrolysate 
composition, this procedure was repeated at 600+ 5° C. 


Table 1. PHENOLS FROM PYROLYSIS OF MENTHOL® 
600° C 860° C 

Phenol 29 192 

o-Cresol 5 3 

m- and/or p-Cresol t 13 14 


* Values in mg/100 g menthol pyrolysed. Identirlcations based on co- 
injection data; phenol confirmed by spectral analysis (infrared, ultraviolet). 
+ Not separable under the GLC conditions used’. 


Pyrolysates were condensed in a series of cooled (dry 
ice/acetone) glass traps, and recovered by repeated 
extractions with diethyl ether and 0-5 per cent aqueous 
sodium hydroxide. Phenols were thus recovered as the 
sodium salts, and subsequently converted to free phenols 
by adjusting the pH of the basic extract to 6-8 with a 
stream of carbon dioxide. Ultimately, the phenols were 
obtained in small volumes of dry ether suitable for gas 
chromatographic analysis. Table 1 summarizes the 
quantitative data for the three chief phenols obtained 
in the experimental conditions used. That more than 
six times the amount of phenol was produced at the 
simulated burn temperature of a cigarette suggested a 
more extensive examination of the total produet com- 
position of the pyrolysates obtained at the two tempera- 
tures. Accordingly, the data obtained from a gas 
chromatographic survey of the components of the neutral 
fraction are presented in Table 2. 


Table 2. PERCENTAGE PRODUCT* IN PYRGLYSATE FROM MENTHOL 


Product + 600° C 860° C 
Benzene 11:9 17-5 
Toluene 16-3 13-2 
Ethylbenzene 1-9 TT 
Styrene e 12-0 
3-Methyicycichexanone 20-1 2-4 
“Vinyl methyicyclohexanone”™ 33°38 DT 
p-Cymene _ 6-2 
Naphthalene — 9-6 
‘‘AlkyInaphthalenes” — 37 
Bipheny! ome 2-8 
Acenaphthylene — 2-2 
Anthracene/phenanthrene — 3-8 
Unidentified products 15:9 13-2 


ea chromatographable neutrals; recovered menthol not incinded (see 
*X: a 

t In order of retention time on 5 ft. x 0-25 in. O.D. columre of 20 per cent 
SE-30 on ‘Chromosorb W; column temperature programmed from 70° to 
250° C at 6° C/min*, Identifications based on spectral data (mass, infrared 
and/or ultraviolet), and co-injection studies. 


At 600° C, unreacted menthol makes up a substantial 
portion (78 per cent) of the neutral fraction. Charac- 
terization of the major product formed (approximately 
33 per cent of the menthol-free gas chromatographable 
. neutrals) was attempted as follows. The product formed 


og red-orange 2,4-dinitrophenyl hydrazone (melting point 


| -129° to 132° C). The infrared spectrum showed strong 
absorption at 1,705 em-' (indicative of carbonyl function) 











and weaker absorption at 895 cm~ (indicative of 4 
unsaturation). Mass spectral analysis gave a paren 
at 138. Assuming a substituted cyclohexanone witi 
empirical formula C,H,,0, evidence would stro: 
indicate this product to be a vinyl methyleyclohexa: 
Loss of a molecule of methane from the propyl sid 
of menthol would account for the vinyl unsatiurt 
The positively identified 3-methyleyclohexanone 
aromatic hydrocarbons are apparently products resu 
from more extensive degradation of the starting material. 

Pyrolyses conducted at 860° C resulted in a more highly 
complex product composition, unreacted menthol account- 
ing for only 16 per cent of the neutral fraction. The 
appearance of certain polycyclic hydrocarbons 1s indicative 
of free radical mechanisms not in evidence at the lower 
experimental temperature; for example, phenyl radicals 
giving rise to biphenyl, and styryl radicals leading to 
naphthalene, and ultimately to more highly condensed 
ring systems’. 

Identification of polyaromatic hydrocarbons not amen- 
able to gas chromatographic analyses was accomplished 
by paper chromatographic techniques’. Aliquots of the > 
pyrolysate of menthol (860° C) were streaked on acetylated a 
filter paper (S and 5) and developed in an ascending — 
system of ethanol : toluene : water (17: 4:4). The presence _ 
of pyrene, benzo[a]-pyrene, and benz{ajanthracene was _ 
indicated by Rr values and subsequently confirmed by 
ultraviolet absorption spectroscopy of the eluted zones. 
The presence of fluoranthene was strongly indicated by = 
Rr value and fluorescence in ultraviolet light, but could = == 
not be confirmed by spectral analysis. 

In the light of previous reports concerning the tumori- 
genic properties of benzo[a]pyrene, we felt that a quanti- 
tative estimation of this component in menthol pyrolysate 
would prove interesting. Accordingly, we used a thin- 
layer chromatographic procedure? using plates of ‘Silica 
G, and n-hexane/diethy! ether (19:1) as the developing 
medium. The amount of benzo[a]pyrene produced was 
estimated by measuring absorbance at 363 my. Concen- 
trations were obtained from a calibration curve prepared 
from a series of known benzo[a]pyrene solutions subjected. 
to thin-layer chromatography in identical conditions. 
Approximately 400 ug of benzo[a]pyrene was obtained/g 
of menthol pyrolysed at 860° C. No evidence was obtained 
for the presence of benzo[a]pyrene or other polyaromatic 
hydrocarbons in pyrolysates produced at the “lower 
temperature. 

The contribution of menthol to the chemical and 
biological effects of cigarette smoke, however, must be 
weighed in relation to the amount used as an additive, 
and the amount that undergoes pyrolytic conversion. In 
this study, nine times as much menthol was recovered at 
the lower temperature (600° C) of pyrolysis than at the 
higher one (860° C). A previous report has indicated 
that only about 20 per cent of the menthol used as a 
cigarette additive is recovered in the mainstream smoke". 
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Structure of Tin(Il) “Hydroxide’’ 
and Lead(Il) ‘‘Hydroxide’’ 


Donaldson and Moser! have shown that there is only 


one stable solid tin(II) hydroxide, a unique crystalline 


phase quite distinct from other tin(I1) oxides, which can 


be described as a hydrous oxide or oxy-hydroxide. The 


formula of the finely divided material was determined 
analytically as 58n0.2H,0, but analytical results on a 
fine powder of large surface area cannot distinguish 
between this formula and the alternative 35nO.H.O, 
which differs by only one molecule of water per fifteen 
formula units of tin(I I) oxide. 

Single crystals of the oxy-hydroxide have now been 
obtained from stannous perchlorate solution, prepared in 
the usual way from copper perchlorate, by prolonged pas- 
sage of oxygen-free nitrogen carrying a very low concentra- 
tion of ammonia. In this way the pH of the perchlorate 
solution was increased slowly over a period of three months, 
and tin(II) oxy-hydroxide, uncontaminated by basic 
tin(II) salts or appreciable tin(IV), was precipitated at a 
rate comparable with the rate of erystal growth. Single 
crystals suitable for X-ray structure analysis by the usual 
methods were obtained (Fig. 1), although in very low 
yield. Fig. 2 shows the typical nodules formed consisting 
chiefly of blue-black tin(II) oxide with an unknown 
fibrous solid in their centres and crystalline oxy-hydroxide 
clearly visible on their outer surfaces. 

The crystals of tin(II) oxy-hydroxide possess tetragonal 
symmetry; statistical tests on the intensities of the 
diffracted X-rays suggest that a centre of symmetry is 
also present. The space group is determined uniquely 


as P4/mne. The unit cell dimensions (a= 7:93+0-01, c= 
by comparison 


9:13+0-01 A) refined with published 





Fig. 1. Crystalline tin(T1) oxy-hydroxide ( x 35), 





Nodules of blue-black tin(I1) oxide formed in the growth of oxy- 
hydroxide crystals ( x 3). 


lig. 2. 
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Fig. 3. Tin(Il) oxy-hydroxide structural unit. Large circles are oxygen 
atoms and the tin atoms are at the corners of the octahedron. 





a 


Fig. 4. Tin(l1) oxy-hydroxide; 001 projection. Small open circles are 
tin atoms and oxygen atoms lie at the corners of the squares. Bond 
lengths mentioned in the text are marked. Shaded and unshaded struc- 
tural units lic in alternate Jayers. Dot—dash lines are hydrogen bonds. 


powder diffraction data', and the density of the material?, 
are compatible only with the presence of four formula 
units of 38n0.H,O per unit cell. A structural determina- 
tion based on 400 independent intensities at the present 
stage of refinement (R=0-16) shows that the structural 
umit (Fig. 3) 13 an M.X, arrangement, similar to that 
proposed’ for Mo,Cl,**, consisting of an approximately 
regular cube of oxygen atoms (side 2-82 A) superimposed 
on an octahedral cluster of tin atoms (side 3-59 A). 
The complete structure (Fig. 4) consists of alternate layers 
of such units differing only in the orientation of the units 
with respect to the crystallographic axes. The distance 
between oxygen atoms of adjacent Sn,O, units in suc- 
cessive layers (2-60 A) is very much than the 
oxygen—oxygen distance between units in the same layer 
(4-60 A), and significantly shorter than the oxygen— 
oxygen distance within a single unit (2-82 A). Clearly 
the layers are connected by hydrogen bonding. The precise 
position of the hydrogen atoms, symmetrically or statisti- 


less 
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cally placed between oxygen atoms, is still being investi- 
gated. The analytical formula, rewritten as 38n0.H,O, 
must be interpreted structurally as Sn,O,H, or Sn,O,- 
(OH),, the 1:2 ratio of hydrogen to oxygen being a 
significant feature. This ratio would be expected‘ for any 
structure consisting of an infinite array of MsO, units 
having all oxygens joined by hydrogen bonds. This type of 
structure has been encountered previously, for example 
in KH,PO, and (NH,),H,10,, in which a negative charge 
on the hydrogen bonded framework is offset by associated 
cations. The O-H-O bond length in these frameworks 
is given as 25-26 A in complete agreement with the 
present results. 

The structural unit of tin(II) oxy-hydroxide is also 
related to the Sn,(OH),2+ cation demonstrated to exist m 
solution by Tobias®, and can be derived by the condensa- 
tion and deprotonation of two such cations thus 


28n,(OH),°*->Sn,0,(OH), + 4H* 


As far as is known this is the first crystallographic evi- 
dence in support of Tobias’s suggested ring structure for 
the Sn,(OH),?+ ion, which ean be derived from our SnO, 
unit by bisection normal to a three-fold axis. Apart from 
the square pyramidal arrangement of the individual tin 
atoms and their nearest neighbour oxvgen atoms there 
is no direct structural relationship between the oxy- 
hydroxide and blue-black tin({IT) oxide. 
Similarly, only one stable solid form of lead(II) 
hydroxide (or oxy-hydroxide) is encountered®, previously 
formulated? as 5PbO.2H,O. The X-ray powder pattern® 
of this material is very similar to that of tin(II}) oxy- 
hydroxide, both in spacing and intensity of the lines, 
indicating that the two compounds are isostructural. By 
comparison of the two patterns it is possible to index the 
pattern of the lead compound on the basis of a tetragonal 
unit cell (a=8-06+0-01, 6=9-44+0-01 A). Considering 
the observed density? of the substance and the unit cell 
volume, the cell contents are again four formula units of 
3PbO.H,O, which also supports the occurrence’ of poly- 
nuclear lead(IT) hydroxy cations of formula Pb,(OH),?* 
or multiples of this unit. 
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GdPS and Related New Rare 
Earth Compounds 


THE occurrence of such PbFCl-type phases as ThAs,’ 
ThSb, and UP, led me to suspect that analogous rare 
earth compounds LnYX (X=chalcogen, Y= pnigogen) 
might also exist. I tried to synthesize a number of these 
hypothetical compounds either by reacting the elements 
or by sintering pressed mixtures LnY + X at temperatures 
of between 600° and 1,000° C. PbFCl-type phases were 
obtained for LnSbTe (Ln=La...Sm, Gd...Tm, Y). 
The samples, however, appeared to be antimony-deficient. 
Sb- and As-deficient samples of LaAsSe, LnSbS (Ln = La 
.. . Nd) and LaSbSe also showed the X-ray pattern 
characteristic of the PbFCI structure. The compounds 
LnYX with the lighter anions, however, revealed slightly 
different X-ray patterns. The symmetry of the tetragonal 
PbFCI cell is lowered to orthorhombic because of a small 


difference between the a and b axes. The lattice constants 
of GdAsSe are: a=3-99 A, b=3-95 A, c= 8-77 A. Kno a 
ledge of the the electrical conductivity might give o 
information regarding the distortion of the lattice; 
thus non-metallic properties are possible only if two 
electrons per formula unit are involved in anion-—anion. 
bonds and these bonds would give rise to specific dis- 
tortions. Undistorted PbFCI-type LnYX compounds must 
be metallic. Unfortunately, the quality of the sarpies 
was not high enough to decide unequivocally whether 
these phases, if stoichiometric, are semiconductors oF 
metals. Seebeck coefficients are of the order of 10-30 
uV/°C and the resistivities are rather low. GdAsSe is 
antiferromagnetic with a Néel temperature of to” Is. 
The compounds LnPS crystallize in a different, though 
still related, structure. Occasionally I obtained some 
single crystals of GdPS and DyPS which have the form 
of very thin rectangular platelets or needles up to 6 mim 
in length. The largest dimension co rresponds to the 
smallest axis while the smallest dimension coincides with 
the largest axis. The colour of the crystals 1s reminiscent 
of that of silicon. The single crystals exhibit considerably 
higher resistivities than the sintered powders, whieh have 
resistivities of the order of 1-10 Q em and a fairly 
high thermoelectric power (>200 uV/°C, n-type) An 
electron-beam microanalysis of the GdPS crystals showed 
that they are very homogeneous and that their com- 
position is close to the theoretical value (Table 1). 


Table 1 
Percentage by weight accord- 





Element ing to microanalysis Percentage calen- 
(a) (5) lated for GdPs 
Gd 70-38 7031 71°38 
P 14°83 14-25 14-07 
3 14°81 14-70 14-55 
100-02 89°26 100-00 


Method (a) using Gd,S, (orthorhombic modification} and UP, single 
crystals as standards. (b) Using Gd,8, and UPS single crystals as standards, 


An incomplete point-by-point determination of the 
reciprocal lattice with a Siemens layer-line accessory 
revealed an orthorhombic symmetry and gave the fol- 
lowing lattice constants for GdPS: a = 541,45 A; b= 
5-37,+,A; c= 16-7654 A. The cell contains eight formula 
units. Extinctions were observed only for (oko) with k = 
2In+1. This would correspond to space group D}-P 22,2 
(No, 17). 


Intensities are as follows: ; 

Akl: for h+k +l=l2a stronger than for A+ tieta +1) among these for 
h+k=2n stronger than fork+k=2a+1. i 

okl: strong for k+l =2n, stronger for $ =2a; very weak for{=2n4 1, 


hol: for h += 2n stronger than for h+!=2n +1; stronger Tor k= Zn. 
hko: for h+ k= 2n stronger than for h tk=2n +1; stronger for A= 2n. 
hoo: strong for A =2n, very weak for h» fn +l. 


oko: observed only for k = 2n. N 
ool: strong for] = 2n, extremely weak forl = 2n +1. 


If by a, and c, we denote the axes of the PbFCI cell 
the a and b axes of the LnPS cell are ~ 1/2 a, while the 
c-axis is 2c,. Such dimensions are met also in the LaSb, 
(ref. 1) structure, while the tetragonal Zrsi, cell has the 
same c value but a axes identical to those of the PbFCI 
cell. Because the compounds are non-metalhe the struc- 
ture must have anion—anion bonds. Phosphorus might 
form zigzag chains while the sulphur atoms remain un- 
bonded. Alternatively, P and S might form pairs P-P 
and S-S or P-S. The first version is realized in the ZrSi, 
structure which isadopted by YbSb, (ref. 2), although in this 
case the cation has not enough valence electrons to saturate 
the bonds. In the LaSb, structure, on the other hand, 
half the anions are bonded in discrete pairs but the 
remaining anions form metallic bonds to four like neigh- 
bours just as the anions in positions 2(a) of the PbFCI 
structure. While an undistorted LaSb, structure is dis- 
credited, a ZrSi,-like arrangement would well account for 
the electrical properties of the LnPS phases. Up to now 
the GdPS structure was verified for PrPS. TbPS, DyPs, 
YPS and ErPS. 
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BIOLOGICAL SCIENCES 


Radiolysis of Chloroform in the 
Intense Radiation Pulse from a Nuclear 
Explosion 


RADIATION intensity is a useful parameter for studying 
mechanisms in radiation chemistry. The maximum 
intensity of electromagnetic radiation previous! v obtain- 
able was 10'° rads/s from particle accelerators. We have 
used the intense burst of radiation from an underground 
nuclear explosion to obtain dose rates of 10! to 1033 rads/s 
and to study the radiation chemistry of a variety of simple 
chemical systems. Chloroform was chosen for a prelimin- 
ary study because intensity effects on the yield of its 
radiolytic products have been reported for irradiation at 
lower dose ratest?. Our results not only support the 
mechanism proposed for lower intensities by Werner and 
Firestone’, but indicate that at higher dose rates CHCI, 
is no longer successful in scavenging all the radiolytically 
produced chlorine atoms (one of the primary dissociation 
products). 

These experiments were performed in conjunction 
with an underground nuclear test at the US Atomic 
Energy Commission test site in Nevada. The chloroform 
samples (approximately 0-8 ml.) were sealed in vacuum 
in ‘Pyrex’ tubes (Corning Glass Works, Corning, NY) 
(8 mm outer diameter x5 cm), and these together with 
several LiF thermoluminescent dosimeters! were sealed 
in wax into a steel secondary cylinder that was designed 
to protect against mechanical shock. The sample cylinder 
was positioned so that the radiation from the detonation 
passed through its length. The distance from the sample 
cylinder to the device was great enough to negate an y 
effects caused by the heat generated from the explosion. 

The CHCI, irradiated in this experiment was purified 
by washing several times with water, distilling under an 
inert atmosphere and drying with a Linde 5A molecular 
sieve. Samples were then prepared by vacuum distilling 
the CHCl, into the irradiation vessels where it was de- 
gassed by several cycles of freezing, pumping and thawing. 
The only impurities detected in the unirradiated samples 
by gas-liquid chromatography were: cis-C,H,Cl, (4-9 x 
10- mole per cent), 1,1-C,H,Cl, (2-5 x 10- mole per cent) 
and CCI, (8 x 10 mole per gent). Mechanistic considera- 
tions indicate that the impurities at these concentrations 
should not significantly affect the important reactions 
in the CHCH. The presence of CCl, prevented the deter- 
mimation of the radiolytic yield. 

After detonation and recovery, the dose received by the 
LiF dosimeters was determined by comparing their 
thermoluminescence with that of similar dosimeters 
exposed to known doses from a calibrated cobalt-60 
gamma ray source. Adjacent dosimeters in the eylinder 
gave results differing by as much as 40 per cent, which 
indicated that variations in the cross-sectional distribu- 
tion of the radiation were large. This, together with 
difficulties introduced by the complex nature of the radia- 
tion pulse’, and by the inability of LiF dosimeters to 
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measure absorbed doses because of neutrons? prevented 
an accurate estimation of the dose received by the CHCl. 
The average dose rate determined from the LiF dosimeters 
was 5x10" rads (H,0O)/s. A conservative estimate for 
the dose rate in the CHCl, samples is 10? to 108 rads/s. 

The principal products and their average yields (with 
standard deviation) relative to ©, HCl, for the eight irradi- 
ated samples were: CH,Cl,, 0-07 + 0-01; CCl, 0:08 + 0-01; 
sym-C,H,Cl,, 0-214+0-04; CCl, 0-31 +004; and sym- 
CHCl, 1:2+01. The main inorganic products, Cl, 
and HCl (ref. 3), were not analysed because of the small 
volumes of samples irradiated. All of these compounds, 
except sym-C,H,Cl,, are major products in the radiolysis 
of CHCI, at low intensities!-*. Because of its large relative 
yield, we believe that sym-C,H,Cl, was formed by reaction 
of the evs-C,H,Cl, impurity present in our samples. 


molecule of CHCI, decomposed 


product. 


‘0-10 


Molecules of 





0 lë OS 108 107 18° oe 10" 
Dose rate (rads/s) 
Fig. 1. Dose rate dependence of the number of product molecules 
formed per molecule of CHC, decomposed in the radiolysis of pure 


chloroform. ©, Ref, 1; DI, ref. 2: &, unpublished work of N. E, B.; 
A, this work. 


The dose received by the CHCl], could not be determined 
accurately, so the calculation of 100 eV yields was impos- 
sible. To compare these data with results obtained at 
lower intensities, where 100 eV yields were determined t2, 
the number of molecules of each product formed per 
molecule of CHCl, decomposed was calculated. The 
number of molecules of CHCH decomposed was determined 
by summing the yields of all the organie products after 
each had been multiplied by the number of carbon atoms 
in that specifie product. At all intensities, sym-C,H,Cl,, 
CHCl. CCl, and CH,Cl, accounted for more than 94 
per cent of the decomposed CHC], molecules (Fig. 1). 
The relative yields at 10 rads/s were obtained in experi- 
ments using an electron accelerator capable of gencrating 
2()-nanosecond- X-ray pulses (unpublished work of N. E. B.). 

The relative yields shown in Fig. 1 form continuous 
curves with dose rate variations, so the same radiolytic 
decomposition mechanism is probably applicable at all 
dose rates. The mechanism at lower intensities has been 
developed by Firestone and his colleagues': the primary 
radical species formed by charge neutralization, dissocia- 
tive electron attachment and dissociative neutral excita- 
tion processes are CHCH radicals and Cl atoms. These 
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species produce CCl, radicals by reactions with the solvent 

CHCl, + CHCI,—-CH,Cl, + CCl, (1) 

Cl+CHCI,—HCI+ CCl, (2) 

Combination reactions of chlorinated methyl radicals 
then produce the two carbon products 


9CHCI,—-C.H.Cl, (3) 
CHCI, + CCl,—C, HCI, (4) 
2CCl,—-C.Cl, (5) 


Reactions (6) and (7) involving cis-C,H Cl, are proposed 
for the formation of sym-C,H,Cl,. This sequence is 
similar to that proposed for the formation of 
CHCICHCHCICHCI, in the gamma radiolysis of pure 
cis-C,H,Cl, (ref. 7). 


Cl+C,H ,Cl,—-C,H,Cl, (6) 
C,H,Ci, + CHC1,—-CHC], CHCICHCI, (7 ) 


Increasing the radiation intensity increases the in- 
stantaneous or steady state concentration of CHCI, 
radicals, and so reaction (3) is preferred to reaction (1); 
the number of CCl, radicals formed decreases and thereby 
the rate of reaction (5) diminishes. Abramson and Fire- 
stone! described this effect quantitatively by calculating 
the intensity dependence of the 100 eV yields at dose 
rates < 10° rads/s using steady state equations for CHCl, 
and CCl, radicals, and the fact that all chlorine atoms 
disappear via reaction (2). We have found that the 
yields at 10° rads/s agree with predictions from their 
calculations (unpublished work of N. E. B.). This indicates 
that their mechanism is still applicable at this high dose 
rate. From 10"? to 10 rads/s, however, the yields of 
C,Cl, and C,HCl, decrease significantly, and C,H,Cl, 
becomes the principal product. This indicates a further 
decrease in the yield of CCl, radicals. Reaction (1) is 
unimportant as a source of CCl, radicals (because of the 
low yield of CH,Cl,). Some process must therefore 
compete with reaction (2), the other source of CCl, 
radicals. 

2Cl—Cl, (8) 

The recombination reaction (8) is a likely competitor 
with reaction (2) because reaction (8) is favoured by the 
large instantaneous radical density produced by the radia- 
tion pulse from the nuclear explosion. As shown by reac- 
tion (6), cis-C,H,Cl, competes with reaction (2) and thereby 
lowers the yield of CCl, radicals. The relative yield of 
sym-C,H,Cl,, however, which is a measure of the extent 
of this competition, is too low to account for the difference 
between the results at 101° and at 10' and 10" rads/s. 
Another possible mode of competition, the scavenging 
two Cl atoms by cis-C,H,Cl,, is unlikely when the high 
reactivity of Cl atoms towards CHCI, (refs. 1 and 3), and 
the large concentration of CHCl, with respect to the 
C,H,Cl, radical intermediate are considered. 
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Interactions between Chlorophyll and 
Water in the Solid State: Electron 
Spin Resonance 


ELECTRON spin resonance (ESR) signals in photosynthetic 
materials have been observed'-*. but their identification 
and significance in photosynthesis are still obscure., We 
describe here ESR observations on pure, solid chloro- 
phyll a as a function of water, with emphasis on the dark 
signal. 





Fig. 1. Freshly crystallized chlorophyll a. Powder pattern taken with 
CukKe radiation. 


Chlorophyll a was isolated by the methods of Jacobs* 
or Strain®. In all cases microcrystalline chlorophyll was 
obtained in dim light by evaporation of an ether solution 
of the pigment on the surface of water with a stream of 
nitrogen. It was chromatographically homegeneous; 
its molar extinction coefficient was 85,000 at 661 nm in 
ether; Amax ratios were 661/429, 1-29; 429/408, 1-60; 
661/505, 59; max in mineral oil suspension, 743 nm; it 
had a sharp, multi-ringed X-ray diffraction pattern ( Fig. 1) 
as in Donnay’s work*; infrared ester absorption was at 
1.739 cm~, C, ketone at 1.647 cm~ and three O-H 
stretching bands at 3,584, 3,448 and 3,247 em'' 

This crystalline chlorophyll (3-7 mg) gives a very 
intense. narrow dark ESR signal (Fig. 2A) wrth a line 
width of 1-6 gauss and g-value of 2-0025 + 0-0003 which 
persists even after storage in the dark for several months, 
(An X-band Varian spectrometer, model V'45000-10A, 
with a 6 in. electromagnet and 100 kHz field modulation 
was used with peroxylamine disulphonate as a standard 
external to the sample to determine line widths and g- 
values.) Removal of water from the sample causes disappear - 
ance of the narrow signal leaving a broad peak about 12 per 
cent of the original intensity. After drying the sample 
used for Fig. 2C in an oven at 60° C for 64 h, the residual 
peak (Fig. 2D), line width 10 gauss, q-value 2-0034, was 
recorded at a signal level five times higher than used in 
Fig. 2C. The sample was then exposed to water vapour for 
24 h and the dark signal seen in Fig. 22 recorded. The 
asymmetry of the signal results from the narrow signal 
superimposed on the broad signal and depends on the 
intensity of the narrow signal. An extreme example of 
this asymmetry is shown in Fig. 3. Curve A is erystalline 
chlorophyll that has been evacuated in an ESR tube on 
a vacuum line at 10-* mm for 65 h. A few drops of degassed 
water were then condensed on the walls of the tube 
through a break seal. After 15 min the narrow peak in 
Fig. 3B was recorded. This growing in of the narrow signal 
increases with time until it finally reaches about one half 
of the original intensity of the wet material. The signal 
does not return to the original intensity or symmetry of 
freshly crystallized material. This reversibility can be 
demonstrated continually with the same sample. 

We attempted to find whether the residual broad signal 
is dependent on oxygen, which is difficult to remove from 
the solid material, and whether the narrow signal requires 
oxygen as well as water. A sample was evacuated at 
10- mm, equilibrated with helium and heatec to 55° C 
for several days. The intensity of the dark signal decreased 
to 6-8 per cent of the original signal in the wet material 
but did not disappear (Fig. 44). Dry oxygen was then 
admitted to the ESR tube through a break seal. The 
intensity of the broad signal doubled, but the line width 
and q-value remained the same (Fig. 48), It is not clear 
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whether the residual broad signal results from oxygen 
that has still not been removed or from some other 
source. There is a difference other than in intensity 
between the material in the state seen in curve A com- 
pared with curve B of Fig. 4. After the intensity of the 
broad signal is reduced by treatment with helium the 
material will not react again with water until oxygen or 
air is admitted. 

All samples that have oxygen, and some water which 
may be detectable only as a small asymmetry in the dark 
broad signal, will increase in intensity on illumination 
with red light. Illumination of the sample in a tube 
by focusing a 1,000 watt projection lamp through a red 
filter and copper sulphate solution will produce an increase 
of 1-5-2-5-fold (Figs. 2B and 3C). Fifteen to 20 min is 
required to reach a steady state and 2 h or more for decay 
to the original dark intensity. The light signal has the 
same g-value and line width as the narrow dark signal, 

A summary of these and earlier results is shown in 
Table 1. The results seem to be inconsistent because the 
g-values, line widths and intensity of the signals depend 
on water content which varies with different methods of 
preparation. If a sample is known to be dry, the g-value 
is about 2-0034, the line width 10-12 gauss and no 
increase occurs on illumination. It is agreed that water 
is needed for the appearance of a light signal which has a 
lower g-value and narrower line width than the dark 
signal observed in the dry state. We agree with the 
Russian workers that the same narrower signal appears 
even without illumination by exposure to water, and also 
that some oxygen is necessary for this interaction between 
water and chlorophyll to occur. 

The chief discrepancy in observations on solid chloro- 
phyll is that other workers observed a weak dark signal 


10 Gauss 10 GAUSS 
dereettmmerrmterinde  nenemeeimenes | 
1 
| 
A 
i 
| j 
] j 
j | if 
ao o n 
| y arr > | 
| | / 
i i 
| f 
j 


H 
V EEEE ATT 


Fig. 2. A, Dark signal in crystalline chlorophylia. B, Irradiated 13 min 

with red light. AH (between points of maximum slope) 1-6 gauss, 

g = 20025 + 0-0003, signal level 80. C, Dark signal in crystalline Chi a, 

signal level 100. D, Sample dried at 60° for 64 h, signal level 500, AH 16 

gauss, g = 2-0034 + 00003. E, Sample from curve D rewet, signal level 
200. Modulation of all curves about 1 gauss. 
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A, Sample evacuated at 16-* mm for 65 h. B, Degassed water 
or about 15 min. C, Irradiated with red light for 5 min. Signal 
level for all curves is 630, modulation 1 gauss, 
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Fig. 4. A, Sampie evacuated at 10-* mm and treated with helium. Signal 
level 400, modulation about 4 gauss. B, Dry O, admitted, same settings 
as d. AH 10 gauss, g= 20034. 
with line widths no narrower than 7 gauss, whereas we 
found the intense dark signal of 1-6 gauss and much 
narrower line widths for the light induced signals. These 
inconsistencies could result from different degrees of 
aggregation which depend on the water content of the 
pigment. The “wet” crystalline material used in this 
work is highly associated as shown by the infrared and 
743 nm absorption in the visible region (dry material 
absorbs at 673 nm’). Lippincott’s!* material absorbs at 
740 nm and shows extremely narrow ESR signals. These 
observations seem to indicate that narrow signals result 
from a high degree of aggregation caused by interactions 
between chlorophyll and water, but only in the presence 
of oxygen. Material prepared by methods that do not 
permit a high degree of association will show signals of 
different line widths. For example, material precipitated 
from ether with petroleum ether (without exclusion of 

water) has a dark signal of about 5 gauss. 
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Table 1, DARK AND LIGHT ESR SIGNALS IN CHLOROPHYLL PREPARED BY 


DIFFERENT METHODS 


Dark signal Light signal 


Line Line 
Material Conditions g-Value width g-Value width 
(gauss) (gauss) 

* Solid Chia (9) Air, no O, effect 3-0030 12 2-0027 

Solid Chi a+b Vacuum+dry O, 2:0035 Yi z (No change) 
fa ; { w?, > ga P š £ "7 
G1, 12) Vacuum+0,+H,O | nee l : 2-0030 ' 

t Solid Chi a (8) Air 2 15 3 10 
Chioroplast Vacuum, max, inter- -- = 2 3 
extract (8) sity with degassed 

H,O at vip. 4-7 mm 

$ Chioroplast g 
fragments (14) Air 2-02 is 4 2-02 ae 

8 Crystalline Air, as crystallized 2-0025 1-6 2-0025 16 
Chl e (this Vacuum, degassed 2-0034 16 (No change) _ 


2-0034 16 


23-0034 1G 
12-0034 16 
i 2-0025 1-6 
* Prepared by method of Jacobs and Holt”, partially crystalline. 
+ Prepared by method of Anderson and Calvin, 660/429 ratio 1-19, three 
A-ray rings. 
t May be crystalline Chi precipitated in fragments'®, Amax 740 nin. 
$ Prepared by method of Jacobs? or Strain’. 


work} Vacuum + dry 0, 
Vacuum + degassed 


H,O 
Vacuum + OÖ, + HO 


{No change) 


(No change) 
2:0025 1-6 


The origin of the dark and light signals is unknown 
but it is clear that oxygen contributes to the dark broad 
signal and is necessary for the narrow signal which de- 
velops with water. Oxygen could be involved in some 
charge-transfer process augmented by water interaction 
with the pigment molecules. 
Extrapolation from these findings to in vivo situations 
would be premature but it is possible that both absorption 
spectra and ESR signals are dependent on degrees of 
aggregation which in turn are dependent on water or 
some other environmental component. 
GWENDOLYN SHERMAN 
Eigi FUJIMORI 

Photochemistry Section, 

Energetics Branch, Space Physics Laboratory, 

Air Force Cambridge Research Laboratories, 
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Comparison of Conformational 
Characteristics of Arabinose and Ribose 
containing Dinucleoside Phosphates 


InprrEctT evidence indicates that the 2’-hydroxyl group 
of the ribose moiety may play an important part in 
determining the structural properties of nucleic acids 
in solution, The formation and stability of helical 
structures formed by the aggregation of 5’-guanylic acid‘, 
by single stranded oligonucleoctides**, homopolymers® 
and by double stranded structures? depend on the presence 
or absence of 2’-OH. AH these results were explained by 
the formation of a hydrogen bond in which the 2’-OH 
group is interacting either with the neighbouring base® or 
with the phosphate oxygen'-*. 





BASE 
HO O 
O OH 
| 
HO —P=0 
| BASE 
0 © 
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Fig. 1. Schematic diagram of ribose (left) and arabinose (right) con- 


taining dinucleaside phosphates. 


To distinguish between these two hypotheses we investi- 
gated simple dinucleoside phosphate isomers m which the 
stereoposition of the 2’-OH is different with respect to the 
plane of the sugar (Fig. 1). The results of circular dichroic 
and spectral investigations on arebino and riboiscmers are 
presented in this communication. Our results fevour the 
formation of an intramolecular hydrogen bond between 
the 2’-OH and an adjacent phosphate oxygen group*. 

Spectral investigations of dinucleoside phosphates were 
carried out in aqueous solutions containing 4-7 M KF, 
0-01 M tris, at pH 7-5, which allowed measurements at 
temperatures as low as — 20° C. The dinucleoside phos- 
phates containing arabinose were synthesized by chemical 
methods? and also cytidylate trinucleoside diphosphate 
CapCa® and others, containing ribose, were purchased 
from Waldhof Co. (Nucleotides which contain arabinose 
are indicated with the lower case ‘a’ (for example CapA 
denotes ara-cytidylyl (3’—+5’) adenosine, etc.).) 

The ultraviolet absorption spectra of isomers contaming 
different carbohydrate residues 3-5 ApCa, ApC and 
CapA, CpA are essentially identical in the region of base 
absorption. 

The circular dichroic spectrun of the dimer con- 
taining arabinose, 3’->5’ CapA, is completely different 
from that containing ribose 3—5" CpA. The 3-5’ 
CapA yields a circular dichroic spectrum composed 
of one main band, in the region between 300 mp and 240 
mu. It is similar to that of a mixture of the corresponding 
monomers Cap and Ap (Fig. 2). In contrast, the circular 
dichroic spectra of 3’-+5’ ApC and 3’-+5’ ApCa of a similar 
shape are composed of two bands, one positive and one 
negative, in the spectral region of investigation. The 
form of these circular dichroic spectra and the position 
of the maxima and minima (Table 1) are almost identical 
and differ from those of the corresponding monomers. 
Such circular dichroic spectra indicate that in ApC and 
ApCa interaction occurs between the two bases. This 1s 
reflected in an exciton type spectrum!’ which has more 
complex contributions’. 

The absorption spectra of corresponding monomers 
Cap and Cp are essentially identical. The circuler dichroic 


Table 1. SPECTRAL PARAMETERS OF SOME ara AND ribo ISOMERS AT pH Tọ 


. Absorption 
Dinucleotides Circular dichroism spectrum 
maxi tA) ah) drain th) imax 4) 
Ape 275 280 236 Bel 
ApCa 274 258 230 261 
Cpa 275 257 240 261-5 
CapA 269 242 (220) 264-5 
Mononucleotides amax(™¥) R.1i0% max vO 
Cp 272 il 27) 
Cap 272 22 2715 


Amax, 4°, Amis, are the wavelengths of the maximum, crossiag point, and 
minimum of circular dichroic spectra. Data are taken at ~ 20" U, 


* On the basis of X-ray investigations of double helical crystalline rheo- 
virus BNA and fragmented yeast RNA’, hydrogen bond formation between 
2’-OH and phosphate oxygen in another molecule was proposes. This inter- 
molecular hydrogen bond formation may be characteristic of pelyribonuclee- 
tide chainsin the solid state but not in simple dinucleotides in dilute solutions. 
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Fig. 2. Circular dichroic spectra of 3'—>5' dinucleoside phosphates iso- 

mers: { ) CpA at — 20° C, (— -—) CapA at ~19° C,(.., . ) the 

monomers Cap and Ap, (----) CpA at 81° C; solvent 4-7 M KF: 
0-01 M tris, pH 7-5. 





spectra of these compounds are of the same shape and 
are composed of one principal positive band with a maxi- 
mum at 272 my for both compounds. The rotational 
strength (Rba) of the arabino derivative is twice that of 
the ribose monomer, however (Table 1). These results 
are in agreement with the optical rotatory dispersion 
(ORD) results on simple arabinosides*?. The explanation 
of the observed increase of the rotational strength of the 
arabinose containing monomers is related to the epimer- 
ization of the 2’-OH in the sugar and is reflected in greater 
perturbation of the base by the sugar. The rotational 
strength (Epa) of Cap and Cp monomers does not vary 
with temperature over a range of 100° C, so the effects 
of the interaction of the base with the sugar (a type of 
Kirkwood coupling) might be important principally in 
the monomer (Fig. 1). 

The circular dichroic spectra of various dinucleoside 
phosphates were studied as a function of temperature 
from ~ 20° C to +80° C. Their conformational changes 
can be followed by determining the rotational strength 
of the main circular dichroic band at various tempera- 
tures. Alternatively, the intensity of the main band 
can be used if the calculation of rotational strength 
is difficult. This alternative is used because of the com- 
plexity of spectra and the overlapping of bands at higher 
temperatures. 

The changes of circular dichroism (Ac) max with tempera- 
ture are shown in Fig. 3, where the intensity of the 
dinucleotide’s main band, corrected for the monomer 
contribution, is plotted against temperature. Fig. 3 


shows the difference in behaviour of two isomers as a 


result of the 2’ 8-hydroxyl in the 3’ as opposed to the 5’ 
linked residue. The “melting” curve of the 3—5 
dinucleotide ApCa having arabinose as a 5‘ linked residue 
is sigmoidal, whereas that of the 3’-linked isomer 3’—»5 
CapA shows a linear dependence, with a very small slope. 
The same difference in behaviour was observed for the 
3’->5' CapU and UpCa, where there was no change with 
temperature of the intensity of the main circular dichroic 
band of 3’->5’ CapU, containing arabinose as a 3’-linked 
residue, but UpCa yielded a sigmoidal curve. The 
“melting” curves of other compounds studied, 3—5 ApC 
and CpA, are sigmoidal. From these sigmoidal curves it 
is possible to calculate the thermodynamic parameters 
characteristic of the thermal unstacking process of various 
dimers®. Table 2 shows that thermodynamic parameters 
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Table 2. THERMODYNAMIC PARAMETERS FOR THERMAL DENATURATION 
PROCESS 
i . AH” Age AF? °° i) Tm 
Substance (Keal/mole) (eu Amole) (Keal/mote) °C} 
ApCa 5-4 17°35 +08 35 
Ape $i 21 + 0-6 25 
CHA 7-0 24 tet 15 


The values are expressed per mole of nucleotide residues and are obtained 
by the Van't Hoff method?. 


for the thermal denaturation process of compounds 
contaming ribose or arabinose are similar whenever in 5’ 
moiety of the molecule. 

We next studied 3’—»5’ CapCa and CapCapCa at pH 7-5. 
Again the circular dichroism spectra were invariant as a 
function of temperature. The curve shapes were almost 
identical with those of the corresponding monomers. 
Similar results were obtained with araohgonucleoti-les 
containing other bases, for example, the ara-uridylates 
of chain length from 5 to 10 (unpublished work of Maurizot, 
Schramm and Brahms). CapCa at acid pH behaved 
similarly. This demonstrates that the oligonucleotide’s 
conformational stability is primarily dependent on the 
configuration of the 2’-OH in the sugar. 

We have used Courtauld space filling molecular models 
as well as carrying out our experiments to examine the 
role of the 2’-OH in the helical conformation and in its 
possible interaction with the base* or with the phosphate?-?. 
Because the models do not allow the atomic centres to 
be measured, building studies are only qualitative. In 
the arabinose compounds (Fig. 1) the 2’-hydroxyl is in 
the trans glycol position, that is, at the same side as the 
base with regard to the plane of the sugar. Compared 
with the ribose isomers the distance between 2’-OH 
and the base is decreased but the distance to the phosphate 
is increased. If the formation of the H-bond occurs 
with the base such interaction will not be affected in the 
ara-compounds. In contrast, if the hydrogen bond is to the 
phosphate, the distance to the 2’-OH in the 3’-linked ara- 
compounds would preclude its formation. Our results 
indicate the importance of the 2’-hydroxyl group and 
show that only that of the 3’-linked sugar residue confers 
conformational stability on single stranded conformation. 
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Fig.3. Temperature dependence of circular dichroism of arabino isomers 
3°->5' CapA, 3-5’ ApCa. The intensity of circular dichroism band 
Aémax is taken at the maximum of the positive, longer wavelength band 
and is corrected for the contribution of the monomers constituents. 
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Cur spectroscopic and thermodynamic results indicate 
that changes in orientation of the 2’-OH in the 5’-linked 
sugar do not influence the helical structure and conforma- 
tional stability of these dinucleoside phosphates. In 
contrast the modification of the direction of 2’-OH in 
3’-linked sugar leads to the destruction of the stacked 
conformation. Molecular model building suggests that 
the 2’-OH in 3’-linked arabinose residue cannot interfere 
very much with base stacking and that the angle between 
the bases can vary up to 60°. 

These results exclude the possibility that 2’-OH 
interaction with the adjacent base has an important 
influence on the stacking in polynucleotides. This 
hypothesis predicts the formation of two H-bonds (one 
for each nucleoside) in a dinucleoside phosphate and no 
difference between 3’—-5‘ isomers containing either arabin- 
ose-ribose or ribose-arabinose sequence. (Another hypo- 
thesis of the interaction between the 2’-OH and the base 
on next residue cannot. be excluded but, as in the hypothe- 
sis of Ts’o et al.*, it implicates a different type of H-bonding 
with different bases, and cannot be reconciled with our 
results.) Both spectral and thermodynamic results 
indicate drastic changes in each isomer, so hydrogen bond 
formation between 2’-OH and the phosphate group appears 
to be the most valid explanation of the observed differ- 
ences, 
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Glutamine Synthetase inhibition: 
Possible Mode of Action of Wildfire 
Toxin from Pseudomonas tabaci 


Tosacco wildfire toxin, produced by the phytopathogenic 
bacterium Pseudomonas tabaci, and methionine sulphox- 
imine (MSO) inhibit the growth of the alga Chlorella 
vulgaris, and induce chlorosis in leaves of higher plants?. 
Because both compounds were considered to be structural 
analogues of methionine, it was postulated that they acted 
as methionine antimetabolites. Although ~L-methionine 
overeame the growth inhibition effect of both the toxin 
and MSO in Chlorella, it did not prevent chlorosis in 
higher plants. It has recently been shown that the 
inhibition of the growth of oat ecoleoptiles induced by 
MSO can be reversed by glutamine, but not by methion- 








ine?. In animals the wildfire toxin causes convulsion 
identical to those produced by MSO®*; significantly, these: 
two compounds also inhibit cerebral glutamine synthetase `. 
(GS)15. In view of the similarities exhibited by the two | 








compounds, both in plants and animals, and the findings _ : 
implicating glutamine metabolism, we felt that a study = 
de 






~ ‘ 


of the effect of the wildfire toxin on plant GS nught provi 
additional insight into its mode of action. We report 
here the results of investigations on the influence of the 
wildfire toxin on GS obtained from pea‘. and the effect 
of L-glutamine in reversing the toxin’s effects im intact, 
tobacco leaves and on GS in vitro. 

The transferase activity’ of pea GS was determined at 
different concentrations of toxin or L-methionine-dl- 
sulphoximine (L-MSO). The degree and type of inhibition 
of cerebral GS by MSO depends on the order of addition 
of the inhibitor and reaction components®, so the inhibition 
of the pea enzyme was examined with or witheut pre- 
incubation either in the presence or absence of substrate. 
Kinetic studies using the synthetase activity" of the pea 
enzyme were also undertaken. For comparison similar 
experiments were carried out with L-MSO. 

The wildfire toxin was partially purified from filtrates 
of highly virulent isolates of P. tabaci grown in synthetic 
medium! by the charcoal adsorption and methano: extrac- 
tion procedures of Woolley et al. Aliquots of toe toxin 
solution were then neutralized (pH 7) with NaH and 
dried. The toxin preparation was dissolved in either water 
or an appropriate buffer. Toxin concentrations were 
expressed in umoles of glycine equivalents as determined 
from amino-acid analyses’. 


Table 1. EFFECT OF THE WILDFIRE TOXINS AND L-MSO ON PEA @LITAMINE 


TRANSFERASE ACTIVITY 


Inhibitor Per cent of check 
concentration Preincubated* Preincubated+ No jreincubation 
(uM) IeMSOQ Toxin L-MSO Toxin IMSO Torm 
Ə 3i 44 2 9 G 0 
10 48 62 T 12 0 2 
25 64 74 19 30 0 PA 


Enzyme activity was determined by incubating the reaction mixture for 
30 min at 37° C and measuring glutamylhydroxamate formation, Heat 
inactivated toxin was used as a check. 

* Preincubated 40 min at 37° in 1-9 ml. of 0-05 M sodhon cacodylate pulfer 
at pH 6-4 containing 20 uM sodium arsenate, 0-2 uM ATP, 1 aM manganous 
sulphate, 20 «M NH,OH as indicated and 20 4M L-giutarnine. 

+ Preincubated as before without L-glutamine. Reaction inidated with 
L-glutamine, 


Table 2, ANTAGONISM BY L-GLUTAMINE OF THE EFFECTS OF WILDGIRE TOADS 
AND L-MSO INJECTED INTO TOBACCO LEAVES 


Chiorophyli Ammonia Frest Drv 
{ P aré 


OLD. at (eid wt. wt. 
665 ma) dry wt.) (mgr (mg) 
Water check 0482 142 175 27-5 
Toxin (25 uM) 0-811 #42 127 24-2 
L-MSO (50 uM) 0-402 1,150 47 ST 
Toxin (25 uM)+ L-glutamine 
(200 mM) 0-404 180 184 aot 
MSO (50 uM)+ L-glutamine 
(200 mM) 0-460 176 192 24°58 
Inactivated toxin (25 uM, heated) 0-458 i52 178 arad 
L-Glutamine (200 mM) 8-437 211 155 20-8 


both the wildfire toxin and L-MSO (Table 1). Premeuba- 
tion of the enzyme with etther compound mcreased 
inhibition, If L-glutamine was included in the pre- 
incubation mixture, the degree of inhibition was reduced, 

Kinetic studies on the inhibition of the synthetase 
activity indicate that inhibition by the wildfire toxin is 
non-competitive (Fig. 1), A Lineweaver~Burk double 
reciprocal plot of the rate of the reaction against the 
concentration of L-glutamine after preineubazing the 
enzyme for 40 min in the presence of texin (25 uM) 
indicated non-competitive imbibition. Representative 
data are plotted in Fig. 1. Without preincubation the 
degree of inhibition was less, as in the case of the trans- 
ferase activity. These results show that the wildfire 
toxin probably inactivates GS from pea in the same 


a 


manner as reported for cerebral GS‘. 
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Fig. 1. Inhibition of pea glutamine synthetase by the wildfire toxin, 


The synthetase activity was determined by measuring the amount of 
glutamylhydroxamate formation after 30 min incubation at 37° ©. 
Preincubation was at 37° C for 40 min in the reaction mixture without 
glutamate. Checks were heat inactivated toxin (25 eM). V = amoles of 
ghitamylhydroxamate formed /30 min, 


Prevention of chlorosis was tried by injecting! one half 
of a fully expanded tobacco leaf (Nicotiana tabacum 
‘Bottom Special’) with either the toxin or L-MSO in 
water, and the opposite half leaf with the same compound 
in L-glutamine (200 mM). Control half leaves were 
injected with water, L-glutamine or inactivated toxin 
(heated at 121° C for 15 min at pH 7-0). Following 
treatment, the plants were incubated in a growth chamber 
(28° C, 12 h day length at 2,600 ft.-candles) for 4 days. 
Two samples, each consisting of ten leaf disks, measuring 
I em, were then removed from treated leaves and their 
wet and dry weights, chlorophyll? and ammonia! con- 
tents determined. 

Half leaves injected with only the toxin or L-MSO were 
visibly chlorotic after 48 h while the opposite half leaves 
which had also received L-glutamine were as green and 
turgid as all the controls. After 4 days both the toxin 
and L-MSO increased the ammonia content of the leaves, 
whereas they significantly reduced the chlorophyll con- 
tent and wet and dry weights (Table 2). The simultan- 
eous injection of L-glutamine prevented or marked] y 
reduced these effects. The toxin and t-MSO showed a 
considerable difference in the range of concentrations 
which could be antagonized by L-glutamine. While 
200 mM t-glutamine completely prevented chlorosis 
caused by 200 uM L-MSO, eight times the minimal con- 
centration to elicit symptoms, this concentration of 
L-glutamine was not effective against 50 uM toxin, four 
times the minimal concentration of toxin. Even 10 mM 
L-glutamine would effectively antagonize 50 uM -MSO 
although it did not reverse the effects of any of the toxin 
eoncentrations which were tried. 

The results suggest that inhibition of GS may be the 
primary site of action of the wildfire toxin within the plant 
cell. The striking parallel between the activities of L-MSO 
and the wildfire toxin in plants, originally noted by Braun}, 
suggests that these two inhibitors may be acting on the 
same metabolic pathway. Concentrations of the toxin 
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or L-MSO which cause chlorosis when in jeeted into tobacco 
leaves also inhibit GS in vitro. The non-competitive 
nature of this enzyme inhibition may explain why gluta- 
mine does not reverse the effects of high concentrations 
of the inhibitors in vive. Our results do not preclude, 
however, the possibility that in vivo L-glutamine acts by 
competing with the inhibitors for en try into the cell, 
as has been reported for ~-methionine antagonism of 
L-MSO in animals, rather than by protecting GS per se. 
Inhibition of GS would result both in a depletion of gluta- 
mine and a build-up of reduced ni trogenous intermediates 
from nitrite to ammonia. 


yet he 


In tomato leaves excess ammonia is toxic, and rapidly 
causes ultrastructural modifications of the chloroplasts 
resulting in chlorosis’. Thus the rapid appearance of 
chlorosis in leaves treated with toxin could be a result of 
the build-up of toxic intermediates in nitrate metabolism, 
rather than to a depletion of glutamine. Such a mechan- 
ism of action is in keeping with the observed increases of 
ammonia in toxin-treated tissues shown by our data and 
reported by other workers. This proposed mode of 
action could also explain the protein and RNA disturb- 
ances attributed to the action of the wildfire toxin!7.8, 
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Biochemical Analysis of Preserved 
Zooplankton 


BIOCHEMICAL analysis of zooplankton at sea presents 
many difficulties so specimens caught during a voyage 
are preserved until analysis can be performed in a land- 
based laboratory. The literature!~? indicates that two 
methods of preservation are generally used——deep-freez- 
ingt and preservation in formalin'4, Most analyses 
have been carried out on material preserved thus, with 
no direct comparison with fresh material, and so there 
must be some doubt as to the accuracy of the values 
obtained. I have investigated several different methods 
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of preservation in order to assess their suitability for use 
before chemical analysis of zooplankton. 

The brackish-water mysid Neomysis integer was used 
because it was locally abundant and has a well known 
biochemical composition®. Five methods of preservation 
were used: 10 per cent v/v formalin; 10 per cent tri- 
chloracetic acid (TCA); 70 per cent ethanol; deep- 
freezing at —25° C, and freeze-drying. Specimens of 
Neomysis were preserved by each method for a period of 
3-5 weeks, and additional specimens were preserved m 
formalin for 24 h. 

Preserved and fresh Neomysis were analysed for dry 
matter, ash, chitin, lipid and carbohydrate using the 
methods of Raymont et al.*. Protein was measured by the 
biuret method?. 

For each batch, usually five determinations were made 
for dry matter, ash and chitin, and ten determinations 
for lipid, protein and carbohydrate were made, In addi- 
tion to oven dry weights, a supplementary dry weight was 
determined by weighing before, and after, the freeze- 
drying process. The results shown in Table 1 are expressed 
as percentage dry weight, except the dry weight data 
which are given as percentage wet weight. 


Table 1. MEAN VALUES AND TOTALS OF ALL FRACTIONS OBTAINED FOR EACH 


: METHOD OF PRESERVATION 
Sample and 


preservation Dry Ash Chitin Lipid Protein Carbo- Total 
time weight f hydrate 
Fresh 29+] 1240 3+0 %LLt3 73247 340 103% 
24 h forma- 
in 2921+00 141240 30 Sl §+3 3+0 32% 
4 weeks for- 
malin 2041 9+3 321 1522 55 9+6 41% 
3 weeks TCA 3622 1+0 2+0 7+2 44+4 1+0 55% 
4 weeks 
ethanol Wt? 10+38 521 ey 92+11 2+) 118° 
5 weeks deep 
freeze 2942 41+0 6521 1523 7947 $42 1m% 
4 weeks freeze 
dried VE1* 130 440 442 7449 240 107% 


* The freeze dried material was, of course, anhydrous, the dry weight 
quoted here is the figure obtained for drying fresh material by freeze drying. 


Clearly there are some very marked differences between 
the fractions of fresh and preserved Neomysis. In view 
of the limited number of determinations made, however, 
only gross changes can be discussed. 

The results for the fresh material are in fair agreement 
with those quoted by Raymont et al.', and this suggests 
that the analyses were performed satisfactorily. 

Material preserved for 24 h in formalin showed a large 
decrease in the protein fraction, and further preservation 
(4 weeks) gave an increase in the carbohydrate reaction. 
Thus formalin gives useful results with a short time of 
preservation, except for the protein fraction (estimated 
by the biuret reaction), but this problem might be solved 
by a Kjeldahl determination of nitrogen followed by 
conversion. to protein (N x 6°25). 

With the exception of dry matter content, which rose 
above that of fresh tissue, all fractions from material 
preserved in TCA decreased, notably ash, protein and 
carbohydrate. With animals preserved in alcohol, 
proteins gave a much higher value than the fresh tissue 
protein, and only the carbohydrate fraction can be 
regarded as a reliable result. Deep-freezing showed a 
small inerease in most fractions, thus producing a total 
of 113 per cent. The dry weight value was higher than the 
value for fresh tissue because of dehydration during 
refrigeration. Freeze drying gave values for all fractions 
which were close to those obtained from fresh specimens. 
Lipid is a very variable fraction even in fresh animals 
and any variation in preserved material is only to be 
expected. 

As far as biochemical analyses are concerned, a good 
method of tissue preservation should produce as little 
alteration as possible in the chemical nature of the sample. 
Thus, formalin, TCA and alcohol are not suitable except 
for one or two fractions, although formalin is satisfactory 
over a short period for most fractions. Freeze drying 


381. 
clearly offers a reliable method, and deep fræzmg is 


also reliable provided that dry weight determinations are 
made simultaneously with analyses of other fractions. 
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Relationship between the Polyphenol 
Oxidase Activity of Coffee Beans 
and the Quality of the Beverage 


SEVERAL authors have indicated the importance of poly- 
phenols to the quality of the beverage’ produeed from 
coffee, and others'-* have suggested that pclyphenol 
oxidase influences the colour of the raw beans and 
consequently the quality of the beverage. 

We have investigated the activity of polyphenol 
oxidase in extracts of raw beans of five qualities of 
Coffea arabica L., classified by the Brazilian Institute of 
Coffee as “soft? (pulped), “soft” (unpulped), “hard”, 
“poor” and “very poor”. 

The method used was adapted from that of Porting and 
Joslyn’. Ground green coffee (5 g) was suspendedan 20 mil. 
of 0-1 M phosphate buffer, pH 6-0, and shaken for 5 run. 
The suspension was centrifuged at 12,000g for 25 mun 
and 0-5 ml. of the supernatant was added to 10 mi. of 
phosphate buffer solution containing 8 mg of L-3-4-di- 
hydroxyphenylalanine. The absorbance of the solution 
was then measured at 5 min intervals in the Klett- 
Summerson colorimeter (420 mu). 

The relative activity of polyphenol oxidase in the five 
qualities of coffee studied showed a significant cerrelation. 
by Spearman’s test of rank correlation, decreasing from 
the better coffee to the poorer (Table 1). 


Table 1. POLYPHENOL OXIDASE ACTIVITY OF EXTRACTS OF IHFFRRERT GREEN 
COFFEES WITH RESPECT TO THE QUALITY OF THE BEVERAGE PREPARED FROM 


THEM 
Absorbance at 420 my 

Min 0 10 20 
Quality of beverage 
Soft (pulped) 103 145 165 
Soft (not pulped) 105 130 id 
Hard 163 izi 132 
Poor 63 106 113 
Very poor 7o RL So 


The figures represent an average of four experiments for each and of coffee 
sampled. 


do from 
d, showed 






ing and storage, the polyphenol oxidases im caffee may 
attack the polyphenols. lowering the protection of the 
aldehyde compounds and at the same time producing 
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quinones which then act as inhibitors of the polyphenol 
oxidase’, This may explain why low polyphenol 
oxidase activity in coffee seems to be associated with the 
poor quality of the resulting beverage. 
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Rhythmical Changes of the Electro- 
phoretic Mobility of Erythrocytes 
after Irradiation with Increasing 
X-ray Doses 


IN 1937 Crowther et al.! described a rhythmical increase 
and decrease of the electrophoretic mobility of colloidal 
carbon particles with increasing X-ray doses. Similar 
rhythmical variations of the electrokinetic potential 


({-potential) were later described even for suspensions of 


various other colloidal particles and after irradiation with 
radiation sources of different quality and intensity®:*. 
The mechanism of this peculiar phenomenon is unknown. 
Changes of the electrophoretic potential have been shown 
with doses of only a few rads. 

Such physico-chemical changes on the surface of sus- 
pended particles might be important in determining 


Percentage 
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radiation effects—particularly those of a functional 
nature-—if it can be confirmed that they occur not only in 
“pure” systems (that is, those having defined particles 
and specific suspension media), but also in the complex 
biological field. For Ehrlich ascites tumour cells Stein 
et al.* described rhythmical changes of the electrophoretic 
mobility after irradiation with maxima at about 600 and 
1,200, and minima at about 900 and 1,600 rads. Subse- 
quently, however, Stein ef al.5 could not confirm these 
observations. 

My results nevertheless indicate that the electrokinetic 
potential of suspended mouse erythrocytes changes 
rhythmically after increasing the dose of irradiation in a 
sunilar way to that of colloidal quartz, carbon or gold 
particles. In a preliminary series of investigations, 
washed mouse erythrocytes were used. About 0-75 ml. 
of fresh mouse blood (male NM RJ-animals) was suspended 
at room temperature in an isotonic Michaelis-Veronal 
buffer solution, pH 7-2. The erythrocytes were washed 
four times in the buffer solution and stored at 4° C until 
the experiment was performed about 18 h later. The 
erythrocytes—on average 20,000/ml.—were placed in 
plastic Petri dishes in a 3 mm layer, and irradiated with 
X-rays (165 kV, 5 mA, | Al, dose intensity 12-4 r./min) at 
22-5° C. After irradiation the electrophoretic mobility of 
the erythrocytes was determined by direct observation at 
37° C in a cell-electrophoresis apparatus (Zytopherometer, 
Zeiss~Oberkochen/Western Germany). The mobility (u) 
is directly proportional to the electrokinetic potential 

ioe & 


(Ç): u= where D is the dielectric constant and % the 
ay 
viscosity of the medium. In this apparatus the electrodes 
(Cu-CuSO,) were separated from the cell suspension by 
plaster of paris, gelatine plugs and ultra cell filters and 
could only be made to function for a few days. The 
characteristics were dependent on the plaster of paris, the 
gelatine plugs and the temperature, and the measurement 
results obtained by different pairs of electrodes could thus 
lie on different levels. Each time irradiated cells were 
measured, therefore, the electrokinetic potential of 
sixteen non-irradiated cells was determined simultan- 
eously. The mean electrophoretic mobility for nineteen 
x sixteen normal washed control cells was found to be 
~ 1-492 +0090 us- V~ em. The average standard 


deviation for sixteen control cells with the same electrodes 
was 2-49 per cent. 

The variation of the electrophoretic mobility of washed 
erythrocytes after irradiation with increasing dose is 
shown in Fig. l. 


Each point represents sixteen cells. 


~ 15 
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Fig. 1. Electrophoretic mobility of washed mouse erythrocytes as a percentage of the control value after 


irradiation with X-rays. Mean values for evers sixteen cells with some examples for standard deviation. Average 
standard deviation from control values indicated by dashed lines. The different sections of the curve lapse are 


reproduced by regression lines. 


Washed cells were suspended for 18 h in an isotenic Michaclis—~Veronal buffer 


solution, pH 7-2, stored at 4° C. irradiated with 465 KV X-PAYS, dose rate 12-4 r/min at 225° C, The electro- 
phoretie mobility was determined at 37° C, 
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Within the investigated dose range of up to 75 r. the 
maximum values (that is, maximum negative cell charge) 
occurred at about 9, 29, 50 and 69 r., and the minimum 
values at about 19, 42 and 56 r. The deviation of about 
5 per cent at 9 and 19 r. seems to increase to 8-10 per eent 
for doses over 40 r. The standard deviation for the irradi- 
ated cells, which has been drawn at some points, amounts 
to an average of 2-52 per cent and corresponds exactly to 
that of the controls. Thus all cells in a suspension irradi- 
ated with a given dose responded in the same way. By 
observing cells for 6 h after irradiation, these changes in 
the electrokinetic potential were shown to be stable for 
at least this period. This is in agreement with the results 
of Crowther et al.? for colloidal substances. The spread 
in the values is such that it is impossible to make any 
detailed analysis of the character of the curve. In Fig. I 
regression lines have been used to show the approximate 
character of the curve for the corresponding dose ranges. 
Even in the lowest dose range (up to 20 r.) the regression 
lines deviate significantly from the abscissa, the correla- 
tion coefficients lying between 0-76 and 0-98. One reason 
for the variability is undoubtedly the fact that the experi- 
ments extended over a period of several months, which 
must have resulted in a certain lack of homogeneity of the 
donor animals, minor deviations of the buffer solution, 
variations in the electrodes, and so on. Another reason Is 
the effect of even minor inaccuracies in the delivered 
irradiation doses. 

In the second series of experiments, the purpose of which 
was a closer approximation to im vivo conditions, fresh, 
unwashed erythrocytes were used. Fresh blood was 
suspended in the buffer solution and immediately irradi- 
ated. The electrophoretic mobility was then determined 
for irradiation doses between 30 and 65 r. Such erythro- 
cytes had absorbed certain substances, mostly proteins, 
which were partly removed by washing in the first experi- 
mental series. In contrast to cells washed and stored at 
4° C for about 18 h, the electrolyte content and enzyme 
activity of these cells corresponded reasonably closely to 
natural conditions. A slight opalescence of the buffer 
solution indicates its low protein content, although 
neither the specific resistance nor the viscosity changes 
significantly. The mean electrophoretic mobility of four 
x sixteen fresh control erythrocytes amounted to — 1-421 
+0042 ps"! V-? cm. The results of these experiments 
correspond with those on washed erythrocytes in that the 
electrokinetic potential changes rhythmically with increas- 
ing irradiation dose (Fig. 2). This trial shows further 
that slight contamination of the buffer solution is not 
important. 

In the third series of experiments, in vivo irradiated 
erythrocytes were investigated. The animals were immobil- 
ized in a ‘Plexiglass’ tube and irradiated. Immediately 
before and after the irradiation about 0-2 ml. of blood was 
taken from the tail vein and suspended in 10 ml. of buffer 
solution. In Fig. 3 the values of the irradiated erythro- 
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Fig. 2. Electrophoretic mobility of freshly taken, unwashed mouse 


erythrocytes after irradiation with X-rays in same conditions asin Fig. 1. 
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Fig. 3. Electrophoretic mobility of freshly taken, unwashed mouse 

erythrocytes immediately after whole body irradiation of the antmai. 

in other respects the conditions were the same asin Fig. 1, The diferent 
symbols indicate the degree of deviation from the control value. 


cytes are given as a percentage of their initial values. In 
these conditions no unambiguous rhythmical variations of 
the electrophoretic mobility could be proved to exist, A 
number of values after irradiation deviate significantly 
from the corresponding initial values, however. For nine 
control animals the same experimental procedure was 
followed except that no irradiation was given. Because 
there were no differences for these (the maximal deviation 
from the second to the first value of one animal amounted 
to 0-46 per cent), the significant deviations from the initial 
values for the irradiated animals must be a result of 
irradiation effect. One explanation for the failure to find 
rhythmic variations of the electrophoretic mobility might 
be the difference in the doses to which the various erythro- 
eytes are exposed in different parts of the body; this 
amounted to as much as 20 per cent with the irradiation 
quality used. The effect of this, however, is counteracted 
by the uneven distribution of blood; about 80 per cent 
of the erythrocytes can be assumed to be in the central 
parts of the animal. On the other hand, the fact that the 
scattering of the values for the blood sample taken after 
irradiation (average 2-56 per cent) does not differ from 
those taken before irradiation (average 2-61 per cent} 
indicates that the uneven dose distribution is not of great 
significance in this connexion. Consequently the com- 
position of the medium surrounding the cells and their 
interaction with the ionization processes probably play an 
essential part in the changes caused by irradiation in the 
electrokinetic potential of the cells. 

The proof that the changed surface charges deseribed by 
Crowther for irradiated colloids also appear in the case of 
cells emphasizes the importance of clarifying the cause 
of this radiation effect and of further investigating its 
possible biological significance. 
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Mechanism of Photoisomerization 

in the Retinals and Implications 

in Rhodopsin 

ALL-trans and ll-cis retinals play important parts in the 
visual process because of the existence of the I11l-czs 
polyene in rhodopsin. Spectroscopie studies of these show 
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that there is weak emission from all-trans retinal and 
very little from the I1-cis isomer’. Also, rhodopsin shows 
only a very weak emission®. It is very important to 
develop a theoretical understanding of these results as 
well as of the nature of the excited states and their change 
as a function of the angle of twist around the 11-12 bond 
of the cis isomer. 

All calculations were carried out within the framework 
of the semi-empirical SCF-MO-CI method?. Al singly 
excited configurations were included. The Mataga 


approximation® was used for the eleetron repulsion 


integrals. We assumed the molecular model as shown in 
Fig. 1. The absence of the saturated ring will be of no 
consequence in the calculation or conclusions concerning 
the retinals (Fig. 1). 

We adopted two different procedures for our caleula- 
tions. One of them is the general method as noted here?~*. 
All necessary atomic distances were obtained from the 
assumed molecular geometry. In the second method, the 
ground state energy was modified in successive iterations 
by minimizing the energy with respect to bond order 
until self consistency was obtained. (The theoretical pro- 
gramme was a modification of one originally written by 
J. Koutecky and J. Paldus.) This, of course, modifies 
the molecular geometry. In the latter method, the bond 
order correction not only modifies the molecular geometry 
but also the charge densities, electron repulsion integrals 
and resonance integrals which play important parts in 
the semi-empirical SCF-MO calculation. One centre 
integrals can be related to the bond order through the 
variable electronegativity method*. The two centre 
integrals and the resonance integral’, By, are functions of 
the bond distance which is related to the bond order®. 
Correction of these by the bond order procedure was 
therefore made through each iteration of the SCF-MO 
ealeulation. On the other hand, in the ease of the usual 
SCF-MO calculation without the bond order correction 
the resonance integrals B, and Beo were evaluated by 
Kon’s equation’. 

The 8’ce for the twisted bond was obtained by use of 
B’ce=8e-jcos8] in both approaches, where § is the angle 
of twist. When the conjugated molecule loses its planarity 
as a result of twisting about a bond, the two centre elec- 
tron repulsion integrals will change to some extent. The 
twisting effect on the repulsion integrals was not explicitly 
taken into account. The repulsion integrals were cal- 
culated, however, by a point charge approximation. 
Although (like Mataga’s equation) they are independent 
of the angle between the m atomic orbitals, they are 
dependent on the interatomic distance. Consequently. 
the energies calculated by the SCF-MO method with the 
bond order correction will give better results than that 
without such a correction. 
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(ii) 
(i) All-trans retinal. (i) The molecular model used for the 


Fig. 1. 
present calculation of all-trans retinal, 
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Fig. 2. The energies of the ground state, Sa and excited states shown 
as a function of angle of twist about the 11-12 bond without the bond 
order correction. 
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Fig. 3. The energies of the ground state, Sa, and excited states shown 
as a function of angle of twist about me 11-12 bond with the bond order 
correction. 


The total x electron energy, s, in the ground state is 
calculated by 


E == Ey + fy 


where sa is the energy of the = electrons and en is an 


ast 


states, as a function of angle, are obtained by super- 
imposing the state energies on the potential energy curve 
of the ground state. These were determined by both 
methods as previously described and are shown in Figs. 2 
and 3. The points between 75° and 105° for the energy 
curves with bond order correction (Fig. 3) were not 
obtained in the present calculation because of the large 
number of iterations required. This portion of the poten- 
tial curves, however, was inferred by reference to the 
curves in Fig. 2. The curves (Figs. 2 and 3) have a similar 
shape, but those caleulated with the bond order cor- 
rection (Fig. 3) are more smooth and the barriers are 
lower than those of Fig. 2. We did not find a potential 
minimum near the cis-form in either figure, but the 
reason may be attributed to the neglect of steric repulsion, 
The steric effect between the hydrogen atom on the carbon 
atom, 10, and the methyl group of the carbon atom, 13, 
will play an especially important part in determining the 
angle of twist to produce the most stable configuration 
of Ll-evs retinal. 

With these results, especially those of Fig. 3, it is 
possible to have insight into the emission characteristics 
of the retinals and rhodopsin. Furthermore, it is possible 
to develop an understanding of the mechanism of the 
cis—trans isomerization of the retinals and rhodopsin. 

There is weak emission from all-trans and very little, if 
any, emission from I1-czs retinal. Furthermore, it appears 
that irradiation of the l-es isomer results in photo- 
chemical transformation to the all-trans isomer! }2, On 
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the other hand, irradiation of the all-trans isomer produces 
only small amounts of any cis isomerst®, These can be 
understood by reference to Fig. 3. Excitation of the 
ll-cis to the lowest m,n* state, S, can be followed by 
emission, intersystem crossing to a triplet and photo- 
chemistry. The same is true for the all-trans isomer. The 
barrier is sufficiently low in the S$, state of the I1-czs 
isomers that some photochemical transformation 1s 
possible. In addition, intersystem crossing can occur to 
a triplet followed by internal conversion to the lowest 
triplet, 7,. Here the lifetime of the state is expected to 
be significantly longer than that of S,. Of particular 
importance is the fact that there is essentially no barrier 
to isomerization to the all-trans isomer in the lowest 
triplet. Note that the lowest triplet is unique in this 
regard (Figs. 2 and 3). The potential energy curves were 
calculated through T, and all resemble Tẹ Also, the 
lowest triplet crosses the ground state curve. In summary, 
excitation of the ll-cis isomer results in photochemical 
transformation to the all-trans isomer, probably by way 
of the lowest triplet. Also, some of the electronic energy 
can be lost by a radiationless transition to the ground 
state because of the crossing of T, and the ground state, 
Sa at approximately 45° (Fig. 3). Because a crossing 
oceurs again near 135°, photochemical transformation to 
the all-trans isomer need not require an emission from 
the all-trans isomer. 

By comparison, isomerization of the all-trans isomer to 
the 11-cis isomer is much less likely in any of the excited 
states because of the significantly higher barriers (Figs. 2 
and 3). Because the lowest triplet, F, does cross the 
ground state near 135°, however (Fig. 3), a radiationless 
transition is possible. Thus it would be expected that some 
fluorescence could be seen, little isomerization would occur, 
and perhaps little or no phosphorescence would be seen. 

All of the experimental data so far available on the 
emission and photochemical properties of the all-trans and 
l l-cis retinals are in harmony with our conclusions. That 
is, there is no, or very little, emission from the 11-czs 
isomer but considerable isomerization occurs to the all- 
trans isomer. Also, in the case of the all-trans isomer. 
there is weak emission and little isomerization to the 


trans isomerization most likely involves twisting in the 
lowest triplet of the ll-cis isomer with some smaller 
amount of isomerization in the lowest excited singlet. 

Because the 11-cis polyene isomer is involved in rhodop- 
sin we would expect results similar to those noted for I 1-cts 
retinal. The emission of rhodopsin is very weak*®, Thus 
the experimental result agrees with that expected. W. A. 
Abrahamson and John Wiesenfeld of Case Western 
Reserve University have also been doing calculations, 
using different approximations, on the same retinals. 
Their theoretical determined potential energy curves are 
similar to those described here. 

Theoretical calculations and experimental investigations 
are in progress for the other retinals. This work was 
supported by a US Atomic Energy Commission contract. 
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Chemical Mutagens in the 
Human Environment 


CHEMICAL mutagens in the environment are æ hazard 


which has not so far been systematically explored. — 


ys 





Although certain mutagens—notably ionizing radi 
and alkylating agents—have been studied in detail wo 
bacterial? and Drosophila®*, their relevance to man is 
not always apparent. M. Legator (personal communica- 
tion) has considered the influence of host-mediaved drug 
effects by studying mutagenicity in bacteria in a mam- 
malian environment. Liining®, in discussing testing for 
mutagenicity, stated: “The use of mammals in such 
tests would be both expensive and time-consurrang, and 
might slow down even more the development of new 
drugs”, but Bateman® considered the use of marminals in 
tests of mutagenicity to be practical and more meaningful 
than studies with other systems in the context o” human 
hazards. We present here preliminary data on the feasi- 
bility of mutagenicity testing in mice based on screening 
a wide variety of environmental pollutants, including 
carcinogens, air and water pollutants, pharmaceuticals, 
food additives and pesticides. 

In the dominant lethal test, treated males are sequen- 
tially mated with groups of females. The females are 
subsequently dissected at mid-term of pregrancy to 
evaluate the incidence of dominant lethal mutations. 
Such effects conveniently reflect mutagenic activity and 
represent foetuses killed in utero by mutations directly 
induced in male germ cells. The possibility of systemie 
drug effects in females is thus excluded. 

In general, LD, doses were selected for testing. Where 
strong anti-fertility effects were evidenced at these doses, 
testing was repeated at lower levels. Test materials were 
prepared freshly and usually injected intraperitoneally in 
tricaprylin solution or suspension m 01 ml. volume. 
Male Swiss mice (CD-1), 8-10 weeks old, were dosed in 
minimal groups of five. Groups of ten male mice. mijected 
with tricaprylin, served as controls for concurrert testing 
of seven-nine samples. Within 2 h of injection, cach male 
was caged with three virgin females, 8-10 weeks ald, for 
7 days. After 7 days, the females were replaced with 
fresh virgin animals. This breeding schedule was maim- 
tained for 8 consecutive weeks—the duration of the 
spermatogenic cycle m the mouse. All females were 
autopsied 13 days from mid-week of their mating; preg- 
nancy thus ranged from 9-15 days. In general, fertiliza- 
tions were maximal during the middle portion of each 
mating week. At autopsy, animals were scored for total 
implantations, early deaths—appearing as small black 
deciduomata—-and late deaths. Corpora lutea were 
counted under a low-power dissecting microscopes. 

A mutagenic index (M.I.)*, reflecting the medence of 
dominant lethal mutations in an experimental group of 
animals, is conventionally calculated as follows 





deciduomata+late deaths 


MS Riana x 100 


total implantations 

This index, however, is limited in that if is perforee 
increased by reduction in total implantations alone; 
additionally, it reflects neithrer anti-fertility eects nor 
the distribution of deciduomata in affected animals. 

Results are summarized in Table 1, where all effects are 
listed for the third mating week, with the exception of 
aflatoxin (week 4) and methyl methane sulphonate (week 
2). The average composite control value of ML, based 
on 150 females, for the third week was 1-0 per cent, with 
a range of O per cent to 3 per cent. Control M.L values 
of 3-10 per cent have been reported for other strains of 
mice?:?, The incidence of late deaths was extremely low; 
one late death appeared in each of five out of a total of 
forty-five compounds tested, for the third week cf mating. 
In control females for the third week, three lace deaths 
were seen. Mutagenic activity was, in general, maximal 
in weeks 2 and 3. 


tions- 
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Table 1, 
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MUTAGENIC EFFECTS IN MICE OF ENVIRONMENTAL POLLUTANTS: CARCINGGENS, AIR AND WATER POLLUPANTS, PHARMACEUTICALS, FOOD ADDITIVES 


AND PESTICIDES 


i Dose Ne. females 
Compound img/ke) bred 
(4) Controls: = 150 
(8) Carcinogens: 
Aflatoxin be* i 
Benranthrone 1,006 12 
Benzolalpyrene 75G 18 
Butter yellow 214 21 
Cumene hydroperoxide 34 1d 
1,2,3,4- Diepoxybutane 17 21 
Dimethyihydrazine 25 21 
Dimethylnitresoamine s 15 
Hydrazine 42+ 12 
3-Methyicholanthrene 106 15 
4-Nitroquinoline-l-oxide 5 21 
Urethan 1,000 15 
(C) Organic extracts of atmospheric particulate pollutants: 
Boston 1966 ode 2] 
Acid fraction, New York 1967 383 23 
Basic fraction, New York 1967 üü 18 
Insoluble fraction, New York 1067 333 21 
(D) Foods and food additives: 
Butylated hydroxytoluene 1,000 } 
Caffeine 168 2) 
Theobromine 380 is 
Theophylline 380 12 
(E) Organic extracts of finished drinking water: 
Maine 1961 333 2h 
Yonkers 1961 699 2] 
CF) Pesticides: 
Captan 9 2i 
Captan HOO" 18 
DDT 1G5 is 
Maleic hydrazide 500 15 
(G) Pharmaceuticals: 
Atninopterin 10 12 
Azaribine 1,000¢ 2) 
4-Bromodeoxyuridine 500 27 
Chloramphenicol 333 2) 
Chiorpromazine B-3T 27 
Griseofulvin 750 is 
Hydroxyurea 5007 21 
5-Lododeoxyuridine 250 21 
METEPA 40 21 
Methyl methane sulphonate 50 24 
TEPA 7 18 
THIO-TEPA 5+ 18 
Triethylene meolamine 0-2 2] 
(H) Miscellaneous: 
Acriflavine 10-6 21 
Acrolein Lö 15 
Dimethyl sulphate 23 1% 
Formaldehyde 20 24 
Methylhydroxylamine 1407 21 
Pinacvanole 1-9 i2 


* Dimethyl sulphoxide suspension. + Aqueous solution. 


Among the carcinogens tested, aflatoxin and benzo{a]- 
pyrene were mutagenic. The aflatoxin sample—a mixture 
of aflatoxins B, and G,—showed a singular response in 
that activity commencing in week 3 persisted through 
week 5. Work on this substance, in collaboration with 
Professor G. T. Wogan, is continuing. M.I. values of 
other carcinogens which were tested were at control 
levels throughout the 8-week breeding cycle. The ethylene- 
imine alkylating agents, TEPA, METEPA, THIO-TEPA, 
and triethylene melamine were all strongly mutagenic in 
weeks 2 and 3. The effects of methyl methane sulphonate, 
mutagenic as previously reported’, were maximal in 
week 2, and declined to control levels by week 3. Organic 
extracts of atmospheric particulate pollutants and of 
finished drinking water displayed control M.I. levels. The 
latter samples consisted of a reconstituted mixture of 
ethanol and chloroform adsorbate extracts in an aqueous 
solvent. Butylated hydroxytoluene and the three xan- 
thines tested, including caffeine, showed control M.I. values. 
Caffeine breaks chromosomes in human cell cultares®, is 
mutagenic in bacteria’, and also in mice for whom the 
induction of dominant lethal mutants has been claimed 
by Dr W. Ostertag (personal communication) on the 
basis of indirect evidence of pre-implantation loss follow- 
ing chronic administration m drinking water. Incon- 
sistent results, however, have been reported in Droso- 
phila\?, The pesticides tested yielded M.I. values in 
the control range. Captan was administered both 
intraperitoneally and, at higher doses, orally. 


No. pregnant Total No. Av. No, Total No. Mutagenic 
(percentage) implants implants/mouse deciduomata index 
116 (77} 1,434 13-4 12 I 
T (78) 73 lod X it 
10 (93) 135 12-35 iÜ i 
7 (39) 53 76 5 Hit 
14 (67) 179 12-1 2 1 
13 (87) iGy 12-8 5 3 
17 (81) 208 12-4 4 2t 
14 (67) 183 OR 2 i 
Li (73) 132 120 3 2 
12 (100) 1353 Hpg i i 
iZ (8H iia EAE: 2 2 
17 E} 204 12-0} 3 2 
13 (87) o3 240 2 at 
16 €76) Yow beds 2 
13 (32) {5a {22-2 Q Q 
i4 (78) TGS EG 2 i 
Ps (86) eee 1205 G z 
$ (44) 46 ppi ($) ü 
t2 (57) t24 138 i} ü 
12 (67) isu tii a 2 
Ht (92) Hig HEK 3 34 
H (43) His G | i 
Tt (92) p46 rG j l 
20 95) zit Pg 2 i 
15 O85) IFI tp } l 
i3 (72) RH 10-4 4 3 
if (73) 1223 Pt-G l j 
9 (75) Hti i ü 0 
L4 (G73 I5} HPK i i 
21 (FR) 2458 Lik i (0 
14 (67) 28 Pl 2 2 
20 (74) ot Fig i ü 
14 (78) i75 125 3 2 
i4 (673 160 Li-4 ü {f} 
16 (76) {G2 Pag 2 J 
18 (76) 14h 4- 39 27 
19 (79) iĝi K-G 47 29 
13 (72) SE Rasi 44 38 
15 (83) 114 7-6 2] 138 
& (71) 137 GJ 36 ey 
i4 (67) lz 12:3 ü G 
12 (80) 152 12:7 i a 
14 (78) 15 10-7 l fl 
19 (79) 233 12-3 4 2 
12 (37) 133 11-3 ü ü 
& (67) gü 124 1 j 


į One tate death occurred in each of these cases, © Oral administration. 


Sensitivity of rice to this representative sampling of 
mutagenic agents is usually restricted to post-meiotic 
stages of spermatogenesis, consistent with an action on 
non-replicating DNA. The present testing schedule might 
therefore be simplified with little sacrifice of screening 
efficacy. Primary screening might be based on adminis- 
tration of a single LD, dose to five male mice which 
would then be mated only during the second and third 
weeks following injection. The number of animals required 
would thus be greatly reduced. Controls apart, only 
thirty females and five males would be needed for each 
drug. Positive findings revealed by this screen could be 
further explered. Testing could then cover the whole of 
the spermatogenic cycle, more animals, alternative routes 
of short and long-term drug administration and a wider 
dose range. 

The diversity of potential chemical mutagens to which 
man is exposed urges the development of practical 
screening procedures. The dominant lethal test seems 
suitable, especially because 80 per cent of gene mutations 
in man are attributable to dominant autosomal traits'%, 
The test, however, provides no information on point or 
recessive mutations nor on non-mutagenic sperm damage, 
which may, nevertheless, modify nucleic acid bases. 
Modification of the test procedures to evaluate the role 
of chronic low level exposure to environmental mutagens, 
either singly or in combination, is now in progress. 
Possibly, differences between the reproductive cycles in 
mouse and man may, additionally, perturb direct extra- 
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polation of risk. Primates aside, however, lower mammals 
provide the simplest means of relating mutagenic effects 
to human genetic hazard. 

We thank Drs A. J. Bateman and M. Legator for their 
advice. This work was supported by a grant from 
the US Public Health Service and the Department 
of Health, Education and Welfare, Division of Air 
Pollution Control. 
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Patterns of Excitation of Thalamic 
Neurones by Amino-acids and by 
Acetylcholine 


Since the demonstration of the excitatory action of the 
dicarboxylic amino-acids on spinal neurones!?, similar 
observations have been made on many other neuronal 
types within the central nervous system, and involving a 
considerable number of analogues, particu- 
larly of glutamic acid, as stimulating 
agents’. It is widely accepted that most 
central neurones are affected by these 
substances, and the implication 1s that 
they all act on the same receptive sites 
of the affected cell. In contrast, although 
many neurones are influenced by the 
application of acetylcholine (ACh), the 
effect may be either an excitation or a 
depression, and many others are com- 
pletely unaffected by this substance. 
Neurones of the ventral group of nuclei 
of the feline thalamus are among those 
reported to be stimulated both by the 
excitatory amino-acids and by ACh (for 
example, refs. 4 and 5). We have com- 
pared the actions of three acids and of 
ACh on cells lying in vertical tracks 
through the thalamus between frontal 
planes 9-5-11-5 and lateral planes 40- p 
4-5. In this region the principal nucleus 
encountered is ventralis lateralis (nucl. 
oralis of Hassler*). Stimulating electrodes 
were placed in the deep nuclei of the con- 
tralateral cerebellar hemisphere or in 
the ipsilateral red nucleus to excite 
synaptically those cells receiving an in- 
put from the dentatorubrothalamic tract. 
The cats were decerebrated under halo- 
thane or were anaesthetized with “Dial’- 
urethane mixture. No qualitative differ- 
ences between the two types of prepara- 
tion were observed; however, the overal! 


ACh 55 


Fig. i. 


ejection, 


DLH 20 


DLH 65 





sensitivity of the cells to ACh appeared to be reduced: 
in the anaesthetized animals. Substances to be tested- 
were applied iontophoretically from five-barrelled maero- 
electrodes’, which were inserted stereotaxically after - 
excision of cerebral tissue overlying the lateral ventricle 
Electrode tracks were confirmed by imsertion at © 
same sites of a steel electrode through which a current 
was passed to deposit iron. The marked spot was subse- 
quently identified by the Prussian blue reaction. 

The three acids used were L-glutamic, DL-3-arnino- 
propane sulphonic (homocysteic, DLH) and pi-N-methy!- 
aspartic (NMA), and all were passed from the electrodes 
as anions from 0-2 M solutions of about pH & ACh was 
passed as a cation from a neutral solution (1 M} of its 
bromide. As the electrode was driven through the tissue, 
to depths up to 6 mm below the dorsal surface of the 
fornix, the neurones encountered were found to be power- 
fully excited by DLH and by NMA, but to be much less 
sensitive to glutamate and to be unaffected by ACh 
(Fig. LA). Typical currents used were 20-40 nA for DLH 
and NMA, 90-100 nA for glutamate and up to 120 nA 
for ACh. The cells in these regions were unaffected by 
electrical stimulation of the brachium conjunctivum. 

Below the 6 mm level the neurones became much more 
sensitive to glutamate and ACh, and rather less so to the 
other two agents (Fig. 1B), and at the same time short 
latency responses to brachium stunulation developed. 
This pattern continued to depths of about 9 mm below 
the fornix, when again the sensitivity to ACh and ghitam- 
ate declined. At these levels post-mortem examination 
of the tracks suggested that the lower border of the dorsal 
thalamus had been approached. The changes in sen- 
sitivity to the four substances tested in a single track are 
shown graphically m Fig. 2. 

Earlier studies, particularly those of Curtis and his 
colleagues*, have shown that the various excitatory acids 
have not been equally potent; however, on spinal 
neurones the three used here have been found among the 
most active. We are not aware of any previous demon- 
stration of the sensitivity of a group of neurones to one of 
these agents being increased while that to two others 
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Fig. 2. Plots of the relative sensitivities of thalamic neurones lying 
on a single vertical track in a cat anaesthetized with ‘Dial’-urethane. 
A relative sensitivity of 0 indicates that that particular neurone was 
unaffected by the application of a substance with ejecting currents up to 
110 nA, a value of 1-0 that the cell was excited using a current of 10 nA. 
The vertical interrupted lines indicate the limits between which short- 
lateney responses to electrical stimulation of the brachium con junctivum 
were eHcited in the cells, 


remained unchanged or declined, when comparison is 
made with another group of cells close by. The sensitivity 
to ACh is, as mentioned already, much more variable 
within the brain, and the appearance of sensitivity at one 
depth when none was detected more superficially is less 
novel. McCance et al.* have reported variable degrees of 
responsiveness of neurones of the feline thalamus to ACh, 
and specifically that about one-fifth of the cells in the 
dorsal part and one-half of those in the ventral portion 
of nuel. ventralis lateralis were excited. Their report is 
not in full agreement with our findings, in which virtually 
all of the cells encountered in the ACh-sensitive zone were 
affected; however, the reasons und erlying the difference 
are not clear. 

Hassler subdivides his nucl. oralis into a ventral portion, 
the more posterior part of which receives the direct input 
from the brachium conjunctivum, and a more dorsally 
situated zone which does not. This dorso-ventral division 
occurs at a level a little deeper than half-way through the 
nucleus, which in the cat would be about 6 mm from the 
surface of the fornix. It seems probable therefore that the 
glutamate and ACh-sensitive cells lie entirely within 
Hassler’s nuel. ventro-oralis posterior, as is indicated also 
by the fact that excitation from the brachium cecurs in 
parallel with this pattern of chemical sensitivity. The 
more superficially located neurones, which would lie in 
Hassler’s nucl. centro-lateralis, are not similarly affected. 
Nucl. oralis and nuci. ventralis lateralis are roughly 
synonymous terms, and it is interesting that McCance 
et al.® also reported a division in numbers of ACh-sensitive 
cells, which occurred at an identical depth. 

There remains the question of the possible site of action 
of the amino-acids. Their effect is to produce membrane 
depolarization? through reaction with specific receptor 
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sites*:®. Curtis ef al.* further felt that the depolarization 
was unrelated to synaptic function (see also ref. 10); 
however, this view has been challenged by others", and 
the fact that glutamate appears to act as an excitatory 
transmitter at certain invertebrate synapses!?)!* indicates 
that the matter should not be considered closed. 


Tt is therefore 
probably unrelated to synaptic regions?. The second 
type would then be regarded as specifically activated by 
glutamate and may be conceivably identical with the 
excitatory synaptic receptors. 

This work was supported by the Medical Research 
Conneil of Canada. 
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Role of Sodium in the Intestinal 
Active Transport of Organic Solutes 


electrogenic sodium pump was the fundamental process 
which made energy avatable for transfer of other sub- 
stances. 

The transport of propionate across rat small intestine 
in vitro has the characteristics of active transport? + and 
we decided to investigate whether this was sodium- 
dependent. Experiments were carried out with sacs of 
everted intestine of rat prepared from the middle fifth 
of the combined jejunum and ileum® and suspended in 
Krebs bicarbonate saline. In Table 1 are shown the results 
of experiments in which the sodium concentration was 
reduced from 145 mequiv./l. to 35 mequiv./l. It ean be 
seen that in all experiments with sodium replacement 
there was a marked reduction in propionate transport. 
This inhibition was similar to that previously described 
for sugars and amino-acids in that the extent of the 
mhibition was dependent on the nature of the solute used 
to replace soedium*®?. Small solute molecules or ions 
gave a greater inhibition than larger species to which the 
intestine is relatively impermeable. 
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Table 1. 


Maior esmotic solute Nati Mannitol Sorbose 
Propionate transport wmoles 18332 a4 Si1 


Results are means of five experiments + 8./.M. 
fiuid into the wall of the gut. 


Table 2. EFFECT OF THEVETIN (5x10 M) ON PROPIONATE TRANSFER 


Thevetin None Mucosal fluid Serosal fluid 
Propionate transfer (umoles) 26 +1 2521 17 +05 


Results are means of five experiments + S.E.M. Incubation time 90 min. 


The effect of the cardiac glycoside thevetin is shown in 
Table 2. Thevetin had no effect when added to the 
mucosal fluid, but the addition to the serosal fluid caused 
inhibition of propionate transport. This unilateral 
action of thevetin is of interest because cardiac glycosides 
are known to inhibit sodium transport only from the 
membrane face towards which sodium is being pumped’. 
Thus the active intestinal transport of propionate 1s 
sensitive to sodium concentration and the inhibition 
observed with thevetin suggests a possible link to sodium 
transport. 

Because propionate transfer is sensitive to sodium it 
was of interest to see whether it was associated with an 
electric potential. No electric potential was generated, 
however, and in this way propionate differed from 
hexose and amino-acid. It was also found that conjugated 
bile salts did not cause any electric potential, although 
their transfer by rat ileum in vitro has also been shown to 
be sodium dependent’. 

It is therefore possible to have a sodium dependent 
transfer process which does not generate an electrical 
potential, and this must throw doubt on the scheme? in 
which an electrogenic sodium pump is regarded as the 
driving force in sodium-dependent transfer. The coupling 
of sodium transfer and non-electrolyte transfer proposed 
by Crane! and his colleagues’ could still be involved, but 
if so a non-eleetrogenic sodium pump might play a part 
in the process. It is also possible that the mode of action 
of sodium may be related to membrane ATPases involved 
in transfer’. 
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Electrical Activity in Pancreatic 
islet Cells 


Recent work of Hales and Milner! has drawn attention 
to the importance of inorganic cations in insulin secretion. 
From the ionic requirements of the secretory process it 
has been speculated that secretory stimulants may de- 
polarize the membrane of the pancreatic 8-cell and thereby 
accelerate insulin seeretion from the islets of Langerhans. 
This study, using intracellular micro-electrodes, was under- 
taken to investigate directly the effect of glucose, L-leucine 
and tolbutamide on islet cell membrane potentials. 
Albino mice, weighing 30-40 g, were used. A mouse 
was killed and the pancreas removed and placed in a bath 


EFFECT GF SODIUM RBPLACEMENT ON TRANSFER OF PROPIONATE INTO SEROSAL FLUTO 


Choline i Ethane a 
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Ted Lit —~2405 -2rd -l t5 om LAG? 


Incubation time 60 min. The negative values indicate disappearance af propionate from che serosal 


of modified Krebs~Henseleit solution? containing 2-7 mM 
glucose; the solution was maintained at 37° C and gassed 
with 95 per cent O, and 5 per cent CO,. The islets of 
Langerhans were exposed by micro-dissection. Glass 
micro-electrodes filled with 1-5 M K-citrate and having à 
tip resistance of about 100 MQ were used for recording 
cell membrane potentials by methods described prev iously®. 
After allowing the tissue to equilibrate for 30 min m 
normal solution, membrane potentials were measured for 
60 min. The bathing solution was then changed for one 
containing the stimulant; either glucose, 166 mM, L- 
leucine, 10 mM, or tolbutamide sodium, 0-7 mM, osmolality 
being maintained by removal of sodium ch loride. 

The distribution of cell membrane potentials in the 
untreated islets of Langerhans is shown in Fig. 1. The 
mean membrane potential was — 199 mV +S.#. 11 mV 
(n =620 impalements). During the advance of the miero- 


electrode through an islet it was often noticed that cells 
with larger membrane potentials were located near the 
surface. Because «-cells are situated chiefly at the peri- 
phery of islets‘, it is possible that the cells of higher mem- 
brane potential were «-cells. The « to B-cell ratio in mouse 
islets is about 1:9 (ref. 4); we have therefore assumed 
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Fig. 1. Histogram of membrane potentials recorded from monse islets 


of Langerhans (620 impalements, 22 preparations). 
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Fiz. 2. Electrical activity of islet cells (a) in normal solution, (4) action 

potentials produced by tolbutamide sodium, 0-7 mM. (e) a burst of firing 

produced by L-leucine, 10 mM, (d) « lectrical activity induced by glucose 
16-6 mM. Horizontal bar= 1s, vertical bar=2-5 m\ 


mV. This statistically significant (P < 0-01) 
depolarization was prolonged; no repolarization was 
apparent 90 min after washing out the drug. In contrast. 
glucose and L-leucine had no significant effect (P > 0-1) on 
the membrane potential after 40 min. Furthermore, 
whereas potential production by tolbutamide 
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Fig Membrane potentials recorded before (stippled columus) and 

10-650 min after (open columns) treatment with (a) tolbutamide sodium, 

0-7 mM, (6) t.-leucin (mM, (c) glucose, 16-6 mM. S.E. of mean indicated 
by the bars 
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declined and eventually ceased after 30-40 min, with 
glucose and L-leucine cells which exhibited firing were 
still encountered after 69 min. 

These findings have shown that some of the agents 
which stimulate insulin secretion. namely tolbutamide, 
L-leucine and glucose, rapidly induce changes in the 
electrical activity of the islet cell membranes, action 
potentials being produced. An ionic requirement for 
Nat and Ca?+ ions has been shown to be necessary for 
insulin secretion; thus, if the ionic theory of electrical 
activity in nerve and muscle® holds also for islet cells, ıt 
is possible that these stimulants to insulin secretion may 
first affect the biophysical properties of the 8-cell membrane 
leading to a transmembrane flux of Na+ and Ca* 
This ionic flux may then 
responsible for insulin release. 

We thank Mr R. A. Hinder for a computer programme 
which simplified statistical analysis of the results. The 
work was supported by a grant from the Medica] Research 
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Generation of the Early Receptor 
Potential with Long Flashes 


SINCE its discovery in 1964 by Brown and Murakami’, 
the early receptor potential (ERP) has been detected in 
retinas isolated from a variety of vertebrates. The ERP 
is evoked by an intense light flash of typical duration less 
than a few hundred microseconds. Its latency is shorter 
than 0-5 us (ref. 2), and at physiological temperatures it 
decays in a few milliseconds. The ERP has two com- 
ponents ın opposite polarity, Rl and R2; R2 (vitreous 
negative) is dominant at physiological temperatures, while 
R1 can be isolated by cooling to near 0° C (ref. 3). It is 
almost certainly generated in the outer segments of the 
photoreceptors‘, most likely by charge displacements 
associated with conformational changes in photopigment 
or of neighbouring molecules?*. In eyes fixed in form- 
aldehyde the rise and decay times of the ERP are related 
in a simple manner to those of the stimulus flash*. Tn 
unfixed retinas, the ERP is more prolonged, and decays 
considerably later than the flash. It would be of con- 
siderable interest to know how the ERP behaves in 
unfixed retinas for really long flashes, particularly in view 
of recent results obtained from the lateral eye of Limulus 
by Smith and Brown’. They have described for the 
retina of this invertebrate a monophasic potential of rapid 
onset—the “photoelectric potential” (PEP)—with prop- 
erties markedly similar to the vertebrate ERP. The 
stimulus was, however, a continuous are xenon lamp 
focused to deliver several mwatits of radiant power to a 
single ommatidium, and the light pulses were essentially 
square waves of about 5 ms duration. The PEP recorded 
with a micropipette reversed in polarity as the membrane 
of a retinular cell was penetrated. The intracellular PEP 
attained a constant amplitude during the course of the 
light flash: it was not clear whether cooling produced a 
response of opposite polarity, as occurs for the vertebrate 
ERP. 

In the experiments reported here, the isolated dark- 
adapted retina of the frog Rana temporaria was illuminated 
by intense flashes of tungsten light lasting between 5 
and 40 ms. At temperatures between 20° and 23° C the 
flash evoked a maintained monophasic electrical response 
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Fig. 1. 
picture, the upper trace is a tungsten 
5 ms for (A), (C), and 13 ms for (B), (D). 


> > 


retina wetted with Ringer solution. 


superimposed ERG “a” wave. 


Photoreceptor side of retina upwards. Wick electrodes. 


with rapid onset, which decayed in a few ms after the 
light was cut off (Fig. 1). When the retina was cooled to 
near 0° C, a maintained response of opposite polarity was 
evoked (Fig. 2). The characteristics of these responses 
indicate that they are produced by the same generators 
as the ERP. 

Light from a 100 W tungsten lamp, after passing 
through a heat filter (Bausch and Lomb HAL, 4 mm), was 
focused on the retina as a spot 5 mm in diameter with 
a radiant power of about 100 mW (thermocouple measure- 
ment), and illumination 50,000 ft.-candles (SEI photo- 
meter measurement). Light flashes of a mmimum duration 
of 5 ms between half rise and decay points were obtained 
with a Compur shutter. Frogs (Rana temporaria) were 
adapted to the dark for at least 6 h before decapitation, 
enucleation of an eye, and dissection of a retina in Ringer 
solution as described by Hamasaki’. All operations were 
performed in dim red light. The isolated retinas had 
practically no adhering black pigment, and were sup- 
ported on filter paper in a thin-walled plastic chamber. 
The assembly was put on the platform of a Peltier stage 
(‘Peleool’). The cotton wick recording electrodes con- 
tacted chlorided silver wires in capillary tubing. One 
wick touched the top surface of the retina, the other the 
supporting filter paper. Although photoelectric artefacts 
were not noticed with the tungsten flash, as a precaution 
the Peltier stage platform and the electrode capillary 
tubing were wrapped in black masking tape. The pre- 
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Fig. 2. Effect of cooling on rapid light-evoked responses of freg isolated retina. 
traces: retinal light-evoked responses, downward deflection indicating negative 


stage was switched on. 


freeze). During reheating, the negative signal is at first slow (D), 








Rapid light-evoked responses and ERGs of retina isolated from frog. In each 
light flash of duration (half rise to half decay) of 
Lower traces: retinal light-evoked responses, 
downward deflection indicating negative signal from vitreal surface. (4), (B) recorded after 
y (C}, (D) recorded after soaking re 
In B, the marked downward slope of the sustained rapid response is due to the 
3 i ¢ In (A), (B) the wavelet and sudden upward deflection of 
the retinal signal halfway along the trace marks transition from ERG ta” to D” wave, 
Temperature 23° C. 
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A amplifier (Tektronix RM122) was. us a 


tina in 120 mM 













set to pass frequencies between 0-8 
1,000 Hz. All experiments other than 
cooling were performed at room tempera- 
ture (20°~23° C). Gas 

Several types of experiment were 
formed which demonstrate the srnila 
of the responses to the ERP. Thus Figs. 
14 and B show the light-evoked responses - 





obtained following transfer of the retina 
to the recording chamber previously 


wetted with Ringer solution. The sus- 
tained early response, like the ERP, but 
unlike the ERG, begins without detect- 
able latency (latency less than 1 ms, the 
limit of resolution in these experiments). 
Its polarity is the same as #2, In contrast 
to the usual brief-flash ERP records, it is 
sustained throughout the flash. After 
filling the recording chamber with 120 mM 
KCl and draining (Figs. 1C and D}, the 
ERG is extinguished, but the amplitude 
of the fast response is somewhat: increased. 
The resistance to KCI, and increased ampli- 
tude, is totally unlike the behaviour of the 
ERG, but exactly corresponds to the ERP (ref. 9). Thus 
the rapid response, like the ERP (ref. 5), is detectable in 
extremely unphysiological solutions. Indeed, its amplitude 
could be considerably increased (although the ERG was 
abolished) by soaking the retina in solutions of low 
electrical conductivity (normally one-tenth strength 
Ringer solution; usually five parts diluted Ringer and 
one part glycerol for cooling experiments). A sinular use 
of low conductivity solution was made by Hagins and 
McGaughy!? when they examined the “fast photovoltage™ 
(FPV) of squid retina. 

At room temperature, the polarity of the rapid response 
is that of the R2 component of the ERP. In experiments 
with the retina in Ringer solution, it was observed that 
the ERG could be greatly reduced by a continuous back- 
ground light of much lower intensity than the light fash, 
although the rapid signal was unaffected. This again is 
also true for R2 (ref. 11). The amplitude of R2 is hnearly 
related to light intensity and to the number of pigment 
molecules bleached by the flash'!?. The rapid response at 
room temperature also had a linear amplitude dependence 
on light intensity, while the following suggests that its 
detection depends on pigment bleaching. A series of 
5 ms flashes evoked rapid responses gradually reducing in 
amplitude. The amplitude generally reduced by 30--50 per 
cent during a 40 ms flash. It decayed to zero if the flash 
were prolonged, and no transient signal occurred when 
the light stimulus was switched off. Subsequently, there 
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Top traces: tungsten light flashes of duration 13 ms. Lower 
signal from vitreal surface. After recording (4), the “Pelcoo! 


Note emergence of a signal with opposite polarity (positive) in CB) (near 0° C), and in (C9 (as the retina commenced to 
but at room temperature (23° C, E) attains the same time course as (4). 


Recording (F) shows the rapid positive response obtained with a different retina when frozen. Photoreceptor side of retina downwards. Retina 


soaked in dilute Ringer/glycerol mixture before experiments (see text}. 


Wick electrodes. 
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was sometimes a rapid partial recovery in the response 
to a 5 ms flash. It attained about 30 per cent of its 
amplitude before the prolonged flash in about 3 min, but 
thereafter showed little further increase. Analogously to 
this, there is a partial recovery in the ERP of the isolated 
toad retina after repetitive brief-flash stimulation"; it has 
also been observed that after 75 per cent of the rhodopsin 
in the isolated retina of the frog is bleached, the ERP 
recovers rapidly, the spectral sensitivity suggesting 
generation by cones!4, 

Fig. 2 shows the effect of cooling. For a 13 ms flash 
at room temperature (Fig. 24) the response is rapid. It 
becomes very much slower and of smaller amplitude as 
cooling proceeds. Near 0° C, a sustained signal of opposite 
polarity and with rapid onset and decay is revealed 
(Figs. 2B and C). This is analogous to the way in which 
the Rl component of the ERG is unmasked by cooling®. 
As the retina reheats, the signal with R2 polarity again 
becomes dominant. It is at first slow (Fig. 2D), but 
eventually attains the same time course as the initial 
flash response (Fig. 2E). Fig. 2F shows the sustained 
signal obtained from a different retina when frozen. Like 
the rapid response obtained at room temperature, the 
low temperature response decayed to zero during a pro- 
longed flash, and reversed in polarity if the retina was 
inverted, 

Although the preceding observations strongly suggest 
that the tungsten light responses arise from the same 
generators as the ERP, it is necessary to consider whether 
the intensity of the tungsten light was great enough to 
account for the amplitudes which were recorded. Bau- 
mann's measurements of rhodopsin bleaching'® in the 
isolated retina of frog (Rana esculenta) indicate that a 
hight of the intensity used in the present experiments 
should bleach more than 80 per cent of the pigment in 
I s, in reasonable agreement with the observation that 
for a prolonged flash the response decayed to zero in 
about 100 ms. At physiological temperatures, ERPs 
with the vitreous-negative phase (R2 component) having 
an amplitude of about 1 mV are evoked by short light 
flashes of duration about 0-1 ms and of intensity adequate 
to bleach a substantial amount of rhodopsin’. Hence 
a similar short light flash, with peak intensity equal to 
that of the tungsten light used here, should evoke a very 
small ERP of amplitude about 1 uV. Thus the potentials 
of 300 uV, often recorded in the present experiments, 
were about three hundred times greater than might be 
expected. The increased extracellular resistance pro- 
duced by the replacement of Ringer by low conductivity 
electrolyte should increase the light-evoked responses by 
a factor of not more than 10, so that a large discrepancy 
is stall to be accounted for. A likely explanation is that 
with the long flashes of light there is a time integration of 
the evoked potential. At physiological temperatures, the 
#2 component of the ERP requires several ms to decay 
to zero. A long flash can be treated as a series of con- 
secutive short flashes, so there should be an integration 
of the short-flash responses over a time about that of the 
ERP decay. The integration will be predominantly that 
of R2, because the onset of the vitreo us-positive phase 
(#1 component) of the ERB is very fast, while R] decays 
in less than 1 ms even at 2° C (ref. 5). Furthermore, the 
time course of the ERP is considerably slowed by soaking 
the retina in low conductivity electrolyte’. An increased 
time constant of integration would quantitatively explain 
the observation that, in the present experiments, when 
maximum amplitude responses were obtained, soaking 
the retina in low conductivity electrolyte had consider- 
ably slowed the response build-up and decay. At room 
temperature, integration times of about 5 ms were fre- 
quently observed with low conductivity electrolyte, so 
that the result of lengthening the flash duration from 0-1 
to 5 ms should be an increase in the response amplitude 
of about fifty times. It is also likely that the long-flash 
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responses of opposite polarity, obtained by cooling to near 
0° C, were enhanced by an integration of the Rl com- 
ponent of the ERP. When the retina had f rozen, however, 
the build-up and decay of the long-flash response became 
considerably faster, while the amplitude considerably 
decreased, suggesting that a slow, previously integrated 
phase had diminished ( Fig. 2). The combined enhance- 
ment by low conductivity electrolyte and long integration 
time would seem reasonably to account for the observation 
that light flashes of long duration, and of intensity much 
lower than the short flashes normall y used, can generate 
responses of substantial amplitude which most probably 
arise from the ERP generators. 

There is evidence that the short-lateney photovoltages 
of certain invertebrate retinas (squid, Limulus) are 
developed across the cell membrane of the photo- 
receptor™t®17, The similarity between these responses 
and the ERP, and results obtained for the fixed eyes of 
vertebrates *, suggest that at least the R2 component of 
the ERP is developed across a plasma membrane. In 
squid and Limulus rhodopsin is located in the cellular 
membrane, whereas in vertebrate rods rhodopsin is intra- 
cellular. Clearly this is important, because the significance 
of R2 is entirely different if it is developed even a short 
distance away from rhodopsin molecules. 
results agree with the view that there is an integrating 
circuit interposed between the ERP generator and the 


For a long flash of 
fast: rise time (a few hundred us), however, it is possible 
that an initial avershoot would be observed at first 
in the response if the source is intracellular, and further 
experiments are in progress. 

R. FATECHAND 
Department of Anatom y, 
Institute of Ophthalmology, 
London. 
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Induction of Epinephrine-forming 
Enzyme by Glucocorticoids: Steroid 
Hydroxylation and Inductive Effect 


2 the inner medulla composed 
largely of catecholamine-prod ucing chromaffin cells, and 
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The biochemical! 


=a Sem Sar ye eee | mechanism by which 
glucocorticoids increase PNMT activity prob- 
| nee RONE TWOHYDROXY.S | THREE HYDROXYLS | ably involves the synthesis of new enzyme 
= 50 — a — proteint. The induction of PNMT seems 
È = to differ in several ways from the process 
z can | through which steroids induce most otber —~ 
se ar ! | a — enzymes. For example, the time course of oo 
= . PNMT induction is much slower than that 
Z 30 = | S ee _ of steroid responsive enzymes in the liver’. 
z < h, o : Moreover, the dose of h ydrocortisone or 
a || ae oi -corticosterone needed to induce PNMT is 
2 204 | Pa | — considerably higher than that needed to 
5 | | | | E | ) raise the activity of hepatic tyrosine trans- 
Ž | o ee So | aminase®°. This high dosage requirement 
= | | | g is consistent with the localization of the 
| Porat | adrenal medulla within the adrenal cortex: 
bee aa chromaffin cells are normally perfused with 
MOH ont of 3 H | large concentrat ions of glucocorticoids by 
21:08 substituent jc Pe NEAS: N, a eee ee the venous portal blood that drains the 





Fig. 1. Per cent restoration of adrenal PNMT activity in hypophysectomized rats trea ted 
Calculations were made as follows 


with various hydroxylated progesterone derivatives. 
(PNMT) treated—(PNMT) sesame oil | 


(PNMT) sham-operated—-(PNMT) sesame oil * 100 


the outer cortex containing cells that secrete steroid 
hormones. Although these two adrenal components are 
derived from different primary germ layers, they come into 
close contact during embryonic life through an unusual 
process of tissue migration. Adrenaline is formed in the 
adrenal medulla through the N-methylation of noradrena- 
line!. This process is catalysed by an enzyme, phenyl- 
ethanolamine-N-methyl transferase (PNMT), which is 
highly concentrated in adrenal chromaffin cells? and also 
present in several areas of the brain®. PNMT activity is 
stimulated in the rat4~* and the dog? by hormones secreted 
from the anterior pituitary gland and the adrenal cortex. 

We studied the effect of adding various substituents to 
the progesterone nucleus on the ability of this steroid to 
induce a rise in PNMT activity. Ninety-four hypophy- 
sectomized and sham-operated Sprague~Dawley female 
rats were used. Beginning 12 days after hypophysectomy, 
we injected groups of animals subcutaneously with each 
of the steroid compounds listed in Table 1 in doses of 
30 mg/kg/day for 6 days. Control hypophysectomized 
and sham-operated rats received sesame oil, the vehicle 
for the steroids. The animals were killed by neck fracture 
on the day following the last injection ; adrenals and spleen 
were removed, dissected free of fat and weighed. The 
depression of the weights of these organs was taken as an 
index of circulating glucocorticoid activity. Adrenals were 
homogenized in water and centrifuged at 100,000g; an 
aliquot of the supernatant fluid was assayed for PNMT 
activity by a method described previously®. 

In confirmation of previous reports’-*, we observed 
that hypophysectomy was followed by a marked decline 
in adrenal PNMT activity (Table 1). PNMT was not 
affected when hypophysectomized animals were treated 
with cholesterol, pregnenolone or progesterone. PNMT 
activity was partially restored, however, by progesterone 
derivatives which were hydroxylated at the 17-alpha, 
ll-beta, or 21 positions, in approximate proportion to 
the number of hydroxy! groups (Table 1). An estimate of 
the relative potency of each compound could be made by 
dividing the increment in PNMT activity that it produced 
by the difference in PNMT activities between untreated, 
sham-operated and hypophysectomized rats (Fig. 1). 
The most potent natural steroid tested was hydrocortisone, 
a tri-hydroxy derivative of progesterone. The next most 
active compound was corticosterone, the natural gluco- 
corticoid of the rat*. Previous studies have shown that 
it is possible to restore PNMT activity completely by 
administering doses of glucocorticoids larger than those 
used in this study*. In general, compounds that enhanced 
PNMT activity also tended to depress the weights of the 
adrenal glands and spleen (‘Table 1). 


adrenal cortex!!. Our results indicate that 
the molecular requirements for steroids that 
induce PNMT are also unusual in that an 
ll-hydroxy! group is without special signifi- 
cance. In general, this substituent is very 
important in determining glucocorticoid activity; 2t 
appears to be of primary significance in the induction of 
glutamine synthetase. An li-beta hydroxy group is no 
more important, however, than a 21-hydroxy substitution 
in conferring PNMT-inducing activity. 

The mechanism by which hydroxyl groups impart 
PNMT-inducing activity to progesterone is not known, 
but it may involve an increase in their polarity. Com- 
pounds like hydrocortisone that contain many hydroxyl 
groups are both more water soluble than progesterone 
and better able to induce PNMT. Their greater polarity 
might facilitate the access of the steroid molecule to 
cellular loci where induction takes place. It might also 
favour faster absorption from the inj ection site; however, 
it does not seem likely that this effect is responsible for 
the differences in PNMT induction seen in this chronic 
study. 

We found no evidence in our experiments that PNMT- 
inducing ability could be separated from other actions of 
glucocorticoids. Thus all the steroid compounds tested 
that were effective in restoring PNMT activity also de- 
pressed the weights of the adrenals and spleen. It might 
be useful to identify a steroid compound which could 
induce the adrenaline-forming enzyme in the absence of 
other glucocorticoid effects. Such a compound might be 


Table 1. EFFECT OF TREATMENT WITH ADRENAL STEROIDS OR PNNT ACTIVITY 
IN HYPOPHYSECTOMIZED RATS 





No.of Spleen Adrenals PNMT activity 
Steroid compounds rats (mg) (mg/pair)  (meM/gland) 
Sesame oil 6 1904-24206 1965+130 G02 0-14 
Cholesterol 14 -264-0437-0 2035+065 5040-15 
Pregnenolone 6 2910+312% 17204078 a a S 
Progesterone 6 BORE 7T:1* 16524072 60 + O-O4 
lla-hydroxyprogesterone 6 2230+200 1 550+ 141% 6140-06 
17a-hydroxyprogesterone 6 340-24 12-44 150040539 0-4 + 0-08 
118-hydroxyprogesterone 3 143-7487 14°30 + 0-60" MRF 40-00" 
21-hyvdroxyprogesterone 8 197-578 13-62 40-77" 0-944 0-05" 
118, -17 -dihydroxypre- 
gesterone 6 186-7422-4*% 19-6041-44* Lage Gidt 
17a, 21-dihydroxyproges- e 
terone 6 144042060 14-20% 1-16" 1-96 40-21 4 
Corticosterone (118, 21- 
OH) 8 125-34 10-2* 15204 0-86* 2-8LEO-50T 
Cortisone (17a, 21-08, 
_ Ll-one) & 119-1414:4* J330 0897 13#+0] Gt 
Hydrocortisone (119, 17a, 
21-08) 6 QV-B6e 57TH 13-602 084t 2733F 
Sham-operated 14. B2LHtTSTL 602 telt 94040-4607 


* P< 0-05 differs from hypophysectomized rats treated with sesame oii 


+P <0-01. 
t P<0-001. 


Pregnenolone = 3 S-hvdroxy-5-pregnen-20 one: progesterone = d 4 preg- 
nen-3, 20-dione; 11 a-hydroxyprogesterone = 4 pregnen-lla hydroxy-3, 
20-dione; 17 a-hydroxyprogesterone = 4 pregnen-l7e@ hydroxy-4, ao-digne : 
11 é-hydroxyprogesterone = 4 pregnen-] 18 hydroxy-3, 20-dione; 2i-hydroxy- 
progesterone = 4 pregnen-21 hydroxy-3, dione: 11 8, -17-dihydroxypre- 
gesterone=4 pregnen-118, 17-dihydroxy-3, 20-dione; 17 a, 2l-dihvdroxy- 
progesterone =4 pregnen-17a, 21-dihydroxy-3, 20-dione, corticosterone 
(118, 21-OH)= 4 4 pregnen-118, 21-dihydrexy-38, 20-dione; cortisone (17 a, 
21-OH, ll-one)=4 pregnen-l7a, 21-dihydroxy-3, 11. 20 trigne: hydro- 
cortisone (118, 17a, 2t-OH) = 4 pregnen-118, 17a, 21-trihydroxy-3, 20-dione, 
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valuable in treating hypopituitary patients with im- 
paired epinephrine synthesis and evidence of insulin 
sensitivity H, 
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“‘Pipping” Mechanism and Hatching 
in Nidifugous Birds 


Tax hatching of nidifugous birds involves complex bio- 
logical and mechanical factors, some of which are poorly 
understood. In the herring gull, Larus argentatus!, and 
the black-tailed godwit, Limosa limosa?, the extent of 
shell breakage, or pipping, is reported to be little more 
than a quarter of the circumference. Breakage of most 
of the circumference, however, has been noted in the 
turnstone, Arenaria interpres®, the pigeon, Columba livia‘, 
the fowl’-’ and many species of Anatidae (unpublished 
work of P. M. D.). Pipping obviously needs study. 

We have investigated the hatching of fowl eggs placed 
in a thermostatically controlled incubator adaptable for 
different programmes of egg turning. Eggs were placed 
longitudinally on rollers furnished with rubber rings 
which could be arranged to hold any size egg firmly (Fig. 1). 
The rollers were coupled in two sets of three so that similar 
or dissimilar turning programmes could be run simul- 
taneously. The rollers were powered through an auto- 
mated system receiving instructions from a punched tape 
loop. Turning was possible at intervals of 5 or any 


Fig. 1. Eggs on rollers, end view. 
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Fig. 2. Turning programme for the 156 eggs, divided into five groups, 


As seen from blunt end. 


multiple of 5 min, by 15 or any multiple of 15 degrees, 
clockwise or anti-clockwise, in any sequence. This equip- 
ment will be described elsewhere. 

This experiment involved 156 eggs placed in the incu- 
bator shortly before hatching. They had previously 
been incubated in a commercial type incubator, and on 
transference were marked with a longitudinal line along 
whichever surface happened to be uppermost after handling. 
They were divided into five groups, group III, of seventy- 
nine eggs, being unturned thereafter. The other groups 
were turned after four hours, again after another four hours 
and again after another nine hours. The turning 
programme is shown in Fig. 2. 





Fig. 3. Position of first pip. As seen from blunt end of eggs. 


It can be seen from Fig. 3 that nearly 60 per cent of 
first pips were in the uppermost sixth of the shell in turned 
and unturned eggs. The four groups of turned egg data 
are summed, for there was no significant difference between 
them. Fig. 4 shows the amount of shell pipped before 
emergence in the 111 eggs which hatched. It also shows 
that some egg-young pipped for a short distance clockwise 
before describing the anti-clockwise arc of normal egg- 
young. 

These results may be interpreted as follows. First, it 
is clear that egg-young turn relative to the shell. Second, 
it is confirmed that the optimal pipping position of egg- 
young is with the head horizontal and the first pip there- 
fore upward. Tinbergen® suggests that a sense of gravity 
operates here, while Drent! considered it to be the result 
of the fixed position of the embryo in relation to the 
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Fig. 4, Pipping data for ali 111 hatched eggs. 


heaviest. part of the egg, and the restricted bill movement. 
But we have shown that egg-young turn in the shell 
during pipping irrespective of the turning of the egg. 
That this occurs before pipping also is shown by observa- 
tion through windows in the shell, and by candling, 
when the bill may be seen pushing against the inside of 
the shell clockwise to the subsequent first pip. It would 
seem therefore that any adherence to the shell is broken 
before or during pipping. The fact that pipping is usually 
upward could be a mechanical result of the “upward nod” 
of pipping being more effective when the fibres of the 
hatching muscle, M. complexus, in the nape of the neck 
contract with equal facility on both sides. 





Fig. 5. Egg-young in situ, blunt end view. A, Approximate position 

and plane of contraction of M. complexus. B, Egg-tooth movement in 

upward nod. C, Movement of head clockwise. D, Movement of bird 
anti-clockwise when free from adhesion to shell. 


Finally, we have a proportion of first and second pips 
in clockwise sequence. This would occur if the egg-young 
adhered to the shell during that period. The asymmetric- 
ally curled position of the egg-young would result in any 
upward pressure of the bill against the shell forcing the 
head around in a clockwise direction. The subsequent 
reversal of pipping is consistent with the assumption 
that the movement involved in first to second pips is 
enough to break the adhesion to the shell. The anti- 
clockwise turning seems to be the result, again, of the 
mechanics of the situation. The thrust of the bill against 
the shell imparts a torque to the bird which is jimpelled 
in an anti-clockwise direction around its own long axis. 
Wing movements observed in egg-young of Anatidae 
(ref. 9 and unpublished work of P. M. D.), and inferred 
for egg-young of the fowl!*, would probably assist this 
movement. Discrepancies in reports of amount of shell 
pipped in various species can be accounted for by differ- 
ences in degree of adhesion of egg-young to shell and by 
differences in shell strength. 

This experiment was carried out while P. M. D. was 
supported by a grant from the National Institute of 


395 





Mental Health, US Public Health Service. We thank = — 
Messrs Juchartz, Ransome, and Strauch for technical ~ 
assistance, and Professor J. R. Platt for support: and — 
encouragement. 


mesi 





Perer M. Drarver* 
Tom HIGGINS 
DONALD NEWMAN 
Mental Health Research Institute, 
University of Michigan, 
Ann Arbor, Michigan. 
Received April 25; revised May 21, 1963. 
* Present address: Oxlynch, Stonehouse, Gloucestershire. 
‘ Drent, R. H., Functional Aspects of Incubation in the Herring Cadi CH. J. 
Brill, Leiden, 1967). 
2 Lind, H., Medd. fra Naturfredningsradets Reservatudvalg, 68 (L061). 
* Bergman, G., Acta. Zool. Fenn., 47 (1948). 
‘ Craig, W., J. Anim. Behar., 2, 296 (1912). 
> Reaumur, de, Konst om Tamme-vogelen van Allerhandesoor! in alle Jaariyden 
Uiltebroeijen en Optebrengen zo door 't Middel van Mest ais vant Gewone 
Vuur, ’s Gravenhage (1751). 
* Hamilton, H. L., Lillies Development of the Chick (Holt, Rinehart and 
Winston, New York, 1952). 
? Visschedijk, A. H. J., thesis, Rijks-universiteit te Utrecht (1962). 
‘Tinbergen, N., The Herring Gull’s World (Collins, London, 1953: 
* Driver, P. M., thesis, McGill Univ. (1960). 
H George, J. C., and Iype, P. T., Paro,1, No.1, 52 (1963). 


Sexually Spread Insect Sterility induced 
by the Analogues of Juvenile Hormone 


Some of the natural or synthetic analogues of the juvenile 
hormone of insects cause serious disturbance in the 
development of the embryo when applied topically to the 
eggs or adult females!. These materials may constitute 
a third generation of insect pesticides which prevent 
insect larvae from becoming sexually mature adults, or 
inhibit embryonic growth*®. It has recently beem found 
that one of the synthetic analogues of the juvenile hormone 
—the so-called dihydrochloride of methyl farnesoate 
(DMF)*——causes permanent sterility of the females im 
Pyrrhocoris apterus*. It seems that amounts of less than 
1 ug of the substance applied to the body surface of the 
female at any time during the reproductive cycle sterilize 
the female for the rest of its life. The compound seems to 
be an ideal sterilizing agent which is non-toxie, acting 
specifically only on selected insect species; it is highly 
efficient with long-lasting effects, and is without apparent 
undesirable side effects*. 

Certain chemosterilizing agents can be passed from the 
contaminated males to the females by mating, but the actual 
amount of this material transferred by male to the female 
did not produce any remarkable influence on the fertility 
of the female’. 

With regard to the effect of DMF on Pyrrhocoris, we 
noticed that the insect tolerates doses of up te 10,000 
times that required for physiological sterility effects 
(0-1-1,000 pg) without toxic influence or metabolic 
damage. Such an excess of the sterilizing material 
tolerated by a male adult insect led us to assume that 
the mating females might receive enough of the sabstance 
to become permanently sterile. 

In order to prove this assumption, the adult males 
of Pyrrhocoris were each topically treated with ł ul. 
of acetone solution containing different amounts ef DMF. 
The first group of ten males received a dose of l ug; the 
second, 10 ug; and the third group, 100 pg/male. Each 
group of ten treated males was then kept in 1 L glass 
jars together with ten normal females which allowed 
repeated matings. The eggs were collected daily and 
their hatchability was recorded. The whole experiment 
was independently repeated three times. 

The results indicated that females which were kept 
together with males which had been treated by POO ug of 
DMF deposited 100 per cent sterile eggs for the rest of 
their lives. Those females which mated with males 
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which had been treated with 10 ug of DMF also laid 
sterile eggs, with the exception of the latest batches 
which gave rise to about 30 per cent normal larvae. In 
the group where the males were treated with | ug the 
females produced about 50 per cent normal hatchable 
eggs. 


males carrying 100 ug of DMF received 
l-5 ug. Those which mated with the males treated with 
1,000 ug received 5-7 ug of the substance, calculated on 
the basis of its biological activity. Thus the amount of 
the substance transferred during mating seems to be in 
large excess of the amount of the compound necessary to 
cause permanent sterility of the female. This is in good 
agreement with our previous observations', 

The described method of distribution of the juvenile 
hormone analogues into insect biocenosis seems to be 
quite promising as far as the possible practical use of 
these agents in insect pest control is concerned. According 
to our recent studies (unpublished results of M. Romariuk, 
K, Slama and F. Šorm), it is possible to use some of the 
new synthetic materials which are about ten times more 
active on Pyrrhocoris than DMF. What this implies is 
that our method may still be effective when the males 
are topically treated with as little as 10 ug. Recent 
studies in juvenile hormone research Suggest that there 
are many other hormone analogues with similar effects 
which are selectively acting on insect species unrelated 
to Pyrrhocoris. 

In general, the method we have used is simular to the 
classical sterile male technique®, based on the transfer of 
defective sperm caused by irradiation or chemosteriliza- 
tion of the males. The method has a weak point when 
used against polygamie insect species where the presence 
of healthy males decreases its usefulness. On the other 
hand, using our method the healthy males do not decrease 
the sterility of females induced hb yv analogues of the 
juvenile hormone. In addition, the polygamy which com- 
monly occurs among insects is acting almost in favour 
of a further distribution of the sterilant throu ghout the 
population and so it helps to integrate the effect. Under 
these circumstances the proportion of the treated males 
to the healthy ones present in population has no sig- 
nificance or may be as many times lower than that cal- 
culated for the classical st&rile male technique’. 
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Ammonoids: Early Ontogeny of Ultra- 
microscopical Shell Structure 


THE early stages of the ammonoid species listed in Table 1 
have been studied with the aid of the scanning electron 
microscope. They reveal the ontogenetic development of 
the structures present in the shell wall and the septa. An 
analogous investigation has also been made, for purposes 
of comparison, in several living and extinct nautiloids 
(Table 1). 

Fossil specimens showing primary shell structure were 
selected and embedded in ‘Plexit’. The innermost three 
to four whorls were cut out, seetioned parallel to the 
median plane, and ground until the exact. median plane of 
the protoconch was reached. The sections were then 
highly polished and slightly etched with dilute HCI or 
‘Titriplex HIT’. Specimens with chambers free of sediment 
were broken with the aid of a vibrotool (Burgess Products 
Comp., Ltd, Hinckley, Leicestershire) approxunately along 
the median plane and were not treated chemically. All 
sections were coated, in a vacuum, with a layer of carbon 
approximately 500 A thick. These were studied under 
magnifications ranging from x 20 to x 8,000 in the scan- 
ning electron microscope (Cambridge Stereosean). More 
than 700 seanning electron micrographs have been made. 

In all specimens studied (ammonoids as well as nauti- 
loids), the shell wall contains the same three principal 
shell layers as the living Nautilus! but in varying thick- 
nesses. These are the outer prismatic layer (‘spherulitic- 
prismatic”), the nacreous layer and the inner prismatic 
layer (“semiprismatie’’). Ammonoids, as well as early 
stages of the nautiloids, did not have the spherulitie 
sublayer of the outer prismatic layer as the living Nautilus 
does. 

The thinnest part of the protoconch wall is always the 
apex; the thickest is always the adoral part. The micro- 
crystals which are least developed morphologically are 
those of the apex, and their differentiation increases 
towards the oral region. The apical shell wall invariably 
contains one, or, maximally, two sublayers. They wedge 
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Fig. 1. Schematic drawing of shell struetnre in the proteconch and 

earliest septa of an ammonite based on scanning electron micrographs 

(x e. 200); thickness of wall exaggerated. pr, Proseptum; ps, primary 

septum; ps,, first nacro-septum: f, flange; a,, first sublayer of primary 

protoconch wall; as, second sublaver of primary protoeonch wall: 
b,, first sublaver of secondary protoconch wall, 
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Table 1. LIST OF AMMOGNOID AND NAUTILOID SPECIES INVESTIGATED 








Specimens 
Name examined 

Gastrioceras occidentale 3 or- 
Columbites sp. 5 o~* 
Agassiceras cf. scipionianumn 12 oz* 
Asteroceras obtusum 4 or”? 
Promicroceras marstonense X ox* 
Nipheroceras ziphus 6 oz? 
Androgynoceras cf. planicosta 14 ozr® 
Beaniceras cf. luridum 2 
Pleuroceras spinatum ll ox* 
Eleganticeras elegantulum 10 ox’ 
Pleydeliia sp. 2 oxr® 
Haugia illustris | ox* 
Pachylytoceras torulosum 1 ox* 
Lioceras opalinum 4 or- 
Dorsetensia pinguis 2 ox* 
Dorsetensia edwardiana 3 ox* 
Dorsetensia complanata 2 ox’ 
Kosmoceras (K.) spinosum 2 or- 
E. (Spinikosmoceras) sp. 2 oxr* 
Occoptychius cf. refractus l ox- 

wenstedioceras (L.) henrici 9 òr? 

avlovia sp. 1 ox- 
Craspedites cf. subditus 1 — 
Kaachpurites cf. fulgens 1 -— 
Taramelliceras catenula 1 
Aconeceras trautscholdi 15 or® 
Euhoplites gr. tuberculatus l o— 
Leymeriella tardefurcata 2 
EPE Ty SE bergeroni 4 or 
Leopoldia i 1 -4— 
Placenticeras cf. placenta 1 or® 
Scaphites sp. 1 ot- 
Discoscaphites cf. conradi ] or? 
Acanthoscaphites nodosus 4 ox?’ 
Pseudorthoceras sp. | 5 
Pseudorthoceras sp. 2 2 
Aturia (A.) aturi l 
A. (Sphenaturia) felschi 4 
Nautilus pompilius 5 
Nautilus scrobiculatus l 


Age Locality or region 
Pennsylvanian Kentucky, USA 
Scythian Idaho, USA 
Sinemurian Dorset, England 
Sinemurian Dorset, England 
Sinemurian Somerset, England 
Sinemurian Dorset, England 
Pliensbachian Dorset, England 
Pliensbachian Dorset, England 
Toarcian Franken, Niedersachsen, Germany 
Toarcian Hamburg region, Germans 
Toarcian Aveyron, France 
Toarcian Niedersachsen, Germany 
Bajocian Niedersachsen, Germany 
Rajocian Württemberg, Niedersachsen, Germany 
Bajocian Niedersachsen, Germany 
Bajocian Niedersachsen, Germany 
Bajocian Niedersachsen, Germany 
Callovian Lithuania, USSR 
Callovian Latvia, USSR 
Callovian Latvia, USSR 
Callovian Lukéw, Poland 
Kimmeridgian Buckinghamshire, England 
Wolgian Wolga Basin, USSR 
Woigian Wolga Basin, USSR 
Wolgian Tartarowo, USSR 
Aptian Wolga Basin, USSR 
L. Cretaceous Folkestone, England 
L. Cretaceous Niedersachsen, Germany 
L. Cretaceous Niedersachsen, Germany 
Aptian Niedersachsen, Germany 
U. Cretaceous Dakota, USA 
U. Cretaceous Dakota, USA 
U. Cretaceous Dakota, USA 
U. Cretaceous Dakota, USA 
Pennsylvanian Oklahoma, USA 
Pennsylvanian Kentucky, USA 
Miocene Bordeaux, France 
Tertiary Tierra del Fuego Argentine 
Living 
Living 


* Structure of earliest septa observed; —, not observed; z, firstappearance of macreous layer observed; —, not observed; o, lack of complete dorsal wall 


observed: —, nut observed, 


out, and the number of new sublayers increases, from the 
apex towards the oral region (Fig. 1). These facts clearly 
prove that growth is initiated in the very apex of the 
shell, as it is in the living Nautilus, and not* in the adorally 
situated flange. 

The protoconch shell seems to be comprised of two 
walls (Fig. 1) which differ structurally to some degree 
and are sometimes separated by a conchiolinic sheet. The 
primary wall consists of coarsely subprismatic sublayers 
characterized, in etched sections, by a highly irregular 
distribution of their “‘intererystallinic conchiolin cords” *. 
The secondary wall, however, contains the first sublayers 
of well developed prismatic microcrystals with a regular 
pattern of intererystalline conchiolin. Similar observa- 
tions have been made by T. Birkelund', 

The three earliest septa differ from each other in all 
ammonoids according to observations indicated by an 
asterisk in Table 1. The first septum contains only 
prismatic microcrystals. It is a continuation of the inner- 
most prismatic sublayer of the shell wall from which it 
emerges without any interruption (Fig. 2). It cannot 
therefore have been secreted by the adapical part of the 
mantle epithelium, but must have been secreted by the 
lateral, ventral and dorsal parts (which, for this purpose, 
must have been temporarily invaginated). Forming the 
ontogenetically and phylogenetically independent pro- 
suture®, this septum is a true proseptum. The second 
septum also contains only prismatic microcrystals. Similar 
to all subsequent septa, it is formed independently of the 
shell wall to which it is attached at a junction (Fig. 3). 
It must therefore have been secreted by the adapical 
epithelium. It is the true primary septum, forming the 
primary suture, which is independent from the prosuture 
and from which all later sutures are derived’. The third 
septum differs from the second by being much thinner, by 
bemg convex in advanced ammonoids, and by containing, 
like all following septa, exclusively nacreous miero- 
crystals. (Because of the tiny size, resulting from a very 
thin septal wall, these microcrystals are always badly 
damaged when the section is etched. We found them 
intact in at least three cases, however.) Because it differs 
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Fig. 2. Ventral part of proseptum originating from innermost sub- 

layer of ventral wall. (Eleganticeras elegantulum (Young and Bird); 

Ahrensburg near Hamburg; Late Lower Jurassic; scanning electron 
micrograph (= 1,200).) Arrow indicates adapical direction. 


Fig. 3. Ventral part of primary septum attached to ventral wall by 
junction. Same data as Fig. 2. 








Fig. 4. 
Niegranden. 
bottom. B, Schematic drawing of (A); 


A, First appearance of nacreous layer, nepionic constriction 
Lithuania; Callovian; scanning electron micrograph ( x 


é direction 
of growth 





and interruption in growth. Ventral wall in Spinikosmoceras sp.; 


c. 715); arrow indicates adoral direction: external surtace of wall at 
, periostracum; ic, conchiolin lining of inner wall surface; op, outer prismatic layer; n, nacreous 


layer; a, part of outer prismatic layer bent backward and wedging out because of interruption in growth at aperture: J, prismatic layer secreted 
3 after interruption in growth. 


from the primary septuin in its structure, we propose that 
this third septum be called the “first nacroseptum”’. 

Although the dorsal wall of the protoconch is always 
fully developed, there was no formation of a complete 
dorsal shell wall from the proseptum at least as far as the 
fourth whorl. Occasionally, however, there may be a 
rudimentary and incomplete dorsal wall. (This occasional 
incomplete rudiment of the dorsal shell wall is formed by 
the inner prismatic layer only.) These facts are clearly 
established in all species indicated by o in Table 1. 

Structural changes occurring in the shell wall during 
the stages following the protoconch have been observed 
in two Cretaceous ammonoid species‘. We have found 
them in all the cases listed in Table 1. In these cireum- 
stances, we suggest that these changes are the rule for 
all convolute ammonoids. They coincide with morpho- 
logical changes described by Erben*-* as “‘first and second 
change in growth” and interpreted as stages in meta- 
morphosis. 

From the structures observed in all species indicated 
by x in Table 1 and considering all the observations 
mentioned the following ontogenetic development can be 
reconstructed. Up to the first change in growth the 
primary wall of the protoconch is formed. After the first 
change in growth (Erben’s “end of embryonic stage”) the 
secondary wall of the protoconch is added to the inner 
surface of the primary wall. Its dorsal part advances 
gradually but slowly. At the same time the ventral and 
lateral walls of the first whorl grow strongly. They 
contain clearly prismatic sublayers forming a continuation 
of the secondary wall. 

Shortly before the second change in growth two im- 
portant changes take place. At the aperture the prismatic 
shell layer forming the wall becomes thinner. Farther 
back at the termination of the protoconch, the proseptum 
and the flange are formed, by the lateral epithelium, as 
continuous extensions of the last inner prismatic sublayers 
of the secondary protoconch wall. 

The second change in growth (Erben’s “end of larval 
stage”) coincides with the so-called nepionic constriction. 
It is usually characterized by a sudden interruption in 
growth at the aperture. The prismatic shell layer wedges 
out, or its growth suddenly becomes inward and back- 
ward (Fig. 4) indicating a temporary retreat of the mantle 
edge. A short distance farther back, below the prismatic 
layer, the nacreous layer now appears. Thus the former 
prismatic layer is actually identical with the outer pris- 
matic layer of the adult shell wall. Then, still during 
the interruption in growth of the aperture, the nacreous 
layer suddenly thickens by the addition of numerous 
sublayers containing nacreous microcrystals. 


After the second change in growth the outer prismatic 
layer of the aperture reappears, resuming growth below 
the former prismatic layer (Fig. 4). This indicates that 
the mantle edge moves forward again. Also, the nacreous 
layer continues to grow. Simultaneously, the primary 
septum is formed farther back. It is the first septum 
formed by the adapical part of the mantle epithelium. 
Because this area is not yet able to secrete nacreous 
microcrystals, this primary septum, too, is still prismatic 
in its structure. 

During further ontogenetic development, growth of the 
shell wall continues in the ventral and lateral parts of the 
aperture, and the first nacroseptum is formed. Its 
nacreous microcrystals indicate that now the capability 
of secreting nacre is developed also in the adapical region 
of the mantle epithelium. 

At a later but varying ontogenetic stage, the inner pris- 
matic layer is added to the shell wall, being secreted, as 
Mutvei pointed out, in the living Nautilus! by the epi- 
thelium of the periphract. 

Although the early ontogenetic development of the 
shell structure is rather irregular and variable in the living 
and fossil nautiloid shells studied, it seems to be surpris- 
ingly constant in convolute ammonoids. In all cases the 
primary wall terminated near the first change in growth 
more or less at the adoral constriction of the protoconch., 
Furthermore, in all cases studied, with a single exception, 
the nacreous layer appeared at the second change in 
growth, always between the end of the first whorl and 
a stage of one and a half whorls but usually at a stage of 
one and a quarter whorls (measured from the apex). 
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Feeding Behaviour of the Praying 
Mantis: A Learned Modification 


THe feeding behaviour of the praying mantis typically 
consists of a period of visual search, a slow approach to 
the prey, capture by an extremely rapid grasping move- 
ment of the raptorial prothoracic legs and ingestion of 
the captured food!*. The stimulus releasing the strike is 
visual and is maximal when the prey moves within reach 
of the forelegs and exhibits rapid, jerky movements of its 
appendages’. The degree of responsiveness of a mantis to 
prey is dependent on its nutritional state‘. As starvation 
proceeds, a mantis will become aware of and stalk prey 
moving at greater distances from its body, will stalk more 
quickly and will strike at larger prey (ref. 4 and my 
unpublished work). 

Rilling, Mittelstaedt and Roeder* showed that the 
strike releasing properties of prey are not dependent on 
individual experience. They did find, however, that the acts 
of catching and bringing prey to the mouth are improved 
by experience. Further evidence of plasticity was seen 
in the response waning which occurred when mantids 
were allowed to strike repeatedly at flies presented behind 
a glass plate. The following experiments were undertaken 
to investigate further the plasticity of mantis feeding 
behaviour by determining whether mantids can learn 
not to strike at distasteful or noxious prey. 

The Chinese mantis, Paratenodera sinensis, and the 
European mantis, Mantis religiosa, were reared in the 
laboratory. The adults were housed individually in paper 
cartons. Prey insects were offered through a small window 
cut in the side of the container. The large milkweed bug, 
Oncopeltus fasciatus, served as the distasteful prey. Milk- 
weed bugs were offered individually and in alternation 
with blowflies, Phormia or Lucilia, the mantids’ normal 
laboratory food. Ten mantids participated in the milk- 
weed bug experiments. 

On first encounter with a milkweed bug a food-deprived 
mantis will strike, capture, taste and diseard the prey, 
followed in some instances by regurgitation. On repeated 
encounters with milkweed bugs the mantis can show a 
clear and specific inhibition of the strike response to 
milkweed bugs while maintaining a vigorous positive 
response to blowflies. Intermediate stages in the develop- 
ment of this inhibition can be recognized. The mantis 
first captures, brings the bug to its mouth and bites, then 
captures and brings to the mouth with no bite, captures 
and rejects without bringing to the mouth and finally, 
after in some instances a protracted examination of the 
prey, no strike occurs. This inhibition of strike response 
to milkweed bugs is dependent on the mantid’s nutritional 
state. If sufficiently starved, mantids will eat milkweed 
bugs with no evidence of toxic effects. 

In a second series of experiments, blowflies were con- 
verted into noxious prey by arranging the experimental 
situation such that if the mantis struck at and 
contacted the fly when it was presented on a red back- 
ground, a shock was received, whereas when the fly was 
presented on a white background no shock was received. 
The mantis hung from a wire sereen which formed the 
top of its cage. The fly was impaled on an insect pin 
which passed through the centre of a cork. The face of 
the cork was 3 cm in diameter and was painted either red 
or white. A source of 60 cycle alternating current con- 
trolled by a variable autotransformer was applied between 
the screen on which the mantis stood and the insect pin 
impaling the fly. If the mantis struck at and contacted 
the fly, it completed the cireuit and received a shock. 
The shock received on contact with a fly on a red back- 
ground was sufficient to cause immediate withdrawal of 
the prothoracic legs without prey capture and in some 
instances elicited a defensive display with sound produc- 
tion’, Six mantids participated in the shock experiments. 

The shock experiments were performed in an attempt 
to produce a more consistent modification in behaviour 
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Fig. 1. Responses of a female M. religiosa during her third session in g 
colour discrimination experiment. 


which was less dependent on the mantids’ nutritional 
state. They were successful in that regard. Mantids 
quickly developed differential responses to flies presented 
in the two sets of conditions. The behaviour of mantis 6, 
a female M. religiosa, was typical. Her first session was 
spread over 6-5 h, during which time she was offered 
eight flies on red and seven flies on white, Her response 
to the third fly on red was modified in that she gave two 
hesitant strikes without touching the fly before finally 
contacting it and receiving her third shock. She did not 
strike at the fifth fly on red but remained poised in front 
of the fly for 4 min. The second session, which occurred 
the next day, occupied 1-5h. The first presentation of fly 
on red elicited two incomplete strikes before a third 
strike produced contact and shock. Three other pre- 
sentations of fly on red resulted in shocks. The 
third session occurred 3 days later and the results are 
presented in Fig. 1. After an initial shock this mantis 
made five clear and distinct diseruminations between 
flies on red and flies on white. 

Two modifications of the shock experiments made the 
phenomenon even more convincing. The first involved 
presenting a fly on white and, as the mantis approached, 
the fly on white was replaced with a fiy on red. 
In favourable circumstances this could be done several 
times with the mantis approaching each fly on white 
and showing no forward movement to a fly on red. 
A second modification was to moisten the red field behind 
the fly with a saturated salt solution such that when the 
mantis made incomplete strikes at the fly on red which 
did not touch the fly but did touch the background, it 
would still receive a shock. This modification resulted in 
even more complete cessation of response to flies on red. 

These studies were motivated by an interest in the 
regulatory mechanism underlying mantis feeding be- 
haviour. ‘The existence of a regulatory mechanism is 
indicated by the relative constancy of daily food intake 
in the presence of excess food (ref. 4 and my unpublished 
work}. The number of flies eaten each day is relatively 
constant for a given species of fly, and decreases as the 
size of the fly increases. Whether the negative feed- 
back depends on gut stretch receptors as in PRormia‘ 
remains to be determined. It is clear that the presence 
of a learning component in the regulatory mechanism 
makes it more complex than those of other invertebrates 
known at present’-* ý 

Some recent studies of predation and mimicry have 
discounted the learning ability of invertebrate predators‘. 
The present experiments by no means demonstrate that 
mantids in the field utilize their ability to learn, but 
experiments to test this question are feasible and the 
possibility is a real one. These experiments also demon- 
strate the impressive behavioural capabilities of inverte- 
brates which are revealed when experimental design is 
guided by the ethology of the animal concerned (see also 
ref. 9 in this regard). This principle becomes of even 
greater import as neurophysiologists extend their search 
for the simplest neuronal systern which can learn into the 
invertebrates!?:!), 
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Eyes of the Histioteuthidae 


ON cruises aboard RV Sarsia and RRS Discovery we have 
studied a number of features of oceanic animals to see 
how these change with habit and depth, and, as part of this 
work, we have used methods previously described':? to 
find the spectral absorption properties of lenses from 
the eyes of fish and cephalopods. 

In many vertebrates, near ultraviolet light (wave- 
lengths between 300-400 mu) and sometimes even 
blue light is heavily absorbed by intra-ocular filters; 
these are found in various parts of the eye, in the cornea, 
lens and retina. Such ultraviolet filters, which limit the 
range of wavelengths of light which can be detected by the 
retinal photosensitive pigments, are characteristically 
found in diurnal animals and are not present in animals 
which are either nocturnal or which live in very dim 
lights‘-*. In the adult human eye the lens absorbs near 
ultraviolet light heavily and an aphakie, that is a person 
who has lost the lens from an otherwise healthy eye, can 
see such light’. The absorption of ultraviolet light by the 
lens may have some protective function, for in aphakic 
eyes strong ultraviolet light can cause retinitis and it is 
recommended that the glass in spectacles made for them 
should absorb it*. Wald and Griffin® give another possible 
reason for the absorption of ultraviolet light; they argue 
that the dioptric system of our eye has such serious 
chromatic aberrations that it is worthwhile losing sensi- 
tivity to near ultraviolet light in order to improve the eye’s 
acuity. 

In the sea it is generally true that predacious fish, 
which are active near the surface in daytime, have lenses 
in their eyes which absorb the ultraviolet light strongly 
whereas fishes which live deep in the sea during the day, 
and so are never exposed to ultraviolet light, have lenses 
which are usually transparent to such light down to 
about 310 mu‘. A similar rule holds for oceanic cephalo- 
pods. The squid Onychoteuthis banksi, which can some- 
times be seen ‘‘flying” above the surface, has lenses which 
are only transparent down to 430 my and these lenses 
appear bright yellow to us because they absorb blue light 
very much more heavily than our own. The deeper 
living cephalopods, for example Spirula spirula and Chiro- 
teuthis veranyi, on the other hand, have lenses which are 
like those of the deep sea fish in being transparent to the 
near ultraviolet. 

There is one family of oceanic squid, the Histioteuthidae, 
an important food for sperm whales, in which, apart from 
small specimens, the two eyes are quite different’. One 
eye is very much smaller than the other having often 
less than half of its linear size. The smaller eye, like 
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1. A scale diagram of the two eyes from a specimen of Calliteuthis 


- (a) Lens of larger eye which was bright yellow in colour 
and which absorbed blue and ultraviolet light strongly; (b) lens of 
smaller eye which was transparent to near ultraviolet light. (x 2). 


that of most fishes, is approximately hemispherical in 
shape with its lens centred close to the centre of curvature 
of the hemisphere; the larger eye has a very unusual 
shape (Fig. 1). The lenses from both kinds of eye are 
close to being spherical but the lens from a larger eye 
has, relative to its radius, a longer focal length than is 
usual for fish and cephalopod lenses; the ratio of focal 
length to radius being approximately 3-1 instead of the 
usual 2-6 (Mattheison’s ratio)!*". We find that the lens 
from the smaller eye is transparent to light down to 
about 310 my, like that from a squid living well away from 
the surface, while the larger lens always absorbs the near 
ultraviolet and sometimes blue light strongly. The 
difference in spectral absorption between the large and 
the small lens is not simply dependent on the difference 
in size (if the large lens had the spectral absorption 
properties of the small one it would still be transparent 
to the near ultraviolet) but on the larger lens possessing 
a pigment, or pigments, absorbing ultraviolet light 
strongly. This pigment is confined to the outer layers of 
the larger lens while the central part is just as transparent 
to the near ultraviolet as the smaller lens. Lenses grow 
by adding new layers around the old and it is known that 
when the animals are small the two eyes are of approxi- 
mately the same size and shape; we conclude, therefore, 
that in young animals both lenses must be transparent 
to the near ultraviolet. 

It seems likely that the extraordinary enlargement of 

one eye and the change in the spectral absorption proper- 
ties of its lens represent an adaptation to a change in the 
animal’s way of life and a simple explanation would be 
that the larger eye is specially adapted for living closer 
to the surface of the sea. Dr M. R. Clarke of the National 
Institute of Oceanography tells us that, although such 
squid are not caught by nets close to the surface in daytime 
(the nets are always very slow moving), they are found 
in the stomach contents of diving birds and not in- 
frequently found dead at the surface. A similar but less 
marked change in the spectral absorption properties of 
the lens has been found in the metamorphosis from 
tadpole to frog, but here the two eyes change in the same 
way’. 
We do not yet know if this very unusual differentiation 
of the two eyes in the Histioteuthidae extends to the 
visual photosensitive pigments or whether the develop- 
ment of the large eye is accompanied by changes in the 
central nervous system, but because these animals are 
relatively common in the oceans these are accessible 
problems. 

We thank Dr G. R. Deacon, director of the National 
Institute of Oceanography, for allowing us to work aboard 
RRS Discovery and Dr M. R. Clarke for very helpful 
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discussions, and him and his colleagues for their great 
help during our cruise. 
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Rapid Chemical Determination of 
Chloramphenicol Acetylation by 

Cell Extracts and by Cell Suspensions 
of E. coli B 


Srupres of subcellular systems of resistant Æ. cole K-12 
(ref. 1) and staphylococci? have proved that the basis of 
chloramphenicol resistance in these bacteria is their ability 
to acetylate the drug. These results agreed with Miyamura’s 
report? on the relationship between the resistance to 
chloramphenicol of naturally isolated enterobacteria 
carrying R-factor and of staphylococei and their ability to 
inactivate the drug. 

The products of the enzymatic acetylation of chloram- 
phenicol are its 3-O-acetyl and 1,3-0,0-diacety] derivatives. 
These products were identified by Shaw, using cell 
extracts of resistant Æ. coli K-10 (ref. 4), and by Suzuki 
and Okamoto, using cell extraets and whole cells of 
resistant E. colt K-12 (ref. 5). 

Okamoto and Suzuki followed the inactivation of 
chloramphenicol by microbiological assay of the residual 
antibacterial activity! and by radicisotopic assay of 
benzene-extracted, acetylated }4C-chloramphenicol?. Shaw 
has added a spectrophotometric determination of the 
acetylation of this drug, which is based on following the 
chloramphenicol-dependent disappearance of acetyl co- 
enzyme A at 232 mu (ref. 4). 

We report here a simple and rapid chemical determina- 
tion of chloramphenicol acetylation using cell extracts and 
whole ceils of E. colt B. The determination is according 
to that developed by Hestrin®* for short chain earboxylie 
acid esters, based on their ability to react with hydroxyl- 
amine quantitatively in an aqueous alkaline solution. 

Cells of E. coli B carrying R-factor and cells of chloram- 
phenicol-sensitive E. colt B (without R-factor) were grown 
on tryptose phosphate agar (Difco) at 37° C for 18 h. Cell 
suspensions were prepared by collecting the cells, washing 
them three times and then suspending them in 0-1 M 
tris-HC! buffer (pH 7-5) so that a final optical density of 
300 Klett units (using filter No. 54) was obtained. 

For subcellular preparations the cells were colleeted, 
washed three times and then suspended in 20 per cent 
concentration in 0-02 M tris-HCI buffer (pH 7-5) contaming 
0-06 M KCI, 0-006 M 2-mercaptoethanol and 10-4 M EDTA. 
The cells were disrupted by sonic vibrations (using a 
Raytheon 10 ke-250 W sonic oscillator for 20 min). The 
disrupted suspension was centrifuged at 27.000g for 36 min 
at 2° C and the supernatant was dialysed overnight at 


oo ge C against the same buffer. 


_ Acetylation of chloramphenicol by whole cells is made 
possible by the addition of 5 ml. of the cell suspensien in 
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0-1 M tris-HCl buffer (pH 7-5) to 5 ml. of a solution cons ae 


taining 20 mg of glucose and 5 mg of chlorampheaieol im ~ 
0-04 M ¢tris-HCI buffer (pH 7-5). After incubatiom for 90 — 
min at 33° C (with shaking) the reaction is stopped by 
heating at 100° C for 5 min and centrifugation at 12,0007 
for 10 min. ve 
Acetylation of chloramphenicol by cell extracts is made 
possible by making up samples contaiming 200~- 1,000 ug of 
protein to a total volume of 1 ml., containing 106 grooles 
of tris-HC1] buffer (pH 7-5), 0:15 umoles of coenzyme A, 
10 umoles of Mg-acetate. 8 umoles of ATP and F mg of 
chloramphenicol. The mixture was incubated as 35°C 
for 10-30 min. For microbiological assays the reaction 
was stopped by heating at 100° C for 5 min, For chemical 
determinations complete deproteinization was necessary 
and so the reaction was stopped by the addition of 1 ml. of 
10 per cent trichloroacetic acid. All tubes were then centri- 
fuged at 10,000g for 10 min. Determination of the acetyl- 
ation of chloramphenicol by whole cells and by cell 
extracts was carried out concomitantly employing the 
chemical and the microbiological methods. 
Microbiological assay of residual (non-acetylated) 
chloramphenicol was carried out by the method of Joslyn 
and Galbraith’, using Shigella boydii as a test organism. 
Chemical determination was performed by adding 2 ml. of 
alkaline hydroxylamine reagent (freshly preparec before 
use by nuxing equal volumes of 2 M hydroxylamime- 
hydrochloride solution and 3-5 N sodium hydroxide) to 
l ml. of the supernatant fluid. The mixture was acidified 
by the addition of | ml. of HCI (concentrated HCL specifie 
gravity 1-18 diluted 1: 3 in distilled water) whereaf-er 1 mi, 
of 0:37 M FeCl, solution in 0-1 N HCl was added. The 
density of the developing colour was determined imme- 
diately by a Klett photocolorimeter with filter No. 54. As 
standard solutions for the chemical determination, solu- 
tions of acetylcholine (1 and 2 umoles/ml.} can be used. 
Results of microbiological and chemical determinations 
of acetylation of chloramphenicol by cell extracts of 
sensitive and resistant strains of E. coli B are presented in 
Fig. 1. Results of the determinations of acetylation by 
whole cells, found by both methods, are presented m Fig. 2, 
There is a good correlation between the two methods. The 
chemical method can show the loss of the antibacterial 
activity of the chloramphenicol which is acetylated, 
either by whole cells or by cell free systems. 
The chemical method of determination is superior to 
other methods in being very simple and rapid., It is 
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Fig. 1. Acetviation of chloramphenicol by ceil extrarta (500 gg of proe 

tein} of chloraniphent ol-resistant CA, @) and sensitive (A, C) strains of 

E, coli B. (A. A) Chemically determined; (@, ©) determined by a 
bigussay method. 
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Fig, 2. Chloramphenicol acetylation by whole cells of chloramphenicol- 
resistant (A, ©) and sensitive (A, C) Strains of E. coli B. (Á, A) 
Chemically determined; (@, ©} determined by a bioassay method. 


inferior to the radioisotopic?® and spectrophotometric‘ 
methods in being less sensitive. The advantage of the 
chemical method over the spectrophotometrie method is 


that it may be used for determination of the acetylation of 


chloramphenicol by whole cells as well as by cell extracts 
while the spectrophotometric method can be used only 
for analysing subcellular preparations. 
This work was supported by a research grant from Bar- 
Nan University. 
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Microencapsulation of Rodenticides 


Two characteristics which markedly influence the suitabil- 
ity of a toxic compound for use as a rodenticide are its 
palatability and the speed of onset of its toxic effects. 
At best a compound shoulfl have not only an attractive 
or at least a neutral flavour when mixed with bait, but 
also a delayed toxic action to allow ingestion of a lethal 
quantity of bait before the onset of warning symptoms. 
Only the anti-coagulants and the more hazardous (and 
therefore less frequently used) rodenticides such as thallous 
sulphate and the fluoroacetates go far to meet both 
requirements. Laboratory studies suggest that the 
efficiency of other compounds which are either used at 
present as rodenticides or are under examination could be 
improved by taste-masking, or delaying the onset of their 
toxic effects, or both. A preliminary investigation has 
been made of the possibility of obtaining this improvement 
using the technique of microencapsulation. 
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Table i. MORTALITY AND AVERAGE TIME OF ONSET OF ATAXIA IN MICE 
ADMINISTERED PURE AND ETHYLCELLULOSE-ENCAPSULATED ALPHACHLORA- 
LOSE 


Average time of onset of ataxia 


; (min after dosing) Mortality 
Dose Pure Encapsulated Pure Encapsulated 
(mg/kg) alpha- pha- alpha- alpha- 
thlaralose echloralose chloralose chloralose 
100 i 24 0/6 Of/6 
200 16 25 2/5 o/b 
400 F 15 4/5 0/5 


Table 2. MORTALITY AND CONSUMPTION OF TOXIC FOOD BY RATS OFFERED 


PURE OR GRLATINE-ENCAPSULATED XOR BORMIDE 


l er Encapsulated 
Concentration Pure norburmide norbormide 
of norbormide Sex Toxic food ‘Toxic food 
(percentage) eaten (g) Mortality eaten {g} Mortality 
D4 M iad 0/6 OS 1/¢ 
0-8 M TO 0/6 12-9 1/6 
1-2 M i-3 2/6 t3 2/6 
1-2 F 17 1/8 +5 4/6 
6 M 13 3/6 ILF 5/6 
3-0 M LÄ 3/6 2-8 4/6 
3-0 F eT 1/6 17 2/6 
Table 3. MORTALITY AND CONSUMPTION OF TOXIC FOOD BY MICE OFFERED 


PURE OR ETHYLCELIWLOSE-RNCAPSULATED ALPHACHLORALOSE 


Concentration Encapsulated 
of alpha- Pure alphachioralose alphachioralose 
chloralose Toxie food Foxie food 
(percentage) enter (g) Mortality eaten (g) Mortality 
2-0 2-1 Of5 16-9 1/5 
+0 bü 1/6 9-5 3/5 
6-0 pg 5 4-6 2/h 
SU Ls 2/5 S-6 3/5 


The compounds chosen for study were norbormide! 
(9-(a-hydroxy-«-2-pyridylbenzyl)-7-(a -2- pyridylbenzyl- 
idene norborn-5-ene-2,3 -dicarboximide) and alphachlor- 
alose*. Norbormide is a vasoconstrictor, selectively 
toxic to rodents of the genus Rattus, and has been used 
widely though not always successfully against the two 
species Rattus norvegicus Berk. and Rattus rattus L. 
Alphachloralose, a narcotic the toxicity of which is some- 
what temperature dependent, is used in the control of 
the house mouse, Mus musculus L. The rodenticidal 
efficiency of both compounds is believed to be limited 
by their low palatability or too rapid toxic action. 

To gain a measure of the effect of encapsulation on the 
toxicity and speed of action of norbormide, the compound 
-either pure or gelatine-encapsulated (4 : 1 ratio of active 
compound to capsular material)-—-was first administered 
in gum acacia per os at 10 mg/kg or 100 mg/kg to groups 
of ten male laboratory rats. The results did not indicate 
any difference between the pure and encapsulated com- 
pound in either toxicity or speed of action; gelatine 
encapsulation would therefore not be expected to have 
any effect other than taste-masking. 

Alphachloralose—pure or 10:1 ethyleellulose-encap- 
sulated--was administered at an ambient temperature 
of 21° C to groups of five male laboratory mice (18-21 g, 
LAC Grey strain). The data in Table 1 show that the 
speed of action of alshachloralose was related to dosage 
and that the effect of encapsulation was both to delay 
the signs of poisoning and to reduce the toxicity of the 
drug. 

Comparative voluntary acceptance tests of pure and 
encapsulated norbormide and alphachloralose were then 
carried out with singly caged rats and mice respectively. 
Each animal was offered an unrestricted choice for 48 h 
between plain medium oatmeal (a commonly used bait) 
and the same food containing various concentrations of the 
toxicant. After the first 24 h the positions of plain and 
toxic foods were interchanged to minimize bias as a result 
of place preference. 

Examination of the food consumption data for rats, 
given in Table 2, by means of Wilcoxon’s ranking test 
showed that food containing encapsulated norbormide 
was eaten in significantly larger amounts than that con- 
taining the pure compound (P< 0-02; N=7). Evidently 
as a result, the corresponding mortality was significantly 
greater (y?°=6-1; P<0-02 for 1 df). 
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Again, in tests with mice, food containing encapsulated 
alphachloralose was more readily eaten than that con- 
taining the pure compound (P< 0-01; NV, =N, = 20), and, 
despite the relatively lower toxicity of the encapsulated 
compound, mortality was consistently greater (Table 3). 

These results are sufficiently promising to warrant 
further study of the possible exploitation of micro- 
encapsulation techniques in the field of rodenticide 
formulation. With this approach, compounds desirable 
as rodenticides because of species specificity, non-per- 
sistence or the availability of an effective antidote but 
debarred on grounds of unpalatability, too rapid toxic 
action, low stability or high dermal toxicity might be 
brought mto use. 

We thank NCR, Ltd, for their mterest in this work and 
for providing us with the encapsulated compounds. 
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Sampling the Transpiration Stream 
in Woody Plants 


Morrison! has suggested that the content of sap exuding 
from decapitated root stumps is unrepresentative of that 
of the transpiration stream. This suggestion arose from 
the finding that sap exuding from decapitated rooted 
cuttings of Salia vitellina which had been supplied with 
phosphorus-32 had levels of radioactivity up to about 
seven times those of the sap sucked by Bollard’s method? 
from the corresponding stems. Furthermore, while the 
stem sap contained only inorganic phosphorus-32, chroma- 
tograms of the sap exuded by the root stumps gave 
substantial peaks of radioactivity frequently found as 
running behind the inorganic phosphorus-32 (ref. 1). 

This communication reports an investigation to de- 
termine whether Morrison's suggestion holds for apple 
and pear trees—a preliminary to a programme concerned 
with the content of exudates from roots of fruit trees. 

All leaves, blossom or fruitlets were removed from eight 
composite pear trees and one composite orchard apple 
tree (see Table 1 for age and composition of the trees). 
The pear trees were cut down immediately above or below 
the graft unions and the apple tree immediately above the 
interstock. The sap which exuded from the decapitated 
trees was collected as previously described* between 0-5 
and 3-0 h after removing the shoots. Immediately after 
removal from the trees, xylem sap was extracted by 
Bollard’s method from the portion of the pear stems above 
the graft unions. Only a portion of apple stem, from 
5 yr old wood out to the new growth was extracted, 
within 15 min of cutting from the tree. All sap samples 
were stored at — 16° C until used. 

The concentrations of phosphorus, nitrogen, potassium 
and calcium in the sap samples were estimated as follows. 
Aliquots of 1-2 ml. were digested with sulphuric acid, 
perchloric acid and hydrogen peroxide (4: 4:1), and 
after cooling were diluted to 10 ml. Total phosphorus, 
nitrogen (excluding nitrate), potassium and calcium were 
determined on a Technicon autoanalyser. Nitrogen was 
_. determined by reaction with alkaline phenol and sodium 
hypochlorite’, phosphorus by the reduced molybdenum 
blue method’ and potassium and calcium by flame 
photometer methods. 


403. 


Table 1. 
SAP FROM PEAR AND APPLE TREES 
Stem sap Bleeding sap 
Tree P N X Ca P N E ia 
1 47 1460 Sa 50 VP e on 
2 28 WF e o 40 147 sen 
3 32 200 ~-— == 20 148 owe 
$ BQ 00 = 410 186 PQ 2 320 159 
5 30 = ~ 450 140 30 400 120 
& is ooo 300 — 23 200 ~ 
7 20 aa 180 — oo oe 130 
§ 13 = 130 me 15 nee 180 pren 
ğ 25 230 — 110 24 27 mamn 126 


Tree 1-5, 4 yr old ‘Conference’ pear/‘Quince A’, that is, ‘Conference’ pear 
scion grafted onto stem of ‘Quince A’ rootstock 6 in. above ground level. 
Cut below graft union in June. Bleeding sap collected within 3 h of cutting. 
Tree 6-8, 3 yr old ‘Williams’ pear/‘Quince A’, that is, “Willlame’ pear 
scion grafted onto stem of ‘Quince A’ rootstock 6 in. above ground level. 
Cut above graft union in April. Bleeding sap collected within 1 b of cutting. 
Tree 9, 8 yr old ‘Cox's Orange Pippin’/M.II with ‘Crab C° Interstock, that is, 
‘Cox’ scion grafted onto 2 in. piece of ‘Crab C’ stem which was grafted 6 in. 
above ground level onto the stem of MIIL rootstock. Cut above interstock 
in May. Bleeding sap collected within 0-5 h of cutting. 


The results of the analyses (Table 1) indicate that the 
xylem sap samples are similar in composition whether 
obtained as exudate from decapitated plants or sucked 
from stems. This conclusion is supported by results similar 
to those of Table 1 obtained by analysis of sap from 
another ten pear trees, and the demonstration of similar 
gibberellin-like activity in apple stem xylem sap and 
exudate from decapitated apple trees’. Thus Morrison's 
findings do not seem to apply generally and for apple and 
pear trees at least, analysis of sap exuding from de- 
capitated plants seems to offer a valid method of de- 
termining the content of the transpiration stream, 

O. P. JONES 
R. W. Rowe 
East Malling Research Station, 
Maidstone, Kent. 
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Apparent Destruction of Nisin 
by the Producer Organism before 
Initiation of Growth in 
Streptococcus lactis 


WHEN a stationary phase culture of Streptococeus lactis 
is inoculated into fresh medium, the concentration of the 
protein antibiotic nisin, carried over with the inoculum, 
diminishes and a minimum value is reached at the end 
of the lag phase 1-3 h after inoculation’. We have 
recently found a direct correlation between the cellular 
nisin concentration and the duration of the lag-phase* 
and so it is possible that the cells have to mactivate 
the nisin they contain before initiation of fresh growth. 
This communication deals with the mechanism of the 
apparent destruction of nisin. Nisinase has been reported 
in a great variety of micro-organisms? and Jarvis‘ sug- 
gested that some bacilli contain a non-proteolytic enzyme 
which converts nisin A into less effective antibiotics 
(nisin C and Æ). My results suggest that the inactivation 
of nisin by the producer organism may not be entirely 
enzymatic. 

Fig. 1 illustrates the apparent destruction of nisin by 
cells of Streptococcus lactis in culture. The pH of the 
culture was kept constant at 6-8 by the addition of 5 N 
NaOH; after 11 h no further NaOH was required and 
maximum dry weight had been reached. At 17 h, when the 
culture was used to inoculate a fresh fermentation vessel, 
it had been in stationary phase for 6 h and 1-3 per cent of 
the dry weight of the cells seemed to be nisin. Immediately 
after inoculation, the concentration of nisin fell to 0-13 
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Fig. 1. Apparent destrnetion of nisin by growing cells of the producer 


organism. Streploceecus lactis atrain 354/07 was grown in LTB raedium 
at 30°C in a 26 L batch fermentor fitted with a pH stat. pH was 
controlled te 6-8 +0-1, Cellular nisin was estimated by bioassay and dry 
welght gravimetrically", Reactions were stopped Ly chilling to 0° C. 
At time 0, 200 mi. of the stationary phase culture was inoculated into 
20 1. fresh medium and a 3 L sample was withdrawn Inumediately with 
a vacuum line attached to a flask Immersed in a dry-ice bath at — 70° C, 
and cooled to 0° C. 


per cent of the cellular dry weight and continued to 
decline for 120 min when nisin synthesis started again. 

I tested for nisinase in reaction mixtures consisting of 
lag-phase cells, buffer and nisin and appropriate controls, 
and Table 1 summarizes some results. A time course 
could not be constructed because 50 per cent of the nisin 
had disappeared at time 0. Autoclaved cells seemed to 
destroy as much nisin as fresh cells. In the ranges tested, 
the concentration of cells did not affect the amount of 
nisin apparently destroyed and the reaction occurred 
equally well at 2° and 30°C. I conclude that these are 
not kinetics compatible with the enzymatic destruction 
of a protein. 

Non-enzyme loss of antibiotic activity could be 
accounted for by a change in tertiary structure or degree 
of polymerization. Electrophoresis in polyacrylamide 
gel! showed that the residual nisin had diminished 
mobility as Jarvis! also indicated. Experiments to con- 
firm increased polymerization by other techniques were, 
however, unsuccessful. Nisin adsorbed to and blocked the 
membrane during thin film dialvsis® and electron miero- 
scopy of negatively stained solutions gave results which 
could not be unequivocally interpreted®. Gross and 
Morell’ state that mercaptoacetamide gives an inactive 
addition product of carboxyamidomethylthiol nisin. Our 
preliminary results confirm that mercaptoethanol, mer- 


KINETICS OF THE APPARENT NISINASE ACTIVITY OF THE NISIN 
PRODUCING S. lactis 


Table 1. 


Effect of tempera- 


Time course at 30° C Effect of cell concentration ture of incubation 


Percentage of Percentage of Disap- 
nisin remaining* nisin remuining$ pearance 
Ratio ey of nisin at 
Min Auto- weight of Auto- Min 2° Casa 
Fresh elaved cells to nisin Fresh  claved percent- 
colis}? cells = cells ceils age of 
30° OF 
0 46 40 180:1 45 45 Q 105 
2 47 42 40:1 46 42 2 146 
4 50 35 20:1 4i 73 4 B5 
& 43 50 R 112 


Tubes contained cells fat concentrations shown) 0-45 ml.; nisin 10 gg/ml 
{5 mi} and 4 mb of 10 mM citrate phosphate buffer, pH 6-7. Residual 
nisin was estimated by bioassay of supernatants after adjusting tubes to 
pH 2 with 10 N HCI, placing in a boiling water bath and centrifuging’, 

* As a percentage of the control tule containing nisin aud buffer only. 

+ Cultures were grown for} h at 30°C: they were then combed ina - 70° C 
bath to 6°, centrifuged at 0°, washed once with cold 10 mM phusphate/citrate 
buffer, pH 6, and used at 400 wg/mi. . 

t An aliquot of fresh ceils autoclaved at 120° C for 10 min. 

§ All data for 6, 2. 4 and 3 min were averaged and expressed as a percent- 
age of the control tube containing nisin and buffer only. 

¥ Fresh cells only, at 1-6 mg/ml. 


NATURE, VOL. 219, JULY 27. 1968 


captoacetic acid (100 mM) and dithiothreitol (10 uM) 
diminish the biological activity of the antibiotic and this 
reaction will be studied further. The oceasional occur- 
rence of Ca** in the nisin peaks from chromatographic 
columns also implied non-enzymatic inactivation. Nisin 
is chiefly found in the walls of the producer organism? so 
it was conceivable that its native form was a Ca—nisinate 
complex. 

This possibility was tested by the use of acidic solvents 
which are Ca++ precipitants. I compared the antibiotic 
activity of nisin as extracted from cells by the use of 
various acids with the activity of isolated “pure nisin” 
in the same solvents. Table 2 shows that none of the four 
acids used inactivated pure nisin. 


Tabie 2. SGLUBILIZATION OF NISIN WITH VARIOUS ACIDS 
“Pure nisin’ * 
(percent of activity Nisin from cells 
Solvent when dissolved in (per cent extracted t) 
Oa N HOD Cold t Hoti HCI Total 
0-05 N HCI 100 83 i 100 
GI N H.SO, 96 pl 25 8-6 
0-1 M Acetic acid 95 6:8 8-2 75 
Oi M Oxalie acid 96 22 12 84 


0-1 per cent w/v nisin solutions, l 

T Extraction Ib eoid 0-45 N HCL+ hot 0-05 N HCO =100 per eent. 

t5 gof cell paste was taken up in 50 mi. of 10 mM phosphate buffer at 
pH 6-7 together with 5g Ballotini beads and treated in a Braun disintevrator 
at 2°C for Lanio. Four equal portions were centrifuged at 15.000g for 30 
min. The precipitate was extructed for 24 h at 2° C with the acids shown, 
centrifuged at 15,0009 fur 30 min and the supernatant bioassaved., 

$ The precipitate from the cold extraction was resuspended in an equal 
volume of 0-05 N HC], pliced in a boiling water bath, centrifuged and the 
clear supernatant was bicassayved*, 


Cells extracted with 0-1 M H,S0,, however, irreversibly 
lost 90 per cent of the nisin. Acetic acid was a poor solvent 
and extracted only about 7 per cent of the available 
nisin; subsequent extraction with hot 0-05 N HCI re- 
covered most of the nisin. Oxalic acid was also a poor 
solvent but. unlike acetie acid, its use prevented the sub- 
sequent extraction with hot dilute HCI. The results are 
compatible with the suggestion that some of the nisin is 
bound to other polymers of the cell wall in the form of 
Ca—nisinate. We have already shown three probable forms 
of attachment of nisin to the cell?. Hot HCI hydrolyses a 
bond after treatment with cold HCI or acetic acid to yield 
the antibiotic. Hot H,SO, should cause the same hydro- 
lysis; however, CaSO, or Ca-oxalate are insoluble so it 
seems likely that they form complex salts of nisin which 
are antibiotically inactive and stable to hydrolysis by hot 
dilute HCI. 

A. Hurst 
Unilever Research Laboratory, 
Sharnbrook, Bedford. 


Received April 30, 1968. 


Hurst, A., J. Gen. AMerobiol., 43, 503 (1966), 

* Hurst, A., and Dring. J. Ga J. Gen. Microbiol., 50, 383 (1968). 

3 Jarvis, B., J. Gen. Adicrobiel., 47, 33 (1967). 

4 Jarvis, B., FEBS Proc. (Osio), Abatr. 502 (1967). 

5 arr ery Co, King, T. P., and Stracher, A., J. Amer. Chem. gor. 79, 3729 
59). 


s McHena, J. E., and Bruggen, E. F, J, van, J. Mol. Riol., 31. 74 (1968). 
7 Gross, E., and Morell, J. La J. Amer. Chem. Soc., 88, 2701 (1967). 

E White, R. J., and Hurst, ÀA., J. Gen, Microbiol. (in the press). 

* Hurst, A., J. Gen. Microbiol., 44, 209 (1966). 


Calcium Uptake during 
Growth of Streptococcus lactis 


WHEN the protein antibiotic nisin is extracted from cells 
with acids which also precipitate Cat+--for example, 
sulphurie and oxalic acids—there is a loss of 75-80 per 
cent of biological activity (preceding communication). 
The same loss is not observed when the isolated material 
is dissolved in the same solvents, which suggests that the 
protein is bound to the cell as a calcium complex which is 
irreversibly altered when the antibiotic is extracted. 


with pH controlled at 6-8. Bioassay as Fig. 1. 
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Although a number of reference books make the general 
statement that cells require Ca++ or that Ca++ is required 
for phage adsorption, there seems to be no published 
work on the Ca++ content of Streptococci. Nurumikko and 
Karka'? observed that Ca++ is essential for growth in 
Streptococcus thermophilus and we now describe the con- 
centration of Ca*+ during the growth cycle of S. lactis. We 
found that high cellular concentrations of Ca** oceur 
during the lag phase which correspond with apparent low 
nisin content. During stationary phase Catt content is 
low and the cellular nisin content is high. 

Figs. 1 and 2 are records of growth experiments. In 
the experiment illustrated in Fig. 1, no attempt was made 
to control the acidity which develops in these fermenta- 
tions; in Fig. 2 the fermentation vessel was fitted with 
pH control equipment which in jected 5 N NaOH to keep 
the pH constant at 6-8. Both figures show that the initial 
concentration of 40-60 p.p.m. of Ca++ rose very rapidly 
to about 300 p.p.m. during the lag phase and then returned 
to about 40 p.p.m. at stationary phase. The shapes of the 
calcium curves in Figs. 1 and 2 resemble each other, which 
suggests that the uptake is independent of environmental 
pH. The strength of calcium binding was tested by 
examining duplicate samples from the pH controlled 
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Fig. 1. Growth of S. lactis in a buffered complex “medium 227 +, 


Cellular nisin was estimated by bioassay‘. Dry weights were estimated 

froma optical density. Calcium was estimated on the cells which were 

centrifuged from suitable volumes to give at least 20 mg washed three 

times with 10M phosphate buffer, pH 6-8, then suspended in doubly 

distilled water and freeze-dried. Calcium was estimated with a Unicam 

SPO06 fame spectrophotometer at 422-7 mu. @-——~- $, pH: O--- O, 
optical density; A~" — A, calcium #gig dry wt. cells; [ih 
. cellular nisin wg/mg dry wt. cells. 


Nisin zg/me dry wt. 


Calcium pe/g dry wt. 


100 


Dry wt. mg/ml. 
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Min 
Fig. 2. Growth of S. lactis in an unbuffered complex LTB medium 


one Dry weights were 

-0o egtimated gravimetrically, Calcium estimated as in Fig. 1 except that 

additional duplicate samples were washed three times in 10 mM KH 

phthalate buffer (pH 4:2). Note that Ca scale ia 0-25 that of Fig. 1. 

4 ©, Dry weight; A—:+—A, calcium, washed at pH 58; 

AA, calcium, washed at pH 4-2; T], cellular nisin 
ugimeg dry weight. 
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Fig. 3. 
Fig. 1. 


lactis, Conditions as in 
fermentation (Fig. 2). Samples which had been washed 
three times with buffer of pH 6-8 gave the same results 
as samples washed three times with buffer of pH 4-2. 

The relationship between calcium and nisin concentra- 
tion is shown in Fig. 3. The data of Figs. 1 and 2 have 
been replotted together with points from two further 
independent experiments. A complex inverse relation- 
ship is found between antibiotic activity and calcium 
content. Cellular calcium probably has several functions, 
one of which seems to be complexing with cellular nisin 
before growth is initiated. Definite proof of this statement 
must await the isolation of nisin in its native form; 
attention has so far been concentrated on Ca** but other 
ions may be also important. 

A. HURST 
W. LAZARUS 

Unilever Research Laboratory, 
Colworth House, 
Sharnbrook, Bedford. 
Received April 30, 1968. 
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Kinetics of Death induced by 
Penicillin and Chloramphenicol in 
Synchronous Cultures of Escherichia coli 


THE technique of synchronous culture permits the study 
of sensitivity to antibacterial agents in a population of 
cells all at the same stage in the division cycle. The 
phenol sensitivity of Escherichia colt has been investigated 
in this wayt, and the results obtained indicated that the 
cells showed maximum sensitivity during division and 
that sensitivity decreased during the period before the 
next division. 

In the experiments reported here, the ‘Millipore’ tech- 
nique? for synchronizing the cultures was preferred 
because it does not lead to abnormal changes in macro- 
molecular synthesis which may occur in multishift and 
similar exp2riments*. In the design of the experiments 
consideration has been given to the fact that a complete 
survival curve for each sample is preferable to a single 
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Fig. 1, Sensitivity of synchronously growing E. coli K1% to 800 EU jaa. 

of penicillin G. @, Viable count; (B, 50 per cent reduction time (deter- 

mined graphically from exponential survival curves). Incubation tem- 
perature 30° C. 


exposure to the antibiotic for a fixed time, and that 
dilution of samples is best avoided as far as possible 
because the lethal effects of dilution*-* are also dependent 
to some extent on cell age. 

Shake cultures (25 ml.) of E. coli K12 were grown in 
nutrient broth at either 25° C or 30° C, the doubling time at 
these temperatures being about 85 min and 35 min respect- 
ively. Cultures started with approximately 10? cell/ml. were 
allowed to reach a titre of 105 cells/ml., by which time 
growth was exponential. The culture was then filtered 
through a 1-2u ‘Millipore’ filter (grade R.A.) using 
negative pressure, the filtrate being collected in a pre- 
warmed sterile 250 ml. Buchner fiask which became the 
new culture vessel. In this way a temperature shift was 
avoided, and the lag before the first synchronous division 
was reduced to about 10 per cent of the normal generation 
time. This filtration procedure selects out the smallest 
cells which are the immediate products of a cell division 
and which constitute about 1 per cent of the population 
of exponentially growing E. coli K12. The viable count 
is thus reduced to approximately 10° cells/ml. and samples 
ean be plated directly for further counts. 

Cell counts were made at intervals by spreading tripli- 
cate 0-2 ml., and later 0-1 ml., samples onto dried nutrient 
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Fig. 2. Sensitivity of synchronously growing E. coli K12 to 100 gjml. of 
chloramphenicol @, Viable count: @, 50 per cent reduction time 
(determined graphically from survival curves; see Fig. 3); ©, exponen- 
tial death rate plotted as the slope of the linear portion of the survival 
curve. Lettered arrows indicate the times at which the samples ilus- 

trated in Fig. 3 were taken. 
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agar plates. Survival curve determinations were made 
by withdrawing 2-4 mi. samples from the culture at 
intervals and transferring them to tubes containing 0-1 ml. 
of penicillin G solution (20,000 1u/ml.) or chloramphenicol 
(2:5 mg/ml.). These tubes were agitated and samples 
removed at intervals for spreading onto dried nutrient 
agar plates containing 20 ml. of medium. Absorption of 
the inoculum was complete within 45 s, and so the con- 
centration of antibiotic at the surface of the plates was 
rapidly reduced to less than the minimum inhibitory 
concentration for the test organisrn (MIC penicillin G, 
20 ruj/ml.; MIC chloramphenicol, 8 mg/ml.). 

Fig. 1 illustrates the results of an experiment with 
penicillin G. Sensitivity is plotted as the time taken to 
reduce the population by 50 per cent and was determined 
graphically from exponential survival curves. Thus 
differences in sensitivity to penicillin result from differ- 
ences in the exponential death rate. 

The results of an experiment carried out with chlor- 
amphenicol are illustrated in Fig. 2. Here growth and 
survival are followed through two synchronous divisions. 
The survival curves from which the 50 per cent reduction 
time was determined were, however, quite different from 
those obtained with penicillin. Representative samples 
are illustrated in Fig. 3. It can be seen that cells sampled 
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at the time of division give exponential survival curves 
similar to those obtained with penicillin, but that 
those samples taken between divisions have an initial 
shoulder. It is evident that the length of this shoulder 
is dependent on the age of the cells and that the death 
rate is negligible until the cells reach the point in time at 
which they would have divided in the absence of chlor- 
amphenicol. ‘The death rate beyond this point is ex- 
ponential and approximately the same for all samples 

ess of the age of cells when sampled. This latter 
point is illustrated in Fig. 2, where the death rates at 
the exponential portion of the survival curves are plotted 
as the slopes. 

The results with both antibiotics are similar in the sense 
that maximum sensitivity occurs at the time of division 
and that sensitivity decreases during the period between 
divisions. The kinetics of the death process in the two 
examples, however, are quite different. 
penicillin, exponential death begins as soon as the cells 
are exposed to the drug. Sensitivity differences at various 
cell ages result from clear differences in the exponential 
death rate. In the case of chloramphenicol, death is 
delayed until all the cells reach the point of division and 
are effectively the same age. The exponential death 
rate which follows is constant and independent of the 
original age of the cells sampled. 

The incorporation of precursors into the cell wall has 
recently been shown to be a discontinuous process in 
synchronously growing Bacillus subtilis, the incorporation 
of diaminopimelic acid being synchronous with the 
division time (information communicated to Soc. Gen. 
Microbiol., April 1968, by A. H. Dadd and R. J. L. 
Paulton). Assuming that a similar relationship exists in 
E. coli, the increased sensitivity to penicillin during the 
time of cell division could be explained by supposing that 
the muramidases which are concerned with the opening 


of the cell wall structure to allow the incorporation of 


new units are more active at the time when the wall is 
being extended and remodelled at septum formation just 
before cell separation. The prevention of cross-linkages 
between mucopeptide polymers at this point would be 
more lethal than at other times in the division cycle. 

The effect of chloramphenicol in this system is con- 
sistent with the idea that the synthesis of protein essential 
for cell division is prevented. Such an initiator protein 
(or proteins) is proposed for the replication of the bacterial 
chromosome’. It seems likely that the familiar bacterio- 
static properties of chloramphenicol are linked with such 
a mechanism, for the cells clearly remain viable until the 
division time is reached. The lethal effects are apparently 
delayed until the full cycle of biosynthesis unaffected by 
chloramphenicol is completed. 

G. E. MATHISON 
ent of Microbiology, 

Queen Elizabeth College, 
University of London. 
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Agglutinating Antibodies in the Sera 
of Chickens with Regressing 
Rous Sarcomas 


SEVERAL antigens specific for tumour cells have been identi- 
fied-” in tumours induced by viruses, and virus-induced 
resistance to tumour cell antigens has been established*". 


In the case of 


407 


Table 1. AGGLUTINATING ANTIBODIES LN THE SERA OF OHICKENS WITH 
REGRESSED TUMOURS 
Agglutination 
Total No. No. of No. of 
Sera of chickens of tested positively negatively 
sera reacting sera sera 
With regressed tumours 13 a 4 
With actively growing tumours 25 0 25 
Intact 15 0 15 


It now seems important to investigate surface tumour 
cell antigens because they may be involved in the induc- 
tion of resistance. I have studied the surface cell antigens 
of chicken sarcomas induced by the Rous virus (Carr- 
Zilber strain), using sera from adult chickens in which 
tumours, induced by the virus or by transplanted tumour 
cells, had regressed after an initial period of active growth. 
Regression was most frequent in chickens inoculated with 
low doses of virus or tumour cells. The sera were heated 
at 56° C for 30 min and added to a cell suspension pre- 
pared from chicken Rous sarcoma, ‘The suspension CON- 
tained 2x 107 cells/ml. Sera taken from intact healthy 
chickens were used as a control. The mixtures of cells 
and immune or control sera were kept at 4° C for 18 h. 
The reaction was checked under the microscope (magn- 
fication x 120). Table 1 shows that of thirteen sera taken 
from chickens in which the tumours had regressed, nine 
produced agglutination of tumour cells (Fig. 1). Sera 
from fifteen control chickens and twenty-five chickens 
with actively growing sarcomas showed no agglutinating 
activity. Agglutinating antibodies appeared in the 
blood at the time of tumour regression and remained 
there in some cases for a period of 60-105 days after 
regression. Our stock of chickens was not inbred so it 
was necessary to find whether immune sera would also 
agglutinate normal chicken cells. Sera were therefore 
added to a cell suspension prepared from the spleen, liver, 
thymus and bursa of Fabricius of untreated chickens. 
Immune sera also agglutinated normal chicken cells, 
These results show that the antibodies, or at least some 
of them. were isoantibodies directed against the isoantigens 
of tumour and normal tissue. 





Tumour cells treated with immune chicken serum No. 12. 


Fig. 1. 


Attempts to induce these antibodies by immunizing 
chickens with suspensions of red cells or other tissues 
of intact birds were unsuccessful. I found no agglutinating 
antibodies in the sera of skin homograft rejectors. 

I thought that the tumour cells might contain a specific 
new surface antigen in addition to the isoantigens of 
norma! cells. To test this hypothesis, I absorbed 0-1 ml. 
of the immune serum with 6x 10’ sedimented tumour 
cells or 1-2 10° normal cells, both taken from the same 
chicken. Absorption with tumour cells eliminated 
agglutinating ability from the immune serum. Absorp.- 
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Table 2. ABSOKPTION OF SERA WITE TUMOUR CELLS AND NORMAL CELLS 
Agglutination antibody titres* 
Sera Treatment of serum With tumour With normal 
No. cells cells 
15 Before absorption 1/8 1/8 
After absorption with tumour cells — <1/2f 
After absorption with normal cells 1/4 ~~ 
6 Before absorption 1/4 1/4 
After absorption with tumour cells mem emee 
After absorption with normal celis 1/2 — 


* The greatest dilutions of sera at which agglutination occurred. 
+ <1/2 the serum reacted only when it was undiluted. 


tion with normal cells did not have this effect, although 
the agglutination was less strong than with the same 
serum before absorption (Table 2). These results seem to 
support my hypothesis. 

The regression of Rous virus sarcoma in chickens is 
accompanied by the production of antibodies which cause 
agglutination of homologous tumour cells. Tumour cell 
agglutination caused by immune sera has been described 
by other authors'*-, who observed agglutination of 
transplanted ascites carcinoma cells in the mouse with 
the sera of rabbits immunized with the homologous 
tumour, but in my experiments the agglutination of solid 
tumour cells of viral origin was caused by the serum of 
the host in which the tumour had regressed. 

Rous sarcomas grown in chickens contain the Rous 
sarcoma virus, and the sera of chickens in which tumours 
have regressed always contain virus-neutralizing anti- 
bodies. Agglutination is induced by a reaction between 
cell surface antigens and corresponding antibodies but, 
because the tumour cells we used contain the Rous virus, 
we could not separate the cell and viral antigens. 

These antibodies caused agglutination of normal 
chicken cells, so at least some of them were isoantibodies. 
Results of the absorption experiments suggest that a 
specific surface antigen is present in tumour cells, but 
further experiments using inbred animals are needed for 
confirmation. It would be important to test the immune 
sera against rodent tumour cells induced by Rous sarcoma 


virus. 
R. RADZICHOYVYSKAJA 
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Enhancing Effect of Antilymphocytic 
Serum on Mycobacterial Infections 


in Mice 


Humax leprosy is caused by Mycobacterium leprae but 
the organism has never been grown in vitro and only since 
1960 has the infection been transmitted to animals. 
Unfortunately the experimental infection, following inocu- 
lation of M. leprae into the foot pads or pinnae of mice 
and other rodents, was mild, remained localized and the 
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lesion was microscopic (refs. 1-5 and unpublished results 
of J.M.G.). More recently it has been shown that the 
limiting factor has an immunological basis, for a progressive 
and spreading infection can be produced in mice with a 
reduced immunological capacity (that is, adult thymec- 
tomy plus irradiation, $00 r)*-*. These findings led to a 
surge of interest in the use of immunosuppressive agents 
for the transmission of experimental leprosy. Several 
synthetic immunosuppressants (ref. 10 and unpublished 
results of J. M. G.), however, as well as cortisone?!, 
failed to enhance leprosy in mice. Antilymphocytic _ 
serum (ALS) was therefore considered because in 
animals, at least, this has proved to be the most powerful 
and least toxic immunosuppressive agent yet known??, 
Leprosy is the most chronic of all the mycobacterial 
diseases; so we decided first to examine the effect of ALS 
on tuberculosis (Mycobacterium tuberculosis) and murine 
leprosy (Mycobacterium lepraemurium). These are, 
respectively, examples of an acute and a moderately 
chronic mycobacterial infection. 

To test its effect on tuberculosis ALS was raised in New 
Zealand rabbits by the intravenous injection of thymo- 
cytes from CBA mice as described by Levey and Medawar?®. 
Before use sera were decomplemented by heat at 56° C 
for 30 min. The sera used in this study trebled the sur- 
vival time of A strain skin grafts on CBA mice using a 
standard assay procedure!*, Tuberculosis was produced 
in female CBA mice, 18-20 g, by intravenous inoculation 
with 0-13 mg, dry weight, M. tuberculosis (Erdman strain). 
A fatal infection resulted from pulmonary tuberculosis 
in normal mice which have a mean survival time of 32- 
41 days. The effect of ALS on tuberculosis was assessed in 
five separate experiments with either six or twelve mice in 
the untreated as well as in the ALS-treated groups. ALS 
(0-25 ml.) was injected subcutaneously 1, 4, 7 and 10 
days after infection. In all experiments treatment with 
ALS significantly enhanced the susceptibility of the mice 
to tuberculosis by shortening their mean survival time. 
At autopsy, in addition to pulmonary tuberculosis, there 
was millary spread of the disease to the spleen, kidneys, 
omentum, diaphragm and myocardium, not seen in the 
untreated animals. The result of one experiment is given 
in Table 1, including the effect obtained bv several 
dilutions of ALS, which shows that it still retains significant 
activity at a dilution of 1 in 4. 


Table 1. ENHANCEMENT OF EXPERIMENTAL TUBERCULOSIS® IN MICE BY ALS: 
DOSE RESPONSE 


ALS} Survival time (days) 
(dilution) ISE. 
Neat }J828 
172 194 
1/4 2343 
1/8 80 +5 
Untreated controls o2 +5 


+ Intravenous inoculation with 0-13 mg, dry weight, Af. tuberculosis 
(Erdman strain}. 

* 0-23 ml. administered subcutaneously on days 1, 4, 7 and 10 after infec- 
tion. 


It has been shown that yG derived from ALS is immuno- 
genic in mice and it has been further shown that previous 
injection of normal rabbit serum (NERS) yG can induce 
immunological paralysis. We therefore investigated 
whether previous treatment of mice with normal rabbit 
serum (NRS) would increase the immunosuppressive action 
of ALS, as measured bv its enhancing effect on experimental 
tuberculosis. The effect of ALS in normal mice was 
compared with its effect in mice previously given 0-1 ml. 
of NRS intraperitoneally 14 days and | day before intra- 
venous inoculation with M. tuberculosis. The treatment 
regimen for ALS was the same as that used previously, 
but this time it was given only at the lower dilutions, 
namely 1/4 and 1/8, in order to provide the optimum 
conditions for assessing immunosuppression. The results 
given in Table 2 show that prior treatment with NRS 
significantly imereased the enhancing effect of ALS at 
both dilutions and particularly at the lower dilution, which 
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Table 2, EFFECT OF PRIOR TREATMENT WITH NORMAL RABBIT SERUM (NRS) 
ON ENHAXCING EFFECT OF ALS ON TUBERCULOSIS* IN MICE 


ALSt Survival time (days) 
NES (dilution) (+ SE.) 
0 1/4 2944 
+t 1/4 2244 
Q 1/8 3942 
+ 1/8 2645 
Untreated controls 4143 


* Intravenous inoculation with 0-18 mg, dry weight, M. tuberculosis 
(Erdman strain). | . 

+ 0-25 ml. administered subcutaneously 1, 4,7 and 10 days after infection. 

t O-1 mi. adininistered intraperitoneally 14 days and 1 day before infection. 


alone did not enhance the infection. Moreover, in a 
separate experiment a similar course of injections of NRS 
(same batch) by itself failed te enhance, non-specifically, 
experimental tuberculosis in mice. Thus prior treatment 
with NRS had a “sparing” effect on the action of ALS. 

In some systems ALS has been shown to erase the 
immunological memory of pre-sensitized cells in animalst*?-*4 
and so its effect on mice pre-immunized by vaccination 
with BCG and subsequently challenged intravenously 
with M. tuberculosis was studied. The results of a pre- 
liminary experiment by one of us (R. J. W. R. unpublished) 
suggest that ALS treatment can also obliterate the 
protective immunity given by BCG against tuberculosis. 

The effect of antilymphocytic globulin on murine 
leprosy was also investigated. In this study ALS was 
raised in rabbits by the method previously described and 
the globulin fraction (ALG) was precipitated by half- 
saturated ammonium sulphate solution. 

Six-week-old mice (albino JCJ strain), were infected 
intravenously with the Douglas strain of M. lepraemurium. 
An ALG-treated as well as an untreated group each of 
approximately forty-five mice were used. The treated 
mice were given a dose of ALG equivalent to 0-2-0-3 ml. 
of ALS once weekly by subcutaneous injection, beginning 
1 week before infection. At various times later about 
five mice from each group were killed, their livers and 
spleens were excised and the number of acid-fast bacilli 
in 1:0 g of each was estimated’. Results are summarized 
in Fig. 1 where it can be seen that following inoculation 
fewer bacteria were trapped in the spleen than in the liver 
and subsequently multiplied less rapidly in the former. 
The rate of multiplication of M. lepraemuriwm in ALG- 
treated animals, however, was significantly greater than 
in the untreated. By the eighth to the sixteenth weeks a 
six-fold higher yield of bacteria was obtained in the 
livers and spleens of the treated compared with the 
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No. of M. lepraemurium/g tissue (log) 





3 Š 16 24 238 
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Fig. 1. Counts and standard errors of M. lepraemuriwm in the liver (@) 
and spleen (O) of ALG treated { y and untreated {= ~ - ) mice. 





untreated animals, but no further difference was observed. 

By the ninth week the spleens from the ALG-treated mice 

were on average 20 per cent larger than those of the un- 

treated animals, whereas later such differences were- 
somewhat less apparent. z 
the remaining treated 3 2h WERS: 
compared with 32 weeks for the untreated anima:s. The | 
histological picture of the livers and spleens with er: anced 
lesions was consistent with the increased bacillary counts. 
In particular, the number of macrophages swollen by 
acid-fast bacilli were more pronounced within the livers 
and spleens of the ALG-treated mice than in the controls. 

In conclusion these studies demonstrate that treatment 
with ALS (or ALG) significantly enhances the suscepti- 
bility of mice to infections with M. tuberculosis or M. 
lepraemurium. This is of considerable interest because 
hitherto, with the exception of certain viral infections! +7, 
bacterial infections seem not to have been enhaaced by 
ALS. Moreover, these observations may have practical 
importance if ALS proves to be of value as an mamuno- 
suppressant in man, for it might reactivate quiescent 
tuberculosis as has indeed happened with corticosteroid 
therapy. l : 

Finally, ALS might provide an alternative, and possibly 
a more practicable method, for establishing progressive 
infections with human leprosy in mice which is dependent 
on immunosuppression and so far has been achisved by 
thymectomy plus total body irradiation? ?. Any bmmuno- 
logical complications which arise from the prolonged use 
of a heterologous serum, such as ALS, for maintaining 
skin homografts would undoubtedly apply equally well 
to its use in establishing an infection with the chronicity 
of human leprosy. It is therefore encouraging that prior 
treatment with NRS has a “sparing” effect on the sub- 
sequent activity of ALS against experimental tuberculosis, 
and that when administered once a week ALG enhanced 
murine leprosy without itself inducing hypersensitivity. 
Hence these methods are currently being tested ‘or their 
ability to obtain a progressive infection with J. leprae 
in mice. 

We thank Sir Peter Medawar for assaying the potency 
of the batches of ALS used in this study. One of us 
(J.M. G.) would like to thank the Medical Research Council 
for a grant, and also Professor J. M. Robson for helpful 
suggestions. 
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Repeated Freeze-Thaw Cycles 
in Cryosurgery 


FREEZING temperatures have been in use in surgery for 
many years as a means of local tissue destruction. Recent 
experimental investigation has shown that such freezing 
will give a reproducible area of cell death provided factors 
such as the temperature and the duration of application 
are constant. Additional virtues have been claimed for 
repeated, as opposed to single, freeze-thaw cycles in 
terms of the degree of tissue destruction. In his discussion 
on cryotherapy for oral cancer Gage! states “repetition 
of the freeze will increase the certainty of cell destruction” 
and similar comments*® are frequent in the literature. 

These statements reflect the clinical observation that 
repetitive freezing in some way alters the overall response 
of living tissue to cold injury, but the exact nature and 
mechanism of this altered behaviour have not yet been 
deseribed. 

The ultimate cause of cell death from freezing is obscure. 
But if we accept that all living tissue which is frozen to 
a solid state will diet, the benefits of repetitive freezing 
must result from some effect other than the reapplication 
of a lethal insult on the same group of cells. An alterna- 
tive explanation could be that certain cells, and in particu- 
lar tumour cells, may show a peculiar resistance to freezing®. 
Our experience with in situ freezing of animal and human 
tissues has not been consistent with this explanation 
although the neoplastic character of the target cells may 
affect the volume of tissue frozen. The response to cold 
of isolated cell suspensions seems to differ considerably 
from intact tissue and is not open to direct comparison. 

A clear distinction should be made between the term 
“multiple freezing’, which indicates more than one 
freeze but at different sites, and “repetitive freezing”’, 
which implies repeated applications of the probe at the 
same site. 

We have studied the physical and biological effects of 
repetitive freezing in an attempt to (1) elucidate the 
change in freezing characteristics of the eryolesion; 
(2) determine whether there is a significant alteration in 
the volume of destruction; and (3) examine cytological 
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Vig. 3. Graph of amount of tissue frozen with repeated probe applica- 
tions for 1 min at varying temperatures, 


The liver of a Sprague-Dawley rat was exposed by a 
mid-line upper abdominal incision and & cryolesion 
produced by the surface application of a 2-2 mm eryo- 
probe using the Linde—Cooper cryosurgery unit CE-2A 
(Union Carbide Corporation). Consecutive freeze-thaw 
cycles were applied to the same point in the liver until a 
maximum volume of frozen tissue was obtained. The 
term “‘maximum freezing effect” was given to the maxi- 
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Fig. 4. 


mum volume of tissue which could be frozen by either a 
single or repeated application for a given temperature. 
A series of experiments was performed using temperatures 
ranging from —50° to —180° C and time intervals of 
l, 5 and 10 min for each freezing episode. The cryolesion 
was assessed by the surface measurement of its greatest 
visible diameter. After attaining the maximum freezing 
effect, the animal was killed and a complete section of 
the lesions was taken. A constant point along the radius 
of the cryolesion, located so as to be included in each 
successive freeze, was used for tissue sampling. The 
section was then examined under optical and electron 
microscopes. 

Fig. 1 shows the time interval to attain a maximum 
freezing effect using a single probe application. As the 
temperature of the probe is lowered the maximum freezing 
effect increases progressively, as does the time to reach the 
maximum effect. The point at which the graph attains a 
plateau indicates that no further increase in the diameter 
of the lesion occurs with further freezing. If, on the other 
hand, the probe temperature is constant but is applied to 
produce repetitive freeze-thaw cycles, the effect is a 
gradually enlarging volume of frozen tissue with each 
consecutive freeze (Fig. 2). With each successive cycle, 
the freezing effect travels through the tissue at a greater 
rate than with the preceding cycle but the additional 
amount of tissue involved decreases until a new maximum 

ing effect is attained. 

Thus for any cryoprobe temperature a series of maximum 
freezing effects is possible, namely, that obtained by a 
single application and those resulting from repeated 
cycles of varying duration. Fig. 3 represents the amount 
of tissue frozen with repeated probe applications for 1 
min at varying temperatures. It confirms that for any 
temperature, the maximum freezing effect is increased 
with repeated applications and that from five to seven 
applications are required to produce this effect. It also 
confirms that with each successive application the addi- 
tional volume of tissue involved is reduced until the curve 
flattens at the new maximum freezing effect. Fig. 4 
shows the volume of tissue frozen during repetitive 


All 


freezing with a constant temperature range but varying 
freezing cycle. 

In general, the maximum freezing effect which results 
from repeated freeze-thaw cycles is greater than that 
which can be obtained by a single application of the probe 
at the corresponding temperature. The exceptions occur 
when cycles lasting 1 min are used with a probe tempera- 
ture below — 120° C. Here the maximum volume frozen 
by a single application is greater than can be obtained 
with successive 1 min cycles and the time to attain this 
effect with the single application is greater than that 
required with repetitive 1 min freeze (Table 1). 


Table 1. MAXIMUM FREEZING EFFECT (GIVEN AS CRYOLESION (CIAMETER 


IN CMS) 
Method of Cryoprobe temperature (°C) 
application — 50° — 100° — 120° — 140 - 160 - 180° 
Single freeze O64em U9tem L20em 136cm 1 6h6em 183 cm 
(5min) (5min) (6min) (11 min) (11 min) (12 min) 
Repetitive 1 OSicm Ll4em blibem 125cm 1370m 1-44 cm 
min freezes (5 min) (6min) (5min) (6 min) (6 min) (8 min) 
Repetitive 5 104cm 177cm 201cm 05cm 240cm 2-11 cm 
min freezes (20min) (30min) (25min) (25 min) (25min) (26 min) 
Repetitive 10 109cm 1:80 cm 208cm 231cm 275 2:79 cm 
min freezes (70 min) (30 min) (70 min) (90 min) (70 min) (80 min) 


The macroscopic changes in a lesion resulting from 
repetitive freezing are more intense but basically similar 
to those after a single freeze. With successive cycles the 
area appears more haemorrhagic and displays a greater 
tendency to ooze when thawed. The liver parenchyma 
softens and resembles liquefaction necrosis. 

The histological features are almost identical with 
those described for a single episode of freezing*. With an 
increasing number of freeze-thaw cycles the nuclei become 
more pyknotic or an exaggeration of chromatin clumping 
is apparent. After several cycles disruption of occasional 
nuclei occurs as if the nuclear envelope had been burst 
open although most remain intact. There is a progressive 
loss of cytoplasmic detail and of the limiting cell membrane, 
until the latter becomes unidentifiable in areas of the 
parenchyma where patchy coalescence has occurred 
(Fig. 5). There is some erratic rupture of plasma mem- 
branes, and damage to the microcirculation may be sur- 
mised from the erythrocytes scattered throughout the 
sections. Larger blood vessels remain morphologically 
intact in this immediate post-freeze period. The cyto- 
plasm is fragmented in parts and the sinusoids increasingly 
dilated and congested. Observed margination of the 
chromatin is presumably the result of intranuclear ice 
erystal formation. 

These characteristics indicate greatly increased physical 
trauma and suggest “patchy homogenization” super- 
imposed on the changes known to follow a solitary 





Patchy coalescence in rat liver immediately after repetitive 
Note striking pyknosis and loss of cell boundary 
detail (=e. 355.) 


Fig. 5. 
freeze-thaw cycles. 
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freeze-thaw cycle. A gradually lowered temperature or 
increase in the duration of the freeze-thaw cycle does not 
affect these changes. 

The predominant feature of this material seen in the 
electron microscope is its non-uniformity. Although 
fragmentation of the nucleus is occasionally observed 
(Fig. 6), the appearance is so unlike that seen by light 
microscopy that the possibility of an artefact must be 
considered. Constant changes consist of the irregular 
elevation of the nuclear membrane resulting in a promin- 
ent perinuclear space, and coarse clumping and heavier 
staining of the heterochromatin. In occasional nuclei 
the enveloping membrane has disappeared with spilling 
out of the nuclear sap and chromatin, and we have seen 
a degenerate mitochondrium inside the nuclear membrane. 

In the cytoplasm the only recognizable change of the 
endoplasmic reticulum is the marked dilatation of the 
“-cytomembranes, and some separation of the ribosomes. 

Mitochondria, however, show a large number of altera- 
tions, possibly from physiological causes. Pleomorphism, 
variations in the number, size and integrity of the cristae 
mitochondriales and progressive separation of the outer 
binding membrane leading to occasional rupture are 
all prominent features. In some mitochondria the internal 





Fig. 6. Fragmentation of nucleus (rabbit liver). 


graph x» 6,000.) 


(Electronmicro- 





Fig. 7. Aggregates of dense bodies (rat liver). Note occasional crystal- 
line appearance. (Klectronmicrograph x 10,500.) 
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Fig. 8. 


Lack of continuity of intercellular boundaries (rat liver). 
(Electronmicrograph x 8,500.) 


structure appears disrupted and there is minimal staining 
of the contents. Concentric lamellated bodies frequently 
associated with lipid droplets are present in the frozen 
tissue but cannot be distinguished from those in normal 
rat liver. Although enzyme stains were not used these 
bodies are regarded as “lysozomes”. 

A striking feature is the presence of aggregates of 
densely staining bodies in the cytoplasm (Fig. 7), although 
their nature could not be ascertained. Some of these 
bodies look crystalline, but are distinct from the haemo- 
globin crystals evident in other areas: and plasma 
membrane continuity is frequently interrupted (Fig. 8) 
with communications between the cytoplasm of adjacent 
cells. 

With repeated episodes of freezing the cryolesion 
gradually increases in size until a new maximum freezing 
effect is reached. In addition the rate of conduction of 
the cold front through the tissue increases with each 
successive application. These changes could be explained 
by an increase in thermal conductivity within the frozen 
lesion resulting from an alteration in the basic cellular 
structure of the tissue. There is little doubt that cel 
boundaries become indistinct and even fragmented, and 
that after several freezes the liver parenchyma takes on a 
syncytial appearance. Furthermore, occasional nuclei 
show disruption of their membranes. These changes are 
compatible with a removal of interphase barriers and the 
creation of a homogeneous zone which would facilitate 
thermal conductivity. This explanation also gains some 
support from the ultrastructural changes found by 
electron microscopy. 

Other pathological alterations in the cell ultrastructure 
connected with a wide spectrum of degenerative changes 
have been described by electron microscopists. Many of 
these appear identical with those observed in the 
eryolesion*.’, 

The mitochondria, for example, show variable osmium 
staining, shrinkage or swelling, a variation in size and 
number of cristae mitochondriales, and a fragmentation 
of their bounding membrane. These may occur in cellular 
hypometabolism, anoxia, exposure to osmotic influences, 
pH changes and physical trauma. All these factors may 
contribute to the mechanism of freezing injury. A similar 
lack of specificity is found in changes observed in the 
a-cytomembranes and the nucleus. Although altered 
membrane structure and frank disruption are not universal 
they are sufficiently widespread radically to alter heat 
conduction. 

An alternative explanation may be found in the haemor- 
rhagic appearance of the eryolesion caused by the extra- 
vasation of blood into both an inter- and intracellular 
position. The result is an increasingly fluid medium 
containing a suspension of damaged liver cells. It may 
therefore be that the increased thermal conductivity within 
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the lesion is essentially that of the “carrier fluid’, namely, 
blood. 

Investigations into the thermal conductivity of biologi- 
cal tissues are few®-19; a recent one uses a unidirectional 
heat flow apparatus which measures absolute conductivity". 
An increase in the thermal conductivity of unstressed 
tissue (bovine liver, brain, kidney and muscle) of 10-20 
per cent was demonstrated after a single freeze-thaw 
cycle. This change in thermal conductivity was decreased 
by increasing the rate of the freeze-thaw cycle and sup- 
ports our indirect observations. 

Our results also indicate that the thermal conductivity 
of the tissue undergoing repeated cold stress continues 
to increase by diminishing increments to a new maximum 
and that this is synonymous with the maximum freezing 
effect. 

The principle of the maximum freezing effect can be 
used in clinical practice because the volume of destruction 
is totally reproducible in most living tissues regardless of 
the multiplicity of influencing factors. It is easier and 
safer to produce a fixed volume of frozen tissue of pre- 
determined size for a constant probe diameter using this 
method and based on the results of these experimental 
observations than to reproduce an intermediate cryolesion 
using a relatively lower temperature, a submaximal 
duration and a mathematical formula’? based on ideal 
circumstances. This is of particular value in remote 
anatomical sites such as the pituitary fossa when the 
use of empirical and inaccurate methods will either cause 
damage to adjacent cranial nerves or will produce incom- 
plete destruction. 

Whenever multiple probe insertions are used, however, 
the effect of multiple freezing must be considered, for 
overlapping of the freezing zone will amount to repetitive 
freezing of these areas with tissue destruction beyond the 
predetermined zone of coagulation. 

The graphs also indicate that large tumour masses 
can be eradicated without using single maximum freezing 
effects of long duration. Multiple maximum freezing 
effects at higher temperatures and of short duration, or 
the incorporation of repetitive freezing effects will both 
provide an increased economy of effort. 

One interesting observation was that illustrated in 
Table 1, where repetitive freezing, using 1 min cycles only, 
produced a larger maximum volume of frozen tissue than 
that produced by a prolonged single application when 
the probe was colder than — 120° C. The explanation of 
these unexpected results is probably that the full freezing 
effect at lower temperatures is never given sufficient time 
to express itself when only short cycles of probe applica- 
tion are used. 

We thank the British Empire Cancer Campaign for a 
grant for research and Sir John Bruce for his interest and 
encouragement. We also thank Mr J. Johnstone for 
technical assistance. 
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GENERAL 


Convenient Asymmetric Unit for 
Construction of Multi-subunit Models 


THE striking symmetry of the arrangement of protein 
subunits in multi-subunit enzymes and in viruses 
been amply demonstrated in recent years’. Caspar*® 
pointed out that symmetry is to be expected in any self- 
assembling system stabilized by multiple weak interactions 
(that is, where the final structure is thermodynamically 
determined) and that it merely ensures the formation 
of the maximum number of stable bonds between identical 
units. The possible functional significance of such sym- 
metrical arrangements has been considered in detail by 
Monod, Wyman and Changeux‘ in their provocative 
interpretation of allosteric effects and cooperative binding. 

In the absence of suitable models, it is often difficult to 
convince an enzymologist of the validity of arguments 
based on considerations of symmetry. Plastic spheres, 
which have often been used to represent subunits, can 
be misleading because they are symmetrical and the 
protein subunit is not. I wish to direct attention to a 
commercially available asymmetric object which can be 
readily and reversibly assembled into a large variety 
of three-dimensional structures, and which can facilitate 
understanding of the types of structure which proteins 
are likely to form. 

The asymmetric unit is a tail-less plastic monkey 
available in three colours from Lincoln International 
(19 Morley Street, London, SE1) in quantities of a gross, 
or from many toy shops in boxes of a dozen. Two-dimen- 
sional patterns of monkeys can be used to illustrate many 
arguments based on symmetry’. The monkeys also 
interlock in a variety of ways to give three-dimensional 
structures with point group or line group symmetry. (In 
the following brief discussion, the line groups (helical 
structures) will be described by the nomenclature of 
Klug, Crick and Wyckoff* and the point groups both by 
the standard crystallographic procedure of numbering 
the rotation axes and by the Schoenflies symbols for 
cyclic (Cn) and dihedral (Dn) point groups.) A pair of 
monkeys can be joined to give about forty different 
dimers of varying stability. These dimers, some of which 
are shown in Fig. 1, are either symmetric or asymmetric 
(in the terminology of Monod et al.*, isologous or hetero- 
logous). By repetition of the same bonding pattern, 
further monkeys can be added to the asymmetric dimer 
to give, in general, an infinite helix (line group s). The 
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1. RS-RS (ee) 2. RH-L5S (tt) 3. LH-C fee) 
4. RN-LN 5. RN-RS 6. LS-LF 
RH-C (te) RH-LN (tb) LH-RA (fe) 
Fig. 1. Examples of symmetric! and asymmetric dimers**. The 


bonding pattern has been indicated by a simple code. L and R indicate 

left and right; N, A, H, 8, F, C indicate neck, arm, hand, side, foot and 

crutch; (ff) indicates the monkeys are arranged face to face (other 

dimers with back to back orientation (bb) are possible). (fb) indicates 

the hand contact is made from front to back to distinguish it from the 

(bf) alternative. Using this nomenclature, any symmetrical polymer can 
be simply described. 
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symmetric dimer (C,) cannot polymerize further without 
forming new types of bond. Such new bonds may again 
be either symmetric or asymmetric, leading, in general, 
to new types of helical structure (line group s2 or sr). Only 
in special cases, where the bonding angles are such that 
the pitch of the helix is zero, will closed struetures with 
eyclic or dihedral symmetry arise (examples are shown in 
Figs. 2 and 3). The postulate of Monod et a/.* that sym- 
metric bonding leads exclusively to closed structures 
with point group symmetry is not valid. The most 
general result of polymerizing subunits using symmetric 
bonds only is an s2 helix (see legend to Fig. 2). 

It is possible to construct models to illustrate all these 
classes of symmetry using either the single monkey (Fig. 2) 
or an asymmetric dimer of two monkeys (Fig. 3) as the 





Fig. 2. Formation of a tetramer (point group 222 or D,) through a 

symmetric dimer (point group 2 or C,). The bonds used are RS-RS 

(if) followed by RH-LN ff). If the second bond were instead RH-LN 
(bb), a labile helix of s2 symmetry would result. 





Fig. 3, Formation of the nucleus of an infinite planar array (plane group, 
6), through a cyclic trimer (point group 3 or C,) of asymmetric dimers 
nded RN-LN, RH-C (fb), writing the bonding contacts of the light 
monkey (RN and RH) before those of the dark (LN aud C). The asym- 
metric dimers (or protomers) are linked into trimers by LN-RN, 
C-RH (bf). The cyclic trimers are joined by symmetrical bonds RH 
(ight)}-LH (dark) (fb), with supplementary contacts RF-RF (dark). 
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Fig. 4. Dodecahedron (point group 532) formed from 20 eyelic trimers, 
viewed down a 5-fold axis. The bonding is the some as that used in Fig. 3. 
The flexibility of the bond between the trimers is sufficient to allow forma- 
tion of stable aggregates with either planar (p@), icosuhedral (532) or 
octahedral (432) symmetry, A further increase in flexibility, allowing 
formation of tetrahedra! (23) or dihedral (32 or D,) structures, can be 
achieved by transferring the LH (dark) from RH (light) to RF (dark), 
still maintaining symmetrical bonds between trimers. 


repeating unit. The asymmetric dimer is best regarded as 
a new monomeric unit. It has the advantage over the 
single monkey that it is not flat and can form a greater 
variety of bonds. By using two monkeys of differing 
colour and postulated difference in bonding pattern, the 
normal requirement for the asymmetric dimer to poly- 
merize to an infinite helix can be formally avoided. Models 
with cubic point group symmetry can also be constructed 
from the same cyclic trimer that was used (Fig. 3) to form 
a planar lattice. An example of a polymer with icosahedral 
(532) symmetry is shown in Fig. 4. 

It is clear that even with the somewhat restricted 
bonding patterns permitted to monkeys, a large selection 
of symmetrical polymers can be formed, giving some hint 
of the varied possibilities open to protein molecules, 
which possess much larger numbers of potential bonding 
sites. The most probable outcome (as emphesized by 
Pauling’) is a belix, for this imposes minimal conditions 
on bond angles. This expectation has not been fulfilled 
by multi-subunit proteins with carrier or catalytic 
function, fo. crystallographic and microscopic examina- 
tion has shown that nearly all these possess point group 
symmetry. It is likely that helical aggregates are un- 
suitable for such functions and have been eliminated by 
natural selection, as Monod et al.* pointed out. 

On the purely structural side, the point groups provide 
a useful set of thermodynamically based rules by which 
the protein chemist can judge the plausibility of particular 
models for subunit arrangements. It is unlikely that they 
will be rigidly obeyed, for there are various ways in which 
proteins can circumvent strict symmetry requirements, 
but they do provide a useful preliminary guide. 

N. M. GREEN 
National Institute for Medical Research, 
London. 
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BOOK REVIEWS 


EXPERT ASSENT 
Public Knowledge 


An Essay concerning the Social Dimension of Science. 
By J. M. Ziman. Pp. xii+ 154. (Cambridge University 
Press: London, 1968.) 22s. 6d.; $4.50. 


“Scrence is public knowledge”: that is the mam theme 
of Professor Ziman’s lively essay. The objective of 
science, he contends, is not just to explore nature, but to 
achieve the widest possible consensus of rational opinion: 
“the scientific enterprise is corporate”, the joint social 
product of “invisible colleges” of experts. A castaway 
on a desert island may indulge in technology or art, but 
not science. Professor Ziman gives little credence to the 
popular image of the scientist as artist, fanatically pur- 
suing some abstruse line of research, caring only for truth 
and not for recognition, and driven by his daemon, just 
like his brother the poet, who starves in a garret nearby. 
This image of the dedicated scientist may be a caricature; 
but it would be no less of a caricature to pretend that 
scientists bow three times to the Corporate Scientific 
Enterprise before beginning their work of adding a few 
more bricks to this edifying edifice. In reality, a critic 
might say, scientists (if given the chance) merely pursue 
the research that appeals to them most: or, to twist 
plain words into the absurdity of an abstraction, science 
is therapy for scientists. Their activity may contribute 
to the corporate scientific edifice, but they give it little 
thought. Another critic might dismiss those “invisible 
colleges” of experts as grandiose names for small cliques 
of conformists, who do more to hinder science than to 
help it. Although such criticisms deserve to be mentioned, 
they do not really damage Professor Ziman’s thesis: it is 
valid within limits, and his argument is convincing within 
those limits, which he is well aware of. 

His book is, however, much more than a mere thesis. 
He also explains what science is about and how scientists 
do their work. He writes in plain English too, in a style 
so winning and direct that even his statements of the 
obvious sometimes rise to the level of “what oft was 
thought but ne'er so well expressed”. 

Professor Ziman is scornful of academic studies in the 
philosophy of science, which he calls “arid and repulsive” 
and “almost meaningless to the average working scientist”’. 
Too many people become indoctrinated at school with the 
idea that science is some kind of fixed holy writ; in fact, in 
the research phase, “‘science is romantic in its chaos... if 
everything were already clear, then there would be no 
research to do”. The alleged “logic” of scientific pro- 
cedures also receives some sharp knocks: instead the 
emphasis is on the unexpected discovery, most often 
made by applying common-sense untrammelled by current 
orthodoxies. Professor Ziman also stresses the impor- 
tance of the scientific literature, the repository of that 
consensus of “public knowledge”, and he leads in to the 
subject with the provocative sentence: “all our elaborate 
apparatus and skilled technicians exist only to add a few 
more pages to the books on the shelves”’. 

Any non-scientist who wishes to know how scientists 
really work could not do better than read this little book. 

D. G. Kine-HELE 


AVS. 


FATHER AND SON 


Life of John William Strutt 

Third Baron Rayleigh, OM, FRS. 
Strutt, Fourth Baron Rayleigh. Pp. 
sity of Wisconsin Press: Madison 
$10. 

THERE is no sense mincing words about it, this is an 
extremely dull book about a very dull persomality. 
Originally published in 1924, this account of the ife of 
Lord Rayleigh has now been reprinted with a few 
editorial revisions and several annotations by John 
Howard. The art of scientific biography is a notoriously 
difficult form to master, requiring as it does scientific 
acumen, the industry of a bibliophile and the abiity to 
construct an interesting story. More importantly, it 
demands a sophisticated and balanced integration of the 
development of the man and the growth of the scientist. 
If Rayleigh’s son and biographer had these qualities, he 
certainly kept them well disguised, 

The elder Lord Rayleigh, in spite of his important con- 
tributions to theoretical and experimental physics, led a 
quiet, uneventful hfe of a kind characteristic cf late 
Victorian gentry. The excitement and vigour of his 
scientific work was thus in sharp contrast to his largely 
undramatic personal career. Inexplicably, the biographe 
focuses almost exclusively on describing the routines and 
vagaries of Rayleigh’s personal life and tells us next to 
nothing about Rayleigh’s ideas, or about the factors that 
led to his important discoveries, or about the style and 
development of his theories. Instead, we are led through 
a dreary summary of the history of the Strutt family, an 
account of Rayleigh’s extensive travels, his domestic and 
social life at his family estate and his work in govermment. 
Rayleigh’s brilliant work on acoustics, black-body radia- 
tion, dimensional analysis and engineering physics is 
scarcely touched on, the excuse being that the biographer’s 
aim was “not so much to give an account of my Father's 
scientific work as to depict him as a man” (page xxi). 
When scientific matters do arise, they are treated as 
anecdotal asides, designed more to poke harmiess fun at 
Rayleigh’s colleagues than to throw light on the sig- 
nificance and importance of Rayleigh’s friendships with 
Kelvin, Maxwell, Thomson, Stokes, Waterston and Dewar. 
It is a symptom of the biographer’s misplaced veneration 
for his subject, and a sign of his poor feel for the sig- 
nificant, that he devotes an appendix to recountimg the 
jokes and jests his father used to tell. 

In spite of the incomplete picture this book provides, 
it does contain much material (including excerpts from 
correspondence) that will be invaluable to the future 
writer of Rayleigh’s biography. But those of us who 
have a high respect for Rayleigh’s work can only wish 
that this biography had been left to languish unread on 
library shelves rather than resurrected, for it can only 
serve to discourage a proper study of Rayleigh’s life and 
career. LAURENS Latpan 


By Robert John 
xxvi+ 439. (Univer- 
and London, 1968.) 


HISTORY OF CHEMISTRY 
Chymia 


Annual Studies in the History of Chemistry, Wol. 12. 
Edited by Henry M. Leicester. Pp. 236. (University of 
Pennsylvania Press: Philadelphia; Oxford University 
Press: London, 1967.) Sls. 


RECENTLY Chymia has been a problem to its friends, who 
are fond of it and its highly respected editor. They have 
to wonder now, however, whether it still justifies its inde- 
pendent existence. What should be the character of a 
publication which assembles the work of several authors ? 
Chymia exemplifies a problem which is probably cemmon 
in other disciplines but is particularly striking in the 
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history of science whose unity in diversity and wide 
range of time scale and technical content contribute to 
its intellectual attractions but make it hard to manage 
didactically. There are no rules, or even accepted cus- 
toms, which decide the differences in character between a 
periodical and a single volume annual, but it seems to me 
that the reader expects an annual volume in any discipline 
to have some of the virtues an audience expects of a well- 
arranged spoken symposium: such as uniformity of period 
or attitude; or convergence on a single controversial 
issue; or disclosure of a new area of study. This issue of 
Chymia has none of these: it covers a long historical span 
but without apparent plan or purpose. 

Martin Levey continues his studies of Arabic chemistry. 
The value of his translation of a thirteenth-century 
metallurgical text seems meagre, because the techniques 
were already well known in the West, a fact which Levey 
does not discuss. Mary 8. Churchill transcribes one of 
Newton’s own alchemical transcripts. J. A. Schufle 
summarizes the scientific achievement of Torbern Berg- 
man but does not take account of the most recent work. 
C. Duval describes with justifiable admiration the adven- 
tures (one ought not to use so dull a word as “work” of so 
unorthodox a character) of Pilatre de Rozier. L. H. 
Donghi tells us a little about early nineteenth-century 
teaching in South America. J. Z. Fullmer gives in full 
the original draft of Davy’s sketches of his contemporaries 
of which parts only have hitherto found their way into 
biographies. (This contains among other gems a passage 
on the British Museum which would provide a rich source 
of contradictory texts for use by all sides in the current 
controversy). B. W. Mundy’s note on Avogadro is useful, 
contesting the common assertion that Avogadro believed 
and proved the diatomicity of the elementary gases. 
J. W. van Spronsen has a paper on Dulong and Petit 
which is interesting in that, unlike so many papers in the 
history of science, it expects its reader to be numerate 
as well as literate. The editor keeps up his single handed 
campaign of introducing us to the history of chemistry in 
Eastern Europe with a modest paper by 8. Tchorbadziev 
on P. N. Raikov (1864-1940). The volume ends with a 
centenary tribute to Alfred Werner by G. B. Kauffman— 
two translations of Werner papers with commentaries. 

Yet none of these papers has any connexion with the 
others. We are glad to have some of them but our 
pleasure and profit are not increased by their contexts. 
Has the need to fill these particular covers worked against 
the best interests of critical scholarship ? 

The authorities who produce Chymia are bound to be 
aware of the changes towards system and order which 
have taken place in the study and teaching of the history 
of science since the first volume appeared. It would be 
surprising if Chymia did not change too. 

FRANK GREENAWAY 


PROPERTIES OF CARBON 


Chemistry and Physics of Carbon 

Vol. 3. Edited by Philip L. Walker, jun. (A Series of 
Advances.) Pp. xu+449. (Arnold: London; Dekker: 
New York, 1968.) 205s. 

Tue explosion of scientific literature is with us and live 
with it we must. Thankfully, it is no longer shameful to 
find oneself unable to keep abreast of all developments in 
broad disciplines, but not to do so in studies of a single 
element, in this case carbon, is perhaps rather sinful. The 
diversity of property in carbons and graphites, examined 
by chemist, physicist, chemical engineer and metallurgist, 
is appreciated only too well, creating the special problem 
of real, interdisciplinary understanding. P. L. Walker, 
the editor, no doubt aware of all this, has deliberately 
asked his contributors to describe, in context, their own 
work. This is sensible. In a rapidly developing subject, 
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authors do change their minds and earlier papers do need 
modification. There is a need for an up to date assess- 
ment. Walker could have asked for more of the review- 
type article, but the series certainly would be less stimu- 
lating and, in places, outdated. Accordingly, it is left to 
the reader to make his own judgments of and correlations 
between contributions. 

Ergun critically examines earlier X-ray diffraction: 
studies and describes, in detail, the requirements for 
precise radial distribution analyses which is an approac): 
favoured by him. He must have scrutinized earlier papers 
with utmost care. His description of optical properties 
of carbon (essentially graphite and diamond) reveals how 
the technique enhances knowledge of band structure, but 
an expanded introduction would have assisted the chemist 
in an appreciation. The remaining chapters describ: 
oxidation studies of graphite, studies essential to the 
successful development of the advanced gas cooled 
reactor and the high temperature reactor. Thomas and 
Roscoe illustrate how the screw and edge dislocation 
(revealed by catalytic oxidation) may be related to 
annealing mechanisms of radiation damage in graphite. 
Particularly welcome is the article by Lang and Magnier. 
who persevered with the perplexing task of disentangling 
the effects of trace impurities on gasification kinetics. It 
appears that no extrapolation of available kinetic data 
could predict rates of gasification and associated problems 
in the Dragon reactor, thus requiring an extensive and 
expensive on-site study. Everett et al. describe their 
many on-site findings. It has been asked if such informa- 
tion is of value outside the Dragon group. So many 
aspects of carbon chemistry, however, are discussed by 
Everett eit al. that there must be many interested readers 
free now from the tiresome task of collecting Dragon 
documents. 

The articles are of the highest standard. The quality 
of reproduction is excellent and the price out of range 
for the individual but, when considered as laboratory 
equipment, quite cheap. Harry MARSH 


PROBABILITY TEXT 


An Introduction to Probability Theory 
By P. A. P. Moran. Pp. 542. (Clarendon Press: Oxford; 
Oxford University Press: London, 1968.) 100s. 


In the past twenty years there have been many books on 
probability published but most of them have returned 
to the limbo from which they should never have emerged, 
leaving William Feller’s Introduction to Probability Theory 
and Applications, Vol. 1, as the unquestioned master of 
the field. That Feller’s book should have held supremacy 
for as long as it has is a tribute to the fact that it is a good 
text. But it is also an indication of the illiteracy of manv 
who teach probability, who do not recognize that the 
book is mainly the distillation of a wide and omnivorous 
reading. In Professor Moran’s book we have a text which 
is good enough to exist part passu with Feller’s books 
and which is at the same time meticulously documented. 

Moran’s book is divided into ten chapters, supplemented 
by a bibliography of 29 pages and an author index of six 
pages in addition to the usual subject index. The biblio- 
graphy and the author indices thus make it reasonably 
easy to find who did what on any particular topic, which 
is valuable for students who want to learn as opposed to 
those who just want to pass examinations. In the first 
chapter entitled “The Probabilities of Events” we are 
introduced to o-fields, indicator (counting) variables, 
moments, Tchebychev’s inequality, binomial, multi- 
nomial, and hypergeometric distributions, oecupancy 
problems and Bose-Emsten and Fermi-—Dirac statistics, 
contingency, martingales and entropy. There are ten 
exercises given at the end. The chapter is clear and 
concise. The paucity of the exercises and, on the whole, 
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their difficulty, are flaws in the otherwise excellent treat- 
ment, and the same could be said of all the other exercises 
in the book. Anyone learning a technique needs to 
practise it to make sure he has learned it correctly. Any 
book intended for teaching, therefore, should contain many 
exercises graduated from the easy to the difficult. The 
second chapter is a discussion of the usual discrete distri- 
butions including the negative binomial, the logarithmic, 
Polya and the Borel~Tanner. Chapter 3 is on Markov 
Processes, the elementary theory being illustrated on the 
Ehrenfest model, gambler’s ruin and recurrence times. 
Further theoretical development. is on the reversed chain, 
the solution of the Kolmogorov equations and irnbedding. 
Illustrations include birth and death processes, random 
walk, the Borel--Tanner process, the Polya process and 
queueing. 

Professor Moran now turns to measure theory and chap- 
ters 4 through 9 see the development of probability theory 
relative to Euclidean space. Chapter 4 covers measure 
theorems and integration, chapter 5 random variables 
and continuous distributions, and chapter 6 the functional 
transform known as the characteristic function. The 
student will find these three chapters relatively hard after 
the first three chapters. Chapter 7, however, on continu- 
ous distributions, is comparatively easy. The eighth 
chapter covers sequences and sums, and chapter 9 the 
arithmetic of distributions and Brownian motion. The 
book is completed by the tenth chapter on the random 
walk. 

Professor Moran says in his preface that he has designed 
the book to be read by honours students in their third 
year. I suggest that it could well be given before that 
and I plan to try. But anyway this is an excellent prob- 
ability text and should be on the shelves of anyone teach- 
ing probability theory and its relation to statistics. 

F. N. Davip 


FUNCTION THEORY 


Topics in the Theory of Functions of One Complex 
Variable 

By W. H. J. Fuchs. (Van Nostrand Mathematical 

Studies.) Pp. vi+193. (Van Nostrand: Princeton, New 

Jersey and London, 1967.) $3.25; 30s. paperback. 


Tus book brings together a variety of topics which might 
well find their place in an advanced third year or post- 
graduate course in function theory. All are important 
from the point of view of modern research and because 
the book is written very persuasively by a well known 
expert in the field it is sure to make many new friends for 
the subject. The approach is classical and concrete, 
except in the last chapter where the author gives us a 
glimpse of Sario and Chern’s version of Nevanlinna’s 
second fundamental theorem for analytic mappings 
between Riemann surfaces. For this purpose the exterior 
differential caleulus and the Gauss~Bonnet formula are 
developed. This is preceded by an account of the first 
fundamental theorem derived from the Poisson—Jensen 
formula and the Hadamard representation of meromorphic 
functions of finite order. The author also obtains the 
representation of a function of bounded characteristic 
in the unit disk as the ratio of bounded functions. 

The first three chapters are about subharmonic func- 
tions and their application, Schwarz’s reflexion principle 
and the problem of Dirichlet. There follows a chapter on 
Mergelyan’s work on the problem of weighted approxima- 
tion of continuous functions by polynomials. 

Lindeléf’s principle and subordination lead to the 
theorem of Schottky with a good numerical estimate and 
the theorems of Picard. These are followed by three 
chapters on harmonic measure, extremal lengths and the 
transfinite diameter respectively. 

The proofs are simple and elegant, so that the reader is 
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never taxed unduly. In spite of, or perhaps because Of, 
this. the book contains a very great deal of material, 
much of which is not available in other text books. Some 
of the results are given in the form of problems for the 
reader, usually with adequate hints. 

There seem to be few mistakes. In theorem 9:3 read 

ie. eg? fore Oe, 

The references are embodied in the text and are sometimes 
a little sketchy, and there is no index or bibliography. 
But these are minor criticisms of what I find a most 
rewarding book. W. K. HAYMAN 


SUPRAMOLECULAR STRUCTURE 


Supramolecular Structure in Fibers 

(The 25th Anniversary Conference of the Fiber Society. 
Boston, Mass., Sept. 21-23, 1966. Journal of Polymer 
Science, Part C, Polymer Symposia, No. 20.) Edited by 
Paul H. Lindenmeyer. Pp. vii + 286. (Interscience (Wiley): 
New York and London, 1967.) 30s. net. 

THis most interesting collection of papers on supra- 
molecular structure serves to publish the proceedings of 
the 25th anniversary of the Fiber Society in Boston, 
September, 1966. A wide range of fibre scientista were 
invited to make contributions and each paper was given 
by an acknowledged expert in his own field. There is a 
tendency at the present time to publish collections of 
papers delivered at specialist symposia and these may 
possibly be producing a range of literature which is only 
of interest to a very narrow field of workers and may tend 
to give a repetitive mass of published literature. This 
publication cannot be included in this field-—it i8 an 
authoritative publication, produced at the highest level, 
and should form part of the literature of any fibre science 
library. 

It would be invidious to select any one paper for 
special comment, and its authors are fully international 
in character. The X-ray crystallographic aspects of modern 
fibre crystallography are dealt with in the first three 
papers—synthetic polymers, optical diffraction techniques 
in structure interpretation, and X-ray diffraction and 
electron microscopy studies of keratin fibres. In this 
latter field there are also two papers from Australia on 
the mechanical properties and high sulphur proteins of 
keratin. Histochemical studies using electron microseopy 
are also dealt with in detail. 

The field of man-made fibres deals with spherulitic 
crystallization, uniaxial stretching and anisotropy, mole- 
cular orientation and the relation of fibre structure and 
length variations. A molecular theory of polymer chain 
folding is adduced and a physical study of rates of de- 
formation of crystalline polymers is made. Finally the 
structural mechanics of fibres is deseribed, and an interest- 
ing paper given by R. J. Samuels at the regular meeting 
of the Fibre Society in North Carolina, May 1967, 1S 
included. As recorded in the preface, the paper “Spheru- 
litice Structure. Deformation Morphology and Mechanical 
Properties of Isotactic Polypropylene Fibres’? was added 
because of its pertinence to thessubject. 

This publication is an important addition, even to the 
present extensive specialist literature on fibre science. 

F. Haprey 


MODERN FIBRE SCIENCE 


Man-Made Fibers 
Science and Technology, Vol. 1. Edited by H. F. Mark, 
S. M. Atlas and E. Cernia. Pp. xi+432. (Interseience 


(Wiley): New York and London, 1967.) 165a. 


By 1970 the world production of synthetic fibres will 
equal what was the world consumption of cotton and 
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wool in 1900. This will be possible beeause of the imagina- 
tive research and development work largely carried out 
in the laboratories of the principal fibre producers. 
Chemists and physicists in other institutions have also pro- 
vided fundamental theories which have been valuable 
in the development of new fibres or in the improvement 
of well established ones. The literature on man-made 
fibres is therefore scattered and much of it has only a 
limited circulation. Patent specifications are a valuable, 
if confusing, source of information. 

There are not many up to date good textbooks on the 
science and technology of man-made fibres and therefore 
the present volume, which is the first of a series of three, 
is to be welcomed. It is edited bv three distinguished 
scientists and each chapter is written by an expert in the 
field. 

Professor Mark and Dr Atlas open the work with an 
excellent essay on the structural principles of fibre-forming 
polymers and this is followed by chapters on fibre- 
spinning processes, wet-spinning solutions, solution dry- 
spinning, melt-spinning, and spinning of emulsions and 
suspensions. The remaining chapters are concerned with 
transition phenomena and their importance in fibre 
structure, the role of chain folding in determining fibre 
characteristics and current ideas on the morphology of 
synthetic fibres. The book is completed by an article 
on conjugate or bicomponent fibres by members of the 
Du Pont Benger Laboratory. 

The treatment of each topic is of a uniformly high 
level. The emphasis is on the physical and mathematical] 
aspects, but at the same time much valuable and interest- 
ing technical information is included. 

The book is well written; it is a mine of scientific 
information and will be invaluable to all concerned with 
modern fibre science. It is also a striking exposition of 
how much the modern man-made fibres industry owes 
to scientists and engineers and of the sophisticated and 
challenging nature of the research associated with the 
commercial production of man-made fibres. 

C. 8. WHEWELL 


CRAZES AND CRACKS 


Fracture in Polymers 
By E. H. Andrews. (Oliver and Boyd: Edinburgh and 
London, 1968.) 63s, 


For the effective application of any material a knowledge 
of the conditions under which failure oceurs is essential. 
The metallu-gist has long recognized that in metals there 
is a close correlation between the deformation and fracture 
characteristics and the internal structure and, in particular, 
that minute changes in physical and/or chemical constitu- 
tion may produce pronounced changes in property which 
if not recognized and accounted for could be catastrophic 
in service. The correlation between structure and property 
is becoming increasingly emphasized in polymers and 
this book demonstrates some of the features of this 
correlation in an interpretation and understanding of 
fracture. As this type of approach to polymers is relatively 
new it is not surprising that much of the book is at an 
elementary level in comparison with similar texts on 
metals, 

The general approach is from first principles and in the 
first chapter there is a simple account of the structure of 
polymers and an introduction to the factors which deter- 
mine the response of polymers to an applied stress. The 
next two chapters provide a phenomenological account 
of the macroscopic features of fracture and the effect 
of variables such as temperature, strain rate, stress 
system, polymer constitution and structure, and environ- 
ment on the fracture behaviour. In chapters 4 and 5 the 
basic ideas of crack nucleation and propagation are 
deseribed and finally in chapter 6 some rather random 
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observations on the appearance of the fracture surfaces 
of polymers are described. 

Throughout the book the author looks over his shoulder 
at the techniques and physical interpretations which have 
been used to understand the fracture of metals and this 
is reflected also in the overall approach. Unfortunately, 
there are one or two topics in which the approach is 
clearly metallurgical but the understanding is somewhat 
different from the one used by the metallurgist. I refer 
particularly to the concepts associated with crack initia. 
tion and its relation to propagation. The idea of crack 
initiation in metals implies that some micromechanistie 
process (local plastic deformation) generates sufficient 
local stress to produce a microcrack. This may or may 
not propagate depending on the macroscopic stress field. 
The author implies that initiation in plastics involves 
the start (initiation) of propagation of a preexisting 
flaw in line with the basic proposition of Griffith. I think 
this leads to a misunderstanding of the general phenomena 
of fracture in polymers, because pre-existing flaws are 
unlikely to be a common feature of polymers, and 
cracks must be initiated by similar processes to those 
in metals. 

The book surveys most of the work which has been 
directed towards an understanding of the basic fracture 
behaviour, and at the end of each chapter there is a 
useful list of references. There is very little reference 
to work in the last two or three years and one suspects that 
there was a long publication gap. If reference had been 
made to recent work the confusion about crazes and cracks 
would have been avoided. 

As an introduction to the subject this book will be 
useful for undergraduate teaching and for research 
workers who are develeping an interest in this field. The 
text is well illustrated by line drawings and, as Sir Harry 
Melville comments in the foreword, the author has 
produced a most readable and logical approach to the 
subject. I welcome the book, particularly, because it 
places on record the important concept of the connexion 
between structure and property. D. Hurt 


TESTING AT SPEED 


High Speed Testing 

Vol. 6: The Rheology of Solids. (Sixth International 
Symposium held at Boston, Mass., March 6 and 7, 1967. 
Applied Polymer Symposia, No. 5.) Pp. viii + 344. (Inter- 
science (Wiley): New York and London, 1967.) 117s, 


The Rheology of Solids is the sixth volume in a series of 
biannual symposia on high speed testing, volumes 5 and 6 
having been incorporated as Nos. 1 and 5 of the Applied 
Polymer Symposia series associated with the Journal 
of Applied Polymer Science. The subject matter is that 
of the behaviour of materials under non-quasistatic 
loading conditions, a topic which does not receive the 
attention it merits except in those industries, such as 
aerospace, where it cannot be avoided by static over 
design. The futility of this approach might be illustrated 
by a specific example from the symposium in which it is 
shown that although nylon tyre cord is superior to 
polyester at low loading rates, the reverse is true in more 
realistic high speed testing. 

The majority of the papers in the current volume are 
directly concerned with the effect of strain, strain rate and 
temperature on the resistance to deformation and failure 
of polymers (including textiles and foams) and metals. 
Both impulsive and steady strain rate tests are described 
and the results show the characteristic tendency for increas- 
ing material resistance at higher strain rates and lower 
temperatures. 

Two papers deal with rheo-optical effects using photo- 
graphic and intensity techniques, one containing a 
description of a testing machine designed to strain both 
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ends of a specimen simultaneously for greater photo- 
graphic convenience. The other includes an interesting 
examination of the transmission of a stress pulse across 
the boundary between two birefringent materials. Papers 
on instrumentation comprise two dealing with load trans- 
ducer response, and one describing techniques for high 
speed photography. The remaining papers include a 
short review article on Poisson’s ratio of viscoelastic 
materials. and a thermodynamic approach to impact 
analysis. 

Although described as ‘‘international” none of the 
papers originates outside the United States. The arrange- 
ment of the papers seemed to be rather haphazard and 
did not appear to agree with that described in the preface. 
Despite a few proof reading slips the standard of presenta- 
tion is generally high. However, figures 6-9 referred to 
by Dunaway on page 293 were not in the review copy. 
Being almost entirely an account of experimental work 
much useful information can be gleaned by the assiduous 
reader. Much might be missed, however, on a cursory 
examination, and in this respect a more detailed index 
and prefatory introduction would have been helpful, 
while the general appeal would have been widened by the 
inclusion of one or two major reviews. These remarks, 
however, must not detract from the value of this volume 
which has well repaid close reading. It is to be hoped that 
in the course of time further volumes will appear in this 
series. J. M. BAXTER Brown 


RIVER FLOWS 


Streamflow Synthesis 
By Myron B. Fiering. 
London, 1967.) 70s. net. 
Tus is a contribution from one of the most active members 
of the Harvard Water Resources Group which, for many 
years, has done such important research on operational 
methods in hydrology and, in addition to its great con- 
sulting work, has published the famous Design of Water- 
Resource Systems and its successors. Fiering develops here 
the work of his chief, Harold A. Thomas, jun., on the 
means and variations of river flows entering water-supply 
reservoirs. As a result of the backwardness of flow meas- 
urement, very few of the rivers used for supply have 
been measured over the periods necessary for their water 
yield to be assessed with the engineer’s usual degree of 
assurance. So the branch of ‘synthetic hydrology” now 
called “stochastic” has been developed to produce and test 
wholly artificial sequences of numbers which, however, 
must have the same statistical properties as the flow 
records themselves. From such sequences it is possible to 
calculate the degrees of probability with which given water 
yields may be obtained from reservoirs of any assumed 
volume (the ‘‘storage-yield functions”). 

The great scholar of the Nile, H. E. Hurst, has described 
his pioneer approach to the study of the biblical sequence 
of fat years and lean years in Nature and elsewhere. 
Fiering’s book gives an account of the bases of the more 
extensive studies undertaken at Harvard with the aid of 
computers. Hurst, for practical reasons arising from the 
construction of the new High Dam at Aswan, and Feiler 
for theoretical reasons, concentrated on the range of 
cumulative departures, related to the storage volume 
required for a certain reservoir regulation of river flows. 
Fiering correctly recognizes the importance of the range 
and uses it as the main criterion for acceptability of the 
synthetic series of data which he generates by means of 
recursive (Markov) processes, with single and with multiple 
lags (the latter giving support to Hurst’s original empirical 
formula for the range). 

The last two chapters discuss the application of decision 
theory to the design of reservoirs and the generalizations 
required for the design of systems of several reservoirs. 


Pp. xvii+ 139. (Macmillan: 
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Written in Fiering’s characteristic style, the book is 
strongly recommended to mathematical and engineering 
hydrologists and water-resource economists. 

P. O. Wor 


CHANGES IN A YEAST CELL 


Aspects of Yeast Metabolism 

Edited by A. K. Mills. (A Guinness Symposium beld 
at the Research Laboratory, St James’s Gate, Dublim. 
Consulting editor: Sir Hans Krebs.) Pp. xiv + 345. 
(Blackwell; Oxford and Edinburgh, 1968.) 77s. 6d. 


THis book contains the papers presented at the second 
Guinness Symposium which dealt with “Yeast Meta- 
bolism’’. The organizers are to be congratulated on their 
choice of participants, and in having persuaded them to 
submit manuscripts for publication so that all biochemuists 
can share in this unique and stimulating exchange ot 
ideas and information. A useful feature of the volume is 
an edited account of the main points of the discussion which 
followed the various contributions. 

After introductory remarks from Sir Hans Krebs, 
H. Suomalainen reviewed the structure and function of 
the yeast cell. Particular attention was paid to the plasma 
membrane, protoplasts and mitochondria and to the 
location of enzymes in the cell walls. The ability of yeast 
to synthesize different aroma compounds during fermenta- 
tion, and the use of gas-liquid chromatography for their 
analysis were also deseribed. 

The important topic of carbohydrate transport in 
veasts, and the relation of this process to other aspects of 
cell metabolism, were described in two papers by A. Klem- 
zeller and A. Kotyk and by A. Sols. The available evidence 
indicates that in some species, and with certain sugars, 
facilitated diffusion takes place, whereas in other cases 
an active (energy-dependent) mechanism is involved. 
The second paper describes possible mechanisms for the 
regulation of the pathways of carbohydrate metabolism. 
The aldolases and fructose diphosphatases are key 
enzymes in the glycolytic pathway, and recent compara- 
tive studies were described by B. L. Horecker and his 
co-workers. A final chapter on carbohydrate metabolism by 
T. O. Wilkén deals with the “Negative Pasteur” effect 
in yeasts; that is to say, a stimulation of the process of 
alcoholic fermentation in the presence of oxygen. 

The important topic of protein biosynthesis in yeast 
was reviewed by H. O. Halvorson. An outline of the 
general features of protein synthesis was followed by an 
account of recent studies on yeast ribosomes and poly- 
somes, m-RNA, and a cell-free system for the mecorpora- 
tion of amino-acids. The related topic of adaptation 
in yeast was described by H. Holzer. Enzymatic 
regulation, feedback mechanisms and the induction and 
repression of enzymatic synthesis are included. The 
incorporation of nucleotides and amino-acids by muito- 
chondrial DNA is then described by H. R. Mahler and 
co-workers. 

Two papers are devoted to various aspects of the action of 
respiratory enzymes in yeast. M. F. Utter and his co- 
workers describe alterations in the respiratory enzymes 
of the mitochondria of growing and resting yeast, and the 
effect of chloramphenicol on the differentiation of the 
mitochondrial organelle is discussed by A. W. Linnane 
and his colleagues. Fat metabolism in yeast is covered 
by an authoritative paper on fatty acid synthetase—~a 
remarkable multi-enzyme complex-——by F. Lynen and 
by an account of yeast phospholipids from R. Letters. 
The final chapter on “Oxygen, the Creator of Differentia- 
tion” by O. Warburg is of special philosophical interest 
to all biochemists. 

To summarize, this volume provides a survey of current 
developments in the major branches of biochemistry, 
and contains a wealth of experimental mformation on 
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the many biochemical changes which may take place in 
a yeast cell. It can be strongly recommended. 
D. J. Manners 


MUSCLE MEETING 


Symposium on Muscle 
Edited by E. Ernst and F. E. Straub. (Symposia Biologica 
Hungarica, Vol. 8.) Pp. 259. (Akademiai Kiado: 
Budapest, 1968.) 100s. 


Fms book contains the proceedings of the symposium 
on muscle held in Budapest, which was attended by 
seventy-seven participants. It is unfortunate that 
publication of such a book takes so long, the actual date 
of the symposium being September 1966. Such a delay 
means that most of the material formally presented at 
the meeting has already appeared in journals, though 
possibly the representation occasionally clarifies an 
author’s meaning. The main advantage in publishing 
such a volume, however, can often be found in the discus- 
sions, and these are well in evidence in the present book. 
The book falls into several sections, including structural 
aspects of striated muscle, structural proteins and their 
interaction, organic substances of striated muscle. 
univalent ions and heart muscle, mechanical activity of 
striated muscle as well as energetic aspects of muscular 
contraction. Each section begins with a full length formal 
paper by a recognized authority, which is followed by 
shorter presentations and discussions. The length of the 
shorter papers and the amount of (reported) discussion 
vary from topic to topic. For example, some thirty- 
seven pages follow the major contribution on “Mechanical 
Activity of Striated Muscle” (led by F. F. Jobis) while 
only nine follow “Energetic Aspects of Muscular Contrac- 
tion” (led by D. R. Wilkie). Such differences prevent the 
book from presenting a balanced review of the present 
knowledge of the form and function of skeletal muscle. 
but after all such was not the intention. This volume 
will find its rightful place on library shelves from which 
it will rightly be taken down from time to time for a re- 
reading of some point discussed in Budapest. For the 
main data the authors are probably best read in the 
original. A. J. BULLER 


PERMEABILITY OF MEMBRANES 


Cellular Aspects of Membrane Permeability 

By E. Schoffeniels. (International Series of Monographs 
in Pure and Applied Biology. Division: Modern Trends 
in Physiological Sciences, Vol. 28.) Pp. xiii+ 266. (Per- 
gamon: Oxford, London and New York, 1967.) 100s.: 
$15. 


Dr SCHOFFENIEL’s monograph is divided into three parts. 
The first part covers familiar ground, dealing with ion 
distribution between cells and tissue fluid, ion fluxes 
across cellular membranes, active transport, membrane 
potentials, membrane A'PPases, and the effect of hormones 
and alkaline earth cations on membrane permeability. 
The coverage is full and many useful tables of data are 
included. Quantitative physico-chemical explanations 
are, however, inadequate and equations are frequently 
simply quoted without attempt at derivation. The second 
part deals with the operation of the mechanisms described 
in the first part, in various specific tissues and specific 
animal groups, particularly amphibian skin and excitable 
membranes. There are also useful chapters on the role 
of nitrogenous substances in osmoregulation in certain 
animals and on the nervous control of membrane perme- 
ability. The third and shortest section deals with the 
fundamental structure and chemical composition of 
membranes including electronmicrographs and phospho- 
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lipid analyses of membranes. This material might with 
advantage have been placed earlier in the book. In this 
section some functional evidence bearing on the possible 
existence of membrane pores is also discussed. 

While such a wide presentation of information com- 
mands respect, there are some serious weaknesses in this 
book. First, knowledge of the physico-chemical back- 
ground essential for understanding membrane phenomena 
has, in the main, been assumed so that non-specialist 
readers may run into difficulty. Second, there are some 
serious omissions. Mention of cation selective electrodes 
is confined to a footnote on page 194 and a reference to 
Eisenman (1962). The work of Hinke, Lev and Kostyuk 
is not mentioned. The important studies of Thompson, 
Haydon, Mueller and Rudin and others on artificial 
bimolecular phospholipid membranes and their remark- 
able resemblance to living membranes have also been 
overlooked. Third, the majority of the references are 
somewhat out of date. For example, the latest reference 
to Keynes is in 1957. There is an impression that this 
book could and should have been produced two or three 
years ago. Some minor criticisms include the lavish pro- 
vision of eleven coloured plates of ordinary histological 
preparations of respiratory epithelia. Their contribution 
to the text seems disproportionate to the large increase 
which they must have made in the cost of this already 
expensive book. There are a number of misprints—for 
example, the lettering of Figs. 2.5 and 2.6—and the index 
is Inadequate. 

In spite of its weaknesses, specialists in this field must 
be grateful to Dr Schoffeniels for a useful assembly of 
information especially in relation to his own work on 
amphibian skin. D. A. T. Dick 


RADIOSTERILIZATION 


Radiosterilization of Medical 
mended Code of Practice 
(Proceedings of the Symposium held by the International 
Atomic Energy Agency at Budapest, June 5-9, 1967, and 
Results of a Panel Meeting held by the International 
Atomic Energy Agency at Vienna, December 5-9, 1966. 
Proceedings Series.) Pp. 458. (International Atomie 
Energy Agency: Vienna; HMSO: London, 1967.) 246 

schillings; 678.; $9.50. 


THE radiosterilization of disposable hypodermic syringes 
and catgut is now a well established commercial process 
and this report is of an international symposium held to 
examine the possibility of extending the field of this type 
of cold sterilization. 

The report comprises a comprehensive introductory 
review of radiosterilization and papers on its use with 
pharmaceuticals and bioproducts (12 papers), biological 
tissues (6), vaecines (5), medical devices (4), the radio- 
sensitivity of microorganisms (4), technical and economic 
aspects (6), and it also contains a suggested code of 
practice for manufacturers using radiosterilization. Fach 
paper is in its original language (29 English, 5 French, 
4 Russian and 1 Spanish) and each has an abstract in 
English. A full account of the discussion after each paper 
is given in English. 

The symposium does not answer the question “What is a 
sterilizing dose of radiation? although more authors 
recognize 2-5 M rad as being satisfactory than those de- 
manding 4-5 M rad. (An unfortunate typographical error 
on page 217 reports some bacteria as being capable of with- 
standing 200 M rad.) The overall conclusion to be drawn 
from the symposium is that the sterilizing dose depends on 
several factors including initial contamination of the 
item to be sterilized, the genus and species of organism 
present, its immediate environment, and so on. Pandula 
et al. (page 83) report that the decomposition of some 
pharmaceuticals was dose rate dependent even in the 
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10? to 10* rad/h range. A difference between the action of 
y-rays and electrons on the shrinkage temperature of 
catgut was noted by Schnell ef al. (page 145). The aboh- 
tion of antigenicity in bone for grafting when sterilized 
by y-rays was also reported whereas with larval and 
bacterial vaccines the effect on antigenicity was slight 
at a dose sufficient to sterilize. 

A comparison between radiosterilization and ethylene 
oxide sterilization is made in a paper by Brewer and the 
lengthy discussion this promoted is given in full. The six 
final papers on technical and economic aspects will be of 
special interest to those interested in setting up irradia- 
tion plant. 

The suggested code of practice, whilst it is unlikely 
to be universally enforceable as a statutory requirement, 
could act as a model of good practice not only amongst 
manufacturers using radiosterilization but also those 
using other forms of sterilization. 

The International Atomic Energy Agency are to be 
congratulated on this presentation of the symposium at 
Vienna in a manner that will be appreciated by those 
interested in this subject who were unable to attend the 
symposium, A. M. CooK 


FOR RADIATION WORKERS 


Radiation Dosimetry 

Vol. 1: Fundamentals. Second edition. Edited by Frank 
H. Attix and William C. Roesch. Pp. xviii+ 405. (Academic 
Press: New York and London, 1968.) 182s. 


ALTHOUGH this book is called a second edition of that 
having the same title, edited in 1956 by Hine and Brownell, 
it is, in fact, a new book. Of the ten contributors to the 
eight chapters of this volume, only one, Rossi, contributed 
to the 1956 book, and then on a different topic. 

There is substantial evidence of editorial coordination. 
Terminology and symbols are remarkably uniform for a 
book with so many contributors. There is little overlap 
of content between chapters, but considerable cross- 
referencing. 

The editors contribute the first chapter on the basic 
concepts of dosimetry and include a brief account of the 
historical development of the subject. H. H. Rossi 
writes on microscopic energy distribution in irradiated 
matter, dealing both with linear energy transfer distribu- 
tions and “Y” and “Z” distributions which are so much 
his own. R. D. Evans has a chapter on X-ray and y-ray 
interactions which is packed with relevant formulae, and 
graphs and tables of interaction cross-sections and 
attenuation coefficients, while H. Bichsel deals with 
charged particle interactions in a similar manner. W. C. 
Roesch draws together a great deal of otherwise scattered 
information in his chapter on the mathematical theory 
of radiation fields, using a list of more than sixty symbols 
in the process. J. A. Auxier, W. S. Snyder and T. D. 
Jones write on neutron interactions and penetration in 
tissue, devoting most of their chapter to the results of 
their extensive calculations of doses in a homogeneous 
anthropomorphic phantom. I. T. Myers has the shortest 
chapter on ionization in gases, liquids and solids, and the 
volume concludes with a chapter by T. E. Burlin on 
cavity-chamber theory which not only gives an excellent 
discussion of the theory as it relates to ionization cham- 
bers but also shows applications of the theory to liquid 
and solid dosimetric systems. 

All the contributors have concentrated a large amount 
of information into their allotted space of about fifty 
pages. The book succeeds admirably in its declared 
primary intention of being a reference work for radiation 
workers and contains 470 literature citations. It has been 
long awaited and the arrival is no disappointment. 

A few minor errors were detected but these only just 
reached double figures. The book is well produced and 
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the figures are excellent, but for some reason the paper on 
which it is printed has been changed from that used for 
volume 2 which appeared about a year ago. The book 
deserves a wide sale. J. R. GREENING 


OBITUARIES 


Dr Hugo Benioff 


‘Tue first entry in the bibliography of Hugo Bemoff, who 
died on February 29, is entitled simply “A New Vertical 
Seismograph”. It appeared in the 1932 volume of the 
Bulletin of the Seismological Society. This paper might 
well have been subtitled “The beginning of a new era in 
instrumental seismology”, for this was the eventual result 
of the Benioff variable reluctance seismograph. A few 
vears later he described his linear stram seismograph, an 
instrument which ultimately stimulated a whole new field 
of seismological research; that of long period surface 
waves and free oscillations of the Earth. Although best 
known for his contributions in seismological instrumenta- 
tion, Benioff made profound contributions to the basic 
understanding of tectonics and earthquake mechanisms. 
In a classic series of papers between 1951 and 1955 he 
introduced the concept of instrumentally determined 
strain rebound, outlined the relation between after- 
shock sequences and stress relaxation, and then proceeded 
to apply these ideas to the study of global tectonics and 
deep crustal structure. In the course of this work he 
introduced many new procedures and new ideas and, 
although some were not confirmed by later work, the 
remarkable clarity of his physical intuition is attested to 
by the number of his hypotheses that continue to be valid. 

One of his very early suggestions concerned the speci- 
fication of ground movement during earthquakes for 
engineering purposes. He felt a special responsibility to 
help provide this kind of information at a time when 
little was known about destructive ground motion. Huis 
early definition of seismic destructiveness contains the 
essence of the procedures now used for measuring ground 
motion, and interpreting its effects on structures. 

Benioff was very interested in the physics of musical 
instruments, and he made good use in geophysics of a 
number of analogies from this field. One cannot read his 
description of global strain release likened to the motion 
of a bowed violin string without recognizing that this 
man had great physical insight and sensitivity. The 
detection and measurement of the Earth’s free vibrations 
was the last major experiment in which he participated, 
and it also had musical overtones. For a number of years 
he had been interested in measuring the fundamental 
vibration of the Earth, thought, at that tame, to have a 
period of about 1 h. For this purpose he set up strain 
seismographs with maximum sensitivity adj usted to this 
period. In 1952, after the Kamchatka earthquake, he 
observed several cycles of an oscillation with a period of 
57 min. Although it was later shown that this could not 
have been an elastic vibration of the Earth because it was 
too highly damped, he greatly stimulated other geo- 
physicists, which brought aVout a large amount of 
theoretical and computation work resulting in a new 
branch of geophysics, terrestrial spectroscopy, When the 
Chilean earthquake of 1960 occurred, the stage was set, 
and the complete spectrum of Earth vibrations was 
clearly visible for the first time. 

During his life Benioff received many honours; among 
these were election to the US National Academy of Sciences 
in 1953, and the award of the Day Medal of the American 
Geophysical Union. What he left to the world seismo- 
logical community was a new generation of seismic 
instruments, and a published record of ideas and data that 
provided the starting point for many in the following 
generation of seismologists. 
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Erratum. In the article “Changing Duration of Glacial 
Cycles from Lower to Upper Pleistocene” by J. Chappell 
(Nature, 219, 36; 1968) “35 per cent” should read “0-35 per 
cent” in the twenty-second line of the third paragraph 
on page 39, and three lines higher the wording should be: 
“with winds blowing to the north’; not “from the north” 
as it says. 


ERRATUM. In the article “Transplantation and Cyto- 
toxicity Changes induced by Acid Mucopolysaccharides”’ 
by Muriel Lippman (Nature, 219, 33; 1968) the beginning 
of the second paragraph should read: “Both the histo- 
chemical observation that applied AMPS can coat cell 
surfaces? and the increased electrophoretie mobility 
produced in a variety of ascites tumour cells after exposure 
to the sodium salt of heparin! suggest that surface coating 
can explain the experimental observations’. In the first 
sentence of the sixth paragraph “100 test substance” 
should be “100, of test substance”, The first sentence of 
the tenth paragraph should read: “Collectively the in- 
creased tumour volume and the shortened survival time 
of animals with YAC ascites tumours shows that pre- 
incubation of the cells with AMPS facilitated the growth 
of these tumours in syngeneic animals”. The author's 
present address is the Department of Pediatries, not 
Zoology, at the University of Chicago. 


CORRESPONDENCE 


De-acceleration 


SIR —Any sectional mterest, scientific or otherwise, can 
always make out a case for a particular project which in 
their eyes is unassailable in logic, virtue and derived 
benefit. 

Advice, bv definition, is an expression of opinion and, 
solicited or unsolicited, is surely not binding on the 
recipient. 

One wonders whether your editorial and the views of 
the eminent professors (expressed in Nature, July 6, 
1968, page 15) would have induced the same inflamed 
passions had the Government been unanimously advised 
not to participate in the 300 GeV accelerator project: and 
yet had decided to support it ? 


Yours faithfully, 


ANTHONY M. Frexe 
Mildura”, 
7 Porchester Road, 
Newbury, Berks. 


On the Codification of Science 


Sig,—-Whatever the truth with respect to the relative 
and absolute growth in the number and size of scientific 
journals’, there is a continuing concern over the scientific 
“knowledge explosion” and its containment. Some of the 
proposed remedies in terms of preprints®, information 
storage and retrieval’ and the proliferation of new 
journals! may mistake thg nature of the disease and help 
to kill’ rather than cure the patient. There is undoubtedly 
widespread agreement on the morbidity of the present. 
system s-§, 

One great addition to the volume of the scientifie 
literature comes from the repetition required not only to 
place a problem in historical perspective but also to 
re-establish the nomenclature and develop the argument. 
from basic premises. How often the author in presenting 
a paper at a learned society meeting uses his few precious 
minutes in once again setting up the problem and leaves 
little or no time for his unique contribution, the solution ! 
This is even more noticeable at interdisciplinary con- 
ferences’, where there is no established symbolism common 
to the different disciplines and each speaker has to relate 


NATURE, VOL. 219, JULY 27. 1968 


his spacing, scattering parameters, ete., to those of the 

preceding speakers. A modest preposal to reduce the 

repetition of spoken and written work is that we “codify”. 
set forth systematically, the accepted state of science at. 

a particular time. 

It is possible to give illustrations of the usefulness and 
overall success of codification in limited fields. For 
example, the work of the International Bureau of W eights 
and Measures and the various national bureaux has been 
basic to the systematic development of modern. science. 
The findings of the bureaux, applied with the natural con- 
servatism of governments, have added the weight of the 
legal code to the force of scientific laws. At another level, 
temporary organizations concerned with the codification 
of science were the committees on the teaching of geo- 
metrical optics which in Britain and the United States 
reduced to order the sign conventions for spherical mirrors 
and lenses. A more recent exam ple of the suecessful pro- 
vision of guide lines for teaching is the work of the 
Coulomb Law Committee of the American Association of 
Physics Teachers”, 

Mathematical and physical tables, handbooks and 
handbiicher are all approaches to codification but handbuch 
articles have not, in general, become the authoritative 
references one might expect. An interesting exception at 
a high theoretical level is Pauli’s relativity article written 
at the age of 21 and published in English™ nearly fifty 
years later. In review articles, Bacher, Bethe and Living- 
ston?? provided a classic of nuclear physics which, because 
of its authority and timing, served a whole generation of 
scholars. Finally, Born and Wolf's Principles of Optics 
can be cited as a treatise which seems to have been 
generally accepted as the codification of its particular 
field. Thus it is quite common for authors and speakers 
to start off scientific papers with a reference to a specific 
equation in this book. In its logical organization, metic- 
ulous attention to detail, comprehensive assessment of 
the literature and frequent revision, it exemplifies the 
codification which might usefully be extended to all fields 
of science. 

In summary, the proposal is that science be re viewed 
and codified by recognized authorities (not necessarily 
committees). The selection of proper authors might serve 
as a legitimate concern and new breakthrough for the 
national and international scientific organization. Codi- 
fication should not introduce an orthodoxy or rigidity in 
science because the acceptance of a particular work would 
depend on its inherent quality and the precise formula- 
tion of the present state of knowledge would facilitate 
argument against as well as for the status quo. The 
foregoing examples are taken from physical science but 
they could be extended to show that such a codification 
would serve science generally. 

WILLIAM J. NOBLE 

Department of Physics, 

Mount Allison University, 

Sackville, New Brunswiek. 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the public) 


Monday, July 29--Wednesday, July 3! 


INSTITUTION OF ELECTRICAL ENGINEERS, CONTROL AND AUTOMATION 
DIVISION (at the National Physical Laboratory, Teddington, Middlesex) 
Conference on “Pattern Recognition”. 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before the 
dates mentioned: : 

RESEARCH ASSISTANT (with an honours degree in botany or equivalent, 
and interest in taxonomy and some knowledge of bryophytes) tp the DEPART- 
MENT OF BoTANY for a project involving floristic and phytogecgraphical 
studiesin antarctic bryophytes—The Assistant Registrar (5), The University 
of Birmingham, PO Box 363, Birmingham, 14 (July 25). ot ae 

DEMONSTRATOR IN PsycHoLOGY—The Registrar, University af Notting- 
ham, University Park, Nottingham (July 29). 

RESEARCH ASSISTANT in the DEPARTMENT OF APPLIED MATHEMATICS for 
duties which will consist primarily of research work and partly tutorial 
teaching work, and assisting in theoretical and experimental investigations 
into the transfer of properties of turbulent boundary layers-—The Registrar, 
University College of North Wales, Bangor, North Wales (duly 29). 

DEMONSTRATOR (graduate in biochemistry or botany (plant physiology), 
but graduates in agricultural botany, agricultural biochemistry or chemistry 
will also be considered) in the DEPARTMENT OF APPLIED BIOCHEMISTRY AND 
Noereirion, for duties which will include assisting with undergraduate 
Gaean. Registrar, The University, University Park, Nottingham 

uly 31). 

EXPERIMENTAL or ASSISTANT EXPERIMENTAL OFFICER to maintain collec- 
tions of cereal varieties and to accumulate and process data of interest to 
‘geneticists and plant breeders; an ASSISTANT EXPERIMENTAL OFFICER to 
assist with the breeding and genetical work on forage kales and oil-seed rape, 
and an ASSISTANT EXPERIMENTAL OFFICER to be responsible for the handling 
of nucleus stocks and the multiplication of field beans, red clover, and other 
forage crops-—-The Secretary, Plant Breeding Institute, Maris Lane, Traump- 
ington, Cambridge (July 31). : , 

LECTURER GRADE H (graduate with a good honours degree in physics or 
chemistry, or an equivalent qualification in an appropriate branch of applied 
science, and preferably previous experience both in lecturing and the photo- 
graphic industry) in PHOTOGRAPHIO SCIENCE AND TECHNOLOGY—The 
Director, The Polytechnic, Regent Street, London, W1 (July 31). | 

RESEARCH CHEMIST (graduate in chemistry or biochemistry with some 
postgraduate experience, preferably in the chemistry of natural products) in 
the DEPARTMENT OF HORTICULTURE, to take part in a research programme on 
factors controlling flowering in higher plants and to undertake some under- 
graduate and postgraduate teaching- The Secretary, Wye College, University 
of London, near Ashford, Kent (July 31). 

ASSISTANT LECTURER (honours graduate with a particular interest in those 
aspects of geology that have a bearing on the geological problems arising 
from mining engineering, civil engineering and the building industry) in the 
DEPARTMENT OF APPLIED GEOLOGY—The Registrar, University of Strath- 
elyde, Glasgow, C1, Scotland (August 3). : 

ASSISTANT EXPERIMENTAL OFFICER (with a degree in botany or zoology) in 
the EcoLoey Division to work with a small team studying the ecological 
efficiency of meat and wool production from pasture—The Secretary, The 
Grassland Research Institute, Hurley, Maidenhead, Berkshire (August 5). 

RESEARCH ASSISTANT (with a qualification in botany, agricultural botany, 
or ecology, and preferably some postgraduate experience) to investigate the 
influence of shelter from wind on the growth and production of hill pasture; 
and a RESEARCH ASSISTANT (with a qualification in economics oF a gricultural 
economics, or a degree in which the study of economics formed a major 
part) to investigate the economic value of shelter in relation to land use, 
eapecially in relation to the management of hill stock farms—-The Secretary, 
Department of Forestry and Natural Resources, The University of Edin- 
burgh, King’s Buildings, West Mains Road, Edinburgh, 9, Scotland (August 


TEMPORARY ASSISTANT LECTURER (preferably with a special interest in 

porocni philosophy) in PurLosopmy—The Registrar, The University of 
nchester, Manchester, 18, quoting Ref. 137/68 (August 7). 

LECTURER (preferably with interests in cytophysiology, virology, bacterio- 

hage and/or microbial variations) in MicROBIOLOGY at the University of 
Sydney, Australia—The Association of Commonwealth Universities ( Branch 
emae, Relais House, Pall Mall, London, SW1 (Australia and London, 

ugust 2). 

_LecTURER/SENIOR LECTURER (preferably with research interests in cell 
biology, biophysics, plant morphogenesis or algology) in Boraxy at the 
University of Sydney, Australia—‘The Association of Commonwealth Uni- 
versities (Branch Office), Marlborough House, Pall Mall, London, Swi 
(Australia and London, August 9). 

LECTURER (with a higher degree or a good honours degree in education and 
preferably experience in teacher training and education administration) in 
EDUCATION at the University of Queensland, Australia—The Secretary- 
General, Association of Commonwealth Universities (Branch Office), Marl- 
borough House, Pall Mall, London, SW1 (Brisbane and London. August 9). 

ASSISTANT LECTURER (with medical qualifications registrable in the UK or 
with appropriate non-medical qualifications) in PHARMACOLOGY—The 
Registrar, The University of Manchester, Manchester, 13, quoting Ref. 
133/68 (August 10). 

LECTURER IN COMPUTER SCIENCE in the ComprTER Unit within the 
DEPARTMENT OF MATHEMATICS—-The Registrar, University Senate House. 
Bristol, 2 (August 10). 

LECTURER (metallurgist or physical chemist with an interest in thermo- 
dynamics) in EXTRACTION METALLURGY—-The Registrar, University of 
Strathelyde, George Street, Glasgow, C1 (August 10). ; 

LECTURER or ASSISTANT LECTURER (with a good honours degree in engin- 
eering, mathematics or physics and preferably an interest in one or other of 
the following: machine tools and numerical control, metal deformation, 
work study, ergonomics, management systems} in PRODUCTION ENGINEERING 
in the DEPARTMENT OF PRODUCTION AND PRODUCTION MANAGEMEN1—The 
oo University of Nottingham, University Park, Nottingham (August 

LECTURER (with some postgraduate experience in research, teaching or 
management) in AGRICULTURE (Animal Husbandry)-—-The Secretary, 


Ags 


University of Edinburgh, Old College, South Bridge, Edinburgh (August ih, 

SYSTEMS PROGRAMMER in the University COMPUTER UNIT, for euties 
which will include the production of software to link remote data subste JORNS 
with a large central machine—The Registrar, University Senate Bouse, 
Bristol, 2 (August 10). 

LECTURER (with a distinguished academic record and preferably a medical 
qualification) in the SCHOOL OF ANATOMY, University of New South Wales, 
Australia—The Association of Commonwealth Universities (Branch Ofice), 
ey eoeenen House, Pall Mall, London, SW! (Australia and London, August 

$ 

MEDICAL OFFICER (Research Pharmacclogist) (registered medical prac- 
titioner, man or woman, aged at least 28, with a knowledge of pharmacology, 
physiology, and biochemistry, and preferably experience of clinical responsi- 
bility in pharmacological trials, particularly with drags which effect 
behaviour, and research experience with the use of standard mammalian 
experimental techniques) with the Ministry of Defence (Army Departmen pio 
undertake investigations into clinical and general pharmacology and to take 
charge of a section of medical and pharmacological rescareh-—The © 





Hvi 
er Commission, Savile Row, London, W1, quoting Ref. 6057/65 (Angust 

STAFF TUTOR in MATHEMATICS in the DEPARTMENT OF EXTRA-MURAL 
SruDIEs—The Registrar, The University of Manchester, Manchester, 13, 
quoting Ref. 135/68 (August 12). 

TEMPORARY LECTURER in APPLIED Matuematics—The Registrar, The 
University, Newcastle upon Tyne (August 32). 

LECTURER IN PaTHoLOGY—The Secretary, 
Belfast, Northern Ireland (August 15). 

FIELD ASSISTANT (preferably male, with a good honours degree in a geo- 
graphical subject with human/geographical interests) at the Leonarc Wills 
Field Centre, Nettlecombe Court, Somerset-—-The Scientific Director. Field 
Studies Council, 9 Devereux Court, Strand, London, WER (August 17). 

LECTURER GRADE I and/or II (preferably with particular interests Of 
qualifications in medical laboratory techniques or applied aspects af blo- 
chemistry andjor physiology) in ZooLocy in the Bro,ocy and GEOLOGY 
DEPARTMENT—The Secretary, Norwood Technical College, Knight's Hall, 
London, SE27 (August 19). 

RESEARCH ASSISTANT (with a good honours degree in payeholuty oF 
linguistics and preferably an interest in psycholinguistics and a good know- 
ledge of French) in the DEPARTMENT OF PSYCHOLOGY to work on 4 project 
studying the performance of conference interpreters--The Registrar and 
Secretary, University of Durham, Old Shire Hall, Durham (August 19). 

SENIOR LECTURER (with high academic qualifications and wide experience 
in teaching and research in a university in any one of the following: fields: 
epidemiology, maternal and child health, medical statistics, preventive 
medicine, public health administration or any combination of the above) in 
SOCIAL AND PREVENTIVE MEDICINE, at the University of Malays--The 
Association of Commonwealth Universities (Branch Office), Marlborough 
House, Pall Mall, London, SW1 (August 19). 

The 


ASSISTANT LECTURER IN PsyCcHOLOGY-~~—The 
University, Belfast, Northern Ireland (August 26). 

WOLFSON RESEARCH LECTURER (medically qualified with a particular 
interest in biochemistry in relation to medicine or surgery) in BIOCHEMISTRY 
to take part in the teaching activities of the DEPARTMENT OF BIOCHEMISTRY 
—-Mr W. F. Davis, Secretary, Institute of Basic Medical Sciences, Royal 
is of Surgeons of England, Lincoln’s Inn Fields, London, WC? August 

CHAIR OF GEOLOGY—The Registrar, University College of Swansea,.Singhe- 
ton Park, Swansea, South Wales (August 29). 

READER (Clinical) or SENIOR LECTURER (Clinical) in PAEDIATRIC 
PSYCHIATRY in the DEPARTMENT OF CHILD HEALTH and the DEPARTMENT OF 
PSYCHOLOGICAL MEDICINE, University of Queensland, Australe- Phe 
Secretary-General, Association of Commonwealth Universities (Branch 
Oftice), Marlborough House, Pali Mall, London, SW1 (London and Brasbane, 
August 30). -.. & 

ASSISTANT UNDER-LIBRARIANS (2) (qualified and experiencec)—The 
Librarian, University Library, Cambridge (August 31). 

DEMONSTRATOR (with a good honours degree in soi] science of an approp- 
riate field of chemistry) in the DEPARTMENT of PuystonoGy and ErvIKnon- 
MENTAL STUDIES, to assist with the practical teaching of soll sciemee and 
physical chemistry--The Registrar, University of Nottingham, University 
Park, Nottingham (August 31). . 

LECTURER (or Associate Professor) in Statistics at the Univesity of 
Otago, Dunedin, New Zealand—The Secretary-General, Association of 
Commonwealth Universities (Branch Office), Marlborough House, Pell Mail, 
London, SW1 (New Zealand and Landon, August 31). l 

LECTURER (with at least an honours degree in pharmacy or an kononrs 
degree in chemistry with a diploma in pharmacy) in PHARMACY at Rhodes 
University, Grahamstown, South Africa-——The Secretary-General, Asseciation 
of Commonwealth Universities (Branch Office), Marlborough House, Pall 
Mall, London, SW1 (South Africa and London, August 31). 

PROFESSOR/SENIOR LECTURER in STATISTICS; and a SENIOR LECTURER/ 
LECTURER in COMPUTER Scrence at Rhodes University, Graharastown, 
South Africa—The Association of Commonwealth Universities Branch 
Office), Marlborough House, Pall Mall, London, SW1 (South Africa and 
London, August 31). 

SENIOR LECTURER/LECTURER; LECTURER/JUNIOR LECTURER (two posts): 
and a TECHNICAL Assistant (Grade A)in the DEPARTMENT OF PSYCHOLOGY, 
Rhodes University, Grahamstown, South Africa—The Association ef Com- 
monwealth Universities (Branch Office), Marlborough House, Pad Mall, 
London, SW1 (South Africa and London, Angust 31). 

TEMPORARY LECTURER or ASSISTANT LECTURER in ORGANIC CHEMISTRY 
The Seeretary, The University, Dundee. Scotland (August 31). 

CHAIR OF CHEMISTRY—The Registrar, University College 
Aberystwyth (September 6). 

CHAIR OF RESTORATIVE DENTISTRY-~-The Secretary, The 
Edinburgh (September 14). . 

READER IN PLANT PHYSIOLOGY in the DEPARTMENT oF Botana—The 
Registrar, University of Liverpool, PO Box 147, Liverpool, quoting Ref. 
RV/588 (September 30), 

ASSISTANT EXPERIMENTAL OFFICER/EXPERIMENTAL OFFICER (with a posë 
degree or HNC in chemistry with some knowledge of botany) at the Foop 
RESEARCH INSTITUTE, Norwich, to take part in a programme of physiological 
and biochemical investigations of plant respiration—-The Secretar”, "ood 
Research Institute, Low Temperature Research Station, Downing Street, 
Cambridge, quoting Ref. 67/68. 

ASSISTANT LECTURER (preferably with an interest in protozooingy} in 
ZOOLOGY-—-The Registrar, University of Manchester, Manchester, 18, quoting 
Ref. 129/68. 

CHIEF TECHNICIAN J, and Sexton TECHNICIAN in the DEPARTMENT OF 
CLINICAL CHEMISTRY—- Dr Horn, Department of Clinical Chemistry, Northern 
General Hospital, Ferry Road, Edinburgh, 5, Scotland. 
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COMPUTER ASSISTANT and SENIOR COMPUTER ASSISTANT {graduates with 
mathematics as a principal subject) in the COMPUTER LABORATORY for duties 
which will include assisting with the programming of research projects, 
advising on programming problems, and the development of special purpose 
software--The Registrar, The University, Leicester, 

LECTURER (graduate with special interests in ey tology and/or experimental 
peat ha in the DEPARTMENT OF BotaNy—The Registrar, The University, 

sicester, 

LECTURER (preferably man, with an MSe or PhD degree in plant taxonomy 
of plant morphology) in Taxonomy at the University of Chiengmai, Thailand 
-Ehe Appointments Division, The British Council, 65 Davies Street, 
London, W1. 

LECTURERS ASSISTANT LECTURERS (2) (with particular interests in one or 
more of the following: sociological theory, research methods, industrial 
sociology, political sociology) in SocloLooy—The Registrar (S), The Uni- 
versity, Claverton Down, Bath, Somerset. 

NERC RESEARCH STUDENT (with a first- or second-class degree in a bio- 
logical science) in the DEPARTMENT OF BOTANY (the field of work will be the 
ecology of marine phytopiankton)—Dr J. D. Dodge, Department of Botany 
Birkbeck College (University of London), Malet Street, London, WC1. 

RESEARCH ASSISTANTS (2) to work under Professor W. D. P. Steward on 
environmental aspects of nitrogen fixation by hiue-green algae—The Secre- 
tary, The University, Dundee, Scotland. 

RESEARCH FELLOW or JUNIOR RESEARCH FELLOW (with a degree in plant 
pathology, preferably with specialization in plant viruses and experience with 
tropical crops) in PLANT VIROLOGY in the DEPARTMENT OF CROP SCIENCE, 
University of the West Indies, Trinidad—The Inter-University Council, 33 
Bedford Place, London, WCL. 

RESEARCH STUDENTS (2) (with a first- or upper second-class honours degree 
in botany) in the DEPARTMENT OF BOTANY to undertake research in one of the 
following fields: experimental, numerical or biochemical taxonomy; physio- 
logical ecology; electron microscopy; palaeobotany;: eytogenetics-—Pro- 
fessor V. H. Heywood, Department of Botany, The University, London 
Road, Reading, Berkshire. 

SENIOR LECTURZR/ LECTURER (with a first- or second-class honours degree 
or equivalent or hizher qualification in mechanical engineering, together with 
practical experience agsociated with that of the Chartered Engineer) in the 
DEPARTMENT OF MECHANICAL ENGINEERING to teach students at present 
reading for the London External Degree in Engineering and to students 
admitted to the CNA (Shrivenham) degree courses—The Registrar, Royal 
Military College of Sciences, Shrivenham, Swindon, Wilts. 

TEMPORARY ASSISTANT LECTURER in the DEPARTMENT OF Paysics-—The 
Registrar, The University, Leicester. 
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Some Statistical Concepts and their Application. By Professor D. R, Cox. 
(Inaugural Lecture, 9 May 1967.) Pp. 75-90. 38. Mining Geology in Prospect. 
By Professor G. R. Davis. (Inaugural Lecture, 6 June, 1967.) Pp. 91-108 +8 
plates. 4s. (London: Imperial College of Science and Technology, 1968.) {27 

Science Research Council. The Work of the Rutherford Laboratory in 
1967. (RHEL/R 160.) Edited by A. P. Banford and F. M. Telling. Pp. 114. 
(Chilton, Didcot: Rutherford High Energy Laboratory, 1968. Available 
from H.M. Stationery Office.) 15s. net. [27 

Forestry Commission Booklet No. 21: Public Recreation in National 
Forests: a Factual Study. By W. E. S. Mutch. Pp. 100. (London: H.M. 
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Bulletin of the British Museum (Natural History). Botany. Vol. 4, No. 3: 
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97-141, 19s. Entomology. Vol. 22, No. 4: Hymenoptera from Turkey, 
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(Natural History), 1968.) [47 

Proceedings of the Royal Irish Academy. Vol. 66, Section A, No. 3: 
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66, Section A, No. 5: Electrostatic Deposition in Ionic Diffusion Experi- 
ments. By F. Anderson, P. J. Nolan and T. C. O'Connor. Pp. 69-78. 38. 
Vol. 66, Section A, Na. 6: Properties of the Exceptional G,-Lie Group, By 
J. McConnell. Pp. 70-92. 4g, Vol. 66, Section A, No. 7: Model of a Spinning 
Body Without Gravitational Radiation. By E. Pechlaner and J. L. Synge. 
Pp. 93-104. 33. Vol. 66, Section B, No. 4: The Structure of Some Ulex galii 
Heaths in Eastern Ireland. By 8. C. Clark. Pp. 43-52 + plates 3 and 4. 4s, 
Vol, 66, Section B, No. 5: The Geology of the Lienster Granite in the 
Enniskerry-Lough Dan Area, Co. Wicklow. By P, M. Bruck. Pp. 58-704 
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United States Department of Commerce. National Bureau of Standards 
Monograph 110: Infrared Spectroscopy of Carbohydrates—a Review of the 
Literature. By R. Stuart Tipson. Pp. iii +21. (Washington, D.C.: Govern- 
ment Printing Offiee, 1968.) $030. [17 

World Health Organization. Public Health Papers, No, 34: Principles 
and Practice of Screening for Disease. By J. M. G, Wilson and G. Jungner. 
Pp. 163. (Geneva: Worid Health Organization; London: H.M. Stationery 
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Biochemicals for Research/?968. (Reference Guide and Price List No. 138.) 
Pp. 176. (New York: Mann Research Laboratories, Division of Becton- 
Dickinson and Company, 1968.) 1? 

Annual Report of the Inter-American Tropical Tuna Commission, 1967. 
Pp. 143. (La Jolla, California: Inter-American Tropical Tuna Commis- 
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Bulletin of the Florida Stats Museum— Biological Sciences. Vol. 12, No. 1: 
Variation and Evolution of the Gulf Coast Populations of Beach Mice, 
Peromyscus polionatus. By W. Wedgwood Bowen. Pp. 1-02. Vol. 12, No. 2: 
A Review of the American Lizards of the Genus Yenosaurus Peters. By 
Wayne King and Fred G. Thompson. Pp, 93-123, (Gainesville, Florida: 
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APPOINTMENTS VACANT 
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UNIVERSITY OF MANCHESTER 
INSTITUTE OF SCIENCE 
AND TECHNOLOGY 


Applications are invited for the posts of 
SENIOR EXPERIMENTAL OFFICER and 
EXPERIMENTAL OFFICER in the DEPART- 
MENT OF CHEMISTRY, to carry out research 
and development work on organic compounds, 
new inorganic and organometallic compounds, 
new polymers, new monomers, polymerisation 
and technological studies including as necessary 
the utilisation of the new Chemical Technology 
Laboratories which have been constructed as 
part of the new Chemistry Building. Candidates 
should have enthusiasm, distinct skill in experi- 
mental chemistry, an ability to accept responsi- 
bility, and a sound working knowledge of chemi- 
cal theory. Salary range. Senior Experimental 
Officer, £1,450 to £2,200. Experimental Officer, 
£920 to £1,525. Federated Superannuation 
System for Universities. 

Conditions of appointment and form of appli- 
cation may be obtained from The Registrar, The 
University of Manchester Institute of Science 
and Technology, Sackville Street, Manchester 1, 
to whom applications should be returned as soon 
as possible. Initial application to the Registrar 
should be clearly marked “S.E.O. Research and 
Development” or “E.O. Research and Develop- 
ment.’ (299) 
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RHODES UNIVERSITY 
GRAHAMSTOWN, SOUTH AFRICA 
Applications are invited for the posts of: 
PROFESSOR /SENIOR LECTURER IN 
STATISTICS 
SENIOR LECTURER/LECTURER IN 
COMPUTER SCIENCE 

from January 1, 1969. 


The salary scales are: Professor, R5,400 by 
R300 to R7,200 per annum. Senior Lecturer, 
R4,350 by R150 to R4,800 by R300 to R5,706 
per annum. Lecturer, R3,150 by R150 to 
R4.800 per annum. (Note: R1i—~approximately 
tis 7d sterling.) A vacation bonus is also pay- 
able. Previous experience and qualifications may 
be taken into account in determining the com- 
mencing salary and the persons appointed will 
become members of the University’s pension and 
medical aid schemes. 

Full particulars and application forms may be 
obtained from the Association of Common- 
wealth Universities (Branch Office), Marlborough 
House, Pall Mall, London, S.W.1. Applications 
ae on South Africa and London on August 

i 8. 
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UNIVERSITY OF READING 


DEPARTMENTS OF BOTANY AND 
AGRICULTURAL BOTANY 


ELECTRON MICROSCOPY 


Applications are invited for the post of 
EXPERIMENTAL OFFICER (£1.365 to £1,735 
per annum) or ASSISTANT EXPERIMENTAL 
OFFICER (£568 to £1,243 per annum) to be 
responsible for the supervision and running of 
the JSM-2 Scanning Electron Microscope. Ex- 
perience of electron microscopy and preparative 
techniques is desirable. Candidates should be 
prepared to undertake technical training in the 
use of the ISM-2 microscope which will be 
arranged with the manufacturers. Candidates 
should possess a pass Degree or H.N.C.. or 
equivalent qualification in an appropriate subject. 

Applications, quoting M.6, to Assistant Bursar 
(Personnel, University of Reading. Reading. 

£32253 





Stoke Poges, Bucks 


Glaxo Research Ltd. 


Fermentation Research 
Ph.D. Biochemist 


-.. to take charge of one of a number of research projects in the 


assistants. He should be interested in working with biological products 
from micro-organisms and preferably should have had experience 


in enzymology. 


We pay progressive salaries and offer excellent working conditions and 
fringe benefits including pension and bonus schemes. Please write 


quoting reference U. 692 to the Senior Personnel Officer (GIB), 


y 


Glaxo Laboratories Ltd., Greenford, Middlesex. 


UNIVERSITY OF LIVERPOOL 
DEPARTMENT OF BOTANY 


READER IN PLANT 
PHYSIOLOGY 


Applications are invited for the post of 
Reader in Plant Physiology in the Depart- 
ment of Botany. Applicants should pre- 
ferably be interested in biophysical or 
mathematical approaches to the subject, 
but those with other interests are also 
The Department is large. 


invited to apply. 
with five Physiologists, including Professor 
D. H. Jennings, already on the staff and 
a strongly developed experimental ap- 


in general. Salary 
to £3,415 per 


proach to botany 
within the range £2,790 
annum. 

Applications, stating age, qualifications 
and experience, together with the names 
of three referees should be received not 
later than September 30, 1968, by the 
Registrar, University of Liverpool, PO Box 
147, Liverpool, from whom further par- 
ticulars are available. Please quote ref.: 
RV/S588/N. (300) 


UNIVERSITY OF MANCHESTER 
INSTITUTE OF SCIENCE AND 
TECHNOLOGY 


SENIOR TECHNICIAN 


A Senior Technician is required in the Depart- 
ment of Chemistry. Applicants should be jnter- 
ested in instrumental methods of analysis and, 
although training will be given previous experi- 
ence of this type of work would be an advan- 
tage. 

Age Limit: 25 to 54 years. 

The salary will be within the scale £957 to 
£1,275 per annum according to qualifications and 


experience, 
Five-day, 37i-hour week. Superannuation 
scheme. Canteen facilities. 


Requests for Application Forms quating Refer- 
ence No. CH 36 should be sent to the Bursar, 
The University of Manchester Institute of Science 
and Technology, Room M2, Velvet House, Sack- 
ville Street, Manchester 1. Completed Forms to 
be returned not later than August 12, 1968. 

(339) 


Biochemistry Section, in which he would be supported by technical 
| 
i 





UNIVERSITY OF 
NOTTINGHAM 


DEPARTMENT OF PRODUCTION 
ENGINEERING AND PRODUCTION 
MANAGEMENT 


LECTURER or ASSISTANT LEC. 
TURER in PRODUCTION ENGINEER. 
ING in the Department of Production 
Engineering and Production Management, 

Qualifications: Good Honours Degree 
in Engineering, Mathematics, or Physics. 


An interest in one or other of the follow. 


Machine 
Metal Do 
Ergonomics: 


ing wouki be an advantage: 
Tools and Numerical Control: 
formation: Work Study: 
Management Systems. 

Salary: Lecturer £1,470 to £2,630 per 
annum. Assistant Lecturer £1,105 to 
£1,340 per annum. Initial appointment 
salary will be made within the above range 
according to age and experience. 

Details from: The Registrar, University 
of Nottingham, University Park, Notting- 
ham, NG? 2RD. 

Closing date for applications: August 19, 
968. 3373 





LECTURER IN COMBUSTION 
PHYSICS 
IMPERIAL CGLLEGE., LONDON, SW.. 


Applications are invited for the above, Duties > 


include tutoriais, research and rasizraduate 
teaching in high temperature fame physics fr 
cluding plasma jets and lager techniques and 
same lecturing on radiation in undergraduate 
Chemical Engineering Honours degree COHITSE 
Full curriculum vitae with names and addreases 
of two referees to Professor A. R. Ubbelohkde 
F.R.S., Department of Chemical Engineering 
and Chemical Technology. (3053 





autoradiography. 
preferred. 
Fringe benefits. 
Applications, in writing, to the Administrator. 
Department of Human Anatomy, South Parks 
Road, Oxford. {9323 
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Pharmacologist 


We have a vacancy for a pharmacologist with a special interest 

in Neuropharmacology in our pharmaceutical research laboratory. 
We anticipate that the successful applicant will have had some 
experience in industrial or academic research, 


Our laboratories are new, well equipped. and set in very pleasant 


country surroundings. 


We are offering challenging work, a good salary and there is an 
excellent company pension scheme. 


Personnel Manager, 





Application forms are available from the 


Horlicks Pharmaceuticals Limited, 


Orchard Lea, Winkfield, Windsor, Berkshire 


(344) 


RUMINANT NUTRITIONIST— 
ASSISTANT PROFESSOR 


The Department of Animal Science, Ontario Agricultural College, University of 
Guelph, Ontario, Canada, requires a faculty member for teaching and basic research 


in ruminant nutrition. 
various avenues of investigation. 


Modern chemical and anima! laboratories will be available for 


Candidates must have a Ph.D. or the equivalent with major emphasis in nutrition 


and tiochemistry. 
experience. 


Salary will be commensurate with educational qualifications and 


NON-RUMINANT NUTRITIONIST— 
ASSISTANT PROFESSOR 


The Department of Animal Science, Ontario Agricultural College, University of 
Guelph, Guelph, Ontario, Canada, requires a faculty member for teaching and basic 


research in noa-ruminant nutrition, particularly swine. 


Modern chemical and animal 


laboratories will be availabie for various avenues of investigation with initial priority 
of investigation being in the area of minerals and vitamins. 


Candidates must have a Ph.D. or the equivalent with major emphasis in nutrition 


and biochemistry. 
experience, 


Salary will be commensurate with educational qualifications and 


Persons interested in either position are invited to send curriculum vitae, grade 
transcripts, lists of publications and references, special qualifications and interests te: 


(334) 


UNIVERSITY OF MANCHESTER 
INSTITUTE OF SCIENCE AND 
TECHNOLOGY 
TECHNICIAN 
A Technician is required in the Department of 
Chemistry to work with a research team on in- 
teresting preparative organic and inorganic chem- 
istry. Knowledge of chemical theory to O.N.C. 
ievel is desirable but emphasis will be placed on 
practical ability. Applicants should be over 2I 
years of age. . 
Salary Scale. The salary will be within the 
scale £692 to £1,057 per annum according to 
qualifications and experience. Five-day. 374-hour 
week. Superannuation Scheme. Canteen facili- 

ties. 

Requests for Application Farms quoting Refer- 
ence No. CH 37, should be sent to the Bursar. 
The University of Manchester Institute of Science 
and Technology, Room M2, Velvet House, Sack- 
ville Street. Manchester 1. Completed Forms to 


be returned not later than August 12, 1968. 
l (325) 


Dr. J. C. Rennie, 
Chairman of Department. 


RHODES UNIVERSITY 
GRAHAMSTOWN, SOUTH AFRICA 
JUNIOR LECTURER/LECTURER IN 

MICROBIOLOGY 

Applications are invited for the above-men- 
tioned post. Applicants should have an interest 
in microbial biochemistry/genetics and/or vir- 
ology. They should also have research experi- 
ence and possess at least an honours degree. 
The salary scales are: Junior Lecturer, R2,550 
by RIiS68 to R314150 per annum. Lecturer, 
R3,150 by RISO to R4,800 per annum. (Note: 
Ri--approximately tis 7d sterling) A Junior 
Lecturer is appointed for a maximum period of 
three years with the possibility of promotion to 
4 permanent post of Lecturer thereafter. The 
initial salary in either grade will be determined 
according to qualifications and experience. 

Further particulars and application forms may 
be obtained from the Association of Common- 
wealth Universities (Branch Office), Mariborongh 
House, Pall Mall, London, S.W.1. Applications 
close in South Africa and London on October 
31, 1968. (302) 


WOOLWICH POLYTECHNIC. 
LONDON S.E.18 
CHEMISTRY DEPARTMENT 
invited for 


Applications are the posts of 


CHIEF LABORATORY 
TECHNICIAN 


LABORATORY TECHNICIAN 


The Chief Laboratery Technician will be 
responsible to the Head of Department for 


the efficient running of the teaching 
laboratories and the organisation and 
supervision of laboratory staff. Candid- 


ates should have had considerable experi- 
ence in a University or Technical College 
and preferably hold the C.G.L.1E. or LS.T. 
Advanced Certificate or H.N.C. or equiv- 
alent qualification. 

The Laboratory Technician will work 
in the radiochemical laboratories of the 
(chemistry Department. Experience in 
radiochemical techniques would be an ad- 
vantage but is not essential, Preference 
will be given to applicants holding the 
CGL or LS.T. Intermediate Certificate 
or an equivalent qualification. 

Salary scales: Chief Laboratory Tech- 


niclan—-£1,355 to £1,334. Laboratory 
Fechnician—£750 (unqualified) to £1,115 
(qualified), both according to age and 
qualifications. 


Particulars and application form, to be 
returned by August 30, 1968, from Clerk 
to the Governing Body, Woolwich Poly- 
technic, Wellington Street, London S.E.18. 

(315) 


UNIVERSITY OF LONDON 
KING’S COLLEGE 


DEPARTMENT OF BIOCHEMISTRY 


Applications are invited for the follaw- 
ing vacancies in the Department of Bio- 
chemistry: (2) LECTURER ; (h JUNIOR 
LECTURER ; (© POST-DOCTORAL RE- 
SEARCH WORKER to join the Medical 
Research Council Research Group on Con- 
trol of Protein Biosynthesis. 

The Department has teaching responsi- 
bilities in the Faculties of Medical Science 
and Natural Science and provides courses 
for Second M.B. and B.Sc. students, 
There are good facilities for research and 
the main interests of members of the staff 
are in the field of nucleic acids and pro- 
teins. 

Salary scales: (a) Lecturer, £1,894 to 
£7,620, plus £60 London Allowance, (hb) 
Junior Lecturer, £1,415 to £1,774 plus £60 
London Allowance; (c) Research Worker, 
within the range £1,400 to £1,600. F.S.S.U, 
benefits will be payable. 

Conditions of Appointment and applica- 
ten forms may be obtained from the 
Registrar, King’s College London, Strand, 
London, W.€.2, and should be returned to 
him by August 15. (322) 





UNIVERSITY OF EAST AFRICA 
UNIVERSITY COLLEGE, NAIROBI 
DEPARTMENT OF MECHANICAL 

ENGINEERING 

Applications are invited for LECTURESHIP 
IN METALLURGY AND PROPERTIES OF 
MATERIALS. Applicants should have good 
qualifications in Engineering with a special in- 
terest in materiais (preferably metallic and non- 
metallic) or be qualified in Metallurgy or 
Materials Science with a strong interest in En- 
gineering applications. Appointee may be asked 
to teach other courses in the Department depend- 


ing upon his qualifications. Salary scale: 
£RAI,350 to £EA2,230 per annum fone EA 
shilling = is, 2d. sterling). Salary supplemented 


in appropriate cases under British Expatriates 
Supplementation Scheme in range £345 to £410 
per annum (sterling). Expatriates are usually ap- 
pointed on two-year tours. F.S.S.U). Subsidised 
accommodation. Passages for appointte and 
family Gap to five adult passages) on appointment 
and termination. 

Detailed applications (ix copies), naming three 
referees as soon as possible to Inter-Usiversity 
Council, 33 Bedford Place, London, WCE 
from whom particulars are available. (346) 
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NATURE 


What the Pope Expects 


Nature has no natural interest in religious matters, 
which is another way of saying that readers do not 
look to it for information about theology and related 
subjects. Papal encyclicals are not usually reviewed, 
and there is much in what the Pope had to say in Rome 
on Tuesday this week which is entirely outside those 
fields in which scientists, as scientists, can reasonably 
hope to exercise their natural curiosity. It is, however, 
a fact that one part of the encyclical is addressed “To 
men of science”, and there is no doubt that the practical 
consequences of what the Pope has said could turn 
out to be extremely serious and in conflict with the 
aspirations if not the achievements of a good deal of 
scientific endeavour in recent years. Although some 
have compared the Pope’s proscription of contracep- 
tion with the trouble about Galileo 350 years ago, that 
parallel is not particularly convincing, but there is no 
question that this pronouncement could easily turn 
out to be a powerful brake on the steady process of 
improvement which has now begun in less fortunate 
parts of the world. Everything will depend on how 
much weight the encyclical will carry. 

The essence of the Pope’s position is that of his 
predecessors going back to 1930, when the traditional 
position of the Catholic Church was spelled out by 
Pope Pius XI—at a time of shrinking populations in 
Europe and elsewhere. Briefly, there is a distinction 
between the exploitation for the purposes of infecundity 
of the infertile periods between menstrual cycles and 
the use of chemical or other artefacts. Infecundity by 
natural methods is permissible, but everything else is 
bad. The exhortation to scientists in the encyclical 
takes the form of a plea for research into “the various 
conditions favouring a proper regulation of births”, so 
as to “contribute to demonstrate in actual fact” the 
doctrine that “a true contradiction cannot exist be- 
tween the divine laws pertaining to the transmission 
of life and those pertaining to the fostering of authentic 
conjugal love”. 

The trouble here, in part, is the difference between 
a theoretical and a practical solution. Undoubtedly a 
will be obtained in the course of time—and there will 
be better ways of detecting the onset of ovulation than 
the bedside thermometer. But the problem with the 
natural rhythm method of contraception is that it does 
not work well or easily among less favoured popula- 
tions. And for all the opposition to the Pope’s encyclical 
which has sprung up in the past few days, from 
Catholics and others, the chances are that populations 
in prosperous countries will be much less seriously 
hampered by the new edict than those less able to 
speak up for themselves. 


This is where the Pope's doctrine is thinnest. He 
acknowledges that some countries have demographic 
problems, but asks that governments should deal with 
them by “a provident policy for the family... a wise 
education of peoples in respect of the moral law and 
the liberty of citizens”. It is fair to acknowledge that 
the threat of sheer starvation has long since been 
displaced from the head of the list of demographic 
troubles by the fear that the pressure of population 
on an impoverished community may keep whole popu- 
lations in thrall in a kind of poverty unknown among 
industrialized societies since the beginning of the indus- 
trial revolution. In circumstances like these, provident 
policies for families are already acknowledged to be 
necessary-—-which does not mean that they are easily 
designed or implemented. In several countries---those 
in South America, for example—the promise of com- 
paratively simple contraception has recently seemed 
one way in which the vicious cycle of poverty and 
population might be broken. The fact that agricul- 
ture in some developing countries is at last showing 
real signs of progress can hardly be held to be a 
compelling argument. Most probably. the problem 
will only be solved if population growth can be 
stemmed at the same time as food production is 
increased. 

What is now to be done? The most immediate 
danger is that the new enevyclical may impede the 
liberal attempts which have been or are being mounted 
by all kinds of organizations to make birth contro! 
more easily usable in several of the countries which 
need it most. Reports of the incidence of abortion in 
some places (see page 428) are by themselves a vivid 
indicator of how much there is to do. No doubt it 
will now be harder for those governments which would 
like more liberal legislation on birth control to get 
more liberal rules adopted. International and private 
agencies will at the same time find it harder to win the 
open support of many governments in countries where 
there is a need of help. In the circumstances, it is 
hard to know what can be done. It would, of course, 
be folly to expect that the hard line on contraceptives 
will soon be relaxed, though it is not unreasonable to 
hope that governments will be able to make a resolute 
response to it. It is of course quite proper that 
Catholics should do as they wish, or even as they are 
told, but governments must surely take steps to safe- 
guard the rights of non-Catholics even when these are 
the sting out of a pronouncement which seems un- 
necessary, which is certainly needlessly harsh in tone 
and which will otherwise be remembered as an exceed- 
ingly illiberal development. 
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Medical Research Continued 


Ir the publication of the annual report of the Medical 
Research Council (HMSO, £1 11s.) provided a special 
sense of occasion this year, at least a part of the reason 
is that Sir Harold Himsworth is about to retire as 
secretary of the council. His departure after 19 years 
in that post is bound to be a sad occasion, both for 
the council itself, for its staff and for the growing band 
of pensioners now dependent for their research on the 
MRC and its predominantly good works. Im many 
ways, the council as it is at present owes a great deal 
to the way in which Sir Harold has built it up over the 
years. It is natural that people should be asking how 
the council will change when Sir Harold retires, pos- 
sibly at the end of this month, but it would be wrong 
at the same time not to remember that the building 
up of the MRC has been a very considerable and 
intensely personal public service for which both the 
health services and research workers will long be 
grateful. 

The occasion is also memorable because the council 
went out of its way to answer some of the charges 
which have been made that it is accustomed to play 
its cards too close to its chest (see Nature, 215, 567: 
1967). To be sure, the report itself differs very little 
from its predecessors—it is crammed with news of 
what the council is doing but only sparsely provided 
with statements of why resources have been so com- 
mitted. This time, however, there have at least been 
some meetings with journalists and there is—as always 
-enough factual information in the report to let 
people ask some of the questions which need urgently 
to be answered. 

The first thing to be said is that the council continues 
to be remarkably successful in its attempts to win 
money from the British Government. In the past 
5 years, expenditure has never risen less quickly than 
by 15 per cent a year in money terms, and the sustained 
increase of expenditure in real terms lies between 10 
and 15 per cent a year over the same period. More- 
over, the council staff seems confident that these in- 
creases will continue. Sir Harold Himsworth was 
saying on Tuesday this week that there is a strong case 
for increases of up to 20 per cent in each of the next 
few years. The pattern for the current year (beginning 
last April) bears out his optimism, and the £16 million 
odd which the council has asked for during the year 
beginning April 1969 will—if granted—imply that the 
scale of the council’s operations has doubled in 5 years. 
It is true, of course, that the season of estimates and 
budgets now approaching may be tougher than those 
which Sir Harold Himsworth and his men have survived 
in the past several years. Certainly the other research 


councils are not at present bursting with the kind of 


optimism which was in evidence this week. Even last 
year, now in retrospect a comparatively lush time for 
spending on research, the total expenditure of all the 
research councils increased by rather less than 10 per 
cent. Those searching for gloomy portents may also 
recall that the original Swann proposals for the 300 GeV 


machine were based on the assumption that high energy 
physies would not permanently overshadow the rest 
of science if expenditure could go on growing at 9 per 
cent a year. In spite of devaluation, which slightly 
tipped the scales against the CERN accelerator, the 
xovernment’s decision not to participate is bound to 
be read as a sign that 9 per cent is not assured. Nobody 
will wish the Medical Research Council ill—indeed, it 
is always good to see research councils getting what 
they need to spend—but it is sometimes hard to tell 
the difference between optimism and complacency. 
More will be known on this point when the report of 
the Council for Scientific Policy is published later this 
year. 

If there are doubts about the Medical Research 
Council’s use of its resources, however, these centre 
around the council’s strategy for spending. The prob- 
lem here is not that the strategy is ill-defined but, 
rather, that it has not been given the close examina- 
tion that it deserves in a period during which the 
scale of the council’s expenditure has increased enor- 
mously. As things are, the council differs from the 
Science Research Council (though not from the Agri- 
cultural Research Council) in pursuing a policy known 
among local authorities as the policy of direct labour. 
There are seventy-seven research units which between 
them employ most of the 3,626 people on the council’s 
staff (more than a quarter of them scientifically quali- 
fied). Salaries and operating costs work out at just 
under 49 per cent of all the council has to spend. By 
comparison, only a quarter of its resources is available 
to be spent on short-term research work and less 
fully institutionalized research groups in the uni- 
versities. (The rest of the councils budget goes on 
establishments such as the National Institute for 
Medical Research and on administration.) Underlying 
this pattern of expenditure seems to be the view that. 
the council’s objective should be to pick bright men 
and women or good ideas and endow them generously, 
thus making sure that success does not depend on 
the fickle ups and downs of university finances. This 
may have been entirely sensible in the days—not so 
long ago—when universities were perennially short. of 
funds. It is also fair to say that a great many of the 
units have been spectacularly successful—the Labora- 
tory of Molecular Biology at Cambridge is the most 
obvious example. But it is also fair quite openly to 
acknowledge that the policy of supporting units has a 
great many disadvantages. 

For one thing, whatever the Medical Research 
Council may claim, the research units have often been 
much more detached from nearby universities than 
It is true, of 
course, that a great many people on the payroll like 
things that way but that is not the point. Research 
cannot permanently be carried out in isolation from 
teaching without some of its potential benefits being 
lost. It is also, however, proper to confess that many 
of the units which the council has created are not 





NATURE. VOL. 219, AUGUST 3. 1968 


successes, but, rather, the opposite. It may very well 
be held that the council can always close down units 
after a period of 7 years but this seems not always 
to be as easy—or as quick—as the council likes to say. 
Further, it is rarely as painless or as comparatively 
free from pain as would be a decision not to renew a 
research grant to a research worker at a university. 
For this reason, it is somewhat disconcerting to see 
the council’s announcement in its new report that the 
tendency of recent years to spend a greater proportion 
of the budget on short-term research grants is now to 
be modified in the interests of its own establishments. 
Ought things not to be moving in the other direction 
as, for that matter, they were doing in the late fifties ? 

One particularly disconcerting feature of the council’s 
policy of direct labour is the way in which it may 
often leave middle-aged professionals high and dry 
without a job. One way and another, a great many 
people seem to be embarking on 5 year appoint- 
ments with the council which run out at a time when 
it is usually too late for most people to begin an 
entirely new career. The zeal with which the council 
pursues what seems to be the support of individual 
excellence is admirable in many ways, of course, 
although many people thus dealt with may often find 
that the retirement of a director and not some personal 
failing is the reason for being out of work. Things 
seem to be especially difficult this year, with the 
universities cutting back on staff. Although the 
numbers concerned may be comparatively small, these 
problems of employment are at once serious in them- 
selves and yet another prompter of the question 
whether the council would not be more effective and 
even more successful if it became more like a grant- 
giving agency and less like a cosy but largely autono- 
mous research organization. Nobody suggests that 
the council should have less to spend—it needs more— 
or that its policy is entirely misguided. The problem 
which somebody should tackle is how to balance the 
undoubted advantages of research units against the 
equally identifiable disadvantages. That, perhaps, is 
where Dr J. A. B. Gray, the new secretary, should 
begin. 


Helter Smelter 


Tue British Government’s plan for encouraging the 
development of aluminium smelting in Britain went 
ahead last week with the announcement of two more 
smelters at Holyhead and Invergordon. With a 
smelter already agreed for Lynemouth, in Northumber- 
land, this will give the United Kingdom an additional 
260,000 tons of aluminium smelting capacity and a 
saving of £40 million a year on the balance of payments. 
This is, of course, a distinctly good piece of news for 
the British economy, though optimists hope that the 
economy will not still be needing continual shots in 
the arm by 1970-71, when the smelters come into 
production. But that is about all that can be said in 
favour of the agreements, which break most of the 
rules good governments should follow both towards 
their own industries and towards their trading partners. 


Because all three smelters will be in development 
areas, they will qualify for the usual investment 
grants, designed to encourage industry to move to - 
areas of high unemployment. This is a perfectly — 
normal part of the Government's policy of regional 
development, which is already so much a cornerstone 
of public policy that it may well outlive the problems 
it was designed to cure. But, in addition, the smelter 
companies have been lent substantial sums of money 
to enable them to buy special places in the electricity 
supply network. A consortium made up of Rio Tinto. 
Zine, British Insulated Callender’s Cables and Kaiser 
Aluminium, which is to build the smelter at Holyhead, 
is being lent £33 million, and British Aluminium, which 
is to build at Invergordon, is to get £29 million. The. 
loans, which are to run over 30 vears, carry an Interest. 
rate of 7 per cent. 

The conpanies will use these loans to buy favour- 
able terms from the generating boards. They will 
pay the boards a capital charge to cover the cost of 
earmarked electricity capacity in the most advanced 
power stations. As an accountant’s rationalization 
of these calculations, it is said that the companies will 
in effect be paying a part of the capital cost of Dunge- 
ness B power station, the first commercial advanced 
gas cooled reactor, which will be coming on stream 
at about the same time as the smelters. Neither 
smelter, of course, will be drawing power from Dunge- 
ness as such, but they will be paying for it as if they 
were. By virtue of their capital contributions, the 
companies will be charged only for the costs of the 
station which nominally supplies them; other users 
will continue to pay their share of the operating costs 
of the entire system. In practical terms, this means 
that electricity to the smelters will cost about 0-6 
pence a unit, instead of perhaps 1-0 pence per unit for 
other large users. It is, of course, true that the smelters 
use impressive amounts of electricity. The one at 
Invergordon will be using 200 megawatts 24 hours a 
day, a consumption few other industries could approach. 
But even a gigantic appetite for power can hardly 
justify pricing policies which leave other large users, 
and the general public, at such a disadvantage, 

What this means is that the large public investment 
in the development of cheaper sources of electricity 
will not now be used to bring down the price of electri- 
city to the consumer. Instead, it will be used to bolster 
an industry which could not otherwise have been justi- 
fied in Britain, and which ought by normal industrial 
logic to be sited near the sources of raw materials. The 
decision also seems to misconceive the real objectives 
of the regional development grants. The long-term 
aim should be to make the development regions self- 
sufficient. Although it may bé necessary occasionally 
to give grants for setting up a new industry, such 
grants should be a once-and-for-all affair. Instead, 
the Government has devised an arrangement which 
will confer permanent advantages on the development 
areas. The industries which grow up around the 
smelters, far from being self-sufficient, will in their 
turn rely on the continued existence of the preferential 
treatment of the smelters. Finally, the Government 
has committed £62 million of public money for a 
return of (it is said) 7 per cent. The companies were 
clearly not under the same obligations as the national- 
ized industries, which have to show a return of at least 
8 per cent on all public expenditure. 
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It is certain that other industries which use electri- 
city intensively will ask for the same treatment; the 
British Steel Corporation is an obvious candidate. 
Not the least of the difficulties is finding out what the 
terms of the contracts are: as Mr Anthony Crosland, 
President of the Board of Trade, said in the House of 
Commons, “I cannot tell him (the Hon. Member) the 
price. It is never revealed in contracts of this kind. 
Į can assure him, however, that it is completely un- 
subsidized”. The Government is already covering 
itself against claims from other users by saying that the 
demand must be “substantially new” or evidence 
must be produced that existing operations are becoming 
uneconomic. But this is no more than inventing prin- 
ciples to suit policies. Even the parlous state of the 
British balance of payments (which is at last showing 
signs of recovery) can hardly be held to justify such an 
arbitrary way of doing things. 


Data Processing Delayed 


Tue Post Office plan to promote the use of computers 
by creating a National Data Processing Service 
(NDPS) seems to be barely off the ground, although 
the Bill giving the Post Office power to provide the 
data processing service became law last year. It is 
true that at the beginning of the current financial year 
the National Data Processing Service became a self- 
accounting unit within the Post Office, but so far it 
has only one outside customer—the Customs and 
Excise Department, which is planning to start using 
the service in the early 1970s to help with the docu- 
mentation involved in the importation of goods through 
London Airport. 

The philosophy behind the NDPS is that, by 1971, 
the Post Office will have as many as tw enty large 
computers. Several of the machines are for special 
applications, the control of the aerials at Goonhilly, 
for example, or will be part of the Giro banking 
system, but a number of the computers earmarked for 
commercial purposes within the Post Office are also 
suitable for use in the data processing system. The 
form the service will take has still not been publicized, 
but it seems there will be some flexibility to meet the 
needs of customers. Both on-line and off-line data 
processing will be provided. 

Just now, the Post Office seems to be keeping quiet 
about the service, no doubt because at present its 
computers are heavily committed to Post Office work. 
Like all computer users, it is finding a shortage of 
experienced personnel; nevertheless it is reaching its 
target of 100 recruits a year to train as computer 
operators. Some of the delay i in setting up the NDPS 
may.also have its roots ‘in the problem of starting the 
Giro system, itself ambitious enough. 


Contraception in South America 


In his recent encyelical, the Pope has forbidden all 
forms of birth control with the exception of the so-called 
natural rhythm method. The prohibition covers all 
means of contraception, as well as abortion and 
sterilization. The burden of the Pope's sentiments is 
likely to be borne most heavily in Latin America, a 
predominantly Roman Catholic continent. How will 
the encyclical be received in Latin American countries ? 

Official policies towards birth control in Latin 
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America are a reaction to the peoples’ manifest desire 
to limit their fertility. Given the attitude of the 
Church and state, this desire has to be expressed in 
the form of abortions, which have now reached 
epidemic proportions in some Latin American countries. 
In Chile, according to a statement by the Minister of 
Public Health, there is one illegal abortion for every 
two live births. In 1965, 20 per cent of the beds in 
Chilean maternity hospitals were filled with patients 
suffermg from the effects of illegal abortions, and 
39 per cent of maternal deaths were due to the same 
cause. The abortion rate for Latin America as a whole 
is estimated to amount to between 25 and 30 per cent 
of all live births. The Chilean Government has perhaps 
been the most sensitive to suffering inflicted by official 
policies, and last year the Minister of Health an- 
nounced a family planning campaign—a courageous 
step for a Christian-democrat administration. The 
minister referred to the abortion statistics to justify 
this change of policy and said that family planning 
advice would be made available to married couples, 
particularly those in the lower-income groups, with 
the hope of reducing the number of abortions. 

The Chilean lead has been followed by a number of 
other Latin American governments; family planning 
units, either allowed or sponsored by the governments 
concerned, are operating or about to operate in the 
Argentine, Bolivia, Brazil, Colombia, Dominica and 
Ecuador. The effects of the Pope’s encyclical are most 
to be feared at the governmental level. For the 
individual. it is plain that the Church’s doctrines on 
birth control are widely ignored. Abortion is a graver 
Roman Catholic sin than contraception. Govern- 
ments, however, may feel stronger pressure from the 
Roman Catholic hierarchy to “abandon the family 
planning campaigns they have begun. 

Another spectre raised by the Pope’s encyclical is 
that the World Health Organization may be denied 
its eminently proper and necessary interest in birth 
control. Proposals that the WHO should advocate 
birth control have several times been frustrated by its 
delegates from Catholic countries and only recently 
have they withdrawn their opposition. It is conceivable 
that these delegates may be re-instructed. 


Biggest Broker Yet 


As part of the deal by which Rolls-Royce obtained 
the contract to supply engines for the Lockheed 1011 
airbus, Air Holdings, a British holding company, 
became one of the world’s largest brokers of aircraft. 
Rolls-Royce, to overcome Congressional fears about 
the adverse effects on the American balance of pay- 
ments of buying British engines for American aircraft, 
had to lay on a substantial export order for the 1011. 
Through the offices of Lord Poole and his friends in 
the city and in Air Holdings, that company placed a 
firm order for thirty of the airbuses with an option 
on twenty more. This by all accounts is an entirely 
private speculation. On the face of things at 
least Air Holdings is planning to finance the oper- 
ation from its own resources. It has bought the 
aircraft at a launching price, somewhere between 
$15 million and $20 million apiece, and hopes that by 
1973, when it takes delivery of the first of its aircraft, 
the going price will be higher and the market un- 


saturated. 
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Rolls-Royce, of course, is sitting pretty whatever 
happens; 168 Lockheed airbuses have been ordered 
so far, a record start for any commercial airliner, and 
Rolls-Royce will be supplying at least three engines 
worth $2-5 million each for every one. Air Holdings, 
on the other hand, will, by 1973, be getting one airbus 
a month and so far it has not sold any. When it comes 
to selling, Air Holdings is, of course, entirely dependent 
on the technical backing of Rolls-Royce and Lockheed 
engineers, but, faced w ith the prospect of holding thirty 
aircraft worth some $600 million and no government 
aid, it is remarkably cheerful. It has been agreed that 
all the initial sales of the 1011 in the rest of the world, 
apart from the United States and countries to which 
the United States would refuse to sell the aircraft for 
political reasons, will be made by Air Holdings. With 
the European airbus not even off the council tables, 
let alone the drawing board and the ground—on Friday 
there is to be yet another crucial ministerial meeting— 
the 1011 has two competitors. One is the DC 10, 
ordered by United and American airlines in the Unit ed 
States and powered by a General Electric engine which 
is a commercial adaptation of the engine developed for 
the C5A military transport. The other is the Boeing 
747. The four-engined Boeing is, strictly speaking, a 
long haul aircraft capable of carrying five hundred 
people and the smaller and shorter ranged Lockheed 
should be better suited for the European routes. It 
should also be at an advantage over its direct com- 
petitor, the DC 10. It is no secret that all the American 
domestic airlines would have preferred to have aircraft 
powered by the Rolls-Royce engine. In the world 
market, free from buy-American lobbies, that should 
prove to be Air Holdings’ best selling point. 


Imperial Demise 

THE prospect of beer by the litre for British drinkers 
came a step closer last week. Mr Anthony Wedgwood 
Benn, the Minister of Technology, announced that the 


United Kingdom is to adopt the metric system of 


measurement by 1975—the target date already accepted 
by British industry for its timetable. The minister 
has accepted all the recommendations of the Standing 
Joint Committee on Metrication, which published a 
long-awaited report on July 26. The report says that a 
Metrication Board should be set up to organize the 
change, which should begin in 1971. Although these 
recommendations were wide ‘ly anticipated (it was the 
Confederation of British Industry which first came 
forward with the suggestion for the Metrication Board), 
the Government’s decision is nevertheless welcome. 
The industrial change is going ahead fast—two weeks 
ago the British Standards Institution published the 
final programme for the engineering industry—but the 
non-industrial sector of the economy and the general 
public have been lagging behind. The establishment 
of the Metrication Board will at least provide a chance 
for publicity, even if the coordinating function of the 
board remains somewhat nebulous. 

The report makes it clear that there is not much time 
to waste. It is “imperative” for the planning of the 
change i in the general sectors of the economy to be put 
in hand: if this is not done. “the dynamism of the 
industrial change will be lost’. In order to have 
enabling legislation on the statute book by January I, 
1971, a Bill will have to be introduced in the Parlia- 


mentary session 1969-70, The programme will allow 
for a good deal of flexibility—some sectors will finish 
before 1975, some after. In the schools, the emphasis 
should shift from imperial to metrie units by 1969, 
although major imperial units will continue to be 
taught for a few years after that. 

The report dodges the difficult prob lem of producing 
a balance sheet for the change. “Both the benefits 
and costs of metrication are virtually impossible to 
quantify even for a single industrial concern.” Never- 
theless, the Government has asked the Metrication 
Board, when it is set up, to produce a sector by sector 
appreciation of the problems, including the costs in- 
volved. The cost—effectiveness of metrication is not 
therefore likely to be known until it is a fact. So far, 
certainly, hunch has played a greater part than has a 
sober analysis of the situation. 

Reaction so far to the minister's announcement has 
been muted. Only one organization, the Business 
Equipment ‘Trade Association—-faced with greater 
costs than others—has made disapproving noises. 
The public still seems hardly aware of the revolution 
that is to overtake it—decimal coins by 1971, metric 
units by 1975. This is clearly an unsatisfactory state 
of affairs s, and the Metrication Board would do well to 
try to encourage discussion of the change, if only to 
condition the public. The report does open the door, 
if only a fraction, to those who feel the change is an 
intolerable burden. It says that the Metrication 
Board should be responsible for making recommenda- 
tions to the Government on special cases of hardship 
which might merit consideration for compensation. 
Mr Benn seems not to accept this argument; his 
statement said “There can be no question of compensa- 
tion; the costs of adopting metric weights and measures 
must lie where they fall.” But if the board does start 
to consider compensation, the number of protesters 
is likely to increase as if by magic. 


Up in the Air 


SINCE the British order for F111 aircraft was cancelled, 
and Anglo-French collaboration on the variable geo- 
metry aircraft broke down. the Royal Air Force has 
been without an advanced combat aircraft suitable for 
the middle and late seventies. For some months, 
however, discussions have been in progress between the 
British Government and the Gover nments of Belgium, 
Canada, West Germany, Italy and the Netherlands. 
These came to a head two weeks ago in Bonn, when four 
of the governments signed an agreed memorandum 
which takes them one step further towards the building 
of a joint strike-reconnaissance aircraft for the seven- 
ties. Although Belgium and “Canada have not so far 
signed the memorandum, it is thought possible that 
they may jom in later, as the project definition stage 
advances, 

It is easy to make fun of international projects like 
these, with their continual horse-trading over design 
leadership and their apparent inability to move be yond 
paperwork, But there are some reasons to believe 
that this project may have better fortune than its 
predecessors. Certainly it is becoming ine reasingly 
urgent for Britain and some of the other countries 
involved to find a successor to their existing aircraft. 
All the air forces involved, except Britain’s, fly the 
United States F104 Starfighter aircraft, which has had 








430 


mixed success operationally. The German air force 
seems to have had a particularly unhappy time with 
it. Unless this new project comes off, few of the air- 
craft industries involved in the six countries can have 
a very good chance of survivel. West Germany’s 
industry is perhaps the weakest of all, but despite this 
there were reports last week that the West German 
Government was keen to gain design leadership of the 
project. 

Britain’s bargaining position in the talks, which are 
likely to last about six months, will probably be based 
on two arguments. On the one hand, it is likely to be 
argued that alone among the six, Britain has the 
capacity, though not perhaps the inclination, to go 
it alone. On the other hand, Britain is likely to point 
to groundwork already carried out by the British 
Aircraft Corporation, which has been putting together 
«design details for a variable-geometry aircraft. (It 
is not in fact clear yet whether the British Government 
as basing discussions exclusively on this design, or 
would be willing to consider something else.) And 
although Britain’s withdrawal from the Far East may 
make it easier to bring British requirements into line 
with those of Europe, there are still likely to be differ- 
ences of opinion over specifications. The estimates 
of possible sales of 1,000 aircraft, worth £2,000 million, 
are therefore premature. 

Collaboration on this scale always increases costs. 
According to Mr Healey, the British Minister of 
Defence, a two way collaboration increases costs by 
about 20 per cent. A six-way collaboration would 
doubtless be very much worse but, even so, if it is 
assumed that research and development costs are 
divided equally, the cost to each country of developing 
the aircraft collaboratively woud be about a quarter 
of the cost of going it alone. This is a compelling 
inducement for the negotiators to reach reasonable 
terms. 


No Prisons for Zanzibar 


WestTERN penologists may envy the freedom of other 
countries to conduct experiments in penal reform. 
Zanzibar is to abolish courts of law and prison sentences 
for all crimes other than murder and robbery with 
violence. The governing council of the island hopes to 
eliminate prisons altogether, and in future offenders 
will be sent to penal reform institutions for five years 
where they will be taught a trace. 

The Tanzanian High Commission in London has not 
yet received details of these reforms, so it is hard to 
assess their significance. It is not known what rights 
of defence will be accorded to those accused of crimes. 
And though it may be a fine ideal to abolish prisons, 
“penal reform institutions” could be different only in 
name. 

Announcing the reforms on July 14 the President of 
Zanzibar said that poverty was the principal determ- 
inant of crime and that the government would concen- 
trate on raising the standard of living. Although 
poverty is undoubtedly related to crime, it seems to be 
relative rather than absolute indigence that encourages 
antisocial activity. The Zanzibaris may be naive in 
supposing that increased wealth will diminish crime, or 
that offenders will be reformed by the acquisition of an 
honest trade. But there is much to be gained from 
experimenting with the conventional penal system; 
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prisons are expensive, degrading and lamentably 
inefficient in performing their stated aims. The Home 
Office is unable to supply recent figures but more than 
half the British prison population of 1961 had been in 
prison before. Britain now spends some £30 million a 
year on the prison service; an average weekly cost of 
£14 per prisoner. If more than half the people who 
have received this expensive treatment can be expected 
to commit further crimes on their release, it is hard to 
be satisfied that prison either benefits the prisoner or 
protects society. 

Since 1948 it has been judicial policy in Britain to 
send increasingly fewer categories of offender to prison. 
The Zanzibaris have apparently taken this policy to its 
logical conclusion. The results of their experiment, 
if it has been properly set up, will be watched with 
interest. 


Weeds Underwater 


MacHINERY, chemicals and biological control are 
being used on an increasingly large scale to clear weeds 
from British lakes, streams and ditches—a job tradi- 
tionally carried out by unskilled labourers. In a 
recent bulletin, Mr T. O. Robson of the Agricultural 
Research Councils Weed Researeh Organization at 
Oxford describes the basic principles of weed control 
and summarizes new methods which have either already 
been shown tc be successful, or which are still at the 
experimental stage (The Control of Aquatic Weeds, 
HMSO, 5s. 9d.). 

Although aquatic weeds may cause flooding and 
silting and also interfere with recreational activities 
such as fishing, boating and bathing, they also aerate 
water, provide shelter for smaller animals, consolidate 
the beds and banks of streams, provide food for other 
organisms and serve to fertilize deposits wherever plant 
detritus accumulates. For these reasons, Mr Robson 
maintains that total eradication of water weeds is 
seldom desirable, and that partial control by removal 
of some plants but not others, or temporary suppression 
of all plant growth at certain periods of the year, are 
usually more acceptable. 

Most methods have drawbacks and, as Mr Robson 
points out, the possible adverse effects of, for example, 
herbicides on humans, fish and farm animals must 
always be carefully considered. Physical removal of 
weeds is probably the commonest method of control, 
and for this purpose boats fitted with either V-shaped 
cutters or reciprocating cutter-bars are used. A mow- 
ing machine has been introduced from the United 
States but has not been used to any great extent in 
Britain so far. Raking or “clotting” is a slow and 
expensive task and one which Mr Robson maintains is 
used only as a last resort. Dredging is also unsatis- 
factory because it does not eliminate the roots and 
underground parts of weeds, so that plants rapidly 
re-establish themselves. Experience of burning weeds 
on the banks of watercourses is limited, but Mr Robson 
points out that in some situations it may be possible 
to burn plants killed by herbicides. 

Although biological control would seem to be a 
desirable method of controlling water weeds, it has 
not been used very widely. As indicated in the bulletin, 
however, the Ministry of Agriculture, Fisheries and Food 
recently began an investigation into the possible value 
of a fish—the Chinese grass carp—in this connexion. 





NATURE. VOL. 219, AUGUST 3. 1968 


But of all control methods, herbicides have the bright- 
est future. Among those listed by Mr Robson as having 
been cleared under the Pesticides Safety Precaution 
Scheme are ‘Dalapon’, which is especially active 
against reeds and other grass-like weeds on river 
banks; ‘Diquat’, which is active against submerged 
weeds; and maleic anhydride, which inhibits plant 
growth without actually ‘killing the plants. 


Comprehensive Planning 


“Gorma comprehensive” raises considerable building 
problems. Following up the Department of Education 
and Science comment (circular 10/65) that the “dis- 
position, character and size of existing schools” must 
be taken into account when the change is made, the 
Architects’ Department at the DES has devoted its 
latest bulletin to the problems, architectural and 
educational, involved in such a change (Comprehensive 
Schools from Existing Buildings, Building Bulletin 40, 
HMSO, 16s.). 

The bulk of the bulletin is taken up with five case 
studies which cover the possibilities of amalgamation 
of two or more schools with some new buildings, the 
enlargement of schools of different sizes, and the first 
stage of a new school which, until further building is 
possible, uses some old buildings on a different site. 
The bulletin also briefly rehearses various problems of 
organization of pupils into groups; accommodation 
for pupils, administration, and staff; sites; and circula- 
tion and storage space. Considerable emphasis is laid 
on the importance of examining all the possibilities in 
detail, even though some of them may eventually be 
rejected, This preliminary section covers a lot of ground 
but is necessarily short on detail. 

As well as suggestions to architects about possible 
alternative uses for space, there is a plea for the 
educators to give clear guidance to architects on future 
teaching requirements. The document stresss that 
the problem of working accommodation has to be 
examined as a whole and cannot merely be a sum of the 
requirements of the individual teachers. Compromise 
is mevitable, and it is up to the staff, knowing the 
limitations of time and supply of teachers, to work 
out a balanced curriculum before sensible accommoda- 
tion schedules can be produced. If, as is recommended 
by the DES, the form of reorganization of secondary 
education in a particular area is to depend on the 
suitability of existing schools for amalgamation and 


adaptation, then local authorities should be aware of 


the factors involved, and it is hoped that this bulletin 
will indicate some of the questions which should be 
asked before reorganization is begun. 


Persuading Postgraduates 


Last week saw vet another of the courses aimed at 
persuading the academically minded that work in 
industry is not so bad after all. The course is the third 
graduate school to be organized by the Science Research 
Council and the Careers Research and Advisory Centre, 
and was attended by 100 science and technology PhD 
students working in the universities. It was held in 
association with the Manchester Business School at the 
University of Manchester, and is meant to introduce 
the PhD students to the variety of problems existing 
in industry and administration, and the ways in which 
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they are solved. The organizers hope to do this by 
using the methods of the business schools—the Pae 
game, project work and a case study. 

The latest graduate school is the first in the series 
to be run in association with the Manchester Eusiness 
School: previous courses have been associated with 
the London Business School. For this reason the 
Manchester course has a slightly different emphasis. 
It relies less on case studies, and has as its central 
exercise a research project on the implications of the 
introduction of the eleetric car. Mr Alan Pearson, 
of the Manchester Business School, who is Director of 
Studies at the graduate school, says the work done 
on the electric car project by the PhD students may 
well be worth publishing. The course membership 
also includes 28 science and technology PhDs already 
working in industry and public service organizations, 
from whom the organizers hope the students will gain 
a favourable insight into the industrial situatien. 

One of the difficulties in holding a course of this kind 
is to judge how successful it has been in changing 
what are often firmly fixed prejudices. Some informa- 
tion about this may shortly become available. The 
London Business School, at a similar course held last 
vear, used a questionnaire to gauge the attitudes to 
industry among the participants both before and after 
the course. The results of the inv estigation should 
help in evaluating the success of the venture. 


Risks of Radiation 


THE use of radiation techniques is becoming mereas- 
ingly common in industry, medicine, research and 
teaching. But, like other industrial risks, the dangers 
attached to radiation are subject to legal controls 
which set acceptable limits. The instruments used to 
monitor radiation must be accurately calibrated, not 
because the measurement of radiation needs. to be 
extremely accurate but because it is important that 
any errors associated with instruments, or any inter- 
pretation they require, shall be known. This task of 
calibration is carried out by the Central Electricity 
Generating Board Dosemeter Calibration Facility 
Berkeley Nuclear Laboratories in Gloucestershire. 

The facility was built in 1961, and its primary function 
is to calibrate the instruments used to monitor radia- 
tion at CEGB power stations. The capital cosis were 
high, principally because they included a 400 kV 
accelerator and a 250 kV X- ray set. The facility is run 
by Mr I. M. G. Thompson and a staff of three, who 
calibrate nearly 1,000 instruments a vear. Arrange- 
ments are now being made to make the service avail- 
able to anybody who needs it, for a charge of abeut £60 
for a complete calibration; * already more than 50 
instruments a year are calibrated for outside organiza- 
tions. | 

The standards and techniques used for calleration 
for radiological purposes are a little unusual, because 
the risks of radiation are related to dose in different 
parts of the body rather than to any fundamental 
properties of the sources or materials involved. For 
electromagnetic radiation it is possible to relate dose 
to the unit known as exposure with only imited 
accuracy, and only in the range between 20 keV and 
a few MeV. Accurate estimates are therefore rarely 
justified, but an approximate upper limit to dose is 
usually sufficient. For neutrons, there is no simple 
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concept analogous to exposure, so measurements must 
be expressed either in terms of fundamental quantities 
such as fluence and. energy, or else by means of an 
instrument whose response is modified so that under 
specified radiation geometries the meter reading gives 
an approximate estimate of the dose delivered by all 
neutrons irrespective of energy. 

The CEGB has a range of equipment for producing 
electromagnetic radiation and neutrons. Electro- 
magnetic radiation is AaS by sealed radioactive 
sources and by X-ray sets whose beams can be filtered 
to give narrow spectra. Neutrons are produced by a 
range of sealed sources, and by the D(dn)He and 
T(d.n)He reactions. Thermal neutrons are available 
by moderating the 2-5 MeV beam produced by the first 
of these reactions. 

Experience with the facility has shown that many 
instruments have undesirable features which would 
have been impossible to identify without comprehensive 
radiological investigation. Some instruments, for 
instance, fall back to less than full scale at very high 
intensities, and some neutron instruments respond to 
gamma, radiation of high intensitv or high photon 
energy. Manufacturers sometimes introduce design 
changes with serious radiological consequences, and 
even the best instruments seem to develop faulty 
characteristics during their lifetime. But, apart from 
the need to identify faults, the principal task of the 
facility is to adjust instruments so that their scales 
read as accurately as possible, and to ensure that the 
user has all the information needed to interpret the 
scale reading correctly. 





Safety Testing 


THE collapse of the North Sea drilling rig Sea Gem and 
the cause of the Michael Colliery fire were two of the 
more spectacular investigations undertaken by the 
Safety in Mines Research Establishment during 1967, 
but the work of the establishment, under the Ministry 
of Power, covers every safety problem in the mines, 
including breathing appliances, methods of detecting 
mine gases and both gas and dust explosions. The 
work of the SMRE, under H. T. Ramsey, the director, 
is reported in the 1967 annual report (HMSO, 8s. 6d.). 

Because of the SMRE’s research in metallurgy and 
fatigue strengths, the establishment was asked to 
examine tie bars from the Sea Gem after it sank, 
killing 13 men. The bars were found to have been 
Hame-cut from mild steel plate, which produced brittle 
areas under the cut surfaces. Some of the flame grooves 
had been filled with weld metal which extended the 
brittle areas. The results presented to the public 
inquiry concluded that “*failure of tie bars ... was the 
most probable prime cause of the collapse”. 

The fire at Michael Colhery caused the death of nine 
men and was one of the most serious in recent years. 
Although it was impossible to investigate the site, the 
fire is known to have spread rapidly, and the section of 
roadway first affected was lined with polyurethane 
foam to reduce the emission of fire-damp into the 
roadway and the leakage of air out of the roadway 
into the waste. Further investigations have shown 
that, even though the foam contains a flame-retarding 
agent, it is still potentially highly flammable and needs 
to be covered with an incombustible coating such as 
asbestos cement. 





NATURE. VOL. 219, AUGUST 2, 1968 

Other preventive work at the establishment included 
studies of various types of self-rescuers which are to be 
adopted generally by the National Coal Board. Models 
produced in Germany have been fitted with a heat 
exchanger which keeps the temperature of the inspired 
air within a tolerable range, a great improvement over 
previous devices. More work needs to be done, how- 
ever, on reducing breathing resistance and allowing for 
the presence of dense smoke. Improvements have 
also been made in techniques for measuring airborne 
dust by light-scattering methods, and a laser system 
has been developed t that can measure both particle 
concentration and size distribution in a dusty atmo- 
sphere. 


Green Light for Reform 


At last the administrative structure of the National 
Health Service may get the shake-up which most people 
agree it badly needs. At least, in a Green Paper pub- 
lished last week, Mr Kenneth Robinson, the Minister of 
Health, has set out briefly but clearly some reforms 
(National Health Service : The Administrative Structure 
of the Medical and Related Services in England and 
Wales, HMSO, 3s. 6d.). Everybody will be interested 
to see how well his kites fly. 

The main theme of the paper is that the functions 
of the present hierarchy of committees—involving 
executive councils, regional hospital boards and 
boards of governors with their hospital management 
committees—should be replaced by a single authority 
in each area and that area authorities should be respon- 
sible for some important functions which are now in the 
hands of the local authorities. The present tripartite 
system is generally criticized for failing to provide the 
necessary coordination between the numerous services, 
and few tears are likely to be shed over its disappear- 
ance. 

Mr Robinson envisages the whole new set-up as 
consisting of some 40 to 50 area health boards, each 
covering a large area and “having full scope for the 
efficient and imaginative development. of comprehen- 
sive services” These services would include various 
hospital and specialist services; community and local 
health services: general medical and dental practice, 
and the ophthalmic and pharmaceutical services as 
well as clinical teaching, postgraduate medical educa- 
tion and specialized services. Public health services 
would also be drawn into the general scheme. Each 
area board would have fifteen or sixteen board members, 
but the actual running and organization of services 
would be carried out by an executive formed by the 
senior officials of the five departments constituting each 
area board. One particularly welcome proposal is 
that the present largely lay administrative staff should 
be replaced by people with a broad professional know- 
ledge of medical and related services. In areas with 
medical schools one or two additional members might 


be appointed to the boards on the nomination of 


universities. Mr Robinson maintains that central 
Government would retain its “guiding role”, but that 
the area boards would on the whole be allow ed to 
manage their own affairs without interference. The 
function of the Minister of Health would be to lay down 


general principles and to secure the coordination of 


services administered by the separate area boards. 
Mr Robinson’s statement that such a transfer of re- 
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sponsibility will not have any appreciable effect on the 
level of health and welfare services taken as a whole 
is, perhaps, over-optimistic. Furthermore, if the 
proposals are accepted, this would seem to be a good 
opportunity for working out some system of payment 
for board members instead of relying on their good 
will, sense of duty and any other motives. 

So far the Green Paper is simply a basis for 
discussion and should be considered in the light of 
the recommendations of the Seebohm Committee 
regarding effective family service and of the Royal 
Commission on Local Government in England (due 
later this year). It is nevertheless a definite step 
forward and will be well received. Such dissatisfaction 
as there may be is likely to come from the medical 
officers of health who-—according to Dr David I. 
Williams, Dean of King’s Cross Hospital Medical 
School—will be affected most by the proposals. It 
seems that they stand to lose a large measure of the 
autonomy which they now enjoy, and may not be 
appeased by the Minister’s “peace offering” of a senior 
position on an area board as principal adviser on all 
medical professional matters and director of the 
“planning and operation of services department”? 


Astronomy is Fun 


THe Astronomy, Space and Radio Board of the Science 
Research Council must be worried that some of its 
more ambitious plans may go the same way as those 
of the Nuclear Physics Board—the 300 GeV machine, 
for example. Perhaps this is why the Science Research 
Council has just published a report containing a lively 
review of the scientific interests of the Astronomy, 
Space and Radio Board which leaves no doubt about 
the excitement of the board’s activities. The review, 
written by Professor P. A. Sheppard and Professor 
Fred Hoyle, makes up the larger part of the report and 
gives an insight into British astronomy and space 
research as it is in 1968 as well as an indication of the 
directions it may take in the near future. It was 
written as an introduction to the Astronomy, Space 
and Radio Board’s statement of its policy and pro- 
gramme which, together with reports from the Science 
Research Council’s two other boards, forms the basis 
of planning for what the council calls its Five-Year 
Forward Look. 

The board—responsible for astronomy and space 
research in Britain and for radio work in this field— 
is well aware that implementation of its plans depends 
on the financial resources available to the Science 
Research Council. Its members must be hoping that 
the fascination of the recent developments in astronomy 
and space research, brought out well in the scientific 
review, will be a convincing argument for their cause. 
It looks as though astronomers and space scientists, 
at least, have realized the importance of skilled 
public relations—something British nuclear physicists 
have not yet grasped. While few people know what the 
300 GeV accelerator is expected to do, the Astronomy, 
Space and Radio Board is trying hard to convey an 
impression of the vistas now opening in astronomy 
and space science, and the opportunities which will 
be missed if promising lines of research are not followed 
up. The report comes back to earth for the benefit of 
those still not convinced to point out the value to 
industry of postgraduates trained in space research, 
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which involves advanced technology and close collabor- 
ation with industry. 

The authors of the report are careful not to be too 
ambitious or even costly in their plans. They even 
give one example of an offer from NASA to fly an 
experiment for a group from Oxford and Reading 
Universities on one of the Apollo series being tur ned 
down for lack of money. The board gives several 
other examples of areas ‘where it may not be able to 
do all that it hoped, and it is rightly worried about the 
scientific return from participation in ESRO. 

Just as the nuclear physicists were concerned about 
the proportion of their budget which would have gone 
on the European 300 GeV machine, the Astronomy, 
Space and Radio Board is not happy about the share 
of its financial cake swallowed by ESRO, currently 
running at around 50 per cent. The board sets its 
face against a further unbalancing of the expenditure 
by increasing the proportion going to space research 
or the proportion within the space research budget 
going to ESRO rather than to the national space 
programme. So far as ESRO is concerned, the object 
should be to provide facilities which are beyond the 
scope of individual European states. Now that the 
only large scale project to be seriously tackled by 
ESRO—the Large Astronomical Satellite-—has been 
cancelled, much of the British scientific case for partici- 
pation has gone, in any case. The report points out 
that attempts are now being made by Britain and 
other member states of ESRO to revive the TD-1 and 
TD-2 programme. These two satellites were designed 
for investigation of the Sun towards the maximum of 
the solar cycle, and in the opinion of the board are 
sophisticated enough to go some way towards justifying 
ESRO’s case. The plan seems to be to keep one of the 
satellites, either in the ESRO programme or as a 
separate project to be financed by the states stil 
interested, at present numbering perhaps eight out of 
a possible ten. 

If it turns out that the TD satellites are, after all, 
cancelled, ESRO’s programme will be of the same 
quality as that of some of the European national pro- 
grammes even if greater in quantity. The scientific 
return will be much reduced, and the case for British 
withdrawal will be even stronger, although there is no 
need for a decision just yet; the earliest date Britain 
can withdraw is the end of 1971 (notice must be given 
before 1970). The advantage of an earlier decision. 
however, is that it removes uncertainties about what 
launchers are going to be available to British scientists 
in the future; as far as the board is concerned, the 
alternatives to ESRO are increased collaboration with 
NASA and building on the Black Arrow launcher 
programme. ° 

Just now, the board is concentrating on a successor 
to the UK 3 satellite (now Aeriel 3) launched from the 
United States in May lest year. A decision on this has 
been hanging fire for more than a year, but the ESRO 
crisis has helped to settle matters and it seems likely 
that agreement has now been reached-—at a W ashington 
meeting last month—for two more satellites im co- 

operation with the Americans. In the past, co- 
operation with the Americans has proved not only 
smooth but fruitful and cheap. Because NASA 
provides satellite launchings free, research is actually 
cheaper by this means than if Britain used her own 
rockets. American reaction at the recent meeting 
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seems to have been so warm that instead of choosing 
between alternative payloads for a single satellite, two 
have been adopted for the early 1970s. The second, 
provisionally called UK 5, breaks new ground. For 
the first time, American experiments will be included 
in a British payload and carried in a British-built 
spacecraft, The satellite will be concerned with cosmic 
X-rays, and experiments from the University of 
Leicester group, University College, London, and 
possibly Imperial College, are in view. In the new 
field of X-ray astronomy, British scientists have gained 
an enviable position through an experiment on the 
first Anglo-American satellite and also from stabilized 
Skylark rocket flights from Woomera. So far, American 
experimenters have had limited opportunities for 
this kind of work. The Astronomy, Space and Radio 
Board is very happy about the inclusion of the American 
experiments, which it hopes will help repay American 
hospitality. UK 5 will be a relatively sophisticated 
vehicle, and may take some years to complete. <A 
design studv by an industrial firm is at present being 
arranged. The other new satellite, UK 4, can go ahead 
faster, as it makes use of spare flight equipment 
prepared for last year's Aeriel 3, and will carry similar 
radio experiments. 


Radio Telescope in Space 


Rapio astronomers in Britain must this week be 
envious of their American colleagues who, if all goes 
well, will soon have at their disposal a satellite designed 
purely with radio astronomy in mind, and equipped 
to pick up low frequency radio signals from space 
which are not able to penetrate the ionosphere. The 
striking feature of the new satellite, the Radio Astron- 
omy Explorer-A (RAE-A), is its two V-shaped aerials; 
the open end of one V pointing downward at the Earth, 
the other V directed outwards. When the two aer ials 
are fully deployed, the X-shaped configuration which 
the structure will then have will be “1,500 ft from 
tip to tip, or as long as the Empire State building is 
tall. 

The interest of RAE-A, launched on July 4, is that 
it will be able to extend radio astronomy measurements 
to parts of the radio spectrum inaccessible from the 
Earth. So far, attempts to carry out this kind of 
measurement from satellites have been relatively 
crude. Ariel 2, for instance, carried an experiment to 
detect cosmic radio noise between 750 kHz and 3 MHz 
picked up by a small dipole antenna, a type of antenna 
which has poor directional qualities. RAE-A is the 
next step after the early elementary experiments; 
when fully deployed its enormous V antennae will 
have a beam width, ih the plane of the aerial, of 
about 30° when it is receiving signals at a frequency of 
3 MHz, compared with a beamwidth of 120° for a 
dipole. 

The deployment of such large aerials in space is not 
without its difficulties, however, and previous attempts 
to extend much shorter aerials from spinning spacecraft 
have been known simply to wrap the aerials around the 
body of the vehicle. The Americans are therefore 
being cautious on this occasion. The plan is to stop the 
spin of RAE~A once it has been injected into its final 
orbit at an altitude of 3,730 miles by releasing weights 
on the ends of wires, eliminating any small remaining 
spin by lining up the spacecraft in the Earth’s magnetic 
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field. Once this is done, the aerial booms can be 
extended, at first only to a length of 450 ft. They 
will remain at this length, gathering data, for a fort- 
night, while their behaviour is monitored by four TV 
cameras, which also serve to determine the source of 
the radio signals picked up by the aerials. Ifall goes 
well. the booms will then be extended a further 300 ft 
to their maximum length. 

Linear aerials such as the aerials on RAE-A just 
now seem the most promising configurations for satellite 
radio astronomy, as the dish aerials used for ground- 
based work are too heavy to be carried into space, 
even if they are made of metallic foil. This is one of the 
reasons radio astronomers are watching with interest 
the deployment of the 750 ft booms, which mark 
quite an advance in space technology. At launch, 
the booms are stored within RAE~A as spools of flat 
tape, of silver-plated beryllium—copper alloy, 5 cm 
wide and 0-005 em thick. As a motor unreels the spool, 
the tape curls to form a rigid tube about 1:25 cm in 
diameter. One of the problems is expected to be 
distortion of the tubes by the heating effect of sunlight 
—to avoid this the tape is perforated to allow sunlight 
to penetrate the tube and heat it more uniformly. 

The two aerials are not the only booms making 
RAE-A look more like a spider than a spacecraft. It 
also has two 60 ft booms forming a dipole aerial, 
and a 630 ft boom waich is to help damp out small 
oscillations of the satelhte. 

In its 3,730 mile orbit, well above the blanketing 
effect of the ionosphere and most of the Earth’s halo 
of electrons, RAE~A should do a good job. Its receivers 
are sensitive tc nine frequencies in the range 450 kHz 
to 9-2 MHz: 10 MHz is roughly the frequency below 
which signals cannot penetrate the ionosphere. The 
aerial pointing toward space will be used to map the 
galaxy at low frequencies. Low frequency measure- 
ments of radiation which may come from cosmic ray 
particles should help in understanding the origin of 
the particles and how they are acceler ated, as w vell as 
giving some information on the magnetic fields in 
space. The upper aerial will also collect low fr equency 
measurements of the Sun, a means of studying the 
corona out to distances about a third of the way to the 
Earth. The V-shaped aerial pointing downw yards to 
the Earth will, on the other hand, be able to investigate 
radio emission from near the Earth, and the 120 ft 
long dipole is to follow the radio bursts from Jupiter. 
The configuration of the two V aerials, one pointing 
toward space and the other Earthwar ds, should help 
in separating cosmic signals and signals coming from 


the Earth’s environment, hitherto one of the problems 


of radio astronomy satellites. 


Report from Wales 


A NEw variety of spring oat which is resistant to 
three races of mildew was granted plant breeders 
rights in December 1967. Called Mostyn, it has been 
developed at the Welsh Plant Breeding Station, 
Aberystwyth, whose annual report for 1967 (price 10s.) 
includes a description of the new variety. Mostyn 

has been developed from a complex cross involving the 
wild oat (Avena sterilis) which contributed the resist- 
ance to the mildew fungus, and three other varieties, 
Powys, Pennant and Condor. Mostyn, which combines 

high grain yields with resistance to mildew, appeared 
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this year as the highest yielding variety of spring oat 
on the recommended list of the National Institute of 
Agricultural Botany. 

One of the other special subjects of research at the 
Welsh Plant Breeding Station is the productivity of 
grassland. The aim is to achieve the highest possible 
efficiency in the conversion of light energy and soil 
nutrients to a form suitable for the ruminants which 
graze the grassland. There is scope for considerable 
increase in this efficiency, as measurements which have 
been made at Aberystwyth suggest. 

Perennial ryegrass has been found to convert only 
about 3 per cent of the annual input of light energy 
to dry matter. The breeding programme at present 
involves selection of plants which absorb a greater 
proportion of the light which reaches them to give a 
more efficient use of the high light energy available in 
the summer. Also being selected are plants with leaves 
which expand more rapidly in the cold and low light 
intensity of the winter, when, with present varieties, 
the energy conversion can fall to 2-6-2-7 per cent. 

Comparison of the performance of prostrate and 
erect varieties of ryegrass in various conditions has 
shown that in the glasshouse, with a low light input 
(28 calories/cm?/day), the erect long-leaved varieties 
grow more rapidly than the prostrate short-leaved 
varieties. Although the prostrate varieties intercept 
more incoming light, the erect varieties convert more of 
it to solid matter. Incoming light seems to spread over 
a greater area in the erect varieties, so that it is used 
more efficiently. When these varieties were grown out- 
side and cut periodically, the longer the intervals 
hetween cutting the higher was the yield. When 
cutting was frequent prostrate varieties were most 
productive, but with infrequent cutting the erect 
varieties were more productive. 


Pre-Roman Baldock 


from a Correspondent 


BaLpock, a small town in Hertfordshire, about 40 
miles north of London, lies at the junction of three 
ancient roads—Icknield Way, Stane Street and a 
third unnamed road leading south to London. Pre- 
dictably, in Roman times there was a considerable 
town on the site, perhaps covering as much as thirty 
acres. But three emergency excavations this year, 
conducted by the Ministry of Public Building and 
Works in anticipation of the destruction of the sites, 
have, as well as revealing more about Roman Baldock, 
proved that the town was an important Belgie centre 
before the Roman conquest. 

At the beginning of this year, workmen uncovered 
the burial treasures of a person who must have been a 
British chieftain. The objects were quickly dispersed, 
but after some detective work they were all retrieved 
and the ministry mounted an excavation directed by 
Dr I. M. Stead. 
cremation of the chieftain was discovered, but the 
grave objects, found in a shallow pit, compare very 
favourably with those unearthed at other ‘chieftains’ 
burials” in southern Britain. They include elegant 
and typical firedogs, fragments of a large bronze 
eauldron with iron ring handles, fragments of two 
bronze bowls, and bronze strips, handles and decorative 
heads from a wooden, bronze-embellished bucket 
similar to the famous Aylesford bucket found in a 


Neither the body nor evidence of 
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contemporary burial in Kent. Whoever owned these 
objects was of considerable importance, most probably 
a minor chieftain, who must have enjoyed wines im- 
ported from the Roman Empire—a wine amphora was 
also found. 

Close to this burial site, Dr Stead has excavated a 
three-quarter mile strip in Walls Field—a name 
probably corrupted from Wells Field—along the 
modern road A507, the Roman Stane Street. And at 
a site known as Brewery Field on the other side of this 
road, Mr Moss Eccardt, of Letchworth Museum, last 
week completed a four week emergency excavation. 








A detail of the pre-Roman iron firedogs found at Baldock. 


The Brewery Field yielded more than 150 coins, 90 of 
them fourth century and the remainder from the first 
to third centuries. These coins provide firm evidence 
that Baldock, which was continuously occupied in the 
Iron Age, came under Roman rule soon after the con- 
quest and remained a Romano-British town until the 
fifth century. Well over a hundred kilograms of 
pottery fragments, found at the Brewery Field, attest 
to the coin datings and indicate a flourishing trade. 
The potsherds include Gaullish Samian ware with at 
least twenty different potters’ stamps, which are 
particularly valuable for dating the site, a piece of 
green-glazed and decorated ware from St Rémy, near 
Vichy, and Cranbeck ware from Yorkshire. The 
remains of the Roman buildings prove that they 
were the characteristic timber-framed wattle and daub 
structures with extensive flint-cobbled yards. The 
occurrence of one cobbled floor on top of an earlier 
one indicates that the buildings were rebuilt at least 
once; the extent of the cobbling, and the very 
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uneven distribution of the coins, may mean that part 
of the site was a market place. Pieces of slag and other 
artefacts suggest the existence of ovens or, though less 
likely, furnaces for some local metal industry. Several 
bronze and iron objects including hairpins, keys, 
latches and pins have been found. 

Because all the digs at Baldock have been emergency 
excavations, the layout of the Roman buildings and 
their relationship to Stane Street which, by elimina- 
tion, is believed to be beneath the modern road, remain 
unclear. What the excavations have established, 
however, is the importance of Baldock even before 
the conquest, and the continuity of the pre-Roman 
and Romano-British occupation of the town, which 
occupied a key position at the crossing of the two 
ancient and important routes, one leading east-west, 
the other north-south. With luck, further exeavations 
of a Roman cemetery in Walls Field, which the Ministry 
of Works intends to start in September, should throw 
more light on the period. 


Brain Sciences 


Tue latest instalment of the world survey of brain 
sciences—a term covering everything from behavioural 
ecology to mathematical models of the brain—spon- 
sored by the International Brain Research Organiza- 
tion (IBRO), covers research and teaching in brain 
sciences in the United States. The report, which was 
supervised by the Committee on Prai Fe of the 
National Academy of Sciences search 
Council, contains a state by ae list of research 
groups and summaries of their research interests. 
Inevitably it is a little out of date and incomplete— 
some groups failed to reply to questionnaires—but 
more than 4,000 individuals working in 373 laboratories 
are listed. Comparable surveys of 37 other countries 
have appeared in the IBRO bulletin published by 
UNESCO, and the surveys of the USSR and Mexico 
which are still in preparation will complete the series. 

The brief breakdown of the survey in the report 
reveals that two thirds of the research groups receive 
at least some support from the Federal Government 
through its agencies, notably the National Institutes 
of Health. The graduate schools are apparently con- 
ducting 29 per cent of all brain science research, the 
medical and veterinary schools 25 per cent, and hospi- 
tals, research centres and Government and industrial 
laboratories account for the rest. The size of the 
research groups varies from individuals to groups of 
fifty or more people but there are only nine of these, 
including the Brain Research Institute of UCLA and 
gTOUpS at the Massachusetts Institute of Technology, 
the Rockefeller U niversity, the National Institutes of 
Health and the National Institute for Mental Health. 
By contrast 249 of the 373 groups listed eonsist of 
between one and ten people. When analysed by depart- 
ments, 32 per cent of the groups are in basic science, 18 
per cent in clinical science, 14 per cent in behavioural 
selence and 2 per cent in neurocommunications, which 
includes molecular biology of the brain. 

The survey is essential reading for anyone who needs 
to discover what is happening in the field in the United 
States. The short descriptions of the research projects 
make it particularly valuable, and a limited number of 
copies are available on request from the National 
Academy of Sciences, Washington. 
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1968 


Parliament in Britain 
by our Parliamentary Correspondent 


Diversification 

Mr Antruony Wepawoop Benn, Minister of Tech- 
nology, gave details of the work undertaken by the 
Atomic Energy Authority under section 4 of the Science 
and Technology Act, 1965, which allows the AEA to 
diversify. He provided Sir Harry Legge-Bourke with 
a list of the projects under way at the Atomic Weapons 
Research Establishment at Aldermaston. It includes 
space technology, the APACE computer centre, various 
forensic science projects for the Home Office, work on 
glass fibre reinforced plaster (sic) and work on dental 
materials. Diversification is clearly gat hering pace; 
while total expenditure to March 31, 1968, had been 
£1-434 million, a further £1 million is to be spent in the 
year 1968-69. (Written answer, July 22.) 


Channel Tunnel 

THe Minister of Transport, Mr Richard Marsh, said 
that it should be possible to make an announcement 
shortly about progress on the Channel Tunnel. He 
had considered the proposals of three private groups, 
and an agreement with a selected financing group 
should be made by the end of the vear. The issue was 
complicated, he explained, because the Government 
was trying to reconcile public and private investment. 
in the project; he would try to make an announcement 
before the end of the recess, and promised that a 
debate would be held before a final decision was made, 
(Oral answer, July 24.) 


300 GeV Machine 
Mr PETER Kirk (Saffron Walden) opened a short 
debate on the Government’s decision not to support 
the 300 GeV machine at CERN. The decision, he said, 
accorded ill with Mr Wilson’s constant references to 
a European tech nological community. British credi- 
bility in Europe had “been lost, and the projects still 
supported with Europe, the (C ‘oncorde and the European 
Airbus, were of doubtful pr ee Mr Tim 
Fortescue (Liverpool, Garston) agreed, 
it was not too late for the Government c change its 
mind, Comparatively little expenditure was involved 
in the next three or four vears. Replying, Mrs Shirley 
Williams, Minister of State at the Department of 
Education and Science, said that the decision was not 
simpiv a matter of money, though that was significant. 
There was also the length of the commitment, and the 
fact that the budget of the SRC would have had to 
grow at a rate of 9 per cent for no less than 10 vears 
ahead. There were also, she thought, dangers of the 
cost of the project t escalating-—-the costs of the 28 GeV 
machine had gone up consider ably, and the two small 
accelerators in Britain had shown escalations of 25 per 
cent. Science had other calls on the budget, and not 
everybody agreed that : so Tue of the money should 
Sy Support of the project 
would have et da. ne whole of British high 
energy physics research would have been based in 
another country. The Government continued to sup- 
port another major project at CERN, the intersecting 
storage rings project, which would itself cost £40 
million. The Government regretted certain decisions 
that had to be made in the light of devaluation, and 
‘very much hoped that there was no question of a fall in 
expenditure on scientific research”. (Debate. July 24.) 
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NEWS AND VIEWS 


A Safer Rabies Vaccine 


ALTHOUGH the rabies vaccines now available contain 
contaminants which induce encephalitis in between 
one in five hundred and one in five thousand of the re- 
cipients, rabies is such a terrifying disease that the 
vaccines are nevertheless widely used. The vaccination 
involves more than a dozen painful injections and the 
occasional encephalitis which results may cause tempor- 
ary, or even permanent, paralysis, although it is 
rarely fatal. Rabies itself, on the other hand, unless 
promptly treated with antiserum and vaccine, invari- 
ably results in painful death. The disease is indeed so 
painful that animals will try to eat their own limbs 
if they are infected. Thus a case of rabies in a rhesus 
monkey, imported by the National Institute for Medi- 
cal Research at Hampstead in 1965, was first suspected 
when the animal ate its own fingers and was trying to 
eat its limb. The article by Kaplan and Turner on 
page 445 of this issue of Nature, which reports a simple 
procedure that appears to render encephalitogenic 
rabies vaccine much safer, would obviously have been 
welcome at any time, but it is especially important now, 
when rabies is spreading across Europe at an uncom- 
fortable rate. 

Rabies virus multiplies preferentially in nerve cells, 
although recent work with tissue cultures has proved 
that it is not specific for them. The virus can be 
adapted to grow in many types of cells in tissue culture. 
Like many other pathogenic viruses, its genetic material 
is RNA, not DNA, and during the normal infective 
cycle in man, the incubation period ranges between 
ten days and more than a year. During this time, the 
virus spreads from the site of infection—usually a bite 
by a rabid animal, although there are two recorded 
cases of airborne infection—to the peripheral nerves 
and thence to the central nervous system. Vaccines 
which are essentially suspensions of killed or attenu- 
ated virus have to be produced from nervous tissue. 
Developing ducks’ eggs and the brains of rabbits or 
other small mammals have, up till now, been the two 
commonly used substrates for virus propagation. The 
vaccine, either Semple type or Fermi type, is made 
simply by grinding the infected tissue and incubating 
it with es to kill ane or most b of ane virus. Asa 
in inne to the virus, wee amounts of Faa 
proteins and an encephalitogenic factor which causes 
demyelination of nerves and encephalitis. There is 
more of this factor in the brain vaccine which is used 
in Britain than in the duck egg vaccine which has been 
widely used in the United States, but the duck egg 


-=o vaccine has two other disadvantages—it can give a 


“strong immunological sensitivity reaction and it has 
z doe rabies virus antigenicity. 
~The problem is to produce an effective vaccine which 





is free of this factor, which is known to be associated 
with the myelin of the substrate nervous tissue. Svet- 
Moldavsky and his colleagues in the Soviet Union and 
Fuenzalida in Chile have proved that this can be done 
by propagating the virus in the brains of suckling 
animals and harvesting material before myelination of 
the brain begins. But this requires a large amount of 
skilled labour and the handling of large numbers of 
very young animals. In Britain and the United States 
the costs are apparently prohibitive. One way round 
this problem, of course, would be to grow the virus 
on tissue culture cells, and undoubtedly a commercially 
viable method of producing an effective culture will 
eventually be developed. Tests of experimental 
culture vaccines have shown that they are more anti- 
genic and contain less encephalitogenic factor than the 
conventional vaccines, but so far they have only been 
used to vaccinate animals. None has been fully tested 
in field trials for the immunization of man, and the 
World Health Organization Expert Committee on 
Rabies considers that none should yet be considered 
“of established value”. 

Kaplan and Turner have tried an alternative 
approach—that of removing the encephalitogenic factor 
from the established vaccines. In fact, instead of using 
vaccine they have used a simple homogenate of adult 
rabbit brain as a model system. As far as the encephali- 
togenic factor is concerned, these homogenates are 
equivalent to vaccine. As reported on page 445, a 
single treatment of adult brain homogenate with an 
inert halogenated hydrocarbon, ‘Arcton 113’, separates 
most of the brain material and perhaps as much as 
95 per cent of the encephalitogenic factor from an 
aqueous layer, which would have contained the rabies 
virus if vaccine had been used. Obviously there will 
have to be more extensive biological tests of vaceine 
purified in this way, but the results so far are so en- 
couraging that purified vaccine may be made avaiable 
by the Lister Institute, the only laboratory in Britain 
licensed to produce rabies vaccine and to w ork with the 
virus, later this year. 

If the purified vaccine confes up to expectations, it 
could scarcely have come at a more opportune time. 
There is at present a world-wide epizootic of rabies. 
Like most other diseases which persist in and stem 
from populations of wild animals, the incidence of 
rabies fluctuates cyclically, The last world-wide 
outbreak was about a hundred years ago. In Britain, 
endemic canine rabies was eliminated in 1921 and the 
strict six-months quarantine regulations have ever 
since kept the country free. Since 1922, there have 
been twenty-four cases of rabies in imported dogs, 
the latest this year, and with the disease spreading 
across Europe. relaxation of quarantine regulations 
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would be wrong. Rabies is widespread in Western 
Germany where, in 1963, 726 cases among domestic 
animals and 2,660 among wild animals were diagnosed 
positively. In the same year, the incidence of rabies 
near Rome increased. In 1964 it spread across the 
Danish-German border, and it is now at the Dutch 
border. The perennial appeal by dog fanciers that 
dogs vaccinated against rabies should be allowed 
entry into Britain is best answered by the recommenda- 
tion of the WHO Expert Committee which reported in 
1966 that “countries now free of rabies should continue 
either to prohibit the importation of dogs and cats 
or to subject them to a prolonged period of quarantine, 
preferably four or more months, at the port of entry. 
If the quarantine period is only four months, leashing 
and surveillance for an additional two months are 
recommended’”’.' Once the disease reaches wild animals, 
particularly foxes and weasels, it is extremely difficult, 
costly and dangerous to eradicate. 


Mycoplasmas in Plants ? 


from our own Correspondent 


Viro.oaist delegates to the first International Congress 
of Plant Pathology which ended last week were 
excited to learn that a new type of organism, resembling 
the mycoplasmas found in animals, has been found in 
plants. Professor H. Asuyama of the University of 
Tokyo described how he found small bodies of variable 
shape, between 80 and 1,000 mu in diameter, in 
the sieve tubes and phloem parenchyma of plants 
infected with various diseases including aster yellows, 
mulberry dwarf and rice yellow dwarf. These are all 
similar diseases with symptoms always involving some 
disturbance of the leaves or petals, and they are all 
transmitted by leaf hoppers. The causative agents 
have been thought to be viruses, although nobody has 
been able to transmit the diseases from one plant to 
another in infected sap, or to see clearly typical virus 
particles in the infected tissues. The organisms which 
Professor Asuyama has found show staining reactions 
for both DNA and RNA, whereas plant viruses have 
so far been found to possess only RNA. 

The newly discovered bodies are also differentiated 
from bacteria by the two layered limiting membranes 
which they have instead of cell walls, and which give 
them their variable shape. In gross morphology and 
fine structure these bodies are most similar to the myco- 
plasmas that cause diseases such as pleuropneumonia, 
which is sometimes fatab in domestic animals. 

In animals, mycoplasmas are susceptible to tetra- 
cyclines, and one of the outstanding features of Professor 
Asuyama’s work is that he has apparently cured infected 
plants by treating them with these antibiotics. With 
treatment the symptoms of mulberry dwarf and rice 
yellow dwarf have disappeared, so that the resulting 
plants have upper Jeaves which are healthy, while the 
lower leaves which have not received tetracyclines are 
deformed and weak. It will not be certain that these 
symptoms are caused by the mycoplasma-like organ- 
isms until these bodies have been cultured and used to 
infect healthy plants. After this there should be some 
very interesting prospects for the control of certain 
plant diseases. 
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Cells for Vaccines 


from a Correspondent 


A ROUND table conference on human diploid cell lines, 
convened at the Fondation Merieux, Lyons, France, on 
April 25-26, 1968, covered various practical aspects of 
the use of diploid cell lines, and culminated in the 
adoption of criteria for the acceptability of diploid 
cell populations as substrates for virus vaccine produc- 
tion. 

Opening the conference, Dr D. Merchant reviewed 
the current status of cell cultures available for vaccine 
production and discussed the problems of standardiza- 
tion, reproducibility and contamination inherent in 
use of primary cultures. The concept of a standardized 
cell seed stock as proposed by Ikie and others was 
recognized as a major objective, but the WI 38 human 
diploid cell line is the only line which currently meets 
the required standards. 

Dr Moorhead, discussing the karyology of diploid 
cell lines, noted that the stability of the karyotype is 
characteristic of human fibroblasts and thet the karyo- 
type of the rabbit seems to have even greater inherent 
stability. According to Dr V. Defendi, all known 
methods have so far failed to demonstrate that human 
diploid cell lines can produce tumour growth. The 
dangers of tumour production i in recipients of vaccines 
would arise from the presence of oncogenic agents 
rather than from tumorigenicity of the cells used for 
virus production. Dr A. “Boue felt that latent viruses 
may be a problem in diploid cell lines of animal origin 
but that they are unlikely to be a problem with lines 
of human origin. Using more than 400 specimens 
obtained from abortions and grown in culture, he has 
not been able to isolate a latent virus except in one 
case, a spontaneous abortion m a mother who had had 
rubella two weeks earlier. 

Contaminating mycoplasmas can be detected im 
cell culture and they can often be eliminsted by treat- 
ment with ‘Tylosin’. But, as Dr L. Hayflick pointed 
out, certified stocks of WI 38 and other cell lines free 
of mycoplasmas are available through the American 
Type Culture Collection (ATTC), Rockville, Maryland, 
and, except in rare instances, he believes it would be 
better to throw out stocks which are contaminated and 
start with fresh material. The supply logistics of 
human diploid cells were discussed by Dr ‘Hayflick. 
WI 38 can be split 1 : 4 once a week and at the current 
rate of use the supply will last for at least 10~15 years. 

Dr 8. Dzagurov reported that extensive tests have 
failed to reveal the presence of any known viruses in 
WI 38 cells. No evidence of oncogenicity was Ho 


vaccine pr ater in thee calls. Dr F. Pa kins al Dr 
O. G. Andzaparidze felt, however, that study of those 
vaccinated will give little useful information concerning 
the safety of vaccines because of the probable long 
latent periods involved. 

Dr D. Ikie reported that there is no evidence of an 
increase in virulence of a vaccine strain as a result of 
passage through WI 38. In fact, measles virus was 
attenuated by such passage. In response to a question 
about the changes i in antigenicity of viruses as a result 
of passage, Dr H. Koprowski stated that antigenicity 
of rabies virus was increased by passage in WI 38. The 
general feeling of the meeting was that line WI 38 should 
be used for vaccine production because it is the only 
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cell lime currently available which meets all the criteria 
proposed. 


Tense and Relaxed States 


from our Molecular Biology Correspondent 


THE enzyme glutamine synthetase has been studied in 
Stadtman’s laboratory and found to possess a number 
of curious properties. In particular, it seems that under 
standard assay conditions there is commonly a lag 
of some minutes before the enzyme reaction approaches 
maximum velocity. This phenomenon has now been 
explained (Kingdon ef al., Biochemistry, 7, 2136: 
1968) by an absolute requirement for certain divalent 
cations present in trace amounts in the buffer salts. 
Manganese and magnesium were found to be most 
effective cations causing activation. Calcium also 
functions, but at higher concentrations. The activa- 
tion process is evidently eccompanied by a conforma- 
tional change, which is reflected by the increased 
fluorescence of a bound dye. This effect is also 
reproduced in the presence of barium ions, which are 
ineffective in stimulating activity. 

The nature of the interaction of the enzyme with the 
cations has been further studied by Shapiro and Gins- 
burg (ibid., 2153), who find that in the absence of the 
cations, the protein is in a less compact conformational 
state, called the “relaxed”? form. The evidence for 
this “relaxed” form is a slightly diminished sedimenta- 
tion coefficient (19-78, as against 20-38), with no 
change in molecular weight, the appearance of an 
ultraviolet difference spectrum on activation, associ- 
ated with decreased exposure of tyrosine and trypto- 
phan residues to the solvent, and increased accessibility 
of thiol groups to specific reagents. Transition between 
the “relaxed” and “taut” states is an essentially revers- 
ible process, which can be driven in one direction by 
addition of EDTA, and in the other direction by the 
appropriate cations. The conformational rearrange- 
ment is quite slow, taking some twenty minutes to 
complete after addition of manganese ions, and follows 
what seem to be first-order kinetics. The relaxed 
form is more prone to dissociate into its subunits under 
marginal conditions, and is more labile towards 
denaturants. The enzyme contains covalently bound 
5'-adenylic acid, and variations in the response of 
different preparations to metal ions have been corre- 
lated with differences in the number of such groups 
present per molecule. 

The molecular weight of glutamine synthetase is 
about 600,000, and electron microscopy (Valentine 
et al., ibid., 2143) shows that there are twelve subunits 
in the native enzyme, arranged in two hexagons, one 
lying on top of the other. All the indications are that 
the subunits are identical, and the molecule therefore 
contains a six-fold symmetry axis. Removal of cations 
produced no change in the overall shape of the protein, 
whereas dissociating reagents caused irregular break- 
down of the geometry. When manganese or cobalt 
ions were added back to the relaxed enzyme, however, 
an extraordinary phenomenon occurred: the hexagonal 
structures associated to form long tubes. This effect 
was evidently favoured by low degrees of saturation 
_with adenylic acid, for the tendency was suppressed 
in highly adenylated preparations. Valentine’s work 
suggests that the prosthetic groups may be directly 
involved in the isologous set of sites between the 


hexagons. This type of indefinite association has been. 
observed in one form or another elsewhere; it raises — 
the general question (which arises also in the most — 
general type of system—helical aggregates, such as 
bacterial flagella), what restrictions determine why 





the association ceases at a predetermined point (in. — 


the present case when two hexagons only have come 
together) in the native form of the protein and, by the 
same token, what allows the system to run riot under 
artificial conditions ? 


Chemicals from Petroleum 
from a Correspondent 


THE eighty-seventh annual meeting of the Society of 
Chemical Industry in Edinburgh on July 16-20 followed 
the pattern which hes been evolving in recent years. 
An important industrial and scientific subject was 
selected as the main theme for papers and discussion. 
Because the nearby town of Grangemouth has in the 
past twenty years rapidly grown to become one of 
Europe’s largest petrochemical complexes, it was 
appropriate that the main theme of the meeting was the 
future of the petrochemical industry. Lectures at the 
symposium covered such topics as the source of petro- 
chemicals, research for future development, future 
trends in petrochemical plant design, marketing and 
investment, industrial relations, future trends in 
plastics and the growth and performance of the British 
and North American chemical industries. 

Petroleum is now the chief source of organic chemicals 
and it is estimated that the petroleum-based organic 
chemicals industry will increase in product volume by 
a factor of 15 to 20 by the end of the century. It is 
expected that more than 99 per cent of all primary 
organic chemicals will be derived from petroleum and 
natural gas by that time. 

The chief building blocks for the petrochemical 
industry have been the supply of simple olefins, although 
petroleum is now taking over as a supplier of aromatic 
hydrocarbons. Ethylene plants are the focal points 
for the organic chemical industry and in the cracking of 
naphtha, 60 parts propylene, 35 parts C, hydrocarbons, 
consisting of butadienes and the butenes, are formed as 
by-products for every 100 parts ethylene. These by- 
products are further processed to chemical products: 
from ethylene come polyethylene, ethylene oxide, 
styrene and vinyl chloride; from propylene, polypro- 
pylene, acrylonitrile, cumene, acetone and butanol: 
from butadiene, synthetic rubber. The view was widely 
expressed that during the next ten years there will be 
a greater tendency to concentrate on existing chemicals, 
plastics and fibres and that there will be a decline in the 
number of new high profit products. For the future, it 
seems that in order to lessen capacity and marketing 


-problems, the industry will tend to become more 


concentrated and there will be increasing cooperation 
between companies. As an illustration, frequent 
reference was made at the conference to the large 
number of refineries in the Common Market countries 
for the production of ethylene and other olefins which 
are linked by a comprehensive pipeline system to the 
oil ports on the North Sea and the Mediterranean. 
The problems associated with the future design, and 
operation of large petrochemical plants were discussed 
at length. It was considered that, to reach an economic 
size, the annual capacity today should be not less than 
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250,000 tons of ethylene and that future plants may have 
a capacity of 500,000 tons. A logical consequence 
of developments of this magnitude must be cooperation 
between producers, at least for the production of cheap 
starting materials, and the concentration of facilities 
in large chemical complexes. Although the construction 
of large petrochemical plants offers new opportunities 
for advanced control concepts—increased use of com- 
puters for process control, for example—increase in 
size also gives rise to problems of plant safety and 
pollution control. 


Enzyme controlling Birth? 


from our Medical Biochemistry Correspondent 


THE journey from the uterus to the outside world has 
been said to be the most hazardous undertaken by any 
individual in his lifetime. In spite of the dangers to 
both mother and child during labour, obstetrics re- 
mains largely a manual and surgical speciality. Very 
little is known about the physiological control of 

normal labour, and even less about what happens 
when labour does not proceed smoothly. 

The polypeptide hormone oxytocin, produced by the 
neurohypophysis, makes uterine muscle contract, 
and is used to induce labour and shorten the later 
stages of labour. Oxytocin is, however, present in the 
blood during pregnancy and its concentration does not 
seem to increase greatly at term. The serum of preg- 
nant women contains an enzyme, oxytocinase. which 
hydrolyses oxytocin, but again no changes in the 
amount of oxytocinase have been demonstrated just 
before birth. Ina letter to the British Medical Journal 
(3, 122; 1968) A. Boulton Hewitt suggests that changes 
in the pH of the amniotic fluid may change the activity 
of oxytocinase so that more oxytocin reaches the 
uterine muscle and causes it to contract. The optimum 
pH of oxytocinase is about pH 7-3, and for most of 
pregnancy the amniotic fluid—like the blood—has a 
pH around this figure. Hewitt has shown that in 
normal pregnancy the pH of the amniotic fluid drops 
to pH 7 or less at 39 weeks gestation. presumably 
because of the increasing activity and size of the 
foetus. This pH change ( which would also occur when 
the foetus dies) would decrease the activity of oxyto- 
cinase, so that the concentration of oxytocin in the 
amniotic fluid would rise until it could pass through 
and affect the uterine muscle. 

In the same issue of the British Medical Journal 
(3, 96; 1968) V. S. Mathur and J. M. Walker report 
estimations of oxytocinase in the plasma and placenta 
in normal and prolonged labour. In the nine cases of 
prolonged labour, the cervix had dilated fully but the 

second stage of labour was proceeding so slowly that 
there was concern for the condition of the baby. 
Previous workers have reported increased oxytocinase 
paih aae in the blood Bes women _ Whose labour was 
aifferecoce in the p r o n a in both 
the plasma and the placenta of women in normal and 
prolonged labour, and the difference in the ratio of 
placental to plasma activity was highly significant. 
In the ten normal cases the plasma activity was 0-8 + 
0-09 with a placental activity of 6-040- 61. In the 
nine women with prolonged labour, the activity in the 
plasma was increased to 1340-11, with a corresponding 
decrease in the placental activity to 4040-37. This 
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suggests that the increase in oxytocinase in the plasma 
comes from the placenta, and the authors believe that 
this is because the prolongation of labour causes greater 
detachment of small pieces of placental tissues into 
the maternal blood stream. It seems equally reasonable 
to suggest that the leakage of oxytocinase from the 
placenta into the blood stream may be one cause of 
prolonged labour. 


DNA Synthesis during Meiosis 


from our Cytogenetics Correspondent 


THE processes which take place in the nucleus and lead 
to chromosome pairing and chiasma formation during 
meiosis are still a mystery, but now that microscopic 
observations are giving way to ultracentrifuge studies 
the picture may become clearer. Hotta, Stern and their 
colleagues have been investigating events during 
meiotic prophase with the ultracentrifuge. In 1966 they 
showed that a small amount of chromosomal DNA is 
synthesized during prophase and suggested that this 
is associated with chiasma formation. Now, Hotta, 
Parchman and Stern (Proc, US Nat. Acad. Sci., 60, 575; 
1968) have extended these observations. They have 
used the anthers of Lilium as a source of large numbers 
of synchronized meiotic cells. They introduced radio- 
active leucine at different stages of prophase and they 
isolated the radioactive proteins synthesized in the 
nuclei at the various stages. As cells passed into the 
zygotene-pachytene phase, a sharp increase was re- 
corded in the synthesis ofa particular protein extract- 
able at pH 8-0. A small but significant amount of DNA 
is also synthesized at the same time and, significantly, 
this newly synthesized DNA is isolated in the pH 8-0 
fraction, whereas very little of the total nuclear DNA 
occurs in this fraction. Density gradient centrifuga- 
tion showed that the DNA and protein synthesized in 
zygotene-pachytene sediment together, and so Hotta 
ct al. infer a functional relationship between the DNA 
and protein: their experiments with cycloheximide 
support this idea. A low concentration of cyclohexi- 
mide selectively abolishes the synthesis of both the 
protein and the DNA and, in turn, chiasma formation 
does not take place. From this the authors conclude 
that protein synthesis in meiotic prophase is necessary 
for the synthesis of DNA, which is essential for chromo- 
some pairing and chiasma formation. 

Synthesis of DNA is also characteristic of developing 
apiha oocytes. Gall (Proc. US Nat. Acad. Set., 
60. 553: 1968) has now deseribed the nature of the 
DNA synthesized at pachytene in oocytes of Xenopus. 
The newly synthesized DNA has a higher density than 
somatic nuclear DNA; it is double stranded and anneals 
with ribosomal RNA. Apparently the new DNA 
represents localized duplication of genes for ribosomal 
RNA and its function is to serve as extra templates for 
the massive synthesis of rRNA that occurs in oogenesis. 
The ribosomes of the oocyte maintain protein syn- 
thesis in the early stages of embr yo development, 

Clearly the rRNA locus has exceptional properties. 
The behaviour of this locus is also curious in 
Drosophila where loss of the rDNA locus gives rise to 
the “bobbed” phenotype. With appropriate genetic 
crosses, Ritossa (Proc. US Nat. Acad. Set., 60. 515; 
1968) has shown that rDNA can be added back to 
the genome to give reversion of the phenotype. But 
reversion is not always stable, which indicates that the 
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rDNA is not always properly integrated with the 
rest of the genome. 


Anatomy of Ribosomal DNA 


from our Cell Biology Correspondent 


On page 454 of this issue of Nature, Birnstiel and his 
colleagues at Edinburgh—K. Jones and U. E. Loening 
~——deseribe in detail the properties of the DNA which 
specifies the structure of ribosomal RNA in the clawed 
toad Xenopus laevis, A month ago, in two papers in 
the Journal of Molecular Biology (34, 661 and 681; 
1968), Brown and Weber of the Carnegie Institute, 
working independently, reported virtually identical 
data. Both groups have exploited the buoyant density 
centrifugation techniques which Wallace and Birnstiel 
(1966) developed for separating the ribosomal DNA 
from the rest of the Xenopus genome, and the RNA- 
DNA hybridization methods of Gillespie and Spiegel- 
man. 

The essential step in this very elegant work is the 
clean separation of the ribosomal DNA, and this 
depends on its high G=C content. When the total 
DNA of Xenopus is centrifuged in a caesium chloride 
gradient, the ribosomal DNA, denser than the rest, is 
displaced in the gradient to form a satellite band, 
which can be collected free from the other fractions. 
The DNA obtained in this way is double stranded and 
contains 64 per cent G=C. It is derived from a single 
chromosome which contains the nucleolar organizer; 
and a deletion mutant, which phenotypically lacks the 
ability to synthesize ribosomes, also lacks this ribo- 
somal DNA. 

Both groups agree that the isolated ribosomal DNA 
contains essentially all the DNA sequences in the 
Xenopus genome which are complementary to 288 
and 188 RNA, and the two genes are present in 
equimolar amounts. The ribosomal DNA also contains 
sequences which are not complementary to any of the 
ribosomal RNAs. According to Brown and Weber, 
the ribosomal DNA does not, however, contain the 
sequences for ribosomal 5S RNA; these are not 
clustered in any DNA fraction but dispersed throughout 
the entire genome. Quantitative hybridization indi- 
cates that there are about 300 to 450 288 and 188 
RNA genes in the haploid genome, and clustering of 
ribosomal RNA genes is emerging as a general pheno- 
menon; it has now been found in Æ. coli, B. subtilis 
and Drosophila as well as Xenopus. 

The 288 and 18S RNA genes are very closely linked: 
80 closely that in order to obtain DNA that will 
hybridize with only one or other of these RNAs, the 
ribosomal DNA has to be sheared into pieces less than 
one gene length. Both groups have analysed the 
arrangement of the ribosomal RNA genes and reached 
gratifyingly similar results. The most likely arrange- 
ment is one consisting of alternating 18S and 288 
genes with stretches of DNA, about the same size as 
the 188 gene, separating each pair. This spacer DNA 
is not ccmplementary to any ribosomal RNA and its 
function is unknown, although Birnstiel ef al. have 
shown that it has an unusually high G=C content, 
about 85 per cent. 

The picture that thus emerges from the work of both 
groups is that ribosomal DNA comprises a series of 
repeating 18S and 28S gene units. This, of course, 
fits in well with the evidence that, in HeLa cells, ribo- 
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somal RNA is transcribed as a single 458 preeurs 
molecule which is then split to yield 288 and 188. 
ribosomal RNA molecules. i 


Pattern Recognition 


AN interdisciplinary conference bringing together 300 
researchers on all aspects of the problems of pattern 
recognition was held this week at the National Physical 
Laboratory, Teddington, Middlesex, organized by the 
Institute of Electrical Engineers. Automated pattern 
recognition has been getting much publicity lately 
because of its obvious applications in such areas as 
postal sorting. A number of research groups at the 
GPO reported work on the problems of character 
recognition, a particularly difficult problem when con- 
sidering hand-written characters, but a group at the 
GPO’s Dollis Hill Research Station plans to have a 
laboratory model capable of reading either typewriting 
or hand-written block capitals within 3 years. The 
Post Office problem is simpler than many other prac- 
tical applications, however, for the machine’s reject 
rate can be quite high as long as all those letters 
accepted are read correctly; those rejected are then 
sorted by hand. 

The problem of all such visual recognition systems 
is nearly the same, though the methods of solution 
and degree of accuracy may vary——to find the minimum 
number of relevant features needed by a training set 
to identify a character. A number of systems examine 
the behaviour and placement of characters on a matrix 
of cells, and by a combination of smoothing—getting 
rid of kinks and discontinuities in the way the figure is 
written—and thinning—reducing the figure to its 
essential lines—the character can be classified into one 
of the determined sets. 

What makes this work even more interesting is the 
close correlation to neurophysiological theory of vision 
and brain function. A group at the Massachusetts 
Institute of Technology is attempting to build a com- 
puter that can describe and make decisions about an 
environment. The immediate purpose of this machine is 
to place a television camera on Mars in the 1970s which 
is capable of looking around, focusing and deciding 
what information is important enough to transmit back 
to Earth. To do this the group is constructing a 
computer program that performs the same func- 
tions as the cells in the core of the reticular formation: 
information input is compared with recorded images 
in the computer, and if further investigation is thought 
necessary the organism moves to a second location 
where the object is again compared to the internally 
generated image. By building up a stereoscopic picture 
of the environment using two lenses and a television 
camera connected to a computer, the system operates 
in a fashion similar to the retina of the eye. These 
inputs are then fed into a series of computing modules 
similar to the reticular formation, each of which re- 
ceives a random sample of inputs, guesses at their 
relative importance and is informed of the random 
samples of the other modules, These preliminary 
guesses are circulated several times before a decision 
is reached. Just what decisions the system will be able 
to make, especially when faced with a totally new 
environment, remain to be seen, but a computer that 
ean think for itself should have more immediate 
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THERMOLUMINESCENCE is the light emitted by a solid as 
a result of the release by heating of energy that has been 
stored from some earlier excitation. The initial excitation. 
most commonly by ionizing radiation, gives rise to the 
trapping of electrons and holes at defects in the crystal 
lattice; subsequent raising of the temperature allows the 
electrons and holes to escape from their traps and, if 
electron hole recombination then occurs through a 
luminescent centre, light is emitted. The phenomenon 
has been studied for several hundred years---for example. 
by Sir Robert Boyle! in the seventeenth century-——but. it 
is only m the past decade that, stemming from the work 
of Farrington Daniels? at the University of Wisconsin. 
the effect has been utilized in applied physies. The chief 
application has been in radiation dosimetry’, particularly 
m radiotherapy and health hazard control. using highly 
sensitive natural minerals such as calcium fluoride or 
artificially prepared phosphors such as lithium fluoride. 
The thermoluminescence (TL) observed is a measure of 
the total dose of radiation to which the phosphor has 
been exposed since the last previous heating, and this can 
be evaluated in rads (1 rad == 100 ergs of absorbed energy/g) 
by measuring the TL sensitivity of the phosphor using a 
calibrated radioisotope source. In geological and archaeo- 
logical applications’ a similar measurement of radiation 
dose can be made when the specimen of interest contains 
minerals which are thermoluminescent. The annual dose 
received can be calculated from measurements of the 
radioactive contents of the specimen and its surroundings, 
and so the time that has elapsed since the specimen was 
last heated can be caleulated 
Natu ral TL 
Age (yr) = (1) 
(TL/rad) x (rads/yr) 

In the case of pottery the event dated is the firing of 
the pot by ancient man---probably at between 750° and 
£,000° C, certainly a high enough temperature to remove 
the.thermoluminescence that had been acquired during 
geological times. Thus the “thermoluminescent clock” is 
set to zero at a well defined time from the archaeologist’s 
point of view; this is an advantage over the radiocarbon 
method where in the case of wood or charcoal the event 
dated is the felling of a tree, and this can precede involve- 
ment with ancient man by several hundred years. Another 
advantage is that pottery i$ often the basis of the archaeo- 
logist’s terms of reference whereas organic remains may 
be only cireumstantially related to the chronological 
framework. Also because of its durability, pottery frag- 
ments are relatively abundant on most sites. Equation 
(1), however, is deceptively simple and, quite apart from 
experimenta] difficulties, there are complicating factors 
which may limit the method to a somewhat poorer 
precision than is attainable with radiocarbon. 

During the past 10 years this pottery dating technique 
has been developed at the Universities of Berne’, Birming- 
ham’, California’; Kyoto*, Oxford’, Pennsylvania’® and 
Wisconsini, In these various approaches only relative 
ages were obtained and it was necessary to calibrate by 
means of pottery of archaeologically known date; also, 
the precisions achieved, even on this relative basis, were 
only about +20 per cent. An early attempt'? at this 


This technique has been developed so that it seems to be possible 
to date fragments of pottery absolutely to within +10 per cent. 


laboratory to obtain absolute ages gave answers that were 
too low by a factor of five. Since then effort has been 
directed towards a better understanding of the physics 
involved, in the hope that this would lead both to an 
improved precision and to the establishment of the method 
on an absolute basis so that its results would be inde- 
pendent of any other chronology. The latter aspect 
acquires increased importance in view of recent indica- 
tions!*-"* that before 3000 BC there are serious systematic 
errors in radiocarbon ages---these may be related to 
variations in the overall geomagnetic field intensity, to 
variations In sunspot activity, or to the settlmg down of 
climatie conditions following the last [ee Age. 


Obtaining Absolute Ages 


In order to obtain correct absohite ages it is important 
to take into account the inhomogeneity of the fabric of 
ancient pottery. Typically the febrie consists of a fine- 
grain clay matrix in which are embedded mineral inclu- 
sions, such as quartz. of dimensions which may range 
from 1 mm to lu or less. A photograph? of the thermo- 
luminescence from a thin section of pottery which has 
been artificially irradiated shows the visible inclusions as 
bright spots, indicating that they have a much higher 
thermoluminescent. sensitivity than the matrix; this has 
been confirmed*!? by measurements on quartz grains 
that have been extracted from pottery by the standard 
mineralogical techniques of density separation and mag- 
netic separation. The inclusions are relatively transparent 
and it is not surprising that they give off more hght 
than the opaque clay matrix, even if the latter emits any 
at all. From the point of view of age determination these 
differences in sensitivity, whether intrinsic or not, are 
important because the natural radiation dosage is also 
non-uniform, A major part of this dosage (Fig. 1) is by 
alpha particles from uraruum and thorium and these 
radioelements are carried predominantly in the clay 
matrix!’. Because of the short range of the alpha particles 
(20--50u) their contribution to the dosage of an inclusion 
is heavily attenuated, being almost neghgible for melu- 
sions greater than 100 across. Thus the most sensitive 
thermoluminescent material is shielded from a major 
component of the radiation and the dose rate experienced 
by the inclusions is a function of their size. It is not 
surprising that the absolute ages determined in our early 
work were grossly in error because no allowance was made 
for this attenuation of the natura! dosage. l 

Two ways of avoiding this difficulty have been de- 
veloped. For “inelusion dating”, grams in the size range 
100-200u. are separated out. and their natural thermo- 
luminescence and their sensitivity to beta irradiation (the 
sensitivity to gamma irradiation is identical) are 
measured. For this size range the contribution of alpha 
particles to the dosage is negligible, and the appropriate 
annual dose for use in equation (1) consists only of the 
beta particle contribution from the radioelements in the 
pottery fabric itself. the gamma-ray contribution from 
radioelements in the surrounding burial soil, and a small 
contribution from cosmic rays. In a preliminary test™ 
of this method on eight pottery fragments (ranging from 
AD 1500 te 6000 BC) the thermoluminescent ages, on an 
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Wig. i. Annual dose Grads) for a pottery fragment with typical 
radioactive contents (U, 3 p.pam.: Th, 12 pp.m.; K, 1 per cent), 
buried in soil of the same radioactivity. 


absolute basis, were all within 20 per cent of the age 
according to archaeological or radiocarbon evidence; this 
gave strong support to the principles used. The uranium 
and thorium contents of pottery and soil are determined 
by thick-source alpha counting’ and the potassium con- 
tents by chemical analysis (X-ray fluorescence or flame 
photometry). Uncertainties in the conversion!® of the 
alpha counts into beta and gamma dose rates made a 
higher precision unlikely. When developments in progress 
to measure?’ these dose rates directly by the use of highly 
sensitive thermoluminescent phosphors are complete, 
work will be continued with this method. Eventually it 
is hoped the age of each pottery fragment will be de- 
termined both by inclusion dating and by the method now 
to be described. Because different possible sources of 
error have differing degrees of importance in the two 
methods, this will be a valuable cross-check. 

For “fine-grain dating” the thermoluminescence 
measurements (natural TL and sensitivity) are made on 
fine grains (both clay and mineral inclusions) in the size 
range l-u separated from the crushed pottery fragment 
by a sedimentation technique. These fine grains, even 
those free of alpha activity, will have suffered negligible 
attenuation of the alpha particle dose and so this con- 
tribution is now included in the annual dose used in 
equation (1). A new complication arises from the fact that 
quite apart from any attenuation effects, a given dosage 
(that is, on an absorbed energy basis) from alpha particles 
is about an order of magnitude less effective in inducing 
thermoluminescence than the same dosage from beta (or 
gamma) radiation. For pottery this ratio of sensitivities, 
which is measured for each sample, has been found to 
range from 0-05 to 0-30. The age formula must therefore 
be modified to: 


Experimental Procedure 


A critical point is the technique used for crushing the 
pottery fragment; large mineral inclusions must not be 
crushed down to the 1-5y range. A satisfactory method, 
at any rate for pottery that is not too hard, is to erush the 
fragment between the jaws of a vice, care being taken 
not to bring the jaws to within less than about 2 mm of 
each other. This avoids putting stress directly across an 
inclusion and allows the sherd to crumble along the 
weakest paths, which are usually through the clay rather 
than through a hard mineral inclusion such as quartz. 
This process produces fragments ranging from about 2 mm 
to less than ly in size. A test on a piece of specially pre- 
pared baked clay with 1002 grain quartz inclusions 
showed that only 5 per cent of the quartz was reduced 
to the 1~5yu size by this technique. A further test on nine 
samples of pottery showed that the l-õ5u grains obtained 
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in this way emitted on average 30 per cent more natur 
thermoluminescence than samples of the same size pre 
pared from fragments that were crushed by pestle and ` 
mortar. eee 

After this crushing procedure grains of about: l-6y . 
in size (about 8 mg in all) are selected by their settling — 
rate in acetone and deposited onto eight | em diameter ~ 
0-010 in. thick aluminium disks. The rest of the material 
(about 2 g) is ground with pestle and mortar and used for 
the radioactivity measurement. The eight samples, each 
a l mg layer of fine grains, about 4u thick, have a therrno- 
lumineseent reproducibility of about 5 per cent. Such 
thin samples are advantageous. if not necessary, for 
measurement of the alpha sensitivity. It is necessary to 
prepare several samples from each pottery fragment 
because the thermoluminescence sensitivities of a sample 
may be changed by heating!® and thus the sensitivity 
measurements cannot be carried out on a sample that has 
been used for measurement of the natural thermolumin- 
escence. The natural thermoluminescence is therefore 
measured on one sample, the composite natural plus 
beta-induced thermoluminescence on a second, and the 
natural plus alpha-induced thermoluminescence on a 
third: the beta and alpha sensitivities are obtained by 
subtraction. The alpha and beta irradiations are done 
with plaque sources (supplied by the Radiochemical 
Centre, Amersham) of #°Po and Sr respectively. Our 
calibration of their dose rates is considered to be correct 
to within +15 per cent for the alpha source, and to 
within +5 per cent for the beta source. 

Our age formula assumes that the amount of thermo- 
luminescence is linear with dose, but this is not always 
true. The “linearity” of each sample is tested by exposing 
a fourth and fifth portion to beta and alpha doses of about 
double the first irradiations. Only one of the fifty samples 
used to test the fine-grain method was found to be seriously 
non-linear and this was discarded. The apparatus used to 
measure thermoluminescence is based on that deseribed 
earher!®.*!, As before, it was found essential to make the 
measurement in an atmosphere of oxy-free nitrogen in 
order to avoid “spurious” thermoluminescence®*. Also, 
once the pottery fragment has been crushed, all opera- 
tions are carried out in subdued light in order to avoid 
optical bleaching of the thermoluminescence’*, The 
radioactive contents are measured as in the “inclusion 
dating” technique, but the uncertainty in evaluation of 
the beta and gamma dose rates is now less important, for 
alpha particles contribute a large proportion of the total. 

Because of thermal decay during antiquity the natural 
glow-curve shows little light below 300° C whereas the 
artificially induced glow-curves may be strong in that 
region. In the context of age determination “thermo- 
luminescence” is implicitly assumed to refer to the light 
emitted in the 400° © region of the glow-curve. A plot 
versus temperature of the ratio of the light intensity 
ordinates of the natural and artificial glow-curves remains 
at zero until about 250°C and then rises to a plateau 
value, usually by 350°C. The onset of the plateau is 
taken to indicate that the trapg responsible for the light in 
that temperature region are deep enough for decay effects to 
have been negligible over the thousands of years of burial. 

The method has been tested on some fifty pottery frag- 
ments from seventeen archaeological contexts that were 
reliably dated against historically recorded events and 
for which the circumstances of burial were well known. 
The gamma rays come from the surrounding burial 
medium up to a distance of about 30 cm, and as far as 
possible pottery lying in a homogeneous soil layer was 
chosen. These requirements led to a heavy bias towards 
the Romano~British sites (thirteen of seventeen contexts). 





Dating Results 

The results of the test programme are shown in Table 1. 
The relative importance of the different types of ionizing 
radiation can be seen. Although alpha particles contribute 
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about 80 per cent of the dose, because of their reduced 
effectiveness relative to beta particles (k) they produced, 
on the average, only about 40 per cent of the natural TL. 
Gamma rays from the soil contributed 10-20 per cent of 
the dose. In Britain the soil radioactivity was usually 
about half that of the pottery. In other areas of the 
world the relative contribution from the soil could be 
larger. On the average, uranium and thorium contributed 
about 60 per cent of the effective dose, potassium 38 per 
cent and cosmic rays 2 per cent. 

The standard deviation of a single TL age from the 
true archaeological age is 15 per cent. Equally significant, 
the average spread of ages within a context is 10 per cent, 
large compared with the 5 per cent spread that would be 
obtained if repeated measurements were made on a single 
piece of pottery. The several pieces measured from a 
context, chosen at random, usually represented two or more 
pottery types and thus often had different TL properties, 
radioactivities, hardness and so on. The conclusion is 
that some systematic errors are still present, and that 
these are more pronounced in some types of pottery than 
in others. In the test programme the effect of these errors 
was appreciably reduced by averaging the results of about 
three pieces (preferably of different types) from each 
context. Fourteen of the seventeen contexts were within 
+10 per cent. 


Possible Limitations 


The results of this test programme are considered to be 
highly encouraging, not only because they give confirma- 





Table 1. FINE GRAIN DATING RESULTS; 
Location | Pottery  Equivalentt k* U and Th series 
Cit > fragment rads (8) a 8 

Lezoux 6b1 649 )- 100 2-82 Q-114 
2. p25 0272 3-45 0-141 

3 720 0-214 2-88 0-119 

Orton 41a? 1,320 0-154 3°22 0-127 
Longueville 3 1,760 0-154 4-11 0-168 

§ 1,000 0-166 3°43 0:1068 

Portchester 69d1 855 0-157 1-28 0-051 
2 930 0-132 1-76 0-072 

‘ambridge 72b1i 860 0-184 1-33 0-047 

l 3 750 0-180 0:97 0-037 
Dragonby 68f1 835 0-216 1-39 0-056 
2 825 0-174 1-85 0-066 

3 730 0-190 1-28 0-053 

Jainbrid 67al B85 0-215 1°07 (041 
Pere 3 1,020 0-182 1-67 0-068 
ö 1,640 0-250 1-80 0-080 

8 960 0-15) 1-72 0-064 
Wi ter 70d1 620 0-078 1-07 0-040 
‘ penne 2 B35 0-104 1-83 0-066 
3 1,000 0-142 1:29 0-055 
Lezoux ga? 1,360 0-124 2-80 0-114 
: 4 1,560 0-097 2-83 0-117 

§ 2,100 0:190 3°68 0-153 

firencester Tial 775 0-138 1:29 0-058 
Geer 2 700 0-118 1:57 0-063 
3 825 0-152 1°26 0-054 

Wine 70e1 1,265 0-188 3°37 0-132 
aii 2 840 0-215 1-14 0-045 

3 920 0-138 1-82 0-075 

r Slat 940 0-106 1-51 0-057 
ener : 2 660 0-163 0-88 0-085 
3 960 0-105 1-58 0-064 

C 72al ,040 0173 1-12 0-043 
Caubneee 2 i 935 0-128 1-05 0-041 
4 960 0-130 1-25 0-045 

Till 65b1 1,000 0-153 1-22 0-050 

i i f 2 620 0-064 1-61 0074 
3 540 0-069 1-28 0-058 

“i ; 77b6 720 0-090 1-41 0-055 
aa 7 S40 0-080 1-17 0-050 
12 1,260 0195 1-63 0-067 

7 nby G8e2 885 0-157 1-05 0-043 
Pee 3 560 11s 0-09 0-041 
5 665 0-175 0-97 0-037 

6 935 0-180 1-44 0-043 

682 965 0-180 0-98 0-041 

3 910 0-147 1-20 0-042 

4 820 0-135 1-05 0-043 

eapharni hal 625 0-296 0-38 0-013 
meena ° ‘3 574 0-242 0-35 0-040 
el 370 0-120 0-22 0-009 


Standard deviation of thermoluminescent (TL) ages within a context 
Standard deviation of a single TL age from the Archaeologic age 
Standard deviation of the average TL age of a context from the Archaeologic age 


* k is the ratio of TL response for alpha particles to that for beta particles. 
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tion that the techniques used and the principles involved 
are valid, but also because they indicate that a number of 
possible interfering effects are not of serious importance— 
at any rate in the fifty fragments of pottery tested. One 
such effect is the interchange (leaching) of uranium 
between pottery and soil: this might have caused the 
uranium content of the pottery to have been seriously 
different from that determined today for an appreciable 
length of time. Another is the presence of uranium or 
thorium incorporated in mineral inclusions; this would 
mean that the aipha particles would not reach the fine 
grains in the clay matrix, or, at any rate, only those in 
the proximity of an inclusion. Investigation of a few 
fragments of pottery by the induced fission track tech- 
nique indicated that uranium-bearing inclusions were not 
present in significant amounts, however. Another possible 
cause of error could be due to an increase in the emanation 
of radon when the pottery is ground-up for alpha count- 
ing; tests on a dozen samples indicated that there was no 
significant increase in the emanation rate on grinding-up, 
and also that only about 10 per cent of the radon was lost 
in this way. Finally, the test for linearity of acquisition 
of thermolurninescence only checks the situation at a dose 
level in excess of the natural dose and does not preclude 
the possibility?’ that for the first few centuries the thermo- 
luminescence was growing at a slower rate than later on. 
It is not known what minerals are giving the thermo- 
luminescence from the fine grains except that quartz is 
certainly responsible for a large part of it. 

These various effects may stand in the way of improving 


TEST WITH POTTERY OF KNOWN AGE 








mee Rads/ YE ——— emmer 
i ~ ——— Aves (Years BP} 
Soil +t K cosmic rays | aon 
B y TL TL Archaeological 

155 papi 840 

0-164 (204 840 635 600 + 50 
0-214 201 825 

0-240 (O77 1,400 

(247 (O77 1,600 1,370 1,650 + 150 
0-233 i+ O77 1,010 

0-233 0-006 1,430 

0-133 (096 1,756 1,615 1,650 + 50 
0-150 (7-080 1,540 

0-080 (O80 2,020 1,780 1,750 + 50 
0-144 6-060 1,400 

0-149 0-060 1,460 1,430 1,750 + 50 
0-200 0-060 1,820 

0-128 0-080 1,850 

0-238 6-080 1,480 

0-220 080 1,980 1,695 1,780 + 20 
0-243 0-080 1,470 

0-003 0-082 2,350 

0-078 0-052 1,630 1,920 1,800 + 50 
0-276 0-052 1,770 

0-164 6-142 1,770 

0-213 0-142 2.090 1,880 1,806 +10 
0-172 G-142 1,790 

0-137 6-070 1,750 Ë 

0-104 6-070 1,660 1,760 1,856 + 30 
0-128 0-070 1,870 

0-252 0-045 1,270 

0-120 6-045 1,850 1,470 1,770 + 200 
0-245 045 1,300 

0275 0-083 41,610 

0-087 0-093 2,150 1,780 1,900 +10 
0-280 0-083 1,860 

0-283 )-080 1,860 

0-131 6-050 2960 2,070 1,960 + 25 
0-187 6-060 1,930 

0-076 0-140 2,230 

0-057 0-140 1,860 1,820 1,910 +10 
0-060 0-140 1,560 

0-091 9-110 1,880 

0-162 0-110 2,370 2,970 1,910 +20 
0-142 0-110 1,970 

0-110 Ord 2,250 

0-120 3-074 1,860 P 
0-091 0-07¢ 1,790 1,910 1,925 + 25 
0-144 TÜTE 2 000 

0-133 9-081 2,250 

0-101 0-081 2,260 2,240 1,950 + 56 
0-108 PSI 2,200 

0-009 0-035 3,700 

0-022 9-085 3.7380 3,660 8,500 + 200 
0-035 0-035 3,510 

10 per cent 


15 per cent 
10 per cent 


+ Equivalent rads {$} is the beta dose which produces an amount of TL equal to the natural TL. 
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the precision of the method unless allowance can be made 
for them; they are being investigated further and, also, 
known-age checks are being extended to earher periods 
and different geological circumstances. Even at the 
present +10 per cent level of accuracy, however, the 
method is likely to be of considerable importance in pre- 
historic archaeology. In particular it will be of great 
interest to apply it to pottery from contexts dated to 
around 4000 BC on radiocarbon for according to Suess}4 
and others!* radiocarbon ages may be too young in this 
period by as much as 800 years; also, Stuiver has 
suggested that the error increases as the terminal phases of 
the last Ice Age are approached, possibly reaching 2,000 
years at 8000 BC. 

The developments we have made depend heavily on 
the earlier work in this laboratory of Dr M. 8. Tite and 
Mrs J. Reid. We also acknowledge the valuable help of 
Mr J. ©. Alldred, Mrs J. Merrick, Mrs A. Millett and Miss 
J. Thompson. We are also indebted to the archaeologists 
who have provided the dated pottery and patiently 
explained to us the circumstances of its burial: Dr J. 
Alexander, Mr M. Biddle, Mr D. Brown, Professor B. W. 
Cunliffe, Mr G. F. Dakin, Professor S. S, Frere, Mr B. 
Hartley, Dr J. B. Hennessey, Mr J. May and Dr G. 
Webster. Financial support for the project from the 
Natural Environment Research Council and Major H. W. 
Hall, and a research fellowship from the Astor Founda- 
tion for one of us (D. W. Z.), are gratefully acknowledged. 
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CONVENTIONAL Semple-type rabies vaccine is prepared 
from the brains of sheep or rabbits which have been 
infected intra-cerebrally with a suitable strain of fixed 
rabies virus. Patients who are treated with the vaccine 
run the risk of demyelinating lesions of the central nervous 
system which may result in serious residual paralysis or 
even death}, Neuroparalytic accidents are closely 
analogous to experimental allergic encephalitis which can 
be induced in guinea-pigs and other animals by the intra- 
dermal injection of isologous brain tissue with Freund’s 
complete adjuvant. Methods of making rabies vaccine 
which are free from encephalitogenie factor have been 
devised by Svet-Moldavsku, Svet-Moldavskaia and Kise- 
leva’, Fuenzalida’, and Gispen, Schmittman and Saathof?. 
They all rely on the use of very young animals for propa- 
gation of the virus; infected brains are gathered before 
the animal begins to synthesize the myelin with which the 
encephalitogenic substance is associated’, Although the 
vaccines are non-encephalitogenic, their preparation on a 
commercial seale requires very large numbers of young 
animals and much labour. Habel’ states that the cost of 
chemical methods for removing the encephalitogenic factor 
from adult brain tissue vaccines would be prohibitive. 
We reinvestigated some of the properties of rabies virus? 
in order to devise a method for separating the encephalito- 


Removal of the encephalitogenic substance from homogenates of 
adult rabbit brain with ‘Arcton 113’ should lead to the production 
of a safe rabies vaccine. 


genic factor from emulsions of adult brain without re- 
ducing the infectivity of the virus. A single treatment 
with the fluorocarbon trifluorotrichlorocethane® (‘Arcton 
113°, ICI Ltd) had little effect on infectivity. 

In order to determine the efficiency of “Arcton 113° im 
the removal of the encephalitogenic factor, a 10 per cent 
(w/v) emulsion of normal adult rabbit brain and cord was 
made in phosphate buffered saline (PBS). Half of this 
emulsion was held as control material without further 
chemical treatment, whereas he other half was treated 
by homogenization at 0° C with 10 per cent (v/v) ‘Arcton 
113°. After centrifugation at 750g for 10 min the control 
emulsion separated in an aqueous phase and brain sedi- 
ment, whereas the material which was treated with 
‘Arcton’ formed an aqueous phase and an “Arcton’ phase 
containing the greater portion of the brain material. The 
supernatant fluids were removed and freeze dried. A 
sample of 10 mg was taken from each material, suspended 
in 0-5 ml. of PBS and emulsified in 0-5 ml. of œ omplete 
Freund's adjuvant (Difco). 

Groups of five guinea-pigs (800-500 g each) were 
injected intradermally in the nuchal line with a single 
dose of brain extract in a volume of 0-1 mi. Animals 
which were given untreated brain extract and which 
became paralysed within 10-12 days were killed, whereas 
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all those remaining apparently healthy were killed for 
post-mortem at 21 days. After the brains and spinal 
cords were fixed in 10 per cent formol saline, sections 
were cut through the cerebrum, pons and medulla and 
stained with haematoxylin and eosin. All the animals 
which were injected with untreated brain had florid lesions 
of experimental allergie encephalitis (Table 1). None of 
the animals which were injected with ‘Arcton’-treated 
brain material had the same sort of lesions, although a 
few had minor inflammatory lesions of the leptomeninges. 

Bell, Wright and Habel? extracted encephalitogenic 
substance from rabies-infected brains with benzene and 
ether, and so we included in our experiments brain sus- 
pension which was extracted with another lipid solvent-— 
petroleum ether (boiling range 60°--80° C); the results of 
inoculating this material into guinea-pigs are also shown 
m Table 1. 


Table 1, EFFECT OF TREATMENT WITH ‘ARCTON 113° AND PETROLEUM ETHER 
ON THE ENCEPHALITOGENICITY IN GUINEA-PIGS OF EXTRACTS OF NORMAL 
RABBIT BRAIN AND SPINAL CORD 


Lyophilized No. No. with 
Treatment extract (dose, mg) paralysed encephalitis 
Nil 1 5/5 5 
‘Arcton’-extracted i 0/5 ü 
Petroleum-ether-extracted 1 2/6 0 


In a second experiment a series of guinea-pigs was 
given graded amounts of lyophilized saline extract of 
brain and lyophilized ‘Arcton’-extracted brain. All 
apparently unaffected animals were observed for 33 days 
before killing for examination. Extraction with ‘Arcton’ 
was clearly very effective in removing encephalitogenic 
substance from adult rabbit brain (Table 2)—decreasing 
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Table 2. EFFICIENCY GF “ARCTON’ FRACTIONATION IN REMOVING ENCEPHALI- 
TOGENICITY. FOR GUINEA-PIGS FEOM SUSPENSIONS OF RABBIT BRAIN AND 
SEINAL CORD 

Lyophilized No. No. with 
Treatment extract (dose, mg) paralysed encephalitis 
Nil 0-5 4/4 4 
Nil Ld 2/4 4 
‘Arcton'-extracted 1-0 /4 ü 
‘Arcton’-extracted 4-0 0/4 ü 
‘Arcton’-extracted 1-0 Of¢ 0 


it to <5 per cent of the original concentration, We believe 
therefore that by usmg ‘Arcton 113° in the preparation 
of rabies vaccine from the brains of adult rabbits, it 
should be possible to produce a vaccine which is largely 
devoid of the potential dangers associated with vaccines 
derived from this source. The results of tests on vaccines 
prepared by this method will be published shortly. 

We thank Dr N. Woolf for independent histological 
assessments in the first experiment. This work was 
completed while C. K. was at the Lister Institute of 
Preventive Medicine. 
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JOHNSTON observed an outbreak of the desert locust in 
the Sudan! and confirmed that Uvarov’s phase theory? 
was applicable to Schistocerca gregaria (Forskal). Many 
processes involved in the transformation from solitary 
individuals to gregarious hopper bands and swarms have 
been identified in various populations in the fieldi- and 
some have been studied in the laboratory'*-**. Many 
desert locust outbreaks have ocecurred*™ but there has 
been no complete account of how these processes are 
related to one another im any single outbreak—only a 
tentative scheme*™*. The last plague of the desert locust 
declined in West Africa in 1960-61; subsequently, locust 
populations remained low, and although there were a 
number of outbreaks, they were not studied in detail. 
Between September and November 1967 we witnessed 
the development of an outbreak of the desert locust in 
the Tamesna area of Niger and Mali Republics (Fig. 1) 
and observed the production of gregarious populations 
from individuals occurring initially at low densities. 
This study was conducted as part of a jomt project 
between the Anti-Locust Research Centre and the 
Organisation Commune de Lutte Antiacridienne et de 
Lutte Antiaviaire (OCLALAY). 

Previous workers have discussed stages of a locust out- 
break® 23.25.26) but we have recognized three processes: 


The build up of a desert locust outbreak can be seen as three distinct 
stages. Concentration is followed by multiplication and gregariza- 


concentration, multiplication and gregarization. Stage 
imphes that an outbreak develops in a series of sequential 
steps, whereas one of the most characteristic features of 
desert locust outbreaks, judging from our experience in 
Tamesna, is that concentration, multiplication and gre- 
garization take place concurrently over a period of 
months. Even in a restricted area locusts are found in 
all developmental stages m a range of densities and 
exhibit varving degrees of gregarization at any particular 
tune. While the processes are different and are described 
separately, they are interrelated and overlapping. It is 
sometimes difficult to determine which process or pro- 
cesses are operating in an individual or group of individuals. 

Concentration means an increase in population density 
due to locomotor activity. It excludes gregarious attrac- 
tion and is equivalent to Kennedy’s ‘real concentration’, 
Pasquier’s “‘centrodensation’’** and Waloff’s ‘‘concen- 
tration’’** and occurred: first, on a larger scale, by adult, 
locusts moving over distances of tens or even hundreds 
of kilometres into Tamesna and concentrating in certain 
restricted habitats; and second, on a smaller scale, by 
further movements over much shorter distances into 
preferred situations within these habitats. 

The chief period of concentration on the larger scale 
occurred during September and October. when large 
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Fig. 1. The Tamesna area of Mali and Niger Republics where an out- 
break of the desert locust was he te during September to November 
967. 


numbers of adult locusts arrived in Tamesna, migrating 
as isolated individuals at night. Observations on the 
distribution of locusts during this period showed that 
they were appearing in increasing numbers in habitats 
progressively farther north in Tamesna, while the 
population was declining in the Sahelian zone 100- 
300 km to the south, the only likely source area. Direct 
observations on flying locusts showed that take off 
occurred 20-30 min after sunset; flight reached its peak 
withm a few minutes, then slowly declined until about 
3 h after sunset as a rule, but occasionally occurred later. 
Sixty per cent of the locusts were seen displacing towards 
the quadrant between north-west and north-east, even 
though the generally light (1-3 m/s) winds were usually 
from that quarter. 

Daytime observations on the distribution of locusts 
showed that practically all were confined to areas of green 
annual vegetation, particularly Tribulus and Schouwia, 
which together occupied less than 10 per cent of southern 
Tamesna. This suggests that locusts flying at night were 
selectively settling in areas of Tribulus and Schouwia. 
Locusts are attracted to certain chemical substances 
present in a wide variety of plants*’. Any locust down- 
wind and within the range of olfactory perception of areas 
of vegetation releasing an attractive odour, will be able 
to move towards them provided that the wind speed is 
below the flying speed. Most of the locusts flew upwind, 
so even those initially out of range of perception would 
sooner or later move within range. Haskell has suggested 
(ref. 28 and personal communication) that emission of an 
attractant provides a stimulus to flight and orientation, 
while its cessation may stop flight and cause settling. 
There was some variation in the direction of night flight, 
so vision as well as olfaction may be involved in settling. 
During the day vision was important in keeping locusts 
in their habitats; when they occasionally flew outside an 
area of Tribulus or Schouwia, they soon flew back to it. 

By mid-October adult densities ranged from about 
100 per hectare in some Tribulus/Schouwia habitats to 
nearly 2,000 in others, and our data suggest that there 
were probably about 5,000,000 in southern Tamesna of 
Niger alone. The area of this part of Tamesna is some 
2,500,000 hectares, so the average density of locusts 
uniformly distributed would have been 2 per hectare. 












The densities recorded were 100~-2,000 per hectare, ho 

ever; thus movements on the larger scale resulted 
adults concentrating in favourable habitats at densities 
50 to 1,000 times greater than the average. ae 

The locusts moved slowly across Tamesna because of. 
the brevity of the period of sustained flight each even 
the low flying speed of the locusts themselves (a locust — 
fiying for 30 min in still air and in a straight line would 
displace only about 9 km each evening), and the pro- 
portion of locusts flying each evening. During October 
the proportion flying was relatively low and this must 
have been partly due to the onset of sexual matura- 
tion, for, as the young adults moved across Tamesna and 
concentrated in a succession of Tribulus and Schouuna 
habitats, they encountered suitable food and shelter and 
conditions which induced very rapid maturation. 

Maturation was accompanied by daytime flights and 
ground movements such as marching, walking or crawling. 
Together these resulted in concentration on the smaller 
scale within the habitat. Daytime flights were a charac- 
teristic feature of the behaviour of maturing adults and 
were markedly different from those undertaken at night 
in that the locusts made a series of low (1-2 m) short 
flights in rapid succession, often 10-20 flights in each 
series and each flight covering 3-20 m, landing in open 
patches between vegetation. Daytime flights occurred in 
populations at all densities and were exhibited by both 
sexes, but more by males. The purpose of these flights 
may have been sexual. Rapid pouncing responses and 
attempts to mount were exhibited by mature males 
towards individuals landing in their vicinity. The fights 
may have also assisted females in finding laying sites; 
we observed one female which by a series of short flights 
and rapid crawls quickly located a recently created laying 
site. 

Ground movements within favourable habitats com- 
prised those associated with non-laying activities and those 
associated with laying. Concentration occurred during 
sheltering, roosting and basking, and movements associ- 
ated with laying constituted the final stage in the process 
of concentration. 

Multiplication, or change of population density resulting 
from breeding, is equivalent to Kennedy’s “‘virtual con- 
centration”! and Pasquier’s “‘pullodensation’’**. It is 
considered in three stages: maturation and oviposition, 
egg stage and hopper stage. 

As the immigrant adults moved north, they matured 
rapidly and laid repeatedly in bare patches of soil several 
metres in extent within the Tribulus and Schouwia 
habitats. Laying occurred chiefly at night, the peak 
period being 1-5-6 h after sunset. By mid-October, 
when most laying was observed, the upper soil had dried 
to a depth of 12-15 em over most of the area and was 
unsuitable for oviposition®, but in restricted sites, where 
the soil was still moist within 10 em of the surface, 
females concentrated to lay. An example of the selectivity 
of females during oviposition was seen at Mbikas (Fig. 1), 
where the average depth at which the soil was moist was 
10 cm; in the late afternoon a vehicle was driven through 
the site, and by 21.30 h grdups of up to twenty-nine 
females were found laying in its tracks which were some 
3-4 crm deep and in which moist soil was present within 
6-7 em of the surface. 

Oviposition at special sites with particular soil and 
moisture conditions continued for as long as conditions 
remained suitable and sometimes resulted in a consider- 
able concentration of egg pods. At Mbikas, several groups 
of egg pods were found, the largest of several hundred 
pods at densities up to 71 in 45x20 cm; they contained 
eggs ranging from those just laid to others ready to hatch 
or recently hatched. These observations emphasized the 
importance of prolonged availability of soil water, allow- 
ing successive waves of females to lay and the eggs to 
incubate successfully. It has been usual to consider that 
this is provided by prolonged rainfall, but it is now clear 
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that soils with high water retaining capacity can retain 
sufficient to provide suitable breeding conditions for at 
least 2 months after heavy but not prolonged rainfall. 

Such dense grouping of egg pods could not always be 
attributed solely to the restricted area of the laying site; 
for example, soil and soil moisture were similar along 
much of the length of the vehicle track, so there was 
probably mutual attraction between females at the time 
of laying, for twenty-nine were found together in one 
small group. Once oviposition occurred in a group, it 
seems likely that the egg group itself became a source of 
attraction, possibly because of the chemical attractants left 
by the laying females™ and the higher soil moisture level 
in the group which results from capillary action in 
loosened soil and egg pod froth’! 

Inspection of individual egg pods showed that the 
average number of eggs per pod was 133 (range 107-158) 
and that among the several hundred pods examined 
there was no parasitization or predation. Moreover, after 
hatching, very few inviable eggs were found among the 
hatched pods. Dissection of mature females for exam- 
ination of the ovaries indicated that the number of eggs 
decreased with successive layings. Thus 149 fully 
developed eggs were found on average in females about 
to lay for the first time, and 122 the second time, while 
two very old females, which had probably laid several 
times, contained only 60 and 62 eggs. The females in 
Tamesna probably laid an average of about three egg 
pods, or about 400 eggs each. The sex ratio of the im- 
migrant adults was close to unity, so repeated layings 
resulted in the population increasing by about 200 times, 
at least of eggs and young hoppers. 

Hatching had started before our arrival and was con- 
tinuing when we departed, so that hoppers of all instars 
were present throughout the study period. Initially, in 
early September, there were few hoppers but numbers 
increased until they reached a maximum in mid-October, 
when hatching was at its peak and hatchlings were present 
at densities up to about 500 per m*. During September 
only one or two hoppers in each instar were found in 
individual plants. In view of the high number of eggs 
per pod and the virtual absence of egg mortality, this 
suggested that the hoppers had scattered widely after 
hatching, or that there had been high mortality particu- 
larly among the early instars, or that both factors were in- 
volved. Although scattering occurred, sampling showed 
that there was also a marked decline in numbers. The 
causes of hopper mortality were not discovered. Environ- 
mental conditions were apparently favourable in that 
food and shelter habitats were well developed, and pre- 
dators, chiefly birds such as the resident ravens (Corvus 
corax), cursors (Cursorius cursor) and finch-larks (Hremo- 
pterix sp.), and the visiting white wagtails (Motacilla alba) 
and tawny pipits (Anthus campestris), were rare; canni- 
balism seldom occurred. Approximate estimates of the 
total number of hoppers and fledglings present at the end 
of October, when the median stage of the population was 
the fourth instar, suggest that there were then some 
80,000,000 desert locusts jn southern Tamesna in Niger, 
the progeny of some 5,000,000 adults which probably 
laid about 1,000,000,000 eggs, most of which probably 
hatched successfully. Mortality between hatching and 
the fourth instar was about 92 per cent, and the overall 
multiplication rate from immigrant parent adults to 
fourth instar in the next generation was about sixteen 
times. 

The absence of egg parasites and predators and the 
virtual absence of hcpper predators is surprising as desert 
locusts were recorded in Tamesna not only during the 
1950-60 plague, but also in every year since then; this 
suggests that parasites and predators in Tamesna are 
facultative rather than obligatory, possibly because the 
environmental conditions, coupled with the seasonal 
searcity of locusts and other acridids, inhibits the estab- 
lishment of any obligate species. 
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Gregarization means the sum of the processes by which 
individual locusts form cohesive groups as a result of 
their conditioning to one another. Gregarization of the 
populations encountered in Tamesna became greater 
during the later part of the study period, but there were 
marked differences in the extent to which individuals in 
different populations had gregarized. Furthermore, as 
new individuals were continually being recruited into the 
population in each habitat, adults by immigration and 
hoppers by hatching, there was also variation in the extent 
to which individuals had gregarized in the same population 
on any day. Despite this complexity, however, it was 
possible to recognize a simple pattern in the process of 
gregarization in most cf the populations observed m 
Tamesna. 

In low density populations, hoppers on hatching nor- 
mally moved to nearby vegetation and there remained 
quiescent. They only altered their position in response 
to the continually changing microclimate and in order to 
feed. If only one or two were present in a large Tribulus 
plant these movements rarely resulted in one hopper 
meeting another, and isolated hoppers im the field, as in 
the laboratory”, at first reacted to the presence of others 
by moving away. This avoidance reaction was frequently 
observed on hatching, and it resulted in the hoppers 
from isolated pods becoming widely dispersed. When 
hopper densities rose to about three to five individuals per 
Tribulus plant (or an average of 5-15/m?*) as a result of 
further hatching or the drying out of the vegetation In a 
habitat, so that preferred microenvironmental conditions 
became more restricted, hoppers moving into such re- 
stricted sites began to encounter others with increasing 
frequeney. The initial avoidance behaviour therefore did 
not necessarily result in an individual resuming its 
isolation, but sometimes led to further encounters. 
Gradually avoidance was replaced by behaviour in which 
individual hoppers appeared to be neutral towards others 
in that they neither avoided nor actively sought their 
presence. The neutral behaviour was frequently observed 
among first and second instar hoppers in ‘Tamesna, but it 
in turn was replaced by mutual attraction. This change 


roosting, basking and feeding groups, and second by 
heightened activity as exemplified by a different reaction 
to the appreach of an observer. Whereas hoppers in virtual 
isolation usually tried to coneeal themselves in the plant 
in which they lived, those at higher densities frequently 
hopped out of the plant and crossed bare ground together 
before seeking refuge in a plant several metres away. As 
the hoppers increased in age gregarious behaviour became 
more manifest, and on the approach of an intruder a 
bush containing hoppers appeared to erupt as they leapt 
out and hopped away. This activity stimulated other 
hoppers to hop out of nearby plants so that a wave 
passed through the population, often extending up to 
20 m from the paint of the original disturbance. Marching 
after disturbance was succeeded by spontaneous marching 
of late instar hoppers. Initially hoppers marched widely 
separated, a few at a time at densities of 1-2 per m?’, the 
direction of marching being uniform; but subsequently 
the number and density of marching hoppers increased 
and eventually in some populations fully gregarious bands 
were formed with well defined leading edges. They 
marched across open areas at densities of 10-20 per m?. 
Disturbance has not previously been considered to promote 
gregarization but we concluded that in Tamesna it was 
important. Disturbance is most often caused by the vast 
herds of camels which graze on the annual vegetation 
following the rains and which are coincident with the 
locusts. 

The presence of non-swarming grasshoppers also induces 
gregarization’?**, Around In Abangharit grasshoppers of 
several species, chiefly Acrotylus longipes, Oedaleus 
senegalensis and Sphingonotus savignyi, were about ten 
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times as abundant as Schistocerca gregaria and it is 
possible that they accelerated the gregarization process 
in the desert locust hoppers. Some hoppers exhibited 
signs of gregarization, notably the development of black 
markings, at densities as low as one per m’*. 

For some days after fledging the young adults behaved 
in the same way as late instar hoppers, forming roosting, 
basking and feeding groups. In some populations this was 
followed by the formation of swarmlets, usually close to 
the breeding habitats in areas of prominent roosts such 
as Acacia trees, which served as nuclei for the swarmlets. 
Three swarmlets were seen in the Gelgiet area and one 
flew away in the daytime, the locusts taking off in groups, 
which is characteristic of gregarious populations in con- 
trast to solitary locusts which fly at night. Control 
measures prevented the continued existence of these 
swarmlets and the formation of others, and most of the 
surviving new generation adults departed at night as 
isolated individuals. 

Gregarization did not always follow this pattern. When 
the density of the parental populations of immigrant 
mature adults exceeded about 1,000 per hectare, gregari- 
ousness was quickly manifested by the formation of small 
basking and roosting groups, by heightened activity, par- 
ticularly among males searching for females with which to 
copulate, and by the formation of laying groups of females. 
The greater the concentrations became, the greater was 
the proportion of mature males with the bright yellow 
coloration characteristic of gregarious populations. The 
degree of gregarization reached in the adult stage in- 
fluenced the extent of gregarization of hatchlings in the 
next generation. At Mbikas, the hatchlings, which 
numbered many hundreds per square metre, formed 
basking groups immediately after shedding the pro- 
visional cuticle, while hoppers elsewhere which hatched 
at lower densities dispersed initially and only formed 
basking and roosting groups after several hours or even 
days. Another indication of the extent of gregarization 
was the coloration of hatchlings. In most populations 
the parent adults gregarized little and hatchlings were of 
the green-extreme colour typen, but at Mbikas, where 
gregarization in the adult stage was greatest, 9 per cent 
of the hatchlings were of the black-extreme colour type 
characteristic of gregarious hoppers when young, within 
3-4 h of hatching, and a further 17 per cent were pale 
coloured but developed some black markings after a few 
hours. A number of egg pods produced hatchlings of all 
three colour types. 

The degree of gregariousness attained by hoppers was 
influenced by the composition and pattern of the vegeta- 
tion. Most populations occurred in habitats in which 
either the fast growing Tribulus or the slower growing 
Schouwia predominated, or both were jointly dominant, 
producing more than 15 per cent ground cover. Hoppers 
started to form basking, roosting and feeding groups in 
the second, third and fourth instars, depending on 
density; the first signs of gregarization, shown by the 
appearance of black pigmentation and the disappearance 
of evasive reaction, was associated with densities of about 
5-15 per m?. At Mbikas, where Tribulus was greener and 
denser than elsewhere (giving up to 60 per cent ground 
cover) and where post-hatching densities were highest, 
reaching 500 per m? locally and probably averaging 
30—-40/m? throughout the site, groups formed immediately 
after hatching. Subsequently, most hoppers were in 
groups, but there was very little spontaneous marching 
even among the later instar hoppers, which suggests that 
the dense vegetation inhibited the development of gre- 
garious behaviour. Im contrast, examples of gregarious 
behaviour were provided by third to fifth instar hoppers 
a few km from Mbikas in an area of open plains inter- 
sected by small runnels along which grew scattered bushes 
of Aerva and Lasiurus. The hoppers had formed gre- 
garious bands with well defined leading edges, which were 
marching across the open areas between the runnels at 


densities of 10-20 per m?. The density of hoppers even. 
the bands was considerably less than their average densi 
in the dense annual habitats of Tribulus and Schkowwia 
The open habitat permitted the development of fully: .— 
gregarious behaviour, whereas the dense Tribulus habitat _ 
impeded it. E 

We have avoided categorizing the populations in terms 
normally used in discussions of desert locust phase poly- 
morphism. Phase change was an integral part of the 
outbreak process and we shall indicate in classicai terms 
the phase status of the populations studied. Initially the 
immigrant adults were in the solitary phase behaviourally 
and physiologically (for example, in fecundity and colour), 
while morphometrically they were solitariform to low 
transitiform; in certain habitats in Tamesna, however, 
where concentrations were greatest, they became to a 
greater or lesser extent gregarious behaviourally and 
possibly physiologically (as the colour change in males on 
maturation suggested). In the hopper stage the individuals 
at the lower densities were also mitially in the solitary 
phase in behaviour and colour, but later they became in 
varying degrees more gregarious in both respects. At 
higher densities the hatchlings were already partly gre- 
garious, and subsequently some in the more open habitats 
became fully gregarious behaviourally and physiologically. 
The adult progeny were transient, some forming swarms 
and flying by day though most flew at night, and some 
being quite pink in colour, while others had little or no 
pink. Morphometrically they were transient. The out- 
break in Tamesna was therefore associated with a change 
from the solitary phase towards the gregarious phase; the 
change was greatest in behaviour, intermediate in colour 
and least in morphology. Chronologically, behavioural 
change preceded colour change which in turn preceded 
morphological change. 

We believe that there are two chief reasons why the 
early developments in an outbreak have not been described 
in such detail previously. First, hoppers not im bands, 
especially those in the early instars, spend most of their 
time concealed in the vegetation and are easily over- 
looked. Second, outbreaks can occur rather suddenly. In 
the In Abangharit population hopper activity was con- 
fined to roosting, basking, sheltering and feeding until 
October 18, but on the next day the hoppers m the 
densest part of the population jumped out of the vegeta- 
tion on disturbance and marched about 5m, by October 20 
they marched about 10 m and by October 26 about 20 m; 
on this last date spontaneous marching was observed. At 
Tchissightam the echange was even more dramatic, 
occupying only 5 days. It seerns hkely that in the past, 
local outbreaks, undetected until conspicuous bands 
appeared, were inadequately reported and may have been 
attributed to undetected laying by swarms. Detection of 
the early stages of outbreaks requires organized surveys 
by trained personnel with knowledge and experience of 
locust ecology and behaviour. Progress has been made in 
developing survey techniques, in particular the method 
of combined aerial and ground surveys, which ensure 
rapid and efficient detection of locust populations by 
locating suitable habitats from the air and by subsequent 
inspection of them on the ground**:*4, Application of this 
method led to the timely discovery of the locust popula- 
tions in Tamesna. 
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A DUAL system of photosensitive pigments, rhodopsin 
and retinochrome, is widely distributed in various kinds 
of cephalopod retina, as has been ascertained in the 
Decapoda! and the Octopoda’. Rhodopsin is present in 
the rhabdomeres of the visual cells and is the pigment 
of visual photoreception. The other photopigment, 
retinochrome, is located in the retinal tissue just behind 
the rhabdomes, perhaps associated with myelin-hke 
lamellated systems of membranes extending through 
mitochondria, in the proximal segment which connects 
the rhabdome with its nucleated cell body, as revealed 
by eleectronmicroscopy®:*. These two photopigments can 
be extracted by digitonin, respectively from fragments 
of rhabdomes isolated by a sugar gradient method of 
centrifugation, and from the retina that remains after 
removing the rhodopsin-bearing rhabdomes and the layer 
of black pigment!*. In five kinds of cephalopod retina 
investigated so far* 53, the absorption maximum of rhodop- 
sin ranges from 475 to 500 my and that of retinochrome 
from 490 to 522 mp, varying from species to species. In 
general, the retinochrome has Amas at wavelengths 
15-20 my longer than the corresponding rhodopsin. 
These red photopigments are very similar in the shape of 
their absorption spectra, but differ greatly in photolytic 
behaviour. For example, when exposed to light at tem- 
peratures below 20° C, the rhodopsin is not bleached at 
acid pH although it is changed into a mixture of rhodopsin 
and acid metarhodopsin, whereas retinochrome is bleached 
at any pH as readily as vertebrate rhodopsin. Both 
rhodopsin and retinochrome are chromoproteins, which 
contain retinal, as chromophore. An essential difference 
between them, however, hes in the stereolsomeric con- 
figuration of the chromophore: rhodopsin has the 11-cis 
form of retinal, whereas retinochrome has the all-trans. 
When it absorbs light the chromophore of retinochrome is 
converted from the ail-trans to the 11l-czs form (the reverse 
change in rhodopsin), and then becomes ready to leave 
the protein moiety of the pigment’. 

Absorption spectra of acid and alkaline solutions of 
retinochrome of the squid (Todarodes pacificus) are shown 
in Fig. LA, together with those of the photoproducts left 
after 5 min of irradiation with orange light (the light of a 
tungsten microscope lamp (about 10,000 lux) filtered 
through a Toshiba V-O 53 glass which transmits 0 per 
cent at 500 mu, 50 per cent at 5380 my and about 90 per 
cent at longer wavelengths than 570 my). In Fig. 1B, 


Investigations of the regeneration of this photopigment and its 
relationships with rhodopsin can tell something of the behaviour 
of the visual pigments of the squid. 
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Fig. 1. Absorption spectra of retinochrome from the squid, Todarodes 
pacificus. ‘The absorption maximum falls and shifts. as the pH of retino- 
chrome solution is altered from pH 5-1 to 10-1 with the addition of 
solid sodium carbonate. Both acid and alkaline solutions were bleached 
by irradiation with orange light, and difference spectra were measured, 
in which the Amax lay near 495 mu. A spectrum drawn by a broken 
line was observed when the acid solution of the photoproduct was 
re-irradiated with white light. 
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Regeneration (4D) 





Fig. 2. The influence of pH on the regeneration of squid retinochrome. 
A retinochrome solution bleached by light was mixed with another 
solution bleached by heat. During incubation of this mixture in the 
dark, the retinochrome was again formed by combination of native 
protein with freed retinal. The amount of retinochrome thus re- 
generated was, at various acidities, determined as a difference of extine- 
tions at 490 my before and after irradiation. Regeneration was pro- 
foundly dependent on the pH of the mixture, the optimum being 
between 6 and 7. 


difference spectra of retinochrome at two pHs are pre- 
sented, the Amax being near 495 mu. Thus, although 
bleaching occurs at any pH, the extent of the fall in extine- 





























tion around the Xmax depends on the pH of the si 
being somewhat greater at a lower pH. This ind 
that, in the photoproduct, the coupling between ch 
phore and protein is changed with shift of pH, simi 
to the changes in the acid and alkaline indicator 
derived from rhodopsin. Leaving aside this proble: 
spectrum of the photoproduct tends to be more or less. 
altered, depending on the colour of the light used for 
bleaching. The alkaline product of bleaching with orange 
hight does not show any spectral change when re-irradiated 
for 3 min with white light, but the acid photoproduct 
when given the same treatment shows a slight spectra! 
shift, as shown by the broken line in Fig. 14. Although 
we do not know enough to describe the bleaching of 
retinochrome in detail, this suggests that white light 
causes some regeneration of retinochrome simultaneously 
with the obvious photolysis. 

This article deals with the regeneration of retinochrome 
and related problems, based on experiments in the squid 
Todarodes pacificus Steenstrup? (which we previously 
called Ommastrephes sloani pacificus). Similar results have 
also been obtained with the cuttlefish Sepiella japonica 
Sasaki® t, 

A retinochrome solution was divided into two equal 
portions. One was bleached by irradiating it for 5 min 
with orange light, and the other was bleached by immers- 
ing it m a 75° C water bath for 30 s and chilled in ice. 
When these two bleached solutions were mixed im- 
mediately and kept in the dark at room temperature 










As l ee 
A Regeneration of retinochrome (8) 
ue Bs / ~ all trans retinal 7 4 5- changed from 4 °° 
a /f in darkness (20 min} 
\ ; \ 
0-4 x y 4 e- retinochrome a E 5 _ aie 
g Pd : 6 ~ irradiated for | 
© 1 . i 
E 3-retinochrome Te wren 
= 0-3 bleached by orange light 44.3 
pa orange light 
0-2 4- {+3 | pe 
0-1 œi g 
atone 
Ke 
= 
n 
0 og 
400 600 | 
500 my P 
Difference spectra of (D) w 
r; ; ji ©) original (7) and OB 
ime course of regeneration regenerated (8) 7 
retinochrome ) 
0-4 o2 
a Retinochrome 
E bleached 8 : 
S08 ü 
E a 
[eai i 
j 
Ma Extinction: 490 my 9 
f- 2-3 
. I 8- 5-6 | 
oa mixed with retinal 1-04 
0 5 10 15 20 400 500 §00 
Time (min) Wavelength (mz) 
Fig. 3. Regeneration of squid retincchrome by the addition of all-trans retinal solution to the photoproduct of retinechrome. Retinochrome 


(spectrum 2) was bleached by orange light (spectrum 3), and the all-trans retinal (spectrum 1) was mixed to it (spectrum 4). 


tion of this mixture in the dark for 20 min at room temperature, 
is for the difference spectrum of this photopigment, which is 
regeneration of retinochrome 


& Kind of photosensitive pigment was synthesized (spectrum 5), 
essentially identical with that of original retinochrome (spectrum 8). 
proceeds far more rapidly 


During incubi- 
Spectrum 7 
The 
than the well known synthesis of cattie rhodopsin, 
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retinochrome was regenerated progressively in the mix- 
ture. This would be a result of combination of two com- 
ponents, the undenatured protein moiety of retinochrome 
derived from the former and the appropriate amount of 
the all-trans retinal hberated in the latter. Using such a 
technique, the extent of regeneration of retanochrome 
was investigated at various acidities. The regeneration 
could be achieved between pH 4 and 10 (Fig. 2). The 
optimum condition for the regeneration was found to be 
at pH 6-7, where retinochrome was recovered about 100 
per cent. At pH less than 4 there is little regeneration, 
for retinochrome is irreversibly destroyed by the acidity. 
At pH as high as 12, retinochrome is also destroyed at 
once, and at pH 10 it is broken down very slowly, though 
reasonably stable for several hours. Even after the two 
bleached solutions mentioned had been exposed to pH. 10, 
the mixture regenerated considerable retinochrome, when 
the pH was brought back toward neutrality. 

Then we tried a regeneration experiment through 
coupling all-trans retinal with the protein moiety of 
retinochrome bleached by light. The all-trans retinal was 
prepared as follows. Crystalline all-trans vitamin A 
acetate was saponified in 3 per cent potassium hydroxide 
in ethanol, and the remaining vitamin A alcohol was 
transferred into petroleum ether. By pouring it onto a 
column of active manganese dioxide!!, it was oxidized to 
retinal, and a concentrated retinal m petroleum ether was 
crystallized at about -- 70° C (refs. 12 and 13). After re- 
erystallization at — 15°C, the all-trans retinal was dis- 
solved in an aqueous solution of digitonin. Absorption 
data of all the experimental materials are given in Fig. 3A. 

A retinochrome solution at pH 6:5 (spectrum 2) was 
exposed to the orange light for 5 min and changed to a 
product of bleaching (spectrum 3). An amount of all-trans 
retinal indicated in spectrum 1 was added to the photo- 
product, spectrum 4 being expected for the mixture, 
The result of the experiment is shown in Fig. 38. During 
incubation of the mixture in the dark at 19° C, the extinc- 
tion around 490 mu gradually increased until spectrum 5 
was reached after 20 min. The pigment remaining was 
bleached by irradiation for 5 min with the orange light 
(spectrum 6), the difference spectrum (spectrum 5- 
spectrum 6) being shown by spectrum 8 in Fig. 3D. 
Spectrum 7 is a difference spectrum for the original retino- 
chrome (spectrum 2-spectrum 3). Because spectrum 8 
is identical in shape with spectrum 7, we conclude 
that retinochrome was re-synthesized during the incuba- 
tion. 

Such a demonstration of the synthesis of retinochrome 
appears to be rather easy, but the procedure is actually 
quite difficult. Because there is either too much or too 
little all-trans retinal initially present in the mixture, 
there is likely to be some distortion of the difference 
spectrum of regenerated retinochrome. Especially if an 
excess is present, the final irradiation to bleach re- 
generated retinochrome liberates the protem moiety 
which reacts with excess all-trans retinal to form more 
retinochrome, so that the extinction around 490 my 
gradually continues to rise during the measurement of 
spectrum 6. Furthermore, when the irradiation at the 
end of the incubation is carried out for a long time in 
the presence of excess retinal, the near ultraviolet peak of 
absorption of retinal is much lowered, because of factors 
related to those described in the next paragraph. In 
these conditions a bleached spectrum such as curve 6 
cannot be exactly determined, nor can a difference spec- 
trum of regenerated retinochrome like curve 8. In any 
case, these difficulties can be ascribed to the rapidity of 
retinochrome synthesis, which is more than half completed 
in 30 s at a temperature near 20° C (Fig. 3C). This rate 
is several tens of times higher than the synthesis of 
cattle rhodopsin from 1l-cis retinal and cattle opsin. In 
conclusion, retinochrome readily regenerates in the dark 
near neutrality, when its native protein is mixed with 
all-trans retinal. 
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Retinochrome, unlike rhodopsin or metarhodopsin, is 
easily destroyed by low concentrations of hydroxylamine, 
retinaldehyde oxime being immediately formed from it. 
Comparing the two oximes formed from retinochrome and 
its product of bleaching with orange light, the near ultra- 
violet absorption is stronger for the former than the latter, 
as shown in Fig. 4 by spectra 3 and 4 respectively. As 
discussed already, this is related to the fact that the 
chromophere of retinochrome is in the all-trans configura- 
tion, while that of the photoproduct is in the cis con- 
figuration. 


Retinochrome- catalyzed 
fight isomerization 
of atl-trans retinal 
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Fig, 4. Retinochrome-catalysed light isomerization of all-trans retinal, 
To examine the effect of retinochrome on the sterecisomerization of 
retinal, retinochrome was mixed with an amount of all-trans retinal 
(spectrum 5, 5’ or 5h and hydroxylamine was added to a part of this 
mixture immediately and to another part after 20 min exposure to 
orange light. The retinaldehyde oxime formed, without irradiation of 
course, was in the all-trans form (spectrum 6, 6° or 6°}. On the other 
hand, the retinaldehyde oxime formed with the irradiation showed a 
far lower extinction around the absorption maximum (spectrum 7, 7° 
or 7°). Tha explanation for this is such that, when irradiated with 
orange light in the presence of retinochrome, the all-trans retinal is 
progressively isomerized into the eis retinal, though the retinal itself does 
not absorb the orange light. Thus retinochrome can, in light, promote 
the isomerization of retinal from all-trans to cis form. 


The following experiments were designed to elucidate 
a specific function of retinochrome on the isomerization 
of all-trans retinal to cis form. A retinochrome solution 
buffered at pH 6-5 was mixed in the dark with all-trans 
retinal at various concentrations (at Amax in Fig. 4, 
about 1: 2-5: 5). Spectra 5, 5’ and 5” are for these three 
mixtures. To some of each mixture was added freshly 
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Fig. 5. Synthesis of cattle rhodopsin with the retinal catalysed in light by retinochrome. On the left: the 
all-trans retinal solution containing a trace of retinochrome (spectrum 1) was irradiated with orange light 
(spectrum 2), and then cattle opsin was added (spectrum 3). After incubating the mixture in the dark for 2-5 h, 


a relatively large amount of cattle rhodopsin was synthesized (spectrum 4). i 
On the right: the all-trans retinal alone (spectrum 1°) was irradiated with white 


spectrum for the rhodopsin. 


Spectrum 5 is a difference 


light including near ultraviolet light (spectrum 2°) and the opsin was poured (spectrum 3’). After the incuba- 


tion much less photopigment was formed in a mixture 
5’ is a difference spectrum for the mixture of the p 


neutralized hydroxylamine, so as to form retinaldehyde 
oxime (spectra 6, 6’ and 6”). The remaining parts of the 
mixtures were irradiated with orange light for 20 min, 
and afterwards hydroxylamine was also added (spectra 
7, T and 77). Of the results, spectra 7, 7’ and 7” are 
respectively far lower in the extinction at Amax than 
spectra 6, 6’ and 6”. This means that the all-trans retinal 
supplied beforehand was, irrespective of its initial con- 
centration, converted largely into the cis form by irradia- 
tion in the presence of retinochrome. Furthermore, the 
extent of the conversion was approximately constant 
among the three mixtures, as shown by the proportionate 
fall in extinction of all-trans retinal following the irradia- 
tion, about 20 per cent in all cases. Of course, retinochrome 
can absorb the orange light, but the retinal cannot. This 
conversion may therefore happen because retinochrome, 
when decomposed by orange light, releases the chromo- 
phore that has been isomerized into the cis form, and the 
freed protein moiety immediately takes up the all-trans 
retinal to regenerate retinochrome; such decomposition 
and regeneration are quickly repeated in the mixture 
until most of the retinal has been changed from the all- 
trans to the cis form. Because retinochrome usually 
releases the 1ll-cis retinal on bleaching’, the cis retinal 
thus accumulated would be almost completely in the 
ll-cts form. 

This problem was examined further by the synthesis 
of cattle rhodopsin from the opsin extracted from rods 
using digitonin from cattle retinae. The same two solu- 
tions of all-trans retinal were prepared again at pH 6-5; 
a trace of retinochrome solution was added to one 
{spectrum 1 in Fig. 5), and an equal volume of water 
was added to the other (spectrum 1’). These samples had 
almost the same extinction at Amax, although in the 
former a small amount of retinal seemed to be spent to 
form an unknown red pigment. The former mixture was 


of rhodopsin and isorhodopsin (spectrum 4°). Spectrum 
hotopigments. Further details for explanation gee text. 


thoroughly irradiated with orange light absorbed by 
retinochrome alone (spectrum 2), and the latter was 
irradiated with white light containing near ultraviolet 
light that is directly absorbed by retinal. The extinction 
fell almost equally in both sulutions (spectrum 2’). Cattle 
opsin was immediately added to each solution (spectra 3 
and 3’), and, after incubation in the dark for 25 h at 
20° C, spectra 4 and 4’ were measured. In both cases the 
retinal was, of course, present in excess, so that the 
syntheses were limited by the concentration of opsin, It 
is clear that spectrum 4 has a strikingly higher extinction 
around 500 my than spectrum 4’, indicating that a larger 
amount of rhodopsin was formed. 

The pigment thus synthesized was photosensitive. Dif- 
ference spectra of these photopigments were measured 
after irradiation in the presence of hydroxylamine «spectra 
5and 5’). Their Xmax lie at 497 mu for the former, showing 
the formation of cattle rhodopsin, and near 400 my 
for the latter, showing the formation of the mixture of 
rhodopsin and isorhodopsin. Thus, when irradiated with 
orange light in the presence of retinochrome, e larger 
amount of all-trans retinal is converted to the ll-ets 
form available for forming rhodopsin than on irradiation 
with near ultraviolet light. We suggest that, in addition 
to all-trans retinal, spectrum 2 includes chiefly the ll-cis 
retinal precursor of cattle rhodopsin, whereas spectrum 2’ 
clearly represents the 9-cis isomer that forms isorhodopsin 
as well as the 1l-cis for rhodopsin, together with a fairly 
large amount of the other cia isomers with which rod opsin 
does not combine. Thus we have found a specific function 
of retinochrome in that in visible light it catalyses the 
isomerization of retinal from the all-trans to the Il-eis 
configuration. 

It is well known that when rhodopsin is converted to 
metarhodopsin the chromophore retinal is changed from 
ll-cis to all-trans. We previously described how when 
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Fig. 6. Schematic presentation on the dual system of photopigments, 
rhodopsin and retinochrome, being summarized from the viewpoint of 
isomerization of their chromophore retinal, 


retinochrome is bleached by light the chromophore is 
changed from all-trans to 11-cis. This investigation shows 
that the photoproduct of retinochrome can rapidly re- 
generate the original photopigment through capture of 
all-trans retinal. With regard to the configurational change 
of chromophore, these facts can be arranged in a scheme 
as simple as that proposed in Fig. 6. The photoisomeriza- 
tion in rhodepsin is completed in the opposite direction 
from that in retinoehrome, that is, both photopigments 
are in distinct contrast to each other. In a vertebrate eye, 
the isomerization of retinal, indispensable for regeneration 
of the visual pigment, is in part promoted by the catalytic 
action of “retinal isomerase’’4*, In the cephalopod eye, 
such an isomerization, however, would be associated with 
the specific function of retinochrome. Visible light would 
thus be favourable, even if faint, but near ultraviolet 
light would not. In the retina, it may be too difficult for 
the retinochrome, which is present behind the rhabdomes 
surrounded by black pigment granules, to utilize the light 
coming through the lens, although retinochrome is more 
photosensitive than rhodopsin in the rhabdomes. Retino- 
chrome in situ seems to increase and decrease under the 
influence of the light diffusing through the outer surface 
of the eyeball. This is because we can bleach the retino- 
chrome far more easily by illuminating the whole surface 
of the enucleated eye than by sending light only through 
the opening of the iris. 

We have not yet synthesized squid rhodopsin by 
incubating rhabdomal opsin with the ll-cis retinal re- 
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leased from bleached retinochrome. When acid meta- 
rhodopsin mixed with bleached retinochrome was kept in 
the dark at temperatures slightly below 20° C, retino- 
chrome was largely regenerated but little rhodopsin was 
formed, though 11-cis retinal must have been supplied 
by the bleaching of retinochrome. It was ascertained that 
the acid metarhodopsin had scarcely been decomposed 
thermally during incubation, and so illuminated retino- 
chrome must have a specific capacity for removing all- 
trans retinal from metarhodopsin and thus again forming 
retinochrome. For the regeneration of rhodopsin in such 
a mixture, some unknown factor may be required, and, 
therefore, the exchange reaction of retinal between 
rhodopsin and retinochrome may be not as simple as 
the summary in Fig. 6. This problem needs further 
investigation. 

In any case, from the point of view of the cis-trans 
photoisomerization of the chromophore retinal, both 
retinochrome and rhodopsin (specifically their protein 
parts) can be regarded as the enzyme catalysts (isomerases) 
that are similar in being activated by light. We believe 
that retinochrome interacts with rhodopsin to keep visual 
pigment avaiable, although retinochrome itself is a 
pecuhar photopigment that lies outside the category of 
visual pigments. 
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George Wald and Dr Ruth Hubbard for helpful sugges- 
tions and criticism. 


Received June 7, 1968. 


* Hara, T., and Hara, R., Nature, 206, 1831 (1965). 

* Hara, T., Hara, R., and Takeuchi, J., Nature, 214, 572 (1967), 

* Zonana, H. V., Bull, Johns Hopkins Hosp.,109, 185 (1961), 

t Yamamoto, T., Tasaki. K., Sugawara, T., and Tonosaki, A., J. Cell Biol., 
25, 345 (1965). 

* Hara, T.. and Hara, R., Zool. Mag. (Tokyo), 75, 262 (1968), 

° Takeuchi, J., J. Nara Med. Assoe.,17, 433 (1966), 

* Hara, T., and Hara, R., Nature, 214, 573 1967). 

*Okutanl, T., Venus, 22, 92 (1982), 

* Fujiseki, Y., J. Nara Med, Assoc., 19, 161 (1968). 

1° Hara, T., Zool. Mag. (Tokyo) (in the press). 

u Attenburrow, J., Cameron, A. F. B., Chapman, J. N., Evans, R. M., Hems, 
B. A., Jansen, A. B. A., and Walker, T., J. Chem. Soe., 1094 (1952), 

3 Ball, 8., Goodwin, T. W., and Morton, R. A., Biochem. J., 42, 516 (1948). 

H Brown, P. K, and Wald, G., J. Biol. Chen., 222, 865 (1956). 

“ Hubbard, R., J. Gen. Physiol., 89, 935 (1955-56), 


Properties and Composition of the Isolated Ribosomal 


DNA Satellite of Xenopus laevis 


by 

M. BIRNSTIEL 

J. SPEIRS : 

I. PURDOM 

K. JONES 

MRC Epigenetics Research Group, 


Department of Genetics, 
University of Edinburgh 


U. E. LOENING 


Department of Botany, 
University of Edinburgh 


content. 


Is all organisms studied so far ribosomal RNA cistrons 
occur as multiple genes’, In the genome of Xenopus laevis 
600-800 ribosomal cistrons are massed on the nucleolar 
organizer segment of the chromosome?*. Because of 
their high content of guanine and cytosine the DNA 


Isolated polycistronic ribosomal DNA of Xenopus laevis is internally 
heterogeneous in GC content, but contains few basic nucleotide 
sequences. 
and DNA which does not cede for stable ribosomal RNA. The 
285 and 18S ribosomal cistrons alternate with one another and are 
integrated in the ribosomal DNA together with DNA of high GC 


These are the 28S and 18S ribosomal DNA complements 


molecules coding for 28S and i8S ribosomal RNA are 
displaced from the bulk of the nuclear DNA and are con- 
tained in a distinct satellite which bands in CsCl gradients 
at a buoyant density of 1-723-4 g cm- (ref. 4). The 
ribosomal DNA satellite (rDNA) is absent from the 
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Fig. 1. Analysis of the ribosomal DNA preparation on CsCl gradient B. 

The crude ribosomal DNA was prepared by preparative CsCl density 

gradient centrifugation (gradient A) as described earlier? (compare our 

methods). Three major components are present: (a) ribosomal DNA 

(1-724) satellite; (b) (1:715) DNA satellite which does not hybridize 
with ribosomal RNA and (c) major band (1-700) DNA. 


anucleolate mutant of Xenopus from which all ribosomal 
cistrons are deleted*. 

In the wild type toad the ribosomal DNA satellite consti- 
tutes of the order of 0-2 per cent of the total genomic 
DNA‘. Its preparation in a pure state, free from all other 
DNA, was the first case in which a nuclear gene, or group 
of genes, of known function had been isolated from the 
DNA of a higher organism‘. 

With new centrifugation techniques!’ it has been pos- 
sible to obtain sufficiently large quantities of rDNA for 
detailed analysis. We report here some physical and 
chemical properties of the ribosomal satellite. We have 
also studied the arrangement of the 28S and 18S DNA 
complements by means of the techniques previously 
developed?)}, 

Isolation and Purification of the Ribosomal DNA 

Satellite 

A first preparative CsCl density gradient centrifugation 
of Xenopus DNA yielded ribosomal DNA (rDNA) some 
§00-fold enriched>. When distributed on a second gradient 
(gradient B) the rDNA was obtained in high purity by 
recovering the DNA fraction residing at high buoyant 
density (Fig. 1). Fig. 2 shows a tracing of the photo- 
graphic ultraviolet record obtained when rDNA was 
centrifuged in the analytical centrifuge. All other 
Xenopus DNA components have been removed. The 
buoyant density of the satellite was found to be 1-7236 
g em’, identical to that found for rDNA in unfractionated 
Aenopus DNA, 


Physical Properties of the rDNA 


rDNA is present as a double-stranded molecule. Alkali 
or heat denatured rRNA possessed a buoyant density of 
1-735 g em (Fig. 3b). The density increment after 
denaturation of 0-011 g cm-3, smaller than that observed 
for major band (1-698) DNA (Fig. 3h), is typical for 










DNA with a high GC content. A similar density. 
has been reported for oocyte rDNA by Gall’. M 
of the DNA elicited the usual increase in optical d 
The rDNA melted at from 71° to 82° C (not shown). 
melting profile was less steep than that of major bi 
DNA. The Tm (temperature at which 50 per cent 
the DNA has been denatured) of 77° © Gn @1xSSC) o ~ 
was about 9° C higher than that of total Xenopus 
DNA, and typical of a DNA with a GC content of 64 per 
cent®. 

When rDNA was allowed to renature in solution of 
high ionic strength, its buoyant density in CsCl rapidly 
shifted towards that of native rDNA (Fig. 3). This pro- 
cess occurred even at very low concentrations of rDNA 
(< lyug/ml.), although more slowly. The final buoyant 
density reached depended on the molecular weight of the 
rDNA used. With rDNA of a single stranded molecular 
weight of 0-9 x 10% the native buoyant density was closely 
approximated (Fig. 3). Renatured high molecular weight 
rDNA banded at intermediate bucyant density and as a 
very sharp band (not shown). This is thought to result 
from network formation between DNA strands* and is 
additional evidence for the reiterated nature of rDNA 
(discussed later). That the rapid renaturation of rDNA 
cannot be ascribed to incomplete denaturation can be 
seen from the renaturation behaviour of denatured 
Pseudomonas aeroginosa DNA which has buoyant density 
characteristics (1-737 g em~) very close to that of FDNA. 
Bacterial DNA (and unfractionated Xenopus DNA) did 
not measurably renature at the DNA concentrations and 
incubation periods used in the rDNA experiments (Fig. 
3f—t). 


Base Composition and Molecular Weight of Ribosomal 
RNA Components of Xenopus laevis 
Molecular weights of the various Xenopus RNA com- 
ponents were determined from their electrophoretic 
mobilities in polyacrylamide gelsen, They are listed 
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(2 ug} was analysed in the Spinco analytical centrifuge as described in 
the test. Denatured Pseudomonas aerogintsa DNA was included as a 
density marker {1737 g em). 
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together with the base composition in Table 1. The GC 
content of *P-28S RNA was found to be 620-637 
per cent, that of #P-18S RNA 52-9-53-1 per cent. The 
value of 61 per cent GC for the ribosomal RNA precursor 
RNA must be considered to be low because of the presence 
of small amounts of polydisperse mRNA (41-0 per cent 
GC) near the origin of the gel. A figure corrected for mRNA 
contamination is given in Table 1. The base composition 
of the two ribosomal RNA components differs from those 
reported by Brown’s laboratory*:}3, 


Abundance of Ribosomal Cistrons in rDNA 


To determine the proportion of the rRNA which 
consisted of ribosomal DNA complements, rDNA was 
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challenged with saturating (compare Figs. 5 and 9b) 
amounts of **P-labelled 28S and 18S RNA in free solution 
according to Nygaard and Hall’ or with “C-RNA using 
the method of Gillespie and Spiegelman'*, Fig. 4 shows 
the time course of the hybridization reaction in free 
solution. At an input of 1 ug rDNA (molecular weight 
23 x 10°) and 6 ug (28S or 18S) rRNA the reaction was 
essentially over after 5 min of incubation. rDNA (1 ug) 
combined with 0-16 gg of 28S RNA and about 0-07 ug of 
185 RNA. These values were in excellent agreement 
with those obtained from the experiments when the 
hybrid was treated with RNase, CsCl banded and retained 
by membrane filtration (Fig. 9b). The rate of hybridiza- 


tion was slower when sonicated rDNA was used. In this 
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“Fable I. BASE COMPOSITION AND MOLECULAR WEIGHT OF THE PRECURSOR 
AND RIBOSOMAL RNA OF Xenopus laevis 


RNA C A £ 


Precursor RNA mol, 4 26-4 21-7 34-6 17-3 81:0 
wt. = 2-5 x 108 27-2 21-3 36-6 15-0 63-8* 

98S RNA mol. wt. 5 arh 20-2 34-5 17-8 82-07 
sx 1-52 x 108 4 28-3 19-2 arg 17-4 63-7 5 

188 RNA mol wt. 4 2308 24-7 20-] 23-4 52-91 
a QF x 160° 2 BER 23-0 28-8 23-4 53-1t 


nu, Namber of determinations. 

* Corrected for 16 per cent messenger eontamination. This amount was 
indicated from the level of radioactivity to both sides of the very sharp 
precursor peak. 

+ Base coraposition obtained from 2-4 h pulse. 

t Base composition obtained after a two day pulse with **P-(phospiate), 

Kidney tissue culture celis were labelled with PP as deseribed in the text. 
The RNA was extracted, separated by gel electrophoresis? and the RNA 
peak fractions analysed for base compesition’’. 


case hybridization was 50 per cent complete within 5 
min of incubation and after 10 min the saturation plateau 
had been reached. 

A similar saturation level was obtained when rDNA 
bound to filters was annealed to rRNA. Of the rDNA 
18-22 per cent was found to be base complementary to 
ribosomal RNA. Major band DNA was inert and the 
background noise on filters without DNA was negligible 
(Fig. 5). The mass ratio of the 28S/18S DNA comple- 
ments was also determined by the filter technique using 
MC.28S RNA and %*P-18S RNA (Table ?). When investi- 
gated with “C-rDNA it was shown that retention of the 
DNA was quantitative. 

The ratio of the 28S and 18S RNA annealed to rDNA 
was close to that expected for the molecular weight ratio 
of 2-2 for the two RNA molecules (compare Tables 1 and 
2). The hybridization values did not critically depend on 
the input ratio for the two RNA species, but with a large 
excess of 28S over 18S RNA (8:1) there was a shift of 
hybrid ratio in favour of the 28S RNA, probably caused 
by cross contamination of the rRNA species. RNA 
showing no, or only a small, degree of competition could 


28S RNA 
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ug rRNA annealed to 1 ug rDNA 
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Fig. 4. Kinetics of hybrid formation in free solution at saturating RNA 
input, rDNA (1 ug) was denatured and incubated with 6 ug of *°P-288 
RNA or #P-18S RNA. At the time indicated in the figure, 0-1 mi, of 
the reaction mixture was withdrawn and injected into 5 ml. of ice cold 
6x SSC and the hybrid retained on filters as described in the text. Non- 
‘neubated zero controls retained 0-012 ug of 285 and 0-008 zg of 18.5 **P- 
RNA/ve rDNA. The values given in Fig. 3 have been corrected by these 
amounts. 
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filter disk contained 0+5 ag of rDNA, or 0-5 pg of major band (1-098) 

DNA or no DNA. Filters were challenged with increasing amounts of 

UCRNA (288 and 185 RNA in aratio of 2:1). Incubation wasin 0-6 mi. 

of 6x SSC at 70° Cfor3 h. The hybrids formed were assayed as deseribed 

in the text. 18-82 per cent of the rDNA is base complementary to 
ribosomal RNA (compare Table 2% 


only be prepared from tissue culture cells. RNA from 
tadpoles was usually not of sufficient purity. 


Effect of Shearing of rDNA on Banding Position of 

28S and 185 DNA complements 

Isolated rDNA was fractionated on a preparative CsCl 
density gradient (gradient B). DNA from each fraction 
of the gradient was bound to ‘Millipore’ filters (deseribed 
later) and each filter challenged with either “C-288 or 
18S RNA by the split disk method’. I: was found, in 
agreement with earlier work®, that the 28S and 185 
hybridization activity was coincident with the distribu- 
tion of the rDNA as a whole (Fig. 6), thas is, in rDNA of 
high molecular weight, both rDNA complements band at 
a buoyant density of 1-724 g em~. 

rDNA of diminishing molecular weight was also 
investigated. The laborious split-disk method was 
replaced by double-label experiments. The DNA frag- 
ments were allowed to attain the buoyant density position 
characteristic of their average, GC content on gradient B 
as described. Each DNA fraction was challenged with a 
mixture of !@C-28S and *P-18S rRNA. The buoyant 
density position of the 28S and 18S hybricization activity 
was determined using two density markers: 40 ug of 
Micrococcus lysodeikticus (1731 g em-*) and 40 ug of 
unsheared Xenopus major DNA (1-698 g com) An 
overall density of the gradient was chosen which assured 
equilibration of the rDNA in the upper two-thirds of the 
gradient to minimize the effects of the non-linearity of 
CsCl gradients produced in fixed angle rotora”. To 
increase the accuracy of measurements, the density 
position of unsheared rDNA was determined for each 
series. 

Fig. 7a shows that in rDNA with a molecular weight as 
low as 4x 10° the buoyant density of the 288 and 185 
eistronic material remained unchanged at 1-724 g em‘. 
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Fig. 6. Buoyant density distribution of the 289 and 185 DNA comple- 

mentin rDNA of high molecular weight. rDNA (5 ug) was distributed on 

a CsCl density gradient (gradient B) the DNA of each fraction bound to 

membranes. Each disk was halved and each half reacted in 2 x SSC with 

either *C-288 or “C-185 RNA (4 ug/ml.) at 65° C for 30 min. The hybrid 
was determined as described in the text. 


A shght displacement towards lighter buoyant densities 
first became noticeable for 18S complements in rDNA 
with a molecular weight of 1-6 x 10° (Fig. 7b). When the 
molecular weight was further reduced to 0-5 and 0:3 x 108, 
the hybridization activity for @C-28S and #P-189 RNA 
showed two different modes, both distinctly dislocated 
from the buoyant density position of unsheared rDNA 
(Fig. 7c and d). The fragmented 288 and 18S DNA 
complements now banded at a density of 1-720—1-722, 
and 1-712-1-714 g cm, respectively. These values were 
close to those caleulated from the GC content of their 
respective gene products (compare Table 4). At all 
levels of fragmentation DNA retained its ability to satur- 
ate with rRNA (Table 3). Sonicated rDNA (molecular 
weight 0-49 x 10%) exhibited an average buoyant density 
identical to that of unsheared rDNA (Fig. 8). For these 
reasons the density shifts observed for the 28S and 188 
DNA complements following fragmentation of the rDNA 
can be attributed neither to sampling errors in the hybrid- 
ization reaction nor to spurious alteration of buoyant 
density of the DNA following sonication of the rDNA 
and must be considered significant. 

The distribution of the sonicated rDNA in the analytical 
centrifuge (Fig. 8) was wider than that expected for a 
DNA of homogeneous GC content!*, There is also a 
slight skewing of the ultraviolet distribution, with the 
low GC range running back well into the buoyant density 
regions of the density marker (1-691 g em-3).. A marked 
degree of GC heterogeneity is also evident from the broad 
melting profile of rDNA. 


Linkage between 285 and 18S Ribosomal DNA Cistrons 


The banding experiments described here clearly estab- 
lish a very close integration of the stretches complementary 
to 28S and 18S RNA within the rDNA; only fragmenta- 
tion to sub-cistronic levels releases cistronie DNA 
which is uncontaminated by other DNA. To establish 
whether or not the 28S and 188 cistrons are arranged 
side by side on the DNA, a different approach was neces- 
sary, 


The buoyant density of an RNA-DNA hybrid in CsCl 
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or Cs,8O, is a composite of the very dense RNA and of 
the lighter DNA. This is well documented for RNA-DNA 
hybrids’*?° of ¢X DNA and ribosomal DNA”. As 
demonstrated by Wallace and Birnstiel? the ribosomal 
RNA-DNA duplex of Xenopus possesses an exceedingly 
high buoyant density. Its position on the CsCl density 
gradient critically depends on the degree of saturation 
of the complementary DNA?, Consequently the buoyant 
density determination is a sensitive tool for the estimation 
(in relative terms) of the loading ratio of RNA and DNA 
in any one DNA fragment (while the molecular weight of 
the hybrid will express itself in the width of the band 
that forms in CsCl). 

When sonicated yDNA with a single stranded molecular 
weight of 0-18 x 105 was reacted with saturating amounts 
of 3?P-18S or a mixture of #P-18S and “C-285 RNA the 
RNA-DNA hybrids were all of high buoyant density and 
thus of high RNA-DNA ratio. The presence of 4C-288 
RNA did not noticeably affect the banding position of the 
*P-18S RNA-DNA hybrid (Fig. 9a). 

A different result was obtained for rDNA of a single 
stranded molecular weight of 3-0 x 108 This molecule is 
long enough to accommodate, in principle, one DNA 
stretch complementary to 28S (1-6 x 10°) as well as one 
to 18S RNA (0-7 x 108). Fig. 10b shows that addition of a 
single, but saturating dose of *#*P-18S RNA shifted the 
RNA-DNA duplexes to moderate buoyant densities. The 
RNA-DNA hybrids are obviously still attached to rDNA 
which has not reacted. Addition of a second dose of 
18S RNA had no effect for all 188 DNA complements 
had been saturated already. Addition of 14C-28S RNA, 
on the other hand, shifted the °*P-18S radioactivity into 
a range of very high buoyant density, to a position similar 
to that of the RNA-DNA duplexes produced with sonicated 
rDNA. The addition of 28S RNA did not appreciably 
reduce the P-I8S RNA activity (Fig. 9b). 


rDNA Complementary to Ribosomal RNA 

The intense clustering on the chromosomal DNA®, the 
unique buoyant density‘ and the relative abundance of 
the ribosomal DNA® of Xenopus laevis all make the isola- 
tion of the ribosornal RNA genes possible, and permit 
for the first time direct investigation of a nuclear gene of 
known funetion. Those characteristics which are not 
necessarily dependent on isolation of rDNA, can be studied 
with great precision and quantitative analysis is possible 
because of the considerable simplification of the reactions 
under investigation. 

Isolated rDNA. like the ribosomal satellite of unfrac- 


or bound to ‘Millipore’ filters, about 20 per cent of its 
mass can be shown to be base complementary to ribosoma! 
RNA (compare Figs. 4 and 5, Tables 2 and 3). RNA 
is a product of only one strand of any given DNA segment, 
and in the case of Xenopus laevis ribosomal RNA this is 
borne out by the asymmetry m content of G and ©, A and 
U (Table 1). Because the sense strand which is comple- 
mentary to ribosomal RNA is bound up with an antisense 
strand the proportion of the rDNA reserve for ribosomal] 
RNA synthesis is twice that obtained from saturation 
experiments, that is, 40 per cent. 

There is no appropriate control for rDNA in which 
RNA representative of the entire sense strand is hybrid- 
ized to rDNA to supply a 100 per cent control value. 
In other systems (unpublished work of J. O. Bishop) it 
ean be shown that the hybridization probably under- 
estimates the extent of base complementarity. The 
saturation levels are therefore minimal values. 

A comparison of the data contained in Figs. 5, 6 and 
106 and Tables 2 and 3 shows that the hybridization values 
for 28S and 18S RNA are additive. Furthermore, the 
pure 28S and 18S DNA complements form two different 
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modes on CsCl density gradients (Fig. 7d). A ratio of 
about 2-5 is found in saturation experiments for the 
hybridization levels of 28S and 18S RNA (Fig. 4, Table 2). 
This ratio is in good agreement with the molecular weight 
ratio of the two RNA species. It follows that 28S and 
185 DNA complements mostly consist of unique base 
sequences and are present in rDNA in equimolar amounts. 
This agrees with the determinations of Quagharotti and 
Ritossa for Drosophila”. 


rDNA Not Complementary to Ribosomal RNA 


There is good evidence that the ribosomal DNA cistrons 
do not make up all of the rDNA, and that they must be 
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spaced by DNA of higher GC content. The first H 
evidence is provided by our shearing and banding ¢ 
ments (Fig. Ta-d). Because the 28S and 18S DNA o 
ments possess a lower density than the rDNA satel 
which they reside they must be counterbalanced by DI 
of higher buoyant density. and hence of higher GC content: 
only then can they band at a buoyant density of 1-724 — 
g em, In addition, the presence of a counterbalancing 
DNA can also be inferred by comparing the mass distribu- 
tion of sonicated rDNA in the analytical centrifuge (Pig. 8, 
where it appears as DNA banding at a density greater 
than 1-724 g cem) with the distribution of hybridizable 
DNA on preparative CsCl density gradients (Pig. 86). 
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Effect of molecular weight of the rDNA on the separation of the 28S and 185 complement by buoyant density 


centrifugation. Crude ribosomal DNA (Fig. 1) containing 3-10 ug of rDNA or pure rDNA was sized as described in the 
text and banded on CsCl gradient B. RNA-DNA hybridization was carried ont in 6 x SSC containing #C-288 RNA 


(3-6 agim) and **P-18S RNA (0-8-2 ug/ml.) at 70° C for 30 min. The hybrid was determined as deseribed in the text. 
No background corrections have been applied, nor are they necessary. Both M. lysodeikticus and Xenopus major band 
The molecular weight of the rDNA was (a} 4 x 10%; (4) 1-6 108: (6) 0-5 « 108: and (20-3 x 10°. 


DNA are completely inert. 





460 


Further evidence comes from the study of the ribosomal 
(40-458) precursor molecule. The ribosomal cistrons are 
transcribed as polycistronic RNA! .*4-*¢ of high molecular 
weight, presumably containing both 28S and 18S RNA. 
as well as some RNA which is discarded when the “459” 
RNA matures!?, It has been calculated that in HeLa 
cells this non-conserved RNA segment of the ribosomal 
precursor has a molecular weight of 2-5 10° and a GC 
content of about 80 per cent!?. 

Molecular weight determinations by gel electrophoresis 
(unpublished work of Birnstiel, Loening and Jones), 
identical to those for the HeLa experiments", show that 
in Xenopus the entire ribosomal precursor molecule has a 
molecular weight of some 2-45-2-50 10°. This is still 
0-3 x 10° larger than the sum total of the 288 and 185 
RNA molecules (2-2 x 105). 

Because the rDNA can be assumed to code for the entire 
precursor molecule it must contain at least 0-6 x 10° 
daltons of DNA (#85 per cent GO, described earlier) 
which is not accounted for by the 28S and 188 cistrons. 
On the other hand, the hybridization experiments show 
that the non-ribosomal DNA must comprise less than 60 
per cent of the rDNA. Accordingly, the ribosomal 288 
and 188 cistrons, equivalent to 4:4 x 10° daltons of DNA, 
must be accompanied by at least 0-6 but less than 6-6 x 
10° daltons of non-ribosomal DNA. 


Base Sequence Redundancy in rDNA 


The ribosomal DNA satellite of Xenopus laevis consti- 
tutes some 0-2 per cent (ref. 5) of the diploid nuclear DNA 
mass (6 uug) (ref. 27), as two equal units each of the 
order of 2 x 10° daltons of DNA. This is an amount similar 
to that invested in the entire genome of a bacterium. If 
the ribosomal DNA sequences contamed a diversity 
similar to that found for the baeterial genes, the rDNA 
would renature relatively slowly. This can be deduced 
from the work of Britten and Kohne?! and Wetmur and 
Davidson®*. If, however, the 288, 185 and non-ribosomal 
DNA stretches represent three basic sequences with a 
total “genome” of only 5-11 10* daltons (discussed 
earlier) and these three sequences were reiterated about 
800-fold the rDNA would renature very rapidly. 

The rapid initial rates with which ribosomal RNA 
hybridizes to rDNA support the contention that the base 
sequences in the rDNA show a low degree of hetero- 
geneity. When reacted with microgramme quantities of 
isolated rDNA, the ribosomal RNA will saturate its com- 
plementary DNA stretches within minutes (described 
earlier). Such a rapid reaction seems only possible if 
any 28S molecules can anneal to any 28S DNA comple- 
ments and any 18S RNA to any 18S DNA complements. 

From the study of DNA renaturation, where necessary 
standards have been provided?*?:*5, the similarity between 
all 28S genes (as well as between all 185 and non-ribosomal 
DNA stretches) can be investigated more quantitatively. 
At a concentration of 5 yug/ml., taking into account 
the molecular weight of the single stranded rDNA, and the 
ionic strength of the medium?® 29, but not the GC content 
of the DNA**, ~ 1,500 min would be required to renature 
half of the rDNA, if all ribosomal cistrons are different, 


Table 2. MASS RATIO OF THE 28S AND 18S CISTRONS IN rDNA 


oad 18S 288 185 288 185 
l0ug 1Q0gg  20pg 10ne  BOug lO wg 
rDNA (mol. wt. = 25 x 105) 0-128 0-058 0-182 0055 0145 0039 
rDNA (mol. wt. =0-5 x 10°} 0-141 0-062 0-134 0-051 0-130 0-049 
: 288 hybrid o ‘ 
ato = 22 2°5 3-1 
Ratio 125 hybrid 
Ratio of molecular weights 285 RNA _ 22 {determined by gel electro- 


l 155 RNA 
phoresis). 


rDNA (1 ug) was fixed to ‘Millipore’ filters and incubated in 1 ml. of 6 x SSC 
with the saturating amounts of “C-28S and **P-18S RNA indicated in the 
tables at 70° C for 3h. The molecular weights of 285 and 188 Xenopus RNA 
were estimated from their electrophoretic mobility on polyacrylamide 
gels? (compare Table 1) using rRNA from Æ. coli as internal standards 
(1-08 x 10° and 0-56 x 10%), 
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Table 3. EFFECT OF THE MOLECULAR WEIGHT OF rDNA ON RETENTION ON 
MILLIPGRE FILTERS AND SATURATION LEVELS OBTAINED BY HYBRIDIZATION 
WITH RINOSOMAL RNA 


Mol. wt. of rDNA ug of rRNA bound per ug rDNA 


25 x 10° 0-201 
8-5 x 108 0-197 
1-4 x 108 0-212 
0-3 x 108 0-187 


Unlabelled rDNA of various molecular weights were bound to ‘Millipore’ 
filters. The filters were incubated in 6x SSC with “C-28S and #C-188 RNA 
16 ugjml. of each) at 70° Cfor3 h., Sonication of rDNA does not measurably 
affect its ability to anneal to ribosomal RNA, 


but only ~2 mim if all the multiple cistrons are similar 
enough in base sequence to hybridize indiscriminately 
with one another. Fig. 3 indicates that the first half time 
value is consistent with our results for rDNA renatures 
very rapidly. The speed of renaturation provides evidence 
for a high degree of redundancy in base sequence among 
the ribosomal RNA genes: that is, the 28S, the 18S and 
the non-ribesomal DNA complements each form a few, 
and perhaps single, families of closely related genes. 


Arrangement of the 285 and 18S DNA Complements 
on the rDNA 


rDNA of a molecular weight of 25-30 10% can be 
isolated routinely. Forty per cent of the rDNA is made 
up from ribosomal cistronic material, and so it follows 
that on average the isolated rDNA strand contains some 
10-12 x 10° daltons of DNA complements. Because the 
28S and 188 cistrons combined possess a mass equivalent 
of only 4:4 x 10° (Table 4) these isolated rDNA molecules 
from Xenopus erythrocytes must contain a multiplicity 
of ribosomal cistrons in integrated form. 

Whether pure 28S and 18S cistronic material can be 
separated from rDNA by shearing depends on two inter- 
acting factors: the degree of fragmentation and the size 
of the respective DNA complements. Thus 50 per cent 
of any given DNA segment will be liberated when the 
molecular weight of the fragments is half of the segment 
under scrutiny. The other 50 per cent of the segment 
will then exist as fragments bound to other DNA. 

If all the 6-800 28S cistrons were massed on the rDNA 
as a single polycistronie block, segregated from a similar 
block of multiple 18S cistrons, no fragmentation of the 
rDNA would be required to produce pure 28S and 188 
DNA: no method for preparation of DNA is gentle 
enough to provide DNA of a molecular weight which could 
still bridge two such large DNA blocks. If this were the 
case, the rDNA could easily be resolved in the analytical 
centrifuge as two satellites of high molecular weight 
banding at ~ 1-721 and ~1°713 g em (Table 4). This 
does not occur. Furthermore, this block model is not 
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Fig. 8. Buoyant density distribution of small rDNA fragments. rDNA 
(10 ug) was sonicated to yield fragments with an average molecular 
weight of 0-5 x 10". Fhe sonicated rDNA was banded for 48 h in a Spinco 


analytical centrifuge as described in the text. Mouse satellite DNA 

(1-691 g em, from Dr W. G. Flamm) was used aga light density marker. 

The buoyant density position of the 28S and 18S DNA complements 

shown here are derived from Fig. 7e. The rDNA waa recovered and used 
for the experiments the results ef which are shown in Fig. 7e. 
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reconcilable with the finding that in DNA of high molecu- DNA complements occur in small clusters or as ind 
lar weight the hybridization activity of both 28S and cistrons interspersed among the rDNA. o 
18S is coincident with the distribution of the rDNA at Fig. 8a and b shows that in rDNA of a molecular 
1-724 g em. For these two reasons the block model was as low as 4 and 1-6 x 10 most of the 188 cistronic. 
discarded at an early stage of the investigation. It is is still integrated in the rDNA. At a molecular 
therefore necessary to determine whether the 28S and 18S 0-5 and 0-3 10%, however, most of the 18S rDNA 
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Fig. 9. Effect of molecular weight of the rDNA on the cooperative buoyant density shift elicited by annealing 2&5 and 185 RNA onto thelr 
DNA complements. rDNA (0-5 ug) or 1 xg of rDNA was annealed to = P-188 RNA or a mixture of #*P-185 and “(289 RNA in free solution. 
The buoyant density positions of the “P and “C-hybrids were determined (see text) on CsCl density gradients. The slope of the gradient © 
employed in these experiments is steep (about 0-015 g em~/fraction, compared with 0-0018-0-002 g em*/fraction of gradient Hi, The density 
marker used in M. iysodeikticus DNA (1-731 g em). a, Hybridization of **P-18S in the presence or absence of C-988 RNA with rDNA of 
single stranded molecular weight 0-18 x 10". The yleld of the filter-retained counts in the case of sonicated rDNA hybrid was about 80-40 per 
cont when compared with high molecular weight rDNA. The failure to retain was presumably not so much a result of the low molecular 
weight of the rDNA (Table 3) as the high RNA-DNA ratio of the hybrid’. b, Hybridization of "2-185 and 6C-288 RNA torDNA with a single 
stranded molecular weight of 8 x 10 Arrows mark the position of the unsheared rDNA, single 185 and mixed 28.9 and 188 hybrids. 


| i818 B 18 
£8 ee eee re OO E- 
| 


average GC 


popaasaninsy issir yramPaatrtredabttehirhAMAninnsind AAD Lili dangai anas anamannan pan enirir herent ann ee ren fre re 





B, 
18 gee 28, 18 pes 28. Ba a 18 28 
<x---- ke precursor =! <a be PPECUPSOP Pm 
GC GC 


average GC 





Fig. 10. Arrangement of the 285, 188 ani non-ribosomal DNA sequences on the rDNA. A, The integrated block model and ita GC profile; 
B. the alternating, partially integrated model: B,, the alternating, fully integrated model. 
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Table 4. COMPARISON OF PHYSICAL PROPERTIES OF THE RIBOSOMAL CISTRONS 


AND rDNA 
, Buoyant density of DNA 
RNA GC MW of DNA complement (g em-*} in CsCl 
content complement Theeretical* Practica! 
289 63 3-04 x 10% 1-728 1-720~1,722 
185 a3 1-40 x 108 1-713 1-712-1-714 
Precursor 647 5-0 x 10° 1-72 oe 


* Calculated trom GC content of gene product, 

+ Value corrected for messenger contamination {compare Table 1). 

The theoretical buovant densities were calculated from the GC content of 
the RNA products®, 


as a separate mode (Fig. 7c and d) and at its appropriate 
buoyant density (Table 4). If the 18S cistrons occurred 
in clusters of two and three, 50 per cent or more of the 
18S rDNA would have banded independently from other 
DNA at a molecular weight of 1-4 10% The finding 
that at this degree of fragmentation most of the 18S 
rDNA is still integrated can only mean that the 18S DNA 
complements usually occur as single cistrons separated 
by other DNA. The linked 28S and 18S cistrons occur in 
equimolar amounts and 185 cistrons are not polycistronic, 
so that the 288 DNA complements must also occur as 
single eistrons, integrated in the rDNA. 

Fig. 10 shows the three simplest arrangements which 
can be proposed for the ribosomal cistrons on the basis 
of the fractionation experiments. By studying the 
banding properties of the RNA-DNA hybrids we can 
resolve between possibilities 4 and B. Consider the case 
of rDNA the single stranded molecular weight of which 
is 3x 10°. This molecule is still large enough to accommo- 
date both 28S and 188 DNA complements should they 
oecur linked together. When rDNA of this size is reacted 
in free solution with a saturating amount of 18S RNA 
then, in cases 4 and B, the hybrids will contain regions 
complexed with 185 RNA together with high GC regions 
or 28S DNA complements or both not complexed with 
RNA. Addition of 288 as well as 18S RNA in case A 
cannot affect the RNA-DNA ratio of the 18S RNA 
hybrids, for the 28S RNA reacts with different rDNA 
stretches. In B, and B,, by contrast, inclusion of the 
285 RNA in the hybridization reaction mixture consider- 
ably increases the RNA-DNA ratio of the 18S containing 
duplex, for the 28S RNA in this case reacts with the same 
DNA strand. Using the correlation between RNA-DNA 
ratio of the hybrid and its buoyant density characteristics 
(discussed earlier), we have found (Fig. 9b) that there is 
a cooperative, additive density shift when 28S and 18S 
RNA are annealed simultaneously torDNA. This excludes 
possiblity A. It follows that most of the 28S and 185 
cistrons must alternate along the rDNA as shown in B, 
and B, We cannot yet distinguish unequivocally be- 
tween these two models. 

Ritossa’s** and Brown’s?! groups have further supporting 
evidence for the alternating arrangement of 28S and 
ISS RNA cistrons. 

We thank Professor C. H. Waddington for his support, 
and Dr W. G. Flamm and Dr Margaret Chipchase for 
helpful discussions. This work was supported in part by 
the Damon Runyon Foundation. 


Preparation of the ribosomal DNA sktellite. DNA from Yenopus blood 
celis* was reduced to a molecular weight of about 3—4 x 10" by rapid stirring. 
The DNA was made up to an average density of 1-720 g cem by the addition 
of CsCl (Analar) and banded (gradient A} by CsCl density gradient centrifuga- 
tion in an MSE angle rotor No. 2406 at 28,000 r.p.m. for 6 days (25°C; 1-5 mg 
DNA/15 mi. gradient) Three gram fractions were collected and their 
density determined by refractometry’*. The fractions containing the 1-724 
satellite were diluted three-fold by addition of ten-fold diluted standard 
saline citrate (0-1 SSC, 0-15 M NaCl, 0-015 M Na-citrate, pH 7-2) and the 
DNA was pelleted quantitatively by centrifugation in a Spinco rotor No. 40 
at 40,000 r.p.m. at 15° € for 18 h. . 

The pellets were taken up in 4 ml. of 0-1 x SSC and the solution was made 
up to 40 ug sodium dodecyl sulphate (SDS)/ml. CsCl (5-2 g) (Analar) was 
added and the DNA banded (gradient B) in an MSE rotor No. 2410 at 43,000 
r.p.. for 48 hat 25° C. Five-drop fractions were collected in 0-5 ml. of 0-1 x 
$SC and the optical density was determined at 260 my (Fig. 1). DNA of the 
rDNA peak fractions was collected and pelleted as described. The molecular 
weight of the rDNA varied between 16 and 32 x 10°. The yield of rDNA was 
of the order of 30 per cent. í 

Fragmentation of the rDNA. Samples of rRNA were usually made up toa 
concentration of 25 ug/ml. Rapid and repeated passage from a 5 ml. syringe 
through a G 32 hypodermic needle reduced the molecular weight to 1-4 x 10°. 
Further fragmentation of N,-saturated DNA samples was produced by sonj- 
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cation in short pulses at 0° C with a ‘Soniprobe 1130.4’ (Dawe Instruments 

Ltd, UK), at steps 2-8 (ref. 295. 

Preparation of labelled Yenopus RNA. Pulse-chase “C-288 and 188 RNA 
was extracted from newly hatehed tadpoles which were incubated for 3-4 
days in Na,CO, and chased for 1-2 days’, **P-28S9 and 18S RNA was 
prepared from either primary kidney cell cultures of from a permanent 
Xenopus (kidney) cell line given by Dr J. Gall. Two-third confluent mono- 
layer cultures in 19 cm Nonclon Plastics culture dishes were incubated with 
0-5 mCi of carrier-free **P (as phosphate) in phosphate depleted (1/20) 
Eagle's minimal essential medium supplemented with 10 per cent foetal calf 
serum for 3 days, followed by a 1-2 day chase period in complete medium. 
RNA was extracted (ref. 2 and unpublished results of Loening, Jones and 
Birnstiel) and fractionated by repeated sucrose gradient centrifugation®®, The 
final product was dissolved in 1-2 ml. of 0-15 M NaCl, 0-05 M tris, pH 7-2. An 
equal volume of water saturated phenol (0-2 per cent hydroxyquinoline) was 
added and the mixture kept at 70° C for 5 min. The RNA was recovered by 
precipitation with ethanol. Three to four hundred tadpoles (stage 44)*? 
yielded about 150-350 ug “C-28 and 18S/RNA at a specific activity of 6-2- 
11-2 x 10° ¢.p.m./eg; ten tissue culture dishes about 100-250 ug VP-235 and 
155 RNA at a specific activity as high as 3 x 10°, and always in excess of 
ne me c.p.m./ug. The ?P-RNA retained a useful specific activity for about 

weeks. 

Analytical centrifugation. For the study of the renaturation properties of 
various DNA samples, DNA in 0-1= SSC (10 ug/ml.) was denatured by 
exposure to 100° C for 5 min. The DNA was then quick-chilled, the solution 
made up to 2xSSC in the cold and the DNA concentration adjusted to 
5 ug/ml. DNA was allowed to renature at 65° C for 20 min. Some of the DNA 
samples (0-4 ml.) were added to 0-77 g of CsCl (Harshaw) together with 0-2 ml. 
of 0-1 x SSC and centrifuged at 44,000 r.p.m. in a Spinco analytical centrifuge 
for 20 h at 25° C. All buoyant densities were calculated’ from the buoyant 
density position of Æ. coli DNA in the same medium (1-710 g xem (ref. 34)). 

The molecular weight of native DNA samples (15-50 ug/ml.) was analysed 
by band centrifugation through 1 M NaCl, 0-05 M Na citrate, pH 7-2, aceord- 
ing to the Studier method*, The rate of sedimentation was determined at two 
different speeds of centrifugation. Single stranded alkali denatured rDNA 
(MW >2x 108) was analysed in this way, applying Studier’s correction 
factors and conversion formulae! for the moleeular weight determinations, 
xcept that the supporting medium was 0-9 M Naci, 0-1 N NaOH. The 
molecular weight of single stranded rDNA after sonication was determined by 
standard free boundary sedimentation. The error in determining the mole- 
cular weight of native and denatured sonicated rDNA may be as high as 
£30 percent. Even an error of this magnitude could not invalidate any of 
our conclusions. 

RNA-DNA hybridization on filters. The procedure wag essentially that 
of Gillespie and Spiegelman’, rDNA (1 ug) in 0-5 ml. of O1 x SSC or the 
DNA contained in the CsCl fractions of gradient B were denatured by 
addition of 0-5 ml. of N NaOH at rcom temperature. After 30-60 min the 
samples were neutralized by addition of 2 ml. of a medium containing N 
HCl, M tris, pH 8, and 3 M NaCl in a ratio of 1:1:2. ‘Millipore HAWP 
filters (0-45; 13 mm) were floated on 2 x SSC and then washed in the same 
medium for 2 h with occasional shaking. The filters were mounted on a 
Swinny filter holder in which the upper part was replaced by ‘Perspex’ 
cylinder with a capacity of 10 ml. The filters were washed through with 
5 ml. 2 x SSC. The neutralized DNA solution was then filtered without 
delay under gravity. No washing of the DNA filters was necessary, The filters, 
still wet, were placed on filter paper and desiccated in nacuo at 80° C for 2h. 

The incubation mixture (1-5 ml. of 6 x SSC) contained the amount of 
labelled RNA indicated in the legends of figures and tables. The DNA filters 
were Hoated on the hybridization mixture until wet and then displaced to the 
bottom of the vessel. To prevent evaporation the reaction mixture was 
covered with paraffin oll. Hybridization was carried out at 70° © for 30 min 
unless specified otherwise. Up to thirty-six disks were processed per vial. 

The reaction was stopped by the addition of a large amount of cold 6 x SSC, 
After several washes in 6 » SSC the filters were placed in 1}. of 2 x SSCina 
21. beaker and agitated continuously with a magnetic stirrer for 10-15 min 
at room temperature. The medium was replaced and the procedure was 
repeated twice for the same time. A further washing included DNase-free®* 
RNase (10 ug/ml.) and was extended to 20 min. The disks were then removed, 
dried on a filter paper and then in vacuo. The radioactive RNA was counted 
in toluene scintillation medium (2-5 1. of toluene, 12-5 g of PPO and 0-75 g of 
POPOP) in a Packard ‘Tricarb’ standard for simultaneous detection of “C 
and **P-radioactivity. The background noise on the filters was less than 
0-01 per cent of the RNA input and depended critically on the purity of both 
DNA and RNA preparations. Purification of the DNA on CsCl and hat 
phenol extraction of the RNA were found to be essential. 

RNA-DNA hybridization in free solution. rDNA (0-5 or 1 wx) in OS ml. 
ofi x SSC was denatured by addition of 0-1 ml. of N NaOH. After 10 min 
0-4 ml. of cold neutralization medium (already discussed) was added, the 
solution well mixed and 3 or 6 ag *P-18S or 3 ug of *P-18S RNA and 
3 g Of 4C-288 RNA was added immediately. rDNA was allowed to 
anneal to the RNA at 70° © for 20 min, 

The reaction mixture was chilled and 1 ml. of SSC containing 20 ug of 
DNase-free®® RNase and 5 ug of Micrococcus lysodeikticus DNA was added to 
each sample and the solution was kept at 6° C for 1 b. The samples were 
made up to 0-025 per cent SDS and added to 3-5 g of CsCl (Harshaw) on a top 
loading balance together with enough 0-1 x SSC to increase the total weight 
of the solution to 6-35 g. The samples were then covered with paraffin oil and 
centrifuged in a Spinco SW 39 rotor at 35,000 r.p.m., 25° C., fora minimum of 
48 h (gradient C). Six-drop fractions were collected and the optical density 
was determined at 230 my to detect the position of the M. lysodeikticus DNA 
marker (1-731 gem-*). Each fraction was then diluted with 5 mi. of 8 x SSC 
and filtered through ‘Millipore’ filters under gravity, dried and counted as 
described. 
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Changes in Direction of Sea Floor Spreading 
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THE first motion of earthquakes! and the orientation of 
fracture zones? indicate that very large blocks of the crust 
move as units away from sea floor spreading centres and 
towards oceanic trenches. Active transform faults border- 
ing these units follow small circles which are lines of 
latitude relative to a pole of rotation on the globe. They 
parallel the direction of motion of one block relative to 
the adjacent one and thus indicate the spreading direction 
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Fracture zones and magnetic anomalies of the north-eastern Pacific, 


Magnetic anomalies and fracture zones make distinctive patterns 
when the direction of sea floor spreading changes as has occurred 
repeatedly in the north-eastern Pacific. 
is such that the spreading centres between transform faults become 
uniformly reoriented essentially perpendicular to the faults. 


The mode of deformation 


between the two. Fracture zones preserve the directions 
of ancient transform faults. At least five trends can be 
identified in the fracture zones of the north-eastern 
Pacific and these may indicate that spreading in as many 
different directions has occurred at different times in the 
area. Frequent changes in block motion would also 
commonly change transform faults into spreading centres 
with profound tectonic effects. Thus consideration of 
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such changes may increase general understanding of the 
mechanism of sea floor spreading and provide the frame- 
work for interpreting the origin of specific tectonic features 
produced by spreading. We propose here criteria for 
identifying changes in the direction of spreading and 
discuss the mode, rate and prevalence of such changes 
and some of their probable effects and implications. 


Criteria for Identification 

Sea floor spreading accounts for various important 
features of ocean basins, but the ones most indicative 
of direction of spreading are fracture zones and magnetic 
anomalies. Active transform faults are required by 
geometry of motion to be parallel to the direction of 
spreading? When crust moves away from a spreading 
system, the offsets and trends of the transform faults are 
preserved as topography along fracture zones. The 
fracture zones, then, are parallel to the spreading direction 
active at the time that they were frozen into the crustal 
block. Furthermore, midecean ridges and their asso- 
ciated magnetic anomalies usually seem to be per- 
pendicular to the direction of spreading and to the trans- 
form faults and fracture zones‘-*. This perpendicular 
configuration is not required by the geometry of moving 
blocks but seems to be an intrinsic characteristic of the 
spreading phenomenon wherever a steady direction of 
spreading has been established for some time. 

Nevertheless, detailed surveys are few and in many 
places little known fracture zones and magnetic anomalies 
have been interpreted as trending at various angles to 
the midocean ridge crest. These interpretations may be 
correct but, considering the particular importance of 
fracture zones in the interpretation of crustal block 
movement, it seems worthwhile to examine the topography 
and magnetic anomalies of the relatively well known 
north-eastern Pacific. In this region the data are not. 
incompatible with a generalization that all large fracture 
zones and their associated magnetic anomalies are essen- 
tially perpendicular (Fig. 1). Furthermore, individual 
anomalies are readily identified and classified? The 
identifiable anomalies are offset along the fracture zones 
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for hundreds to a thousand kilometres*-*. Each of these 
anomalies, No. 26, for example, was formed at a given 
time, the offsets resulting directly from the offsets of the 
ancient ridge crest by transform faults. At that time, 
according to block movement tectonics, sea floor spreading 
in the central north-eastern Pacific was in a uniform 
direction, forming fracture zones corresponding to small 
circles about a pole (Fig. 2). It is therefore striking that 
any given anomaly in Fig. 1 appears to trend towards the 
same pole almost everywhere in the region, regardless of 
offset. Thus the anomaly trends show that all the various 
segments of the ancient ridge crest were very close to 
perpendicular to the spreading direction indicated by the 
appropriate fracture zones. 

The most detailed magnetic surveys in the north-east 
Pacific are those near the coast. They show a number of 
relatively minor faults which offset magnetic anomalies 
and are far from perpendicular to them*-*. This may seem 
to invalidate our generalization; however, the deform- 
ation of this region has been exceptionally complex both 
because of a continent nearby? and because of a relatively 
recent change in direction of spreading. This change has 
influenced the orientation of both fracture zones and 
magnetic anomalies and perhaps has been accompanied 
by unusual minor adjustments between small blocks. 
Similar non-perpendicular offsets of magnetic anomalies 
have also been identified in other relatively well surveyed 
regions such as the Reykjanes ridge!® and the area north 
of the Mendocino fracture zone. In any case, our general- 
zation is only that large fracture zones and adjacent 
magnetic anomalies are essentially perpendicular and does . 
not apply to relatively minor faults. Furthermore, 
contiguity is important. The magnetic anomalies pro- 
duced in one episode of spreading are not necessarily 
perpendicular to the fracture zones formed during another 
episode. We have noticed that the orientation of a fracture 
zone indicates the spreading direction at the time it was 
frozen into a crustal block. This corresponds to the 
time that the crust on one side of a transform fault moved 
past the spreading centre on the other side, so that 
relative motion across the fault ceased. Thus wherever 
BO” 
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Fig. 2. Fracture zones in the north-eastern Pacific showing trends corresponding to five 
possible spreading episodes. Dotted lines are small circles about the pole at 79° N.,111° B. 


suggested by Morgan’. 
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a fracture zone separates anomalies from two different 
episodes its orientation is parallel to the spreading direction 
associated with the younger episode. Matching changes 
in the orientation of anomalies and fracture zones can be 
used to identify such episodes. 

Changes in direction of spreading can be recognized 
from the trend of fracture zones alone’, but the topography 
of the zones in some places is complex and it is difficult 
to be accurate about relatively minor changes in trend 
along a single fracture zone. This is particularly true 
if the zone has been mapped by widely spaced random 
crossings rather than deliberately surveyed. Considera- 
tion of a large system of more or less surveyed fracture 
zones is more revealing. Block tectonics indicates that 
the fracture zones produced at a certain time in a certain 
region have the same trend. Thus subtle changes surveyed 
in detail on one zone can be extrapolated to adjacent 
and contemporaneous parallel zones. On the basis of 
fracture zone trends alone™, at least five directions of 
spreading can be identified in the north-eastern and 
central Pacifie (Fig. 2). 

Changes in directions of spreading can also be investi- 
gated using trends of magnetic anomalies; however, a 
eriterion for identifying a change in direction by means of 
anomalies is required first. The chief clue is that the 
sequence of anomalies is continuous in all the ocean 
basins’? despite prolonged time lapses between anomalies". 
Thus the oceanic crust in any region breaks along any 
pre-existing spreading centre. Consequently, the older 
spreading centres are also the spreading centres for a new 
direction of spreading. Immediately after a change in 
the direction of relative motion of two separating blocks, 
the transform faults between them become parallel to the 
new spreading direction. If the spreading centres are 
intrinsically perpendicular to the transform faults as we 
propose, then the centres will gradually become realigned. 
The pattern that would emerge is a “Z” or an “N” or a 
mirror image, all of which may be called “Zed patterns” 
(Fig. 3). The magnetic anomalies around the Juan de 
Fuca ridge form just such a Zed pattern slightly split by 
parallel anomalies and fractured by minor adjustments. 
The western side of the Gorda ridge also shows the fan 
of anomaly trends characteristic of the Zed pattern 
although the eastern side is grossly distorted by interaction 
with North America and with the Mendocino fracture 
zone which has resisted the latest change of spreading 
direction. 

It is evident that one side of the Zed pattern may be 
almost as diagnostic of a change in direction of spreading 
as the two sides together. Thus it is possible to identify 
an ancient change in spreading direction by means of an 
anomaly pattern far out on the flank of a rise or ridge. 
This is particularly useful in the north-eastern Pacific 
because most of the eastern half of the East Pacific Rise 
is missing. North of the Mendocino fracture zone the 
western group of anomalies have a different trend from 
those farther east, and between No, 21 and No. 23 they 
form half of a Zed pattern (Fig. 1). South of the Mendo- 
cino zone, anomalies 21—23 also appear to form a transi- 
tion in trend between the more regular patterns of higher 
and lower number. Data are, however, sparser for this 
southern region and the relationships are not everywhere 
so clear. The existence of minor offsetting fracture zones 
would cause a significant misinterpretation of the orienta- 
tion of anomalies. 


to almost due east. Likewise both anomalies and the 
adjacent fracture zones change trend between anomalies 
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2 and 5. Thus three of the five directions of apreadi 
suggested by fracture zone trends are also indicated 
patterns of magnetic anomalies. | 

Heirtzler et al. have noticed marked changes in rats 
spreading in the South Pacific at anomalies 5 an 
(ref. 12; Fig. 2). These would suggest that sproa i 
episodes I, II and HI identified in Fig. 2 wers distir 
motions of the entire central Pacific block. 

An exception to the idea of regional consistency exists 
in the magnetic anomaly pattern and fracture zones 
immediately off central California. Shortly after No. 11 
time they both swing toward the south-east. and the 
magnetic anomalies form the western half of a Zed pattern, 
No similar change in direction can be seen associated 
with anomaly No. 11 elsewhere in the north-eastern 
Pacific, as would be required if a general change in 
spreading direction had occurred. This exceptional 
pattern may be the result of an edge effect which occurred 
as the East Pacific Rise crest between the Picneer and 
Murray fracture zones approached North America in 
No. 11 time. 

It might seem that the change in trend of the Gorda 
and Juan de Fuca ridges are also edge effects*, and we 
cannot eliminate this possibility or that of complex 
interactions. Several magnetic anomalies and fracture 
zones associated with the East Pacific Rise, however, are 
known to have changed trend at about this time both near 
the continent and over a large region from it (unpublished 
work of R. L. Larson, H. W. Menard and S. M. Smith). 
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Fig. 3. Proposed mode of adjustment of spreading rises to a change in 
spreading direction. A, A segment of rise haa been spreading forming 
symmetrical anomalies. The spreading direction changes. B, Spreading 
occurs in the new direction. The ridge centre gradually migrates around 
forming anomalies of a Zed pattern as it migrates, C, Spreading cot- 
tines in the new direction. The ridge and its resulting anomalies are 
perpendicular to the direction. A aplit Zed nattern STORES, 
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This again suggests a change in the motion of the main 
Pacific block. 


Rate and Mode of Spreading 


The Zed pattern of the Juan de Fuca ridge indicates a 
change of trend of 15°-20° starting at the time of anomaly 
No. 4 and ending in the time midway between No. 2 
and No. 3. The latter time was about 3 x 108 yr ago? and 
by extrapolation No. 4 time was about 7-5 x 10° yr ago. 
Thus the rate of change of the trend was about 4°—5° per 
million yr. The amount of change during the times of 
anomalies No. 21 and 23 was also about 20°, but the rate 
cannot be determined. The anomaly pattern in 21-2: 
time, however, is a reveal ing example of the mode of 
crustal adjustment to a change in spreading direction. 
Adjustment occurs along previous lines of weakness. 
namely, the transform faults and the various segments of 
ridge, We are preparing an analysis of the origin of 
fracture zone topography for separate publication. In 
brief, the transform faults take on the new direction 
almost as soon as the change begins. This necessarily 
involves fracturing of the corners of the old blocks if the 
transform fault is offset in one sense or addition of new 
erust along them if it is offset in the other (Fig. 4). This 
fracturing of the blocks presumably occurred along the 
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Fig. 4. Proposed modes of adjustment of transform faults to a change in 
spreading direction. A, A rise offset by two transform faults has been 
spreading in a direction perpendicular to itself, The spreading direction 
changes as shown. The block corners near the upper transform fault 
must fracture to adjust. The lower transform fault becomes a centre of 
slow spreading. B, Spreading oceurs in the new direction. The ridge 
centre migratea around. At the upper offset the adjustment fractures 
take on the new transform fault motion. The lower transform fault opens, 
creating a zone of mixed apreading and shearing. C, Spreading continues 
in the new direction. The lower offset has become readjusted to pure 
transform fault motion. Note that the trends of the fracture zones and 
magnetic anomalies of the first episode are preserved. 
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Fig. o. Two possible modes for adjustment of a ridge to a change in 

spreading direction, A, The ridge readjusts as a unit taking on a new 

direction by time t after 3N krm ofspreading has occurred. HB, The ridge 

breaks into segments, each piece becoming realigned by time f, after 
A km of spreading. 


Mendocino zone at approximately the line of anomaly 
No. 23 breaking off the upper corner of the old bloek and 
thus establishing the new direction of the zone. By 
comparison to the complicated adjustments of the trans- 
form faults to new spreading directions, the reorientation 
of the ridges appears to oceur relatively smoothly. Each 
segment of the ridge sunply migrates around until it is 
perpendicular to the new direction. If the ridge segment 
is very long or if the change in spreading direction is 
large, the segment may break into shorter sections con- 
nected by transform faults as described later. The 
origin of the Pioneer fracture zone is connected to the 
change in direction of spreading at the time of anomaly 
No. 23. It may be the result of a sectioning of the ridge 
or of a complheation in the fracturing of the Mendocino 
ZONE, 


Effects of Spreading 

The principal variables influencing the tectonic effects 
of a change in direction of sea floor spreading are the 
geometry of the mid-ocean ridge crest, the spacing of 
transform faults, and the amount and rate of change. 
We shall consider some simple models to illustrate the 
effect of these variables. The simplest possible configura- 
tion of a ridge crest is a straight line perpendicular to the 
spreading direction. 
changes, the ridge realigns itself, 2 
unit, producing one large Zed pattern (Fig. 54). The 
adjustment. however, occurs m a much shorter time and 
in a much smalier area if the ridge breaks into a number 
of sections connected by transform faults (Fig. 58). Any 
minor perturbations in the original straight line are areas 
of weakness where transform faults can begin. Once 
these transform faults are established, all subsequent 
changes in spreading direction produce a regularly offset 
crest similar to that found in parts of the eastern equatorial 
Pacific (unpublished results of Larson, Menard and Smith) 
the south Pacific? and the equatorial Atlantic“. This 
offset crest is reflected in the magnetic anomaly pattern as 
long as it exists. But, however, many changes in, direction 
occur, the apparent offset of magnetic anomalies on all 
of the fracture zones will have the same sense and this is 
not what is found in some regions. To explain some 
observed offsets of magnetic anomalies, such as those in 
the north-eastern Pacific!®’, an initially offset erest is 
required, 

Changes in direction of sea floor spreading have clearly 


occurred repeatedly in the north-eastern Pacific. They 
can account for some details of the configuration of 
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fracture zones and magnetic anomalies in the region. In 
most of this area the magnetic anomalies and fracture 
zones are very close to perpendicular and change trend 
about the same time in response to changes in spreading 
direction. Distinctive anomaly patterns and sometimes 
the creation of new fracture zones accompany changes in 
spreading direction. These interacting features pre- 
sumably are widespread in all the ocean basins and the 
regularity of the geometrical relationships may provide 
very useful clues for mapping and interpreting ocean basin 
tectonics. For example, repeated changes in direction of 
spreading inevitably produce a jungle of split Zed pattern 
magnetic anomales separated by possible intermittent 
fracture zones. This would be difficult to resolve without 
some understanding of the origin and characteristies of 
such patterns. 


magnetic anomalies in a Zed pattern. 

In Hess’ original model of sea floor spreading a crust 
of little strength is created at the mid-ocean ridges and 
floats away on the convecting mantle. The frequent 
small changes in block motion which have occurred in the 
north-east Pacific seem difficult to reconcile with this 
model, and appear rather to support the hypothesis of 
strong crustal blocks moving because of relatively variable 
stresses. 










We have benefited from the generosity of G. Pe 
W. C. Pitman, HI, and A. D. Raff, all of whom mA 
unpublished magnetic profiles and maps available to- 
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correspondence with Pitman and J. R. Heirtzler rogar 
the numbering system for magnetic anornalies, and + 
W. Jason Morgan regarding the significance of transform: : 
faults to interpreting block motion. The analysis has 
developed during discussions with D. P. McKenzie, J. 
Mudie and R. L. Parker. The work was supported by the 
US National Science Foundation and the US Offiee of 
Naval Research. 
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Relativistic Phenomena by Observation of 


Non-thermal Cosmic Sources 
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SOME years ago it was pointed out that the two compon- 
ents of radio galaxies separate at a velocity near to that 
of ight’. This led to a search for the appropriate energy 
sources and the mechanisms of the explosions. The large- 
scale relativistic motions have been neglected, however, 
and it was only recently that the question of observable 
phenomena connected with the relativistic motion of a 
source or its parts came to be discussed?-?. This question 
is important because of its direct connexion with the 
problem of radio and optical variability as well as with 
the evolution of quasars and other discrete sources. Our 
aim is to present and develop methods which allow us 
to take into consideration, step by step, all relativistic 
effects in both the spontaneous radiation and its self- 
absorption, and also to indicate some observable tests 
of the theory which is developed here. 

Our starting point is the transport equation for the 
intensity of unpolarized synchrotron emission /,(r,t). 
The equation will be written in a form which is valid for 
any inertial frame 

rj o 


= LA 
Nat i ar) 


The x axis is the direction of the emission, v is the frequency, 


ly = ¢ley — uyy) (1) 


~~ ev{r; t) is the emissivity and wv(r; £) is the coefficient of self- 


absorption. Suppose the observer is on the x axis of the 
rest frame at a fixed point with coordinate R which is 


Study of relativistic effects in the radiation from astrophysical sources 
and the possibility of observational tests may throw some light on 
the nature of the energy sources of quasars and radio galaxies. 


large enough to make the angular size of the source very 
small. Taking the radius vector s orthogonal to the axis, 
let us lead from its end a straight line parallel to the x 
axis (the s line). At the point R the intensity of the radia- 
tion from the parts of the source situated along the s line 
is given by 
IV(R,s; t+ Rie)= f dx.eyjlays; t+2/c) 
~et 
exp(—J ~ db. uylE8i t+5/e)) (2) 
ka 

The upper limit in both integrals is defined as the solution 
of the equation x=s{t+æ/c)}, where s(t) is the coordinate 
of the source boundary along the s line, which is nearest 
to the observer. When the angular size of the source 
cannot be resolved only the spectral flux density (which 
we will refer to simply as the flux) is observed 


F(R; t+ Rj/e)=R*{ ds. Ty(Rys; t+ Rie) (3) 


It is more convenient to calculate the emissivity «(r ; f) 
and the coefficient of self-absorption uyir; t) in the 
inertial frame which is at rest relative to the radiating 
medium at the given point and at the given instant of time 
(the comoving system). Using the relativistic invariance 
of the photon number in phase space one can easily obtain 
the following formulae 


ey(r ; = (A/LPey (rst), uyr; Q=(L/Ajuydrs (A) 
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Here W=vL/K where K =(1—§6 cos 8)-> is the factor of 
kinematic contraction of the impulse, and L=(1—§*)?/? 
is the Lorentz factor, 8 =v/e, and v(r; t) is the velocity of 
the comoving system relative to the rest frame. 6 is the 
angle between v and the v axis. A prime indicates that 
the corresponding value is measured in the comoving 
system at the poimt of space-time the coordinates of 
which in the rest frame are (r;f). 

Having related all the values to the comoving system 
we shall make the usuel assumptions about the isotropy 
of the electron pulse distribution, the power law energy 
spectrum dN’ = K.(E’)7 dk’, about magnetic flux con- 
servation for the freezing of the magnetic field and also 
about the adiabatic change of the energy of relativistic 
electrons during the expansion of the source*. 

We shall consider a uniform jet of relativistic particles 
(electrons) in the form of a cylinder of radius rit) and 
length l(t). The jet is moving with a constant velocity V 
along the x axis which is also the axis of the jet. The 
expression for the emission flux from the expanding jet 
can easily be obtained, provided the outflow time (the 
time taken by the emission to pass the jet along its axis) is 
much smaller than the time for a noticeable change in 
the jet parameters (that is, the jet is quasi-stationary). 
In this condition, equations (2} and (3) give 
r?(At) ey( At) 


ite Rta Hn 


B? uy(At) 
[1 —exp{— K.{Kt). uy KH} (5) 


where B= V/e, and K={(1—8)> because cos 9=1. For 
simplicity we assume that parallel and orthogonal expan- 
sion occurs with constant velocities, Lt) =l + vytr(Q) = 
Tot Vyt. In the limiting case the optical depth t= 
KU(Kt). uy(Kt)S> 1 (the jet is not transparent along the 
axis) and 


FP(R; t+ Rje) =x 


vı Kinsis mAbs (BY? cK 7s} 
HS) OE) Oae o 
where A(y) and B(y) are constant coefficients before 
ey and uy (see ref. 8 for example), and 
H i(t) = H{(O)lor g/l (tyr) = A [(O)loro/l(e)r(t) 
is the orthogonal component of the magnetic field in the 
jet. 


When 





v ALS ly, vp Kt ro (7) 


the flux increases with time in the same way as in the non- 
relativistic case (8<€1) that is, proportional to ¢, but 


differs by a factor Q(B) = K?7?L-1 ~ 27/9(1 —8%)-18/4, The 
factor €(8) is made up of the following terms. The 
relativistic transformation of the emissivity gives 


(A/D)? ~4(1—87)-?. Similarly the coefficient of self- 
absorption gives A/L~2(1—8*)?/; because of the 
Doppler frequency shift when spectrum Fy ŒX v~? one gets 
(KIL) ~ 2-§(] — B?) (here œ = — 5/2). For the 
observer in the rest frame the apparent expansion and 
decrease of the magnetic field occurs K times quicker, 
so the factor K* appears. 

In another limiting case t <Æ 1 (the jet is transparent 
along the axis) and one finds 


BP, son. re ? fey te E vkit pS 
Fy= n-p A(r)Ke(O)H{(0) * v (1+ =) 
Ke AYA žil 
(4 + s= è © K(K/L)?. (K/L)? (8) 
8 


We have taken k 
Kg(t) = KAOirilor (OU E 


* These assumptions must be substantiated by observational data on the 
variability and evolution of quasars and radio galaxies. Some of them will 
probably have to be revised. 
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Provided conditions (7) hold, Fy asymptotically depends 
on time just as in the non-relativistic case (Fy œ t”) but 
a factor 
5-3 voy 
2 4 


AE = os (= Bt) se | 


appears. This factor can be rather small when y> 1, 
contrary to the case of a relativistically expanding ball 
(discussed later). Thus even a slow expansion of the jet, 
which to the observer moves relativistically, leads to a 
much higher rate of change of flux in comparison with the 
non-relativistic motion, both during a flux increase and a 
flux decrease. 

When the outflow time is much larger than the time 
for a significant change of the jet parameters (a non- 
stationary jet), the flux has additional qualitative features. 
Thus the flux Fy œ vf, apart from the well known intervals 
with exponents g, = —5/2 if v Á vm and a, =(y—1)/2 
if v > vm (here vm is the frequency where Fy„ is maximum), 
has the additional low power interval with exponent 2, at 
intermediate frequencies determined by 


GTK. (t+1g/c)] . uK . (t+) <1, 
[T+ Kt]. uy(AKt)S> 1 (9) 
For a moving jet of constant length one finds 


1 
A 


(y—1)— as (y+ 4) (Tdy— 8 — 6)/(78y + 148 — 6) 
where 3>6/(7y—1) is the exponent in the radius change 
r(t)=ro(1+¢/7)% It is worth remarking that (i) the 
appearance of the additional low power interval is not 
connected with the relativistic motion, but only with the 
non-stationary property; (ii) during the time interval 
when conditions (9) are valid (this time interval according 
to conditions (9) cannot be much more than lẹ/c), the 
flux Fy 1s practically independent of time. 

We have discussed the emission from a source in the 
form of a jet. Now we shall consider a spherical source 
(ball) which expands in the rest frame in the similar way. 
The field of velocity in the ball is 

ry 
= (10) 


where r(t) is the radius of the ball, V is boundary velocity. 
With the help of equations (2) to (4) and equation (10), 
one obtains the flux from the ball at the non-transparent 
(7 > 1) stage of the expansion 


Aty) 


EL {(0)-2 775/205 /2 
By) AO 


f [L480 —s?/L2r2(t))'2 2 ¢dsa 9 (1) 
0 


where L=(1~§8?)-1/* the boundary Lorentz factor, and 
B= Vje. When &—-+1 the additional factor is 


(8) = = (64/(2) + DL” 
sa 


which is exactly L times larger than the analogous 
expression in ref. 3*. 

The upper limit of the integral in equation (11) is the 
apparent radius of the ball. Thus when the apparent 
angular size of the ball @= 2r(t)L/R reaches the resolving 
power of the mstrument, one should observe the boundary 
velocity 


, d 
Vom = — rL = V(1— v?) 
me ES rO ( /c*) 


* If the magnetic field Hy in ref. 3 was related to the rest frame (in ref. 3 
the difference between rest and comoving systems was not pointed out in 
many places) the discrepancy increases up to L° times. It is worth noting 
here that our results do not confirm a number of other formulae in ref. 3. 
This can be explained by non-successibility of their derivation. Thus in some 
places in ref. 3 the relativistic effecta were taken into account by substituting 
in the non-relativistic formulae t> KL. Forinstance, the law of the magnetic 
field change near the boundary of the hall in ref. 3 was written as H æt KDY 
while the successive derivation gives H æ Kp- (all the calculations are given 
in detail in ref. 6. A number of wrong formulae in ref. 3, however, cannot 
lessen the importance of the work in question. 
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\thich can considerably {L times) exceed the velocity of 
light. This simple but important result was obtained in 
another way by Rees*. It can easily be seen that the 
nature of the effect is in kinematic contraction of the 
pulse of emission. 

_ During the transparent (+ <1) stage of expansion, taking 
relativistic phenomena into consideration does not lead 
to either an increase or a decrease of the flux; the addi- 


a 1 
tional factor €(8.y)~1 as 8-1, for example, ¢(1,1) = ~g. 


This means that it is the central part of the ball with non- 
relativistic motion which gives the chief contribution 
to the radiation (see equation (10)). The relativistically 
expanding ball, in contrast to the jet, is always a non- 
stationary source (in the sense we have described) as a 
result of which the flux has, at intermediate frequencies, 


‘the additional low power interval with exponent 
Doc, ue fe 5 
m= 5 y- D- 5 r+ FD) 


The large factor % in equations (6) and (11) for Fy de- 
creases the requirements for the total energy of relativistic 
electrons 0° times, and in this way removes the well known 
difficulties in interpreting the radio variability of quasars 
with the help of the synchrotron mechanism (see ref. 3). 

In principle, sporadic fluctuations of quasars at higher 
frequencies (optical frequencies, for example) can also be 
connected with the escape of clouds of relativistic electrons. 
In this model even at the stage of small optical depth the 
appearance of new electrons increases the flux, and the 
subsequent decrease of the flux is caused by the expansion 
of the cloud after its escape. The flux maximum for all 
the frequencies at the transparent stage will take place 
at the same time, in contrast to the cloud at the non- 
transparent stage”. This makes it possible, in principle, 
to distinguish the two cases. 

Recently Matthews? made a statement about a quick 
expansion (2” per year) of the “bridge” near quasar 
3C 287. If this expansion is real it should be explained 
not by the nearness of the quasars (we consider this 
absolutely impossible), but rather by the trivial effect 
of the kinematic contraction of the emission pulse. The 
latter demands, as can easily be shown (see also ref. 7), 
LE~10°. But while the rapid decrease of the surface 
brightness of the expanded parts of the “bridge” should 
be observed, so the “bridge” can lessen its size during a 
time interval of about a year. It is necessary to note 
that if L is so large there are some important difficulties 
caused by the non-circular form of the observed “bridge” 
It is hard to explain this by the escape of a cylindrical 










jet, because the jet axis should be at an angle wit 
direction of the observer which differs from zero l 
smaller than L-!, that is, some seconds of are when Lee 
This is hardly probable, apart from the length of- 
which in this case would be of the order of a F 
radius. The possible alternative is the escape of rela 
particles in a cone with sharp anisotropy either in 
number of particles or in their energy (higher energy ~~ 
electrons thrown out at a smaller angle). Significant 
circular polarization in the intervals of the power spectrum 
with flat or positive slopes {a < 0) should be a good experi- 
mental test of sharp anisotropy. 

It was implied that the velocity of the expansion front 
is the same for particles with different energies. This is 
justified when, for example, the density of the magnetic 
energy Wm is comparable with or larger than, the density 


But if we wm, 


an electron with energy E takes place chiefly at the 
frequency v x E*, and apparent size of the source rL x E 
if V is a constant. 

The questions under discussion are only a small part 
of the variety of problems connected with relativistic 
phenomena in the sources of cosmic emission (see ref, 6 
for a more detailed discussion and calculations, meluding 
the question of the variation of polarization). There is 
every reason to suppose that the study of these problems 
will be able to throw some light on many questions, still 
under dispute, relating to the nature of the energy sources 
in quasars and radio galaxies. The discovery of relativistic 
phenomena in Seyfert galaxies and N-galaxies will enable 
us to understand in a new way the similarities and differ- 
ences in the physical conditions of these objects and 
quasars. 

We thank V. L. Ginzburg for his comments. 
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o XEROPHYTES are able to grow in arid regions, where 
~ rainfall is low and insolation by day is high. We have 
re-examined the physiological adaptation to drought, 


- using gasometric techniques. 


Assimilation of carbon dioxide in the dark and on inverted stomatal 
rhythm are important adaptations of xerophytes. 


In well watered mesophytes, daytime transpiration 
rates approach the potential rate, which is environ- 
mentally determined!-?. This environmental control is 
associated with a low total diffusive resistance to water 
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PLANT MATERIAL USED 


Experiment No, ł z 3 4 5 

Fiant type — me LESO pR tea ———————— ae m ORO DY Eeen n hee! 

Name Helianthus annuus L. Nicotiana glutinosa L. Aeonium haworthii (S.D) Ananas comosus (1.) Merr, Agitve americana L. 
(sunflower) (tobacco) Webb et Beth. _ (pineapple) 

Family Compositese Solanaceae Crassulaceae Bromeliaceae Agavaceae 

Root medium ener —~Nutrient cuj uree ~ Nutrient culture Damp soil Nutrient culture 


Plant part used Tops of intact seedlings 


vapour transfer from inside the leaf to the atmosphere?'. 
When, however, the leaf component (r:) of this total 
resistance is large, and greatly exceeds the external 
boundary layer resistance (ra) (as in Kalanchoe bloss- 
feldiana’* and pineapple’) water vapour exchange with 
the atmosphere is less than the potential rate? and is 
largely determined by r; rather than the environment. 
A major component of rı is the stomatal aperture (73), 
which is under physiological control. This allows plants 
to control and restrict rates of transpiration. Restriction 
of transpiration will also restrict the potential influx of 
CO, into leaves, reducing plant growth. Many succulent 
xerophytes, however, possess a powerful “dark” carb- 
oxylation mechanism (CAM)**. The night-time respir- 
atory losses of CO, of mesophytes may account for about 
40 per cent of gross daytime photosynthesis®®, and so the 
CAM of succulents may be important in growth. There 
are few data, however, on the magnitude of the fluxes of 
CO, induced by CAM in the dark in intact plants!!!?) or 
the effect this has on their water economy???) 8, 

The net rates of CO, and water vapour exchange of 
five species (Table 1) were measured in light and dark. 
The stems and leaves of intact plants were placed in a 
‘Perspex’ container through which turbulent air (about 
320 v.p.m. CO, and 8-72 mbar water vapour pressure) 
was passed at measured flow rates. The differential CO, 
and water vapour concentrations across the container, 
induced by the plant, were measured by T/R gas analysis 
and differential psychrometry respectively’. Rates of 
gas exchange have been expressed on a leaf area (single 
side) basis. The roots of the plants passed through the 
base of the container and were held in a nutrient solution 
or in damp soil. Light was provided by four or five 
Philips 400 W HPLR lamps, shining through 11 em of 
water, producing a radiant flux (< ł-2u) at plant level of 
0-32 or 0-44 calories em? min. The environmental 
regime imposed on the plants was that which resulted 
from switching the lights on or off for definite periods in 
a 24 h eyele. 


CO, and Water Vapour Fluxes from Plants in “Square 
Wave” Environment 


Fig. 1 shows that the fluxes of water vapour (E) and 
of CO, (P) of sunflower and tobacco seedlings respond in 
a square wave form to square wave fluctuations in the 
environment. P and Ẹ are clearly environmentall y con- 
trolled. The behaviour of these plants is similar to that 
of well watered mesophyte crop plants?-7. The pattern 
of response of P and Ẹ of the three xerophytes, in a 
similar environmental regime, is entirely different (Fig. 2). 
The fluxes of CO, and water vapour of these plants show 
the following characteristics: (a) vary greatly within 
both the light and dark periods, when the environment 
is constant; (b) throughout the light/dark cycle there is 
no efflux of CO,; (e) the rates of water vapour efflux 
exhibit the same trend as those of CO, influx: (d) in all 
three xerophyte species, the effect on H and P of the 
change from darkness to light is similar. A transitory 
increase is induced, followed by a decrease in P and E 
which persists for several hours in pineapple and Agave 
americana (Fig. 2). In the first 8 h of the hight period 
net CO, gas exchange of A. americana is nil (Fig. 2). 
Similar results have been reported for Bryophyllum 
dazgremontianum', 

It seems that there is an internal leaf factor which, in 
these well watered xerophytes, varies during the light 


Tops of rooted cuttings 


Whote taps or single 


Whole tops of intact plant 
attached leaf 


and dark periods and controls both CO, and water vapour 
exchange. 


Comparison of Magnitude of Fluxes of CO, and Water 

Vapour 

The average Plight values of the three xerophytes 
relative to that of sunflower are (Table 2): pineapple 
4-0 per cent; A. haworthii 11-2 per cent; A. americana 
10-7 per cent. The average rates of Paarg, again relative 
to Pign of sunflower, are: sunflower — 11-5 per cent 
(respiratory efflux); pineapple 2-9 per cent; A. haworthii 
16-3 per cent; and A. americana 63-9 per cent. The 
rates of the “dark” influx of CO, of the xerophytes are 
appreciable when compared with the photosynthetic rate 
of sunflower leaves. Taking into account the lengths of 
the light and dark periods used (Table 2), the importance 
of the dark assimilation of CO, by the xerophytes is more 
evident. The sunflower respired in the dark 11-5 per cent 
of the net photosynthetic uptake of CO, in a light period 
of the same duration; while in contrast, the xerophytes 
assimilated in the dark periods 64 per cent (4. haworthii), 
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carbon 
dioxide, e. 320 v.p.m., water vapour pressure, 8-72 mb; air temperature: 
in light, 26-27° C, in dark, 18-19° C; radiation flux at top of seedlings: 


4 


0-32 calories emt min, 





NATURE, VOL. 219, AUGUST 3. 1968 


Dark 


Light 


Influx 





EMux 


Influx 
‘Pranspiration rate (E) (g H.O dnr? h) 


Carbon ore flux (F) Gag CO, dime? h) 













z 

c 

S 

— 

hay et 
Q ee es D 
E p 
0 4 $ 12 16 20 24 
Time (h) 
Fig. 2. The fluxes of carbon dioxide (P E) and water vapour {Ei of 


the tops of intact planta of (4) Aeontum haworthii, (B) Ananas comosus 

(pineapple) and (C) Agave americana over a 24 hi cycle of light and dark. 

Experimental conditions were as follows. Input air stream: carbon 

dioxide, ¢. 320 v.p.m., water vapour pressure, 8-72 mb; air temperature: 

in light, 31-32° C, in dark, 16-18° C; radiation flux: 0-44 calories em? 
mint, 


37 per cent (pineapple) and 298 per cent (A. americana) 
of the CO, they absorbed in light periods of at least twice 
(Table 2) the duration of the dark ponon. The relative 
growth rate of A. haworthw (0-022 g g day~'), howev r, 
was 16 per cent that of sunflower seedlings (0-137 g gl 
day) in the same glasshouse environment. 

The average rates of transpiration (E) (Table 2) ranged 
from 1-850 (sunflower) to 0-075 g dm h- (pineapple), for 
which similar values have been reported??. The three 
xerophytes, even when their roots had free access to 
water, transpired in the light at rates ranging from 4 per 
cent (pineapple), 9 per cent (A. americana) and 17 per 
cent (4. haworthi) of the rate of sunflower leaves in a 
similar environment. Relative to the transpiration rates 
in the light, the xerophytes transpire much faster in the 
dark than do the mesophytes. The average transpiration 
rates in the dark of sunflower and tobacco seedlings, 
relative to the average daytime rates, are 14 per cent and 
10 per cent. The comparable values for A. haworthii. 
pineapple and A. americana are 58 per cent, 37 per cent 


Table 2. MAGXITUDE OF THE FLUNES OF CO, 


AND WATER VAPOUR OF TWO MESOPHYTES AND THREE NEROPHYTES (WHOLE 


ai 


and 141 per cent. A. americana reveals the extreme case 
in which both transpiration and CO, influx rates in the 
dark exceed those in the light (Table 2). These aspects. 
of the physiology of Agave do not appear to have been 
reported before. Thomas and Ransom! noted that the 
leaves of A. lurida accumulated acids at night, but with- 
out a net uptake of CO, and Nordal and Ogner’® have 
reported that “about half” the organic acids in the leaves 
of A. americana is p-hyvdroxybenzyltartaric acid. 


Control of Fluxes of CO, and Water Vapour 

The low transpiration rates of the three xerophytes in 
the light in these experiments (Table 2) could be caused 
either by low and varying water vapour pressures in the 
leaves, or by a higher value diffusive resistance (ri + Ta) 
than that of mesophyte leaves. The second possibility is 
supported by the evidence (Fig. 2) that the rates of the 
influx of CO, reflect those of the efflux of water vapour. 
Similar effects have been reported in other suceulents*® +3, 
Also, unlike mesophytes (Fig. 1), Æ varies greatly during 


the light period in xerophytes (Fig. 2). Because the 
environmental conditions and leaf temperatures are 


approximately constant (+ 1-5° C) in the light period, the 
variation in ra will be small, and thus these large fluctua- 
tions in # ean be attributed to variations in the leaf 
diffusive resistance (77). 

The values of (7:+7a) have been calculated, by the 
method of Slatyer and Bierhuizen!*, for an attached 
pineapple leaf of 222 cm? area and 53 em long, enclosed 
in a sealed ‘Perspex’ tube (Fig. 3). The value of (7:4 rz) is 
least (about 80 s cm-') at night and in the later part of 
the light period (Fig. 3C). A short time (about 15 min) 
after the hghts come on there is a large increase in 
(rı +72) to about 360 s cem. The principal component of 
rı is that due to the stomatal aperture, which indicates 
that the stomatal aperture is larger at night and in the 
later part of the light period than at the beginning of the 
photoperiod, when there is a rapid decrease in stomatal 
aperture. The lowest values of (r:+7ra) reported here are 
about thirty times those of the cotton leaf with open 
stomata, and this may be attributed to the structure 
of the pineapple leaf'®. The similar fluctuations of Æ of 
the three xerophytes when the lights come on (Fig. 2) to 
those of the pineapple leaf (Fig. 34), and their relatively 
high transpiration rates in the dark, indicate that the 
stomatal rhythms of Aeonium haworthii and Agave 
americana are similar to those in the pineapple. 

The stomata of certain succulents’ *" and those of 
certain tropical orchids?® open in darkness!" We 
conclude, from our observations, that this also occurs 
in pineapple A. americana and Aeonium haworthii. 
Possible mechanisms of this “inverted” stomatal rhythm 
have recently been discussed?®-??_ Our deduction that 
the stomatal aperture of these plants decreases as soon as 
the lights come on (Figs. 2 and 3) is inconsistent. with the 
“displaced endogenous rhythm’ hypothesis®! for the 
depression of transpiration rate induced by illumination 
in A. americana occurred after dark periods lasting from 
I to 16 h (unpublished results). It seems more probable“? 
that the control of stomatal aperture in succulents is 
effected by variations in the internal CO, concentration 
in the leaf, as in non-succulent plants?!*. The different 
rhythms of stomatal aperture variation in succulent and 
non-succulent plants may therefore be related to the 


PLANT TOPS) IN LIGHT ANT DARK 


Mesophytes Nerophy tes 

Sunflower Tobaceo A. haworthii Pineapple A, ainericana 
Conditions Light Dark Light Dark Light Dark Light Dark Light Park 
Duration (h) 12 12 12 i2 i 16 5 16 s 

CO, fux (W) (mg E Ox dm h-i} 

P max 15-6 —1-9* 14-5 — 1-8* 20 0-94 0-48 6-70 LE-S0 
P average 13-9 —1-3* 8-7 — 1-0* i. H 2. 26 0-36 {41 L4G Bs 
H,O flux (E) (g H,O dm- h- 1) 
E max 1-900 0-350 1-440 0-130 0-570 240 0-105 0-033 1} 230 405 
E average 1-850 0-287 1-210 125 0-314 0. 181 0-075 GHS (164 0-231 


These data are taken from Figs. 1 and 2. * Respiratory efflux of CO, 
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Fig. 3. A, The fluxes of CO, (? 8) and water vapour (ED) of an 
attached pineapple leaf over a 24 h evele of light and dark. H, A plot 
of leaf (A) and air (VY) temperatures during the same cycle, C, The eal- 
culated values of the total ciffusive resistance (774 -) during the same 
cycle. Experimenta! conditions were as follows. Input air stream: as 
for Figs. 1 and 2; air temperature: see Fig. 38. The leaf container 
Was a ‘Perspex’ tube 62 cm long with an inner diameter of 4-4 cem. Air 
speed was 22cms-'. Radiation flux was 0-32 calories em + min~, over the 
distal 40 cm of the tube, falling to 0-23 calories emt min! over the 13 
cm at she base of the tube. 


possession of a very active dark carboxylation mechanism 
(CAM) by the former, but not the latter. 


Water Use Efficiency 


The transpiration ratio (T) is an index of the water use 
efficiency of plant growth. We have calculated T for the 
complete cycle and its light and dark components (Table 3) 
from the data of Figs. 1, 2 and 3, where 


P net efflux of water vapour/time 
= net influx of CO,/time 


Well watered plants of pmeapple and A. americana use 
water more efficiently than the two mesophytes (Table 3). 
The value of T of A. americana (47) is similar to the low 
values? of 55 and 50 of pineapple’?. The T values of the 
xerophytes in the dark are low (Table 3); that of A. 
americana is 26, during which time this plant is assimil- 
ating CO, at a rate of 8-88 mg dm h (Tables 2 and 3). 
We studied the significance of the efficient use of water 


Table 3. TRANSPIRATION RATIOS OF TWO WESOPHYTES AND THREE XEROPHYTES 


Mesophyte Aerophyte 
Condition Sum- A, ha- A. ameri- 

flower ‘Tobacce worthy Pineapple Cana 

Attached Whole 

oom Whole plant- ome Whole pante- leaf plant 
Light 133 139 201 134 4 110 
Dark —~* —* AO 88 32 26 
Whole eyele 166 162 154 116 53 47 


Figures are taken from the data of Figs. 1, Zand 3. _ 
* These plants had a net respiratory efflux of CO, at night. 
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Table 4. EFFECT OF WATER STRESS ON THE GAS EXCHANGE OF Agave americane 
IN LIGHT AND DARK PERIODS 


Day I Day 5 
PE l Whole Whole 
Light Dark cycle Light Dark cycle 
Duration (h) 16 ga 24 16 8 24 
Mean transpiration rate 
(mg H.O dm ht} 298 199 265 45 166 85 
Relative values 4100) (100) (100) (15) i83) (32) 
Mean CO, influx rate 
(mg CO, dm h?) 171 8-98 4:13 0-18 S18 2-85 
Relative values (100) (100) (100) (14) (91) (G9) 
Percentage of total gas ex- 
change in light and dark 
-Gf water vapour 75 25 — 35 B5 
= -0f CO, 28 72 —— 4 96 -— 
Transpiration ratio (T} 174 22 64 250 20 30 


a south roats were deprived of water at the beginning of the dark cycle 
on day i, 


by A. americana in the dark (Table 3), as a possible adap- 
tive mechanism in drought conditions, by depriving the 
roots of a plant of water in day | and then following its 
gas exchange during the next 4 days (Table 4). Water 
stress suppressed gas exchange in the light to a much 
greater extent than in the dark. This also occurred when 
plants of Aeontum hkaworthii (unpublished results) and 
Bryophyllum daigremontianum' were deprived of water. 
On day 5 (Table 4) the relative rates of transpiration and 
CO, uptake in the light period were 15 per cent and 11 per 
cent respectively of those on day 1. The corresponding 
relative rates in the dark on day 5 were 83 per cent and 
91 per cent of those on day 1. The increasing predomin- 
ance of gas exchange in the dark of plants deprived of 
water decreased the value of T for the whole light/dark 
cycle from 64 (day 1) to 30 (day 5). The ability of 
Agave sp. to grow, for example, in the Negev desert 
without irrigation*®* therefore seems to be related to its 
ability to maintain, under drought, a positive carbon 
balance with an efficient use of water. This ability follows 
from its possession of a very active dark carboxylation 
mechanism (maximum rate of 11-8 mg of CO, dm h-}, 
Table 2), a high and variable leaf diffusive resistance and 
an inverted stomatal rhythm, and also from the low 
potential transpiration rates at night. 
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LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 


Charge-transfer Interactions 
between Solar Wind Protons and 
Neutral Particles in the Vicinity of 
the Sun 


Because of its large mean free paths interstellar matter 
near the solar system has a good chance of reaching 
within a few astronomical units of the Sun before under- 
going collisions with solar protons flying radially outwards 
from the Sun. The trajectories of interstellar particles 
crossing the solar system are governed by the gravitational 
field of the Sun. The particles will be accelerated towards 
the centre of gravitation, but are also focused at the same 
time. Because of this effect, the particle density n of 
interstellar matter within the solar system will be larger 
then the density n, at infinity. The function n=n(7r,9) is 
dependent on the radial distance r from the Sun and the 
angle 8 between the space-vector r and the velocity Vo 
with which interstellar matter is approaching the solar 
system. This function n(r.0) is given by? 


{ 0 eet ey oe era eS ee ee ee ee ry Pe rer anne 
ki (2 8 piH —B2p, sin 6) sin 9.7? . u(r) (1) 


where p, is the impact parameter of the individual trajec- 
tory leading to the space-point (r,6). The space dependent 
particle velocity v(r) has the form 


[vet 2) 


M being the solar mass and y the gravitational constant. 
The function H =H (r,6) and the constant 8 are given by 


v (r) = 


a 
va 
H (r,8)=(1 +8 po sin 8—cos 9); B= = (3) 
y% 
Because every space-point is hit by two particle trajector- 
ies, one corresponding to the angle 6, the other to the 
angle 360 —6, the total density is given in the form 


n(r,0) = n,(7,9) +n (r, 360—960) (4) 


Near the Sun, the ionizing effect of extreme solar ultra- 
violet radiation has to be taken into account. I shall 
assume that all the interstellar matter crossing the surface 
of a sphere of radius R,=7rp/3 (ref. 1) centred on the Sun, 
where rg is the Earth’s radius, will become ionized. I 
shall therefore neglect the contributions to the density of 
trajectories which cross this sphere Re before reaching an 
outer space-point. Thus the density profile along the 
orbit of the Earth shows a semiannual variation, having 
minima at June 22 and December 22, if we identify 
Və and vs as the velocity of the Sun with respect to the 
local standard of rest (v= 20 km s-}!.) 

On their way from the Sun to the Earth, protons in 
the solar wind generate fast neutral particles by charge- 
transfer collisions with interstellar particles. The fast 
neutral particles bombard the Earth’s upper atmosphere 
and will transport energy directly downward to the 
thermosphere. If the position of the Earth in its orbit 
radius r=rp is given by the azimuthal angle ®, the flux 
Fap of fast neutral particles near the Earth is? 


i 
ee 


Pisg = Bop 


exp (—g pE n (r,®) dr) 
Re 


where q is the charge-transfer cross-section between 
tons and hydrogen atoms, n(r,®) is the density of 







stellar matter in the ecliptic, and Fpp is the proton fux ~ 


near the Earth. Suppose we are surrounded by a discrete 
cloud of hydrogen, so that densities of n, of 10 or more 
particles per cm? are not implausible. I shall assume a 
value np=5 em. Taking vy=Vs, the flux Fag of fast 
neutral particles is shown in Fig. 1. It can be seen that 
Fag has a semiannual profile with mimima on June 22 
and December 22 and maxima on Novernber 10 and 
February 2. The December minimum is remarkably 
higher than the June minimum. The two maxima are 
located asymmetrically with respect to the two minuna; 
the smaller interval between maxima and minima is 42 
days, the larger is 140 days. 

Comparing Fig. 1 with the well known semiannual 
density effect?:', the following differences in the shapes of 
the curves can be recognized. The winter minimum of the 
density effect has been observed on January 22, nearly 
one month later than the winter minimum of the flux 
Fn. This time difference disappears if we assume that 
the hydrogen surrounding the solar system has 4 proper 
motion of about v= 10 km s~ in a direction orthogonal 
to Vs A proper motion of this kind would cause a time 
shift of the profile of Fa,p of about one month, so that 
the winter minimum would occur at the time of the 
measured minimum. The asymmetrical location of the 
maxima has also been observed in the density effect. Here, 
however, the smaller time difference between the spring 
and the autumn maxima amounts to 150 days, whereas 
in the case of the neutral flax Fa,p it is 84 days. For a 
velocity Vo=VstVe~30 km s- this value eould be 


June 29 Bee, 22 dune 22 


Frykt 


A T [°K] 





Dec, 22 June 22 
Fig. 1. The flux Fn p of fast neutral particles near the Earth is given 
in parts of the flux F, gp of solar wind protons during the year for an 
interstellar density of 2,=5 cm", The upper figure gives Fa p for v= 
20 km s~, 6=90°. The figure shows F,,.¢ taking inte account the proper 
motion of interstellar hydrogen producing s phase-shift of one month and 
increasing €, to 30 km s~. The lower figure represents the average semi- 
annual temperature effect during 1953-1966 (ref 3). 


June 22 
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enlarged to about 120 days (Fig. 1). Thus there are some 
remarkable similarities between the semiannual variation 
of thermospheric density and the flux Fr,p near the 
Earth, Finally, because the proton-flux Fn,p can transport 
energies up to l erg em? s-t, Fa,pg can transport energies 
of more than 0-1 erg cm s-1, This has to be regarded as 
the typical amount of energy responsible for the semi- 
annual density variation®. From these considerations 
we might conclude that the energy provided by the flux 
of fast neutral atoms entering the upper atmosphere 
could contribute to the observed semiannual variations in 
the thermospheric temperature and density. We must, 
however, keep in mind that the results of Fig. 1 were 
based on special assumptions about the density 7, and 
the proper motion V, of interstellar hydrogen surrounding 
the solar system. Until we know the properties of the 
surrounding interstellar matter more exactly, we cannot 
make any predictions about its real influence on the 
thermosphere, In any case, charge-transfer collisions 
between solar protons and neutral interstellar hydrogen 
in the vicinity of the Sun have to be regarded as a source 
of fast neutral particles entering the atmosphere. 

H. J. FAHR 
Astronomy Institute, 
Bonn University. 
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Correlation between Solar Activity 
and Brightness of Jupiter’s 
Great Red Spot 


THE “pronounced correlation” claimed by Graf, Smith 
and McDevitt! between Zurich sunspot numbers and the 
relative brightness of the Jovian red spot is not readily 
apparent in their Fig. 1. It is therefore worthwhile to 
calculate r, the actual correlation coefficient between the 
two functions plotted. Using values sealed from Fig. 1, 
the result is r=0-27. This value of r implies? that only 
75 per cent of the variation of the red spot can possibly 
be attributed to the solar activity responsible for the 
Zurich sunspot number. For the fifty values of the two 
functions compared, however, a correlation coefficient of 
0-27 is not significant at the 5 per cent confidence level 
usually adopted in studies of this kind. In view of these 
considerations the relationship between the two phenomena 
will remain unestablished until better correlations can be 
obtained. 


EDWARD ARGYLE 
Department of Energy, Mines and Resources, 
Dominion Radio Astrophysical Observatory, 
Penticton, British Columbia. 


Received fune 27, 1968. 
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New Determination of the 

Diameter of Neptune 

As part of a systematic programme for the prediction of 
oceultations of stars by planets, attention was called in 
1967 to the rare possibility of an occultation (on April 7, 
1968) by Neptune (magnitude 77, apparent diameter 
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2"-4) of the star B.D. — 17° 4388 (magnitude 7-8). Photo- 
graphie cbservations of the relative positions of Neptune 
and the star at the Royal Greenwich Observatory on 
March 14, 1968, confirmed this possibility and enabled 
reliable predictions to be given for this unique oppor- 
tunity for determining the diameter of the planet. The 
two existing principal determinations are those of 
Barnard’, in 1899-1960 (52,900 km-=2"-43 at the mean 
distance of 30-06 astronomical units), and of Camichel? in 
1953, using a double image micrometer (45,000 km = 27-07}. 

Photoelectric observations of the times of the dis- 
appearance and reappearance phases were made at several 
observatories in Australia (Mount Stromlo, siding Spring), 
New Zealand (Mount John) and Japan (Dodaira, Okay- 
ama). Continuous recordings were made to cover these 
phases, and times of “1-0 light”, “0-5 light” and ‘0-0 
light” have been reported. Visual observations were also 
made from the same areas. 

As a first stage in the analysis twelve photoelectric 
observations of “0-5 light” were used to determine an 
accurate position and diameter of the planet assuming its 
cross-section to be circular: the rate and direction of 
motion of the planet relative to the star are regarded as 
known. The result was extremely good, with the relative 
positions of the star and centre of the planet being 
determined to within a few thousandths of a second of arc. 
This was made possible by the high accuracy of the 
photoelectric observations coupled with the very slow 
angular motion of the planet (3 seconds of are in I h), 

There was no evidence of any oblateness, although the 
geometry of the occultation (Fig. 1) would make any 
small variation from a circular cross-section very difficult 
to detect. 

Using the ephemeris of Neptune as determined from 
this analysis it was a simple matter to deduce the diameters 
corresponding to the first detectable diminution of light 
(1-0 ight) and to complete extinction (0-0 light). 

The values obtained for the three diameters are 


1-0 light 50,500 + 100 (S.D.) km = 2”-32 + 0°-01 
0-5 light 50,100 + 200 (8.D.) km = 2”:30 + 07-01 
0-0 light 49,000 km = 2:25 


The value at 0-0 light is based only on the Japanese 
observations and no estimate of error is given. The 
angular values are those at the mean distance. 

The interpretation of these values will require some 
assumptions about the atmosphere of Neptune, for 
refraction of as little as 0’-01 will increase the deduced 
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Fig. i, The occultation of B.D., —17° 4388 by Neptune on April 7, 1968. 

The circle represents the disk of Neptune and its direction of motion in 

position angle 285° is indicated. The crosses show the position angles 

as seen fram Japan, the cireles those from Australia and New Zealand. 

The duration was about 45 min from Japan and 40 min from Australia 
and New Zealand, 
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diameter by about 400 km; if the different light levels 
do correspond to different levels in the atmosphere then 
refraction, even at the lowest level, must be very small. 
The relativistic gravitational deflexion is not quite 
negligible, being about 07-0025 for a ray tangential to 
Neptune; if the effect is taken into account the values of 
the diameters should be increased by 110 km. 

If the star is regarded as a point source of light at an 
infinite distance the effect of diffraction at the limb of 
Neptune is very small. Such an assumption seems 
reasonable from astronomical considerations: the star is 
of spectral type KO, apparent magnitude 7-8, but has 
no known parallax. It may, however, be deduced from 
the size of its proper motion that its angular diameter 
is likely to be less than 0”:001. 

It may be of interest to note the density corresponding 
to various values of the diameter (for comparison, that 
of Uranus is currently accepted as 1-56 g/cm’), 


Barnard 92,900 km Density 1-33 g/em$ 
occultation 50,000 ,, 158, 
C'arnichel 45,000 ., i Zr y 


A more comprehensive analysis of the observations will 

be published later. 
GORDON E. TAYLOR 

HM Nautical Almanac Office, 
Royal Greenwich Observatory, 
Herstmonceux Castle, 
Hailsham, Sussex. 
Received July 8, 1968, 
: Barnard, E. E., Astronomische Nachrichten, Bd. 157, No. 3760 11962}, 
*Camichel, 4 unales d'Astrophysique, 18. 41 (1953), 


Possible Relation of a Specific 
lonospheric Event to Simultaneous 
Meteorological Data 


DurinG the night of October 31/November 1, 1967, a 
sudden change in the structure of amplitude scintillations 
of radio signals from the 5-66 BEC satellite was observed 
at Fort Monmouth. Observations made at 41. 40 and 
20 MHz are indicated in Fig. 1, which relates to orbit 
12239; the satellite was passing in a west~east direction 
near 40° N latitude. The unusual event was manifested 
by (1) a train of strong and frequent. amplitude scintilla- 
tions which was interrupted for a short period and 
resumed 60 s later and by (2) a similar interruption 
showing also a scintillation-free zone during 44 s of the 
following orbit, 12240. The polarization of the signals 
displayed corresponding variations. Us ually such short 
and sudden interruptions of strong amplitude scintillations 
are not observed with satellite signals. The geographic 
location of the subionospheric tracks from 

350 km altitude of these two passages is 
shown by the dashed lines in Fig. 2. The 

start and end of the scintillation-free inter- 

vals, as obtained from amplitude recordings, 42 
are given in Table 1. The related total 
integrated electron content was obtained 
from measurements of a polarization follower 
having sampling times of 80 us and auto- 
matic digitized printout for each time 
second. The electron content curves show a 
familiar oscillatory pattern! which character- 
izes the observation of ses vere amplitude 
scintillations. During the ‘‘no-seintilla- 
tions” periods shown in Table 1, the electron 
content followed a smooth curve. 

The gaps between zones of scintillations 
were not investigated by bottomside iono- 
spheric soundings because the subionospheric 
tracks during the two passages were 
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Fig. 1. Analogue recording of &-66 BEC satellite radio signalis, orbit 

12939, October 31, 1967. From top to bottom: polarization angle at 

41 MHz, at 40 MHz; signal amplitude at 41, 40 snd 20 MHz, Note: the 

signal of 41 MHz amplitude recording was shortly interrupted during 
receiver failure after 23:04. 





over the ocean throughout the interesting period (see 
Vertical sounding ionograms taken at the Fort 
Monmouth station for the two passages are typical night 
data, that is, no sporadic E is observed; but some F- 
layer spreading, which was more pronounced during the 
second passage, appears in the ionograrns. This merease 
in I*-spreading is understandable for a certain eastward 
drift can be assumed for the entire atmospheric strueture 
under a stigation. SA a drift moves the Fort Mon: 
(during: “aia passage) to a B cier to the centre 
of this irregularity (during second passage). 

During the night of the ionospheric observations dis- 
cussed, and during the following day, an unusual meteor- 
ological pressure system prev ailed in the geographic area 
where the gap showing no scintillations was observed. 
The general character of the yh nd and pressure system 
at the surface is shown in Fig. 2. It is evident that the 
Fort Monmouth station was on the crest of a narrow high 
pressure ridge in an area where complex air movement 
could be expected to oecur. The wind flow pattern at 
500 mbar {6,000-7,000 m altitude) indicates a still greater 
complexity, and this condition apparently continued 
upward to at least the 20,000 m level. Above this height, 
wind observations are too sparse for detailed conclusions 
to be drawn 

The coincidence of unusual effects at low level in the 
troposphere and at F-region altitudes raised the question 








Longitude (W,} 


Subionospheric track (dashed lines) of S-66 BEC orbits 12239 and 12840, November 
1, 1967. Puilcircle indicates the position ofthe Fort Monmouth station: 


the sojid linea are 
jigohars (measvred in mbar) at 070G EST. 
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of whether the chaotie wind systems described might have 
exerted an influence far beyond tropospheric heights?. It 
can be assumed that strong atmospheric motions must 
have accompanied the narrow ridge of the pressure system 
flanked by deep lows. Thus one might be inclined to 
try the hypothesis that the pressure system worked 
upward to ionospheric heights and produced a smoothing 
effect on the irregularities causing amplitude scintillations. 
On the other hand, the abrupt disappearance of the 
amplitude scintillations could be explained by a specific 
but unusual spatial distribution of the ionospheric irre- 
gularities. A similar pattern of wind shear, however, has 
been assumed by Hines* for D-region effects. If our 
assumption is realistic, the phenomenon of the scintilla- 
tions gap should move geographically together with the 
entire pressure system. This pressure system was moving 
slowly eastward, and the ridge within the system was 
receding during the next day in a north to east direction. 


Table 1. TIME SCHEDULE OF SCINTILLATIONS GAPS 
Orbit Time Period of scintillations Duration of no- 
No. reference Endings to Second starts scintillations period 
12239 EST 23:03 : 04 23:04:04 60 8 

LT 23:09:44 23:27:42 18 min, 285 
12240 EST 00:57:00 00°57: 44 446 

LT 01:01; 38 01:14:27 12 min, 49s 


The hypothesis is supported by satellite signal observa- 
tions made about 22 h after the passages shown in Fig. 2. 
At that time, during November 1, 1967, shortly after 
22 h EST, a passage in a south—north direction (orbit 
15361) for satellite S-66 BEB (Fig. 3) was observed. 
During the southern part of this passage, strong amplitude 
scintillations were observed which faded out when the 
“gap area’? was reached by the subionospheric track. 
About 17 min later this track was crossed in the west—east 
direction by satellite S-66 BEC, orbit 12252. Throughout 
the passage of this satellite, strong amplitude scintillations 
were observed. The crossover point of the two tracks 
was passed at 22:11:49 and 22: 29: 22 local time (LT) 
respectively (Fig. 3). This observation indicates that the 
southern edge of the ionospheric smoothing motions had 
been passing through that location within the relatively 
short period of 17-5 min. 

This statement is not contradicted by meteorological 
observations, and so it might be taken as confirmation of 
the general relationship assumed; but it is appreciated 
that the singularity of the observed phenomena does not 
permit final conclusions until other observations confirm 
or deny our report. 

Basic meteorological data used in this work were 
obtained from US Weather Bureau Facsimile Analyses 
and from the US Army Rocket Sonde Network. We 
thank F. G. Finger, Upper Air Branch, ESSA, Silver 
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Springs, Maryland, and W. Webb, ASL, White Sands 
Missile Range, New Mexico, for information and advice. 
P. R. ARENDT 
Institute for Exploratory Research, 
E. M. FRISBY 
Atmospheric Sciences Laboratory, 
US Army Electronics Command, 
Fort Monmouth, New Jersey. 
Received May 20; revised July 1, 1968. 
1 Arendt, P. R., Nature, 218, 1149 (2968). 
? Frith, R., Weather, 23, 4, 142, April 1968. 
* Hines, Č. O., J. Geophys. Hes., 68, 5, 1018 (1964). 


Co-existing Sapphirine and Quartz in 
Granulite from Enderby Land, 
Antarctica 


SAPPHIRINE and quartz have been found together in 
nature for the first time in granulite collected by I. R. 
McLeod, of the Australian Bureau of Mineral Resources, 
from a small nunatak (66° 57'S, 51° 31’ E) about 42 miles 
east of Amundsen Bay, Enderby Land, Antarctica. This 
rock belongs to a gneiss-granulite-charnockite terrain 
(personal communication from I. R. McLeod), and was 
called blue quartzite in the field. Im thin section it is 
seen to consist of rutilated quartz, cordierite-quartz 
intergrowths, sapphirine as grains up to 2 mm long, and 
accessory sillimanite, garnet, hypersthene, rutile, chlorite, 
zircon and biotite; the first three constituents make up 
about 98 per cent of the rock. Another granulite from 
the same nunatak contains no sapphirine, though it may 
formerly have done so; it consists of quartz, garnet, 
sillimanite, orthoclase mucroperthite with unusually low 
2 V (35° to 40°), and accessory rutile, sericite and zircon. 
The sapphirine bearing rock consists of three distinct 
bands the principal constituents of which, stated as 
volume-percentages, are shown in Table 1. 


Table 1. CONSTITUENTS OF SAPPHIRINE BEARING ROCK 
(1) (2) (3) 
Quartz . S4-4 65-4 70-5 
Cordierite-quartz intergrowths 1-1 80-3 14-2 
Sapphirine | 
In quartz 10-9 0-1 12-7 
In cordierite-quartz intergrowths tr, a5 p8 


The quartz contains a mesh-work of extremely fine rutile 
needles. The sapphirine is biaxial negative with 2 V about 
50°, and is pleochroie from almost colourless through very 
pale blue-grey to light grevish-blue. Some grains contain 
very fine rutile needles, but they are much less abundant 
than in quartz. More than 90 per cent of the 
sapphirine grains, excluding those in cordierite-quartz 
intergrowths, are in direct contact with quartz, but some 

grains m band 1 are bordered or partly 
bordered by a narrow (0-015-0-15 mm) 
reaction-rim of sillimanite or garnet. 


| Grains consisting of cordierite-quartz inter- 

42° 4 growths clustered together in aggregates up 
29:22 LT | 25:00 EST to 2 mm across are a prominent. feature of 

N : ame, avert the rock. The intergrowths closely resemble 
zi ERE aotm a “fingerprint” perthite, but are much finer- 
Š 40° 19.00EST 4S LT grained ; many of them show flaring struc- 
P OO:4iLT O5-00EST tures between crossed polarizers. The 
= END payer cordierite is biaxial positive with 2 V= 
- i gis pea 75°~80°, and contains a few yellow pleochroic 
ae . A Stary haloes around minute elongated opaque 
38° [= suponosPHenic TRACK YS : | TIMES AFTER 22 HOURS grains and zircon. Parallel streaks of closely 
ot ce ae | one Lt ee packed dusty rutile particles extend right 

i a across some aggregates. These possibly 

80° 78° 76° 74° 72° 70° 68° outline cleavage in a pre-existing mineral, 
Longitude (W.) and suggest that the imtergrowths may 


Fig. 3. Subionospheric track of passages 8-66 orbit 12252 and BEB orbit 15361. Note: 

the scintillation region along track of 15361 for 22 : 07 : 19 LT to 22:11: 24 LT; close to 

the crossover point of both tracks, scintillations of BEB signals disappeared ; they were 

resumed on that point at 22 : 29 : 22 LT along the track of BEC orbit 12252; during this 
latter passage scintillations were observed all along that track. 


have been derived from biotite. Patches 
or flaring strings of minute sapphirine grains 
are commonly developed in the inter- 
growths. 
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The hypersthene invariably contains fine rutile needles, 
and may be partly or wholly altered to chlorite. 

All previously recorded occurrences of sapphirine are 
confined to high-grade regional and contact metamorphic 
rocks relatively rich in Al and Mg, and poor in Ñi (refs. I, 2). 
No sapphirine was formed in experiments carried out by 
Yoder? on the system MgOQ-—Al,0,-S8i0,-H,O at a range 
of temperatures from 430° to 990° C and at water-vapour 
pressures up to 2 kbar, but Hensen (personal communica- 
tion and paper delivered at Granulite Facies Symposium, 
Geol. Soc. Austral., May 1968), in high-pressure experi- 
ments on complex model pelitic compositions, has outlined 
a P-T field around 9 kbar and 1,100° C in which sapphirine 
and quartz co-exist. Neighbouring fields so far partly 
investigated by Hensen contain cordierite, orthopyroxene, 
and garnet +sillimanite. Detailed definition of the fields 
within the system FeOQ—-MgO-Al,0,-Si0, for a range of 
pressures and temperatures should help to clarify the 
conditions under which charnockites and other rocks 
belonging to the granulite facies have formed. 

I thank Dr D. H. Green and B. J. Hensen, of the 
Australian National University, for helpful comments. 


W. B. DALLWITZ 


Bureau of Mineral Resources, 
Geology and Geophysics, 
Canberra, Australia. 
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Compositional Similarities between 
Hot Mineral Springs in the Jordan 
and Suez Rift Valleys 


THE chemical composition of the Hammam Farun hot 
spring (72° C) in the Suez Rift Valley has been found to be 
almost identical to that of the Tiberias Hot Springs (60° C) 
in the Jordan Rift Valley (Figs. 1 and 2 and Table 1). This 
finding is of vital importance in the evaluation and sorting 
out of various hypotheses that have been proposed for the 
origin of the mineral waters in the Jordan Rift Valley. In 
this valley more than 200 mineral springs and wells are 
found to have a rather uniform chemical composition, 
although scattered along a section of 200 km of the valley 
and issuing from a large variety of rock units and tec- 
tonical structures. As a working hypothesis it had been 
suggested! that some time in the geological past the ocean 
invaded temporarily the Jordan Rift Valley (through the 
Esdarlon Valley) and its waters infiltrated into the tec- 
tonically shattered rocks, forming reservoirs of trapped 
oceanic waters, diluted by various amounts of the then 
prevailing groundwaters*. These trapped waters of 
oceanic origin reacted with the various host rocks, losing 
part of their Mg and Na and occasionally SO, (biogenic 
decomposition into H,8), and gaining Ca, Sr, Li, H.S, Br 
and sometimes SO, (gypsum dissolution) and Ra (formed 
eontinuously by the radioactive decay of normally abun- 
dant U and dissolved by the waters rich in Cl). Preliminary 
experiments on seawater stirred with powdered samples 
of the prevailing rock types in the Jordan Rift Valley 


Table 1. CHEMICAL COMPOSITION (mg/I.) 


Li Sr K Na Mg Ca Br Cl 80, HCO, 

Tiberias* 0-30 58:0 335 6,211 576 3,028 198 16,270 770 159 
Hammam 

Farunt 0-15 31-0 126 3,525 151 1,118 49 7,622 725 179 


* Analysed in the chemical laboratory, Mekoroth, Water Co. 
+ Analysed by the Israel Atomic Energy Commission. 
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Fig. 1. A key map of Jordan and Suez branches of the rift valley and a 
few of the hot mineral water sources ( @). 


resulted in significant enrichments in Ca, Sr, Li and SO, 
and losses of Mg and Na, thus forming waters similar to 
the kind found in the Jordan and Suez Rift Valleys. The 
enrichment in Br was not achieved in these experiments but 
Chave*:* noted similar enrichments in connate waters, by 
factors of up to 3 (relative to seawater). 

The Hammam Farun spring issues 30 m from the sea, 
at the foot of the pronounced fault structure of Djebel 
Hammam Farun. The surrounding rocks are Eocene to 
Miocene limestone, sandstone, gypsum and gravel, none 
of which can form on solution waters of the observed 
composition. It thus seems most likely that in this case 
we are dealing with deeply infiltrated seawater, mixed 
with local ground water. The deviation from oceanic 
composition is attributed to reactions with the host rocks. 





SO, 


Lixi0 Sr K Na Mg Ca Br Cl HCO, 

Fig. 2. A concentration-composition diagram. Tho high compositional 

similarity of the Tiberias and Hammam Farun hot aprings is evident. 

Compared with ocean composition the spring waters have exchanged Ca 

for Mg and Na and are slightly enriched In Br. —- —- -- ©, Ocean: 
— T, Tiberias; —F, Hammam Paren. 
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Field observations, laboratory results and published 
data suggest that seawater, because of its specific com- 
position, changes roughly in the same way each time it 
is in prolonged contact with various types of rock. In 
other words, the most common rock sequences contain at 
least some limestone, clay and gypsum (original or second- 
ary) so that the seawater in contact can gain Ca, Sa, Li, SO, 
(occasionally), H,S and Ra and lose Mg, SO, (biologically) 
and so on. In contrast to other hypotheses (for example, 
solution of salt deposits or evaporation processes in inland 
lakes) the model described here has the advantage of 
providing an initial uniform source for the salts (seawater), 
which was geologically available for long periods and in 
many places. 

There is a close relationship between the location of the 

rarious sources of saline water and their water levels 
and tectonic pattern". This might be relevant to the 
mechanism that formed the mineral springs. The Jordan 
Rift Valley has been shown® to be continuously tectonically 
active, including vertical and lateral shifts. This must 
result in constant changes in the tectonic pressure regime, 
so that blocks that were under tension and have been 
soaked up by the temporarily invading sea might now be 
under compression. The result might be a squeezing out 
of the trapped waters which are forced up as mineral 
springs. Accordingly, the positions of springs and their 
discharge are expected to vary rather often on a geological 
time scale. 

In all cases the heat is attributed to the normal tempera- 
tures prevailing at the depths at which waters are trapped. 
This is based on an analysis of available temperature 
measurements in deep wells in the Israeli section of the 
rift valley’. 

Such a mechanism of entrapment. of ocean water m 
tectonically active areas, and its later enforcement 
upwards to form hot mineral springs, might have operated 
im other places. In this respect it will “be interesting to 
study hot mineral springs on ocean coasts m other parts 
of the world. 

EMANUEL MAZOR 
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Search for an Electrode Dependent 
Effect in the Dark Conductivity 
of Anthracene 
We have made dark conductivity (DC) measurements in 
an argon atmosphere on 15 mm diameter scintillator grade 
single crystals of anthracene. Electrodes and guard rings 
of aluminium and of gold were plated under vacuum onto 
the major faces. A steel mask was used to form the 
guard ring and to hold the erystal in position against a 
magnetic thermal sink during the plating process. The 
erystal surfaces were cleaned by allowing them to evapor- 
ate for a few minutes at a pressure of 10-4 mm Hg. The 
electrode material was evaporated at 10-* mm Hg from 
a tungsten heat source, the crystals having first been 
cooled to about 175° K. Care was taken to minimize 
thermal stressings and to freeze out any water vapour. 
The dimensions of the crystals and the guard ring 
systems were such that corrections for electric field 
distortion were not necessary, and the electrical time 
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Table 1 
Electrode (0-5 min thick crystal 1-86 min thick crystal 
(and work _ tab Lab Lab 
function) BeV eochm-m EeV e@ohm-m EeV g ohm-m 
Au (458eV) 083 22x10" 0-85 1-:06x10 O85 li x 1034 
Al (3:74 eV) 0-81 Pixo H84 76x10? O83 Ox 10? 
Ag (4:28 eV) 0-79 &5*x10"% 6-80 BS x1 F O81 4-4 x 19? 
Table 2 
f Electrode Electron cone, n/m” Hole conc, n/m} 
Germanium 
P-type, 1-3 x 10-4 2-m, 29 x EQ 2 x 1033 
P-type, 7-5 x 1032-1, LIx Ip’ & x 10% 
N-type, 2-4 x 107 Qe. 8-0 x 10% 0-6 x 1G! 
V-type, 15 x 10? 2Q-m. Pox 1" 58 x 10” 
N-type, 6-3 x 10-3 Q-m. 25x 10°! 2:3 x 19}? 
Silicon 
P-type, 4 x 108 2-m. 5-6 « 70° 40x 10 
P-type, LO2-m, t-7 x 1Q"* 1-3 x 10t 
N-type, 34:5 2-m. 1-7 x 108 1-3 « 10" 
V-type, 0-98 2-m. oB x 19)" 40x 10)" 
N-type, 026 Q2-m. 7x TUF 1-3 x 1D 
V-type, 0-02.2-m., 23 x 107 a8 x 107 
N-type, L2 « 10-*9-m. 17x 10% 13x 10° 


constant of the complete measuring circuit was found to 
be unrelated to any eleetronic relaxation effects within 
the anthracene crystals. Measurements were made in 
the temperature range 220°-380° K with applied fields 
below 10° V/m. Values obtained for the resistivities at 
296° K and the aetivation energies E in the usual extrinsic 
sermiconduction law 


po exp(Le/kT) 


Py ae 
~~ oo“ 
x 


are given in Table | for erystal directions parallel and 
perpendicular to the ab plane. Results are also given for 
electrodes of “dag” silver preparation. The electrode work 
function values were obtained from ref. 1 and refer to 
solid rather than dispersed metals. 

Table 1 suggests that there is no significant relationship 
between the resistivity parameters and the electrode work 
function. The lower values observed for the silver paste 
electrodes are probably related to previously indicated 
chemical effects’, The invariance of resistivity with 
crystal thickness indicated that the electrode/erystal 
contacts were of low resistance. 

As a further test, various samples of germanium and 
silicon were used as electrodes. All measurements were 
made in a crystal direction perpendicular to the ab plane 
on a crystal 1-86 mm thick. A guarded gold electrode 
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was vacuum deposited on to one face of this crystal, and 
a clean polished slice of either germanium or silicon was 
used as a pressure contact to the other face. The various 
germanium and silicon slices used are given in Table 2. 
The charge carrier concentrations were derived from Hall 
voltage measurements and graphs given in ref. 3. 

The measured resistivities and activation energies are 
shown in Fig. 1. The open and closed symbols correspond 
to the semiconductor electrode, being biased positively 
and negatively with respect to the gold electrode, 
respectively. 

Fig. 1 shows that the resistivity parameters are inde- 
pendent of electrode material. The differences between 
the pressure electrode areas and the actual crystal contact 
areas would have been sufficient to give the scatter of 
resistivity values. 

The work function of germanium has been found to be 
about 0-2 eV larger than that for silicon’. In this way, 
larger variations of # with electrode material and polarity 
should have been observed if the dark conductivity had 
been electrode dependent. Allen and Gobeli have indi- 
cated that for clean silicon there are two sets of equal 
numbers (1024/m*) of donor and acceptor states positioned 
in the band gap symmetrically about a level of 0-78 eV 
below the conduction band edget. For germanium the 
surface state densities are usually one or two orders of 
magnitude fewer than for silicon, so that even allowing 
for electrode surface states, it can be concluded that the 
dark conductivity of anthracene, as observed in this 
laboratory, is not electrode dependent. 

Hall current measurements? have indicated a dark 
conduction charge carrier concentration for anthracene of 
the order of 10° m-* at room temperature. We consider 
that these carriers are controlled either by quantum 
mechanical tunnelling from the crystal surface states or 
by a set of uncompensated donor or acceptor levels 
produced by non-aromatie impurities in the bulk. 

We thank Mr G. Race for assistance in the conductivity 
cell design and construction, One of us (R. P.) thanks 
the Science Research Couneil for a research grant. 

K. MORGAN 
R. PETHIG* 
Electrical Materials Laboratory, 
Department of Electrical Engineering, 
University of Southampton. 


Received June 27, 1968. 
* Present address: Department of Chemistry, University of Nottingham, 


' Michaelson, H. B., J. Appl. Phys., 21, 536 (1950). 

3 Morgan, K., and Pethig, R., Nature, 213, 900 (1967). 

3 Nussbaum, A., Semiconductor Device Physics, 279 (Prentice-Hall, 1962). 
t Allen, F. G., and Gobell, G. W., Phys. Rev., 127, 150 (1962). 


* Palmer, D. R., Morrison, S. R., and Davenbaugh, C. E., Phys. Rev., 129, 
608 (1963). 


* Pethig, R., and Morgan, K., Nature, 214, 266 (1967). 


Preliminary Observations on the 
Microstructure of Thin Wire 
Nb-44 per cent Ti Superconductor 


Ir is well known that the critical current density (Je) of a 
hard superconductor is controlled to some extent by the 
metallurgical structure of the material. Many commer- 
cially available superconducting materials contain fila- 
ments of Nb-Ti alloy of about 0-25 mm (0-01 in.) diameter, 
and a detailed examination of the structure of these fine 
filaments is therefore of considerable importance. Baker 
and Taylor! have pointed out the need for a three-dimen- 
sional study of the structure in order to correlate with 
critical current measurements. They also showed that 
test specimens should be in the same condition as for the 
superconductivity measurements and not undergo any 
further deformation prior to structural examination. 
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Fig. 1. Transmission electron micrograph ofa thin foll prepared from the 
longitudinal section of 0-01 in. diameter Nb-44 percent Ti superconduc- 
tor wire (‘Niomax-s’). 





Transmission electron micrograph of a thin foll prepared from 
the transverse section of a 0-01 in. diameter Nb-44 per cent Ti super- 
conductor wire (“Niomax-sS’), 


Fig. 2. 


Most of the ductile alloys with good superconducting 
properties have undergone a large degree of cold work, 
hence the structure is complex and there is a need for 
high resolution electron microscope examination of the 
specimen. Thin foils suitable for transmission electron 
microscopy have previously been prepared from longi- 
tudinal sections of fine wire but as Baker and Taylor’ 
point out, it is necessary to examine the structure in the 
transverse plane in order to relate Je to defect structure, 

Techniques have now been developed, involving only 
electro-polishing, that allow thin foils to be prepared from 
both transverse and longitudinal sections of (25 mm 
diameter wire. Figs. 1 and 2 show respectively trans- 
mission electron micrographs of longitudinal and trans- 
verse sections of ‘Niomax-S’ (Nb-44 per cent Ti) wires in 
the commercial cold worked and heat treated condition. 
This material has a critical current of 10° A cm? m a 
transverse magnetic field of 50 kgauss. 

The fibrous structure is easily seen and the transverse 
section shows the cell boundaries clearly. The structure 
shows no sign of anisotropy in the transverse section and 
the cell diameters range from 250 A to 1250 A with an 
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average of about 700 A. It is also clear that the disloca- 
tion density within cells is very low. These structures 
have not yet been studied in great detail but it is hoped 
that by examining materials that have had different 
thermal and mechanical treatments and which exhibit 
differing superconducting properties the relation between 
structure and superconducting properties can be estab- 
lished. 
J. A. F. GIDLEY 
P. N. RICHARDS 
A. C. BARBER 
Research and Development Department, 
Imperial Metal Industries Ltd, 
Kynoch Works, 
Witton, Birmingham. 
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Iron (Il)-Catalysed Conversion of 
Unsaturated Pyrrolizidine Alkaloid 
N-Oxides to Pyrrole Derivatives 


Acetic anhydride causes dehydration of N-oxides of 
unsaturated pyrrolizidine alkaloid N-oxides to pyrrole- 
like derivatives!}*. I now report a similar reaction, brought 
about by ferrous iron (which has previously been reported 
to promote the dealkylation of some tert-amine oxides*‘), 

In methanol, the N-oxides of retrorsine, monocrotaline, 
heliotrine, lasiocarpine and retronecine were converted 
to pyrroles by ferrous but not ferric salts, though ferric 
sulphate was effective in the presence of reducing agents 
such as hydroquinone. Ferrous sulphate was much more 
effective than the chloride cr perchlorate. Other metal 
ions, including Mn(IT}, Co(II), Cr(IT} and Cu(II), were 
ineffective. The reaction occurred in other alcohols, but 
was limited by the low solubilities of the reactants. 


Table 1. CONVERSION OF RETRORSINE N-OXIDE TO A PYRROLE DERIVATIVE 
BY METHANOLIC Fe(I) 
‘Time (min) 7 16 60 150 >1,000 
Pyrroles, | (a) without fluoride 29 50 66 71 73 
percent yield ; (6) with fluoride 69 75 78 79 82 


Table 2, 


Mixture (umoles per ml. aqueous solution) 


Retrorsine Ascorbic 4 Approx. 
N-oxide acid (disodium salt) FeSO, pH 
0-5 2 2 1 4 
0-5 4. 4 1 3°5 
0-5 4 4 2 3 
0-5 4 4 4 3 


In a typical experiment retrorsine N-oxide (10 mg, 27 
umoles) and ferrous sulphate (1-6 mg, 5-7 umoles) were 
reacted in methanol (10 ml.) at 22° C under nitrogen. In 
another run, sodium fluoride (0-96 mg, 23 umoles) was 
included. Aliquots were taken after various times and the 
pyrrole estimated using Ehrlich reagent! (Table 1). The 
amounts of Fe(II) measured after 150 min using 2,2’- 
bipyridyl> were (a) 65 per cent and (b) 71 per cent of those 
in control solutions (N-oxide omitted). The ferrous salt 
is Clearly acting as a catalyst, and the reaction may pro- 
ceed via radical intermediates similar to those proposed by 
Ferris, Gerwe and Gapski* for the demethylation of tri- 
methylamine oxide; but free radicals were not detected 
in the present reaction by chemical means. 

The reaction rate is greatly increased when fluoride is 
present. A much higher fluoride level is inhibitory. 
Fluoride forms a complex with Fe(III) but not with Fe(II). 
Sodium salicylate, which also complexes Fe(III), also 
enhances the rate of pyrrole formation. I have found that 
Fe(III) is chelated by 3 moles of retrorsine N-oxide. Thus 
Fe(III) formed in the initial stage of the reaction could 
compete with Fe(II) for unreacted N-oxide, and slow the 
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overall reactions. Fluoride and salicylate would increase 
the reaction rate by themselves complexing the Fe(III). 

Pyrroles were not formed in aqueous solution, unless 
ethylenediamine tetra-acetic acid (EDTA) and ascorbic 
acid were present. Neither EDTA nor ascorbic acid could 
be replaced by oxalic, tartaric, succinic, maleic, salicylic 
or citric acids, or by glycine, ninhydrin, 8-hydroxyquinoline 
or hydroquinone. Mixtures (Table 2) were kept at room 
temperature, and pyrroles determined in 1 ml. aliquots 
using strongly acid Ehrlich reagent?. The resulting 
magenta colours were similar to those formed in methanol, 
but had Amax 3-4 my higher. The pyrroles decreased on 
keeping, owing to acid catalysed decomposition. In 
addition to pyrrole formation, some N-oxide was reduced 
to the tert-base (retrorsine). This was extracted and 
estimated in the usual way!. When the EDTA and ascorbic 
acid were omitted, negligible tert-base was formed. The 
yields of bases and pyrroles were roughly parallel, and 
they may well have come from a common intermediate 
(compare ref. 4). In this aqueous system, ferrous chloride 
was almost as effective as ferrous sulphate, but ferrie salts 
were ineffective. 

Model systems like these may help to clarify the mech- 
anism of formation of pyrroles from pyrrolizidine alkaloids 
an vwo*. The dealkylation of tert-amine oxides by iron 
salts or chelates has been studied by a number of workers 
with a view to elucidating the mechanism of detoxication 
of tert-amines in the mammalian liver*. I have evidence 
that unsaturated pyrrolizidine alkaloids are converted to 
both N-oxides and pyrrole derivatives by the rat liver 
microsomal system, but pyrroles may not necessarily be 
formed via the N-oxides in vivo. In the metabolism of 
some tert-amines, N-oxidation and N-dealkylation are 
alternative pathways’, and pyrrolizidine alkaloids may be 
converted to pyrroles by a mechanism similar to the 
dealkylation reaction, not involving the N-oxide. 

The results deseribed here show that, when working 
with solutions of pyrrolizidine alkaloid N-oxides, contact 
with iron or its salts should be avoided. Ferrous salts could 
cause serious decomposition during aleohol-extraction of 
pyrrolizidine and possibly other N-oxides from plants, and 
errors during the estimation! of microgram amounts of 
pyrrolizidine N-oxides. 


CONVERSION OF RETRORSINE N-OXIDE TO PYRROLE DERIVATIVES IN AQUEOUS SOLUTION 


Percentage of 
N-oxide converted 
to fert-base 


Fyrroles, yield (as per cent of 
N-oxide), after (minutes): 
LFI 


5 20 60 255 (retrorsine) ati55 min 
7 38 8 5 il 
8 8 9 6 19 

17 17 16 9 28 

16 15 12 6 25 


The methanolic ferrous sulphate system has proved 
useful for preparing pure pyrrole derivatives for chemical 
and toxicological studies. In conjunction with the Ehrlich 
test, it also provides a qualitative test for unsaturated 
pyrrolizidine alkaloid N-oxides in biological materials, 
such as plants. 

I thank B. A. J. Alexander for technical assistance. 
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- Effect of an Electric Field on the 
Radiation Induced Fluorescence from 
Solutions of Aromatic Hydrocarbons 
in Cyclohexane 


Tue radiolysis of dilute solutions of aromatic hydro- 
carbons results in the production of high yields of elec- 
tronically excited solute molecules'-*. The results of 
charge-scavenging experiments*** indicate that the most 
probable process for the production of electronically 
excited solute molecules in cyclohexane solutions is charge 
transfer to the solute followed by charge neutralization. 
One would expect the application of an electric field to 
influence the yield of products obtained from these charge 
neutralization processes. We have investigated the 
influence of electric field on the yield of electronically 
excited singlet state solute molecules by investigating the 
radiation induced fluorescence from cyclohexane solutions 
of anthracene (A) and pyrene (P) in the presence of an 
electric field. 
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Fig.1. The dose rate dependence of the influence of electric field on the 

radiation induced fluorescence from pyrene-cyclohexane solutions, 

Monomer fluorescence: 2x 10° M (©); 104M LA); 10> M (A): ex- 
cimer fluorescence; 10° M (0 


The solution under investigation flowed continuously 
through a quartz (spectrosil) cell containing two parallel 
platinum electrodes separated by 4 mm and between 
which an electric field could be applied. The volume 
between the electrodes was irradiated using a d.c. beam 
of 3 MeV electrons from a Van de Graaff accelerator and 
the resulting fluorescence was observed in a direction 
perpendicular to the electron beam with a conventional 
monochromator—photomultiplier system with a 10 mu 
band width. The fluorescence from P-solutions was 
investigated at 395 mu and 470 mu; that is, the emis- 
sion peaks of the excited singlet monomer and 
excimer respectively. The singlet monomer fluores- 
cence from solutions of anthracene was measured at 
400 my. 

The application of a d.c. electric field of 103-1-5 x 104 
V/cm resulted in a decrease in the intensity of the radiation 
induced fluorescence from solutions of both pyrene and 
anthracene. The percentage change in the intensity of 
fluorescence (that is — AL/L x 100, where L is corrected 
for Cerenkov emission) on application of the electric field 
(1-25 x 10t V/cm) is shown in Fig. l as a function of the 
dose rate (rads/s) for various concentrations of pyrene. 
At the much higher dose rates {~ 10° rads/s) obtained 
using a pulsed electron beam the fluorescence was 
unaffected by electric field. Similar behaviour was 
observed for solutions of anthracene. For the range of 









solute concentrations and d.c. dose rates studied, == 
increased rapidly with increase in electric field st 
up to about 7x 10% V/em, above which it increase 
more slowly up to the highest voltage used; t 
1-5 x 10!V/em. Qualitatively similar effects were ob 
when a 50 Hz a.c. field was applied. Increase. 
concentration of pyrene decreased the sensitivity af both — 
monomer and excimer fluorescence to electric field but at 
high dose rates the dependence of AL/D for the excimer 
fluorescence on dose rate was different from that for 
the monomer fluorescence with the same concentration of 
pyrene; the former increased rapidly with increasing dose 
rate while the latter decreased. This result is a good 
indication that the electric field affects the fluorescence 
through its influence on secondary processes involving 
charged species rather than through any effect on the 
primary processes of ionization or excitation, for these 
would be expected to influence the monomer and excimer 
fluorescence to the same extent. 

To ensure that the observed results were not caused 
by any spurious optical effects we investigated the effect 
of an electric field on the normal photo-induced fluores- 
cence. The application of electrie fields of strengths up 
to 1-25 x 104 V/em did not result in any detectable change 
in the intensity of photo-induced fluorescence from 01,1 
and 10 mM pyrene solutions. In any case it is qå cult 
to imagine a spurious optical effect the magnitude of 
which is dependent on solute concentration, dose rate, 
electric field strength and wavelength. 

Relatively weak electrical fields such as used here are 
expected to influence processes involving charged species 
in the following ways. (a) Removal of homogeneously 
distributed charged species from the bulk of the solution 
to the electrodes*. (6) Deformation of the potential well 
formed as a result of the coulombic attraction between 
positive and negative charges!. This deformation is 
known to result in a change in the free ion yield’ and, if 
the charges are produced inhomogeneously in the solution, 
may also influence the effective rate of charge recom- 
bination. For low concentrations of aromatic solutes 
only long-lived primary charged species can transfer their 
charge to the solute; that is, free ions and electrons. Effect 
(a) will be negligible provided the lifetime {+} of these 
free ions in the absence of an electric field is short com- 
pared with the time (fn) required for an ion to migrate 
from one electrode in the cell to the other under the 
influence of the applied field. For cyclohexane solutions’ 

tn 18x10 L.R.: 
the matig = cs aeee 

y X 
between the electrodes (em), R is the dose rate (eV/ce/s} 
and X is the applied electric field strength (V/cm). For 
the conditions used in our experiments (that is, L= 0-4 em, 
X max = 1:25 x 104 V/cm) dose rates of 2:5 x 164 rads/s and 
3:2 x 10° rads/s give values for ta/t of 65 and 230 respec- 
tively. Effect (a) is therefore negligible and in any case 
its magnitude will decrease with increased dose rate. It 
is therefore concluded that the influence of electric field 
which we have observed is due predominantly to (6). 

It is extremely interesting that the excimer and 
monomer fluorescence behaved differently under the 
influence of the electric field. Excimer fluorescence is 
usually attributed to reaction (1) 





, where L is the distance 


18* + S —» SS* (1) 


If (1) is the only process producing excimers the monomer 
and excimer fluorescence would be expected to behave 
similarly in all conditions. The observed difference in 
influence of the electric field is an indication that excimers 
are also formed by some other process such as recom- 
bination of pyrene anions and cations. 

We hope that the techniques deseribed here involving 
the use of an electric field will be a useful means of dis- 
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tinguishing between charge transfer and excitation 
transfer processes in radiation chemistry. 
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Bioholography—a New Model 
of Information Processing 


Iv is well known that the principles of wavefront recon- 
struction or holography}? apply also to wave phenomena 
other than light. I have shown’ that holograms can be 
produced with ultrasonic waves, and have recently 
suggested (refs. 6 and 7 and my unpublished results) 
that some biological information processes can be inter- 
preted on this basis. 

It has been known for many years that bats, dolphins. 
whales and porpoises use ultrasonic echo location (“sonar”) 
for hunting and orientation in the dark. It seems, how- 
ever, that they have capabilities far exceeding conventional 
echo location. No satisfactory explanation has yet been 
offered for the fact that they can distinguish between 
targets of different shapes. They notice the qualities of 
the target; is it food, or should it be avoided ? They know 
whether bars in their way are horizontal or vertical. 
They can diseriminate between their own signal and 
those emitted at the same time by their companions, 
though the frequency of the pulses is the same. Moreover, 
the processed signals may be as much as 2.000 times 
fainter than the background noise. 


only the amplitude but also the phase of the ultrasound 
waves, which they can discriminate by using a coherent 
background as reference; in other words, they are using 
the principle of holography. Evidence for the coherent 
background has been found by Arvapetians®, who did 
not, however, realize that this was the key for these 
capabilities of the animals. When the bat emits 
an ultrasonic pulse of a certain frequency, at the 
same time the part of the brain which ordered the pulse 
to be emitted sends information on this to a second part 
of the brain where the ultrasound information is received 
and processed, and I think that the information sent by 
the first part of the brain to the second is the coherent 
reference background. 

Furthermore, histological examination? shows that this 
receiving and associating part of the brain has a structure 
which looks like an assembly of minute dipoles. This 
suggests binary digital processing, which is known to 
play an important part in processing biological informa- 
tion, and makes it plausible that the bats are using a 
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holographic principle in interpreting the data supplied 
by the dipole-shaped receptors. 

This explains the striking abilities of bats. They can 
distinguish shapes, and orientation in three dimensions 
because holography allows a geometrical interpretation 
of a received soundwave structure. They are not disturbed 
by the pulses emitted by their companions, because they 
use only their own signal as reference. By Gabor’s holo- 
graphic principle, if A is the reference amplitude and a 
the signal amplitude, the resultant amplitude which the 
dipoles are recording is 


(A?+ a? + 2Aa cos 9)!” 


where p is the phase angle between the reference wave 
and the signal wave. A? is uniform, the second term a? 
is negligibly small. The information is carried by the 
last term. and is amplified by the large factor A. Indeed, 
it was found that bats are increasing only their own 
reference or background amplitude when the noise level 
is high, without increasing she intensity of their emitted 
pulses. 
To back up our bicholographie concept, I have made a 
model of the bat’s brain, operating in water at about 1 Me, 
so that the wavelength shall be of the same order as that 
of hunting bats. The resulting ultrasound holograms 
were recorded on sono-sensitive photographic plates. 
When scanning these with a microdensitometer we 
obtained records which show a remarkable similarity 
to EEG records. (I do not wish to suggest, of course, 
that this is any proof of EEG curves arising by some 
holographic process.) From these, images may be recon- 
structed; for example, by using Goodmann’s! digital 
reconstruction technique. 
There is reason to believe that the bioholographic 
concept is not restricted only to bats and other echo- 
locating animals, It may well be that even in the human 
memory the data are stored in some holographic form. 
This might explain such psychological phenomena as the 
“dominance principle’. Assume that somebody is angry, 
and we want to calm him, saying “don’t be angry !” He 
gets even more angry, because the idea “be angry” is 
stored in holographic form, like a filter, which suppresses 
the “don’t”. 
PAUL GREGUS® 
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Changes in Structure of 
Human Bone with Age 


35 years of age. These changes indicate that some struc- 
tural changes occur in bone over a lifetime. Much work 
has been done on the correlation between the histological 
components of bone and its physical properties, and their 
variation with age, but contradictory conchisions have been 
drawn! ?. No attempt seems to have been made to corre- 
late the physical properties of bone with the physical and 
chemical nature of bone muaneral, although it has been 
claimed that fracture cecurs chiefly at “cement lines’’®. 
Because the chemical uature of bone mineral, that is 
apatite. does not undergo any appreciable change during 
a lifetime, it can be inferred that the changes probably 
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occur in the physical properties of the apatite crystals; for 
example, size and shape or their relative arrangement in 
space. Robinson and Watson® claimed from their electron 
microscopy that crystallites of bone apatite increase m size 
with age. But their experimental technique 
bone with a glass knife, use of silica-coated collodion- 
covered grids, and subsequent deliberate heating of the 
specimen grids—makes their results difficult to interpret, 





especially in view of recent observations that the process of 


sectioning may deform and/or shatter the erystallites*. 
Robinson and Watson did not try to correlate their 
observations with the physical properties of bone, although 
they observed that senile bone was difficult to section. 

The physical properties of calcareous cement can be 
related to size, shape and the three-dimensional arrange- 
ment of its hydration products*®*. It seems probable that 
a similar relationship may also operate In the case of 
human bone. The femoral bones were therefore studied 
from three individuals of different ages who had been 
involved in accidents: a 7 yr old boy, and 23 and 84 yr 
old women. Their medical histories showed no evidence 
of chronic illness—in other words, their bones were 
normal. The bones were preserved in formalin and 
were later sawn into four sections’. The corresponding 
sections of bones were then washed clean in water, the 
surfaces were de-greased with acetone, and finally they 
were washed with distilled water. The bone samples were 
then cleaved with a sharp guillotine, placed in bottles with 
the cleaved surfaces upwards and covered with alcohol or 
a pronase (BDH) solution®. The bottles were stored at 
40° C for 20h. Treatment with pronase-trypsin’ was carried 
out on some bone sections. The object of the treatment 
with pronase was to remove collagen which was present 
in the bone samples. After treatment with alcohol, 
pronase or pronase-trypsin the bone specimens were washed 
carefully with distilled water. Some cleaved surfaces 
were only washed with a jet of distilled water to remove 
all loose particles, and no other treatment was given. All 
these samples were then dried in a vacuum evaporator 
until the vacuum was better than 5 x 10-5 mm of Hg, and 
were given a coating of an evaporated carbon film, 800 A 
thick (unpublished results of Moore, Chatterji and Jeffery). 
The coated samples were then studied in the Stereoscan 
electron microscope. 

Although all the specimens which were studied showed 
a change in bone structure with age, the best definition 





Fig, 1. 


Fracture surface of a bone from a 7 yr old boy. 


sectioning of 





Fig. 2. Fracture surface of a bone from a 23 vr old woman 





Fig. 3. Fracture surface of a bone from an 84 vr old woman. 


of the particles was obtained with the specimens which had 
been treated with pronase. The relative ineffectiveness of 
treatment with pronase-trypsin may be a result of the 
rather low temperature of treatment which was recom 
mended. 

Figs. 1 to 3 are micrographs of the bones which were 
treated with pronase from individuals of three different 
ages. The erystallite size of the apatite apparently in 
creases with the age of the bone. From a study of a numbe 
of bone samples obtained from different age groups it 
should be possible to evaluate the average rate of crystal! 
growth. 

Even at this stage of investigation it is possible to put 
forward a tentative explanation for the decreased pliability 
of bone with age. Bone can be pictured as a random pack 
ing of apatite crystallites bonded together by intervening 
collagen layers. Compared with bigger crystallites, the 
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individual smaller crystallites are more perfect, and 
therefore more capable of bending; they form a less en- 
tangled mass and develop less bending moment across 
the length of the individual crystallites for the same 
external force, and elasticity depends more on a fine 
interweaving mesh of collagen. All these factors will mean 
that bone made up of small crystallites is more pliable 
compared with bone made up of larger crystallites. The 
loss in phiability of bone with age may also be an important 
factor in enhancing the increased incidence of bone frac- 
ture after about 35 years of age. Much further work re- 
mains to be done to test this hypothesis. 

We thank Dr H. A. Sisson for the supply of bone samples 
and Mr R. Bywater for suggesting the pronase treatment 
for removing collagen. 
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BIOLOGICAL SCIENCES 


Specific Codon-Anticodon Interaction 
of an Initiator-tRNA Fragment 


We have studied the relationship between structure and 
function of a {RNA by investigating the behaviour of two 
structurally defined fragments of the molecule. We first 
describe the properties of an isolated nonadecanucleotide 
fragment from the E. coli initiator (RNA, tRNA, We 
show that this fragment, which contains the proposed 
anticodon CAU and a segment of paired bases, is speci- 
fically bound to ribosomes in the presence of the initiator 
triplets, ApUpG and GpUpG (refs. 1 and 2). We then 
show that an undecanucleotide fragment, which contains 
the anticodon but not a segment of paired bases, is not 
so bound. 

A partial digest of **P-labelled #RNA™* with T, RNase 
was fractionated by electrophoresis on cellulose acetate 
at pH 3-5, followed by chromatography on DEAE paper 
in the presence of unlabelled crude RNA fragments*. The 
structure of one of the partial {RNA fragments (unpub- 
lished results of S. K. D. and K. A. M.) is shown in Fig. 14 
arranged so that base pairing is maximized. Comparison 
of this structure with the known sequence of the initiator 
{RNA (ref. 4) establishes that the isolated oligonucleotide 
comprises the entire anticoden loop. 

Table 1 shows that the binding of this loop is stimulated 
by ApUpG at a concentration of 5 mM Mg++, and improves 
when the Mg++ concentration is increased to 20 mM. 

The anticodon loop and the initiator (RNA both bind 
with similar affinity to the same 70S ribosomal site, as 
shown by the following experiment. At 10 mM Mg*+ 
concentration the addition of an excess of unlabelled 
F-met-tRNAg,y after the reaction mixture has been incu- 
bated for 5 min does not displace the bound anticodon loop 
(Table 2). In contrast, when the unlabelled F-met-tRNA,» 
precedes the addition of the radioactive anticodon loop 
by 5 min, no anticodon loop is bound (Table 2). 
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Fig.1. The nucleotide sequence of the anticodon loop fragment is shown 

with letters representing nucleotides In order from the 5‘-phosphate 

towards the diol end. The numbered arrows in A indicate possible 
triplet sequences antiparallel and complementary with the unpaired 
region. 

A difference in the binding properties of the anticodon 
loop and the initiator tRNA, however, is observed in the 
presence of initiation factors and GTP. There is no 
apparent effect of unseparated factors and GTP on the 
binding of the anticodon loop (Table 1), in contrast to 
the stimulation of the binding of F-met-tRNAg, (ref. 6). 

All known {RNA nucleotide sequences contain a loop 
of seven unpaired bases, the middle three of which con- 
stitute the proposed anticodon sequence. We have tested 
whether there is any relaxation in the specificity of the 
location of the anticodon in the fragment by comparing 
binding with triplets other than ApUpG and GpUpG. 
The unpaired region of the anticodon loop fragment allows 
the codon—anticodon interactions shown in Fig. 1A. The 
results in Table 3, however, indicate a strict specificity 
in the triplet-directed binding: only the triplets ApUpG 
and GpUpG were effective. Indeed, the specificity is 
stricter than that observed in similar studies using the 
initiator {RNA (ref. 1). Thus only the middle three un- 
paired bases CAU of the structure in Fig. LA function as an 
anticodon. The triplets ApApG and UpApG which are 
structurally related to the effective triplets did not cause 
binding (Table 3) of the radioactive fragment, showing a 
requirement for specific nucleotides in the sequence. The 
overall specificity of the binding reaction indicates that 
there is neither sliding nor ambiguity in the messenger 
specification of the anticodon loop in the initiation site 


Table 1. BINDING OF ANTICODON LOOP AT DIFFERENT Mg ION CONCENTRATIONS 


p.m. 
~ApUpG +ApUpG 


[Mgt] Addition 
5 mM None 51 260 
+ Factors + GTP 64 274 
10 mM None 103 815 
20 mM None 309 2,090 


The reaction mixtures for the binding assay? contained in a volume of 50 gd., 
0-1 M tris acetate, pH 7-2, 0-05 M KCl, Mg acetate as indicated, 245.) U of 
1 M NH,Ci washed 70S ribosomes from #. coli MRE6G00, 015A U of 
ApUpG and 4,500 c.p.m. of °*P-lahelled anticodon-containing fragment. The 
radioactivity adsorbed on ‘Millipore’ filters after an incubation at 20° C for 
15 min was counted by a liqnid scintillation spectrometer, The use of un- 
separated factors in the presente of 0-2 mM GTP has been described pre- 
viously®. The low non-specific binding of the *P-labelled anticodon loop 
can probably be accounted for by competition from unlabelled oligonucleo- 
tides. 


Table 2. COMPETITION BETWEEN ANTICODON LOOP AND INITIATOR [RNA 
e.p, m, 
Addition of F-met ARNA» -—~ApUpG +ApUpG 
After 65 264 
Before 82 83 


The usual binding assay contained 10 mM Mg*t*. The conditions of Table 1 
were altered to Ltd E of 708 ribosomes and only 1,000 c.p.m. of radio- 
active fragment. ‘To obtain the first line results, 0-084... U of unlabelled 
purified F-met-tRNAv were added after 5 min of incubation at 20° C. The 
incubation was then aHowed to continue for 10 min. The results were not 
significantly different from: those obtained when no {RNA was added. The 
second Hne of figures resulted when the components for addition were 
reversed. In this case the radioactive fragment was added 5 min after the 
unlabelled F-met-iRN Ag. 


NATURE, VOL. 219, AUGUST 3. 1968 


Table 3. EFFECT OF VARIOUS TRIPLETS ON BINDING OF ANTICODON LOOP 
Possible codon Triplet tested (As U) cpm, bound 
None 150 
(1) UUA UpUpA(0-17) 160 
UUG UpUpG(0-14) 114 
(2) UAU UpApu(0-30) 170 
UGU = 
(3) AUG ApUpG(0-14) 1,199 
GUG GpUpGa(o-18) 727 
(4) UGA UpGpA(0-14) 185 
UGG — 
(5) GAG GpApG(0- 26} 180 
GGG — 
ApApG(0-18) 127 
UpApG(0-19) 128 


The concentration of Mg++ used was 20 mM. Various triplets in the 
amounts noted were present in reaction mixtures containing 2A ss U of 70S 
ribosomes and 1,500 ¢c.p.m. of radioactive fragment. The numbers refer to 
possible complementary codons indicated by the arrows in Fig. 14. Some 
Toere not tested as shown by dashes. The significantly positive results 
are italicized. 


on the 70S ribosome, and that the remaining part of the 
{RNA is not necessary for accurate alignment in this site. 
Complete digestion of the anticodon loop with T, ribo- 
nuclease releases the single stranded undecanucleotide 
shown in Fig. 1B. In contrast to results obtained using 
the structure shown in Fig. LA, this single stranded com- 
ponent did not bind to ribosomes with ApUpG or GpUpG, 
indicating that the double helical region which adjoins the 
anticodon is necessary for binding to the ribosomal site. 
The observation that an oligonucleotide occupying a 
defined region in a {RNA has the same specific coding 
properties as the entire {RNA itself provides the first 
direct experimental evidence for the position of the anti- 
codon sequence in the structure of a tRNA. More refined 
studies such as binding of the anticodon loop to ribosomal 
subunits are now being undertaken. 
One of us (5. K. D.) is supported by a fellowship from 
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Control of DNA Replication 
by Membrane 


CURRENT knowledge suggests that the bacterial chromo- 
some is specifically attached to the cell membrane, and 
that this attachment is required for DNA replication!-’, 
Replication of 9X 174 bacteriophage DNA may also 
require a specific site on the bacterial membrane®~%, 
From the idea of a specific membrane attachment site 
required for DNA replication, a molecular model can be 
developed which may help to explain several poorly 
understood aspects of the control of DNA replication. 
The model is simple and is consistent with current ideas, 
but apparently has not been discussed before. We will 
hereafter use the word “‘site’ to refer to the non-DNA 
material (presumably a complex of enzymes and struc. 
tural proteins) which distinguishes between membrane 
at the point of DNA attachment and other membrane. 
The basic premise of the model is that the presence of a 
site on the membrane prevents the formation of a new site 
within a certain distance (measured on the membrane 
surface) of the existing site. One can imagine, for example, 
that the presence of the site so alters the membrane 
structure that new site proteins can no longer bind to 
membrane in the neighbourhood of the existing site. The 









magnitude of the change would decrease with mereas 
distance from the site, until at a certain distance from 
site the change would be so small that a new site coul 
formed. Specific alterations in membrane structure! 
ean be inferred from work on colicins':!? and have been 
implicated in energy storagel’. It is convenient to def 
a ‘‘site-territory’’: that region of the membrane sur. 
rounding a site m which no new site is permitted. Some 
aspects of the control of DNA replication can be fruit- 
fully re-examined in the light of this model. 

The replicon model! assumes that the replication of 
each replicon {chromosome or episome) takes place at a 
limited number of sites on the cell membrane. Replication 
is switched on by a specific initiator, controlled by the 
replicon. Protein synthesis is required for initiation, 
but DNA replication then functions without further 
control until the round of replication is completed!-*.4.4, 
The bacterial chromosome replication rate is constant for 
a variety of cell growth rates, and the required matching 
of total DNA doubling time to cell doubling time is 
attained by controlling in some way the frequeney of 
initiation?-®8.19-22, Cell division is triggered by the end 
of each round of DNA replication®!*, It is unclear, 
however, how the frequency of initiation is so precisely 
timed that the DNA doubling time is exactly the same as 
the cell doubling time. To solve this problem, Maalve 
and Kjeldgaard suggested (ref. 3, page 176): “‘{a) constant, 
‘derepressed’ production of initiator; (b) a high affinity 
of this product for double-stranded DNA; and fc) initiation 
supervening when the DNA is saturated with the hypothe- 
tical (basic) protein”. Faster growing cells would make 
initiator faster, and therefore their DNA replication 
would be initiated more frequently. 

The site-territory model suggests a simpler basis for 
this control. Initiation would require two factors: 
sufficient membrane area with the proper structure, and 
specific site proteins. The frequency of initiation would 
depend on the number of site-territories permitted on the 
available membrane. The specificity of initiation would 
follow if each replicon codes for at least part of its own 
site proteins. Site formation would be inhibited by homo- 
logous sites, but not necessarily by heterologous sites. 
Thus chromosome and episome could coexist. 

Because rapidly growing cells are larger than slowly 
growing cells, they have more membrane area and more 
potential site-territories. Quantitatively, if the membrane 
of a cell can be approximated by a sphere of surface area 
S and volume V, the rate of cell doubling u should be 
given by u~S~ V2, This prediction is confirmed by the 
data in Fig. 2-2 of ref. 3. In that figure, log (O.D. per cell) 
plotted against u gives a straight line with values between 
1-5 and 7 on the O.D. axis. The value of O.D. per cell is 
assumed to be proportional to cell volume and therefore 
to V. For 15<x<7, log « against 2*/* gives nearly a 
straight line, and so it can be seen from this figure that. 
u A p2 } 3 

Starved cells (which are smaller than unstarved) 
infected with 9X 174 have fewer oX replication sites than 
unstarved cells’, This fact is qualitatively consistent 
with a relation between number of sites and ares, of 
membrane. 

The model also helps to explain the behaviour of bac- 
teria during transitions from poor to rich growth media 
(shift-up)}*!*. Although the rate of increase in O.D. 
(which is a measure of cell mass*) shifts almost immedi- 
ately to the rate defined by the new medium, increase in 
rate of DNA synthesis lags behind. This can be explained 
if a certain quantity of new membrane must be made 
before initiation of a new DNA growth point can take 
place. 

The proposed control of cell growth would be self- 
regulating. If cells accidentally divided too soon, the 
daughters would be too small, and would tend to wait 
longer until sufficient membrane were available to form 
a new site-territory. 
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The site-territory hypothesis gives a simple explanation 
for the segregation of two daughter chromosomes. New 
sites would be formed as far away as possible from the 
existing site and from each other. If cell division is 
triggered at the existing site’, the daughter chromosomes 
would be found segregated in the daughter cells. The 
model makes no predictions about more complicated 
problems of segregation? >)’, 

Direct control of DNA replication by membrane struc- 
ture would be relevant to discussion of contact inhibition. 

The site-territory hypothesis differs slightly from previ- 
ous models'-§. It predicts that existing sites control 
initiation of DNA replication by repressing the formation 
of new sites until sufficient new membrane is made. The 
model is presented with the hope that it may stimulate 
the design of new types of experiments. 

This work was supported in part by a grant from the 
US Public Health Service. 
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AMP on an Insoluble Solid Support 


WHILE investigating some fundamental interactions of 
amino-acids with nucleotides, we became interested in 
the possibility of attaching adenosine 5’-monophosphate 
(AMP) to an insoluble support. If AMP could be bound 
to a polymer frame by means of the phosphate function, 
the result would be a reactive site (template) which bears 
some resemblance to the amino-acid acceptor terminus 
of a transfer (soluble) ribonucleic acid (RNA). The 
similarity is represented schematically in Fig. 1. 

The availability of Merrifield’s chloromethylated poly- 
styrene resin? (commercially available as ‘Bio-Beads 
SX-2’, Bio-Rad Laboratories, Richmond, California) sug- 
gested an attempt to apply the general scheme utilized 
in the field of peptide synthesis on a solid support (that 
is, the formation of a “benzyl” ester between the polymer 
and the acidie function). Subsequent experiments estab- 
lished that AMP could be attached to the resin by a bond 
which could be cleaved in non-destructive conditions, as 
shown in Fig. 2. The stability of the bond in neutral and 
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Fig. 2. AMP was bound to polystyrene as follows, 


10 g 

of resin (0-72 mequiy. of Cig) was mixed with 2 mM AMP and 100 mil, 

of pyridine, and washed with water, dioxane and finally methanol. 

Hydrolysis: 1 g of coupled and washed product was mixed with 20 ml. 
of 80 per cent aqueous glacial acetic acid. 


Coupling: 


mildly basic conditions, coupled with its facile rupture 
when treated with aqueous acetic acid, argues for its 
covalent nature and is consistent with the representation 
of a “benzyl” phosphodiester species. The use of AMP 
(8-"C) in this scheme made possible an analysis of the 
liberated material by a combination of paper chromato- 
graphy and spectroscopic methods as outlined in Fig. 3. 
Several independent determinations of the bound nucleo- 
tide disclosed an average of 115 (+5) umoles of AMP/g 
of polymer. 
Polymer-bound material 


$ 


l (i) Acidic hydrolysis 

| (2) Filtration 
Filtrate ene iar senet 

; (1) Desired components 
detected by UV 
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(2) Spots cut and eluted 
with water 
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BC Determination by 
scintillation spectroscopy 
Anaivsis of bound AMP and polymer, 


Absorption spectrum 
Fig. 3. 
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`- Amino-acid Composition of 


Aplysia Myoglobin 


‘SEVERAL years ago we isolated from the buccal muscles 
_of the common Mediterranean molluse Aplysia a myo- 


globin which showed a number of interesting features 
when compared with mammalian myoglobins’’. 

Preliminary amino-acid analysis indicated that the 
composition of Aplysia myoglobin is quite different from 
that of mammalian myoglobins, and in particular that 
there appears to be only one histidyl residue per molecule. 
This constitutes a particularly interesting feature in view 
of the role which is attributed to the iron-binding proximal 
and distal imidazoles in mammalian myoglobin and 
haemoglobin. In addition, Aplysia myoglobin was found 
to undergo a rapidly reversible thermal denaturation, 
which has been studied in some detail’. 














analyses were carried out using the method of $ 
et alt, The tryptophan content was determined 
N-bromosuccinimide method of Rao and Cami 
tryptic digestion of the globin peptide patte 
obtained by the method of Ingram, as mod 
Baglioni*. The sugar content of Aplysia myog 
analysed quantitatively by the method of Dut 
the non-nitrogenous sugars, and by the method of Rondie 
and Morgan? for the 2-amino sugars. 

As in previous studies, the purified Aplysia myoglobin 
was found to be homogeneous by starch gel electro- 
phoresis and by ultracentrifugation. Analysis of the 
sugars in the purified protein has shown that Apiysia 
myoglobin does not contain non-nitrogenous or 2-amino 
sugars (sugar content less than 1 per cent). 

The amino-acid composition of Aplysia myoglobin is 
reported in Table 1. The new data, which are the average 





Fig. 1. Fingerprint and fingerprint tracing of tryptic digest of Aplysia myoglobin. Code for specific staining test: A = arginine; H = histidine ; 
S =suiphur. Fr = tryptophan, 


These peculiar properties, together with the detailed 
knowledge now available about the structure and physico- 
chemical and functional properties of mammalian myo- 
globins, stimulated a more complete chemical analysis of 
Aplysia myoglobin. We report here the amino-acid com- 
position and peptide pattern in Aplysia myoglobin; the 
new results complement the old observations and serve as 
a basis for sequence studies, which are in progress. 

Aplysiae (Limacina) were obtained from the Zoological 
Station, Naples. The radulas, isolated from the animals 
just after capture, were frozen at — 20° C and stored at 
this temperature until the extraction of myoglobin. 
Myoglobin was purified as described earlier’. Amino-acid 


Table 1. AMINO-ACID COMPOSITION OF Aplysia MYOGLOBIN 


Na, of resi- No. of resi- 


Amino-acids Residues Nitrogen dues per dues per 
(g/100 g (g/100 g ig/100 g molecule molecule 
of protein) of protein) of total N) (molecular {nearest 
weight, 18,000} integer) 
Lys 10°28 9-02 12-03 13-00 13 
His 0°83 0-73 1-34 O95 1 
N-NH, 1-08 5-74 (12-51) (13) 
Arg 3-81 341 751 4-06 4 
Asp 13-78 11-92 BRD 111 19 
Thr 1-34 iis Q-O8 Lag 2 
Ser 8-47 7-02 6-90 13-58 l4 
Gla 6-44 5-65 3-72 8-03 š 
Pro 4-18 3*D¢ 3-41 6-30 § 
Giy 4-90 3°75 3-56 12-02 12 
Ala 15-72 12°54 15-07 32-54 33 
í: ys i PA NET wee, jj. OOOO ae Lah oP 
Val 7-25 a-3i 10-99 Lk 
Met 2°50 2-20 1-40) 3-09 3 
I Leu 311 2-48 2-01 4-21 4 
Leu 70 6-85 50 10-83 1] 
Tyr Rete ec tes ers 
Phe. 1527 13-61 787 17-04 7 
Try 3-88 3:54 2-09 p 4 
Sub-total 110-54 93-50 95-40 
Heme 2:93 2-93 1-65 1-60 {1} 
Total 113-47 96-4 97°05 162 


_ Partial specific volume = 0-734, calculated molecular weight = 17,953-85; 
nitrogen content (g/mole) = 2,041-68 = 16-38 per cent. 


of six separate analyses, are im general agreement with 
the preliminary ones? and confirm the large differences 
between Aplysia and mammalian myoglobins m respect 
of amino-acid composition. Particularly noteworthy in 
Aplysia myoglobin is the absence of tyrosyl residues and 
the presence of only one histidine per molecule. 

Peptide maps obtained from the tryptic digest are 
shown in Fig. 1. The number of peptides agrees with the 
arginine and lysine content of the protein. Only one 
peptide gives a specific reaction for histidine and this is 
consistent with the finding that there is only one histidine 
residue per molecule. Attempts to analyse the ammo 
terminal groups by the D.F.B. method gave no answer. 
This suggests that the N-terminal group is acetylated in 
Aplysia myoglobin. Carboxypeptidases A and B failed 
to give any digestion products from either the whole 
protein or the apoprotein. LEONARDO TENTORI 
GEROLAMO VIVALDI 
Istituto Superiore di Sanita, Rae 
Bos ERALDO ANTONIN 
MAURIZIO Brunonri 
Institutes of Biological Chemistry of Rome 
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Primary Site of Reaction in the 
in vitro Complex of 
Phleomycin in DNA 


PHLEOMYCIN, the specifice inhibitor of replication, binds 
to DNA in vitro, and adenine-thymine base pairs make 
an important contribution to the reaction’. Infrared 
spectra of the complex thus formed suggest that a carbonyl 
group in the DNA is involved in the binding; the most 
likely candidate is the carbonyl group at 2’-thymidine; 
mineral oil mulls of phleomycin and DNA generate infra- 
red spectra that predict most of the characteristics 
produced by their reaction product (see footnote to Table 1 
for details of experiments). There were, however, signifi- 
cant, if subtle, changes in two regions. Thus a band in 
the DNA spectrum at 1,230 cm~ shifted in the complex 
to 1,220 cm-t, undoubtedly representing small variations 
in PO, stretching frequencies and probably indicating a 
weak interaction between the copper atoms of phleomycin 
and the PO, (This may underlie the precipitation of 
DNA by increased concentrations of phleomycin.) 

The second set of changes, and by far the more impor- 
tant, involved the wavelengths between 1.700 and 1.600 
em-'—regions that probably owe their characteristics 
to carbonyl groups, primarily of the nucleosides. <A 
distinctive plateau was seen in DNA samples between 
1,700 and 1,670 cm~. In the complex this plateau 
dipped at the lower end (Table 1). Several carbonyl 
groups may contribute to the plateau in question. But 
comparing the differences between DNA and phleomycin, 
DNA with the complex, and phleomycin with the complex 
(assessing the covariational changes), non-uniform varia- 
tions (Table 2) were evident along the region in question. 
This suggested that only one class of all the carbonyls 
which were contributing was affected by phleomycin. 
The greatest relative changes occurred between 1,685 
and 1,690 cm-t, which suggested the involvement of one 
of the two carbonyls of thymidine (see ref. 2 for rationale), 
The choice between the two was not difficult: 2’-thymidine 
is not involved in hydrogen bonding with adenine, imply- 
ing that its oxygen is a good candidate for a participant 
in the reaction with phleomycin. 


Table 1. ABSORBANCES OF DNA, PHLEOMYCIN, AND THE in vitro COMPLEX 
OF THE TWO 
(cm~') 
1,670 1,675 1,680 1,685 1,690 
DNA 0-56 0-36 0-56 0-56 0-56 
Phieomycin 0-45 0-44 0-38 0-36 0:22 
Complex 0-29 0-29 0-28 0-26 025 


In these experiments, calf thymus DNA was dissolved in water, divided 
into two aliquots. Cu’? phleomycin (supplied by Dr A, Menotti, Bristol 
Laboratories, Syracuse, New York, Lot A9331-909) was added to one precipi- 
tating the DNA fibres as robin's egg blue, spoolable threads. The precipitate 
was washed briefly in several changes of water to remove excess phleomycin 
and then placed in ethanol. The second aliquot was precipitated in ethanol 
and spooled untreated. Mineral oil mulle were prepared of the fibres and of 
the phleomycin used in producing the complex. 


Table 2. VARIATIONAL CHANGES IN ABSORBANCE ( x 100) 


cm- ADNA-phleomycin ADNA-complex APhleomycin-complex 
1,670 11 27 18 
1,675 12 27 15 
1,680 18 28 10 
1,685 20 30 10 
1,690 34 31 — 8 
Table 3. MERCURY CONCENTRATIONS IN VARIOUS COMBINATIONS OF DNA 


PHLEOMYCIN, AND Hgcl, 


Item combined with DNA Cu/P Reference 


4t=0 min 4t=80min Hg/mol PO, (x 10-*) No. 
H,O H,0 0 3 
Phieomycin H,O 0 15 9 
HgCl, H,O 8-36 3 3 
Phleomycin HgClh 15-06 17 5 
HegCl, Phleomycin 28:88* 18 4 


* The predicted value is 24:32; that is, the added values for HgCl, alone 
and phleomycin followed by HgCl,. age 

Same parent solution of calf thymus DNA (Sigma) used for each experi- 
ment. Volumes were kept constant. Phieomscin concentrations, 0-06 mM and 
HgCl,, 1:84 mM. Reactions carried out at 2° C. Samples dialysed overnight 
after 4¢=160 min. Mercury and copper were determined by atomic absorp- 
tion and phosphorus, colorimetrically after the ammonium molybdate 
reaction. The batch of phleomycin employed contained 12-5 per cent copper 
by weight. 
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Figs. 1-5. 


For legend see Table 3. Magnification in each case x 42,000, 

DNA prepared for electronmicroscopy by Kleinschmidt's* methods; 

cytochrome ¢ omitted. Specimens were rotary shadowed with platinum, 
Details of experiments are given in the footnote to Table 3. 


Whatever they may suggest, infrared data nevertheless 
were interpreted from a number of presuppositions. An 
independent test of 2’-thymidine as the principal site of 
reaction for phleomycin was required. HgCl, causes 
denaturation of DNA at inordinately low concentrations 
compared with other salts*. Also, we observed a 25 cm- 
shift to the left of the 1,700-1,670 cm~ plateau in infrared 
spectra of HgCl, treated DNA. 

Electronmicroscopically, fibres treated with HgCl, 
assume a thinned-out appearance (compare Figs. 1-3). 
These effects of HgCl, arise, no doubt, from competitive 
mutual affinities between the oxygen at 2’-thymidine and 
Hg** (see rationale in ref. 3). If mercury and phleomycin 
are indeed attracted by the same oxygen, then pre- 
treatment of DNA with the antibiotic should prevent the 
effects of HgCl,. Alternatively, treatment with phleo- 
mycin after HgCl, should not interfere with the action of 
the salt. Predictably, when HgCl, was reacted in advance 
of phleomyein, it brought about the reduction in diameter 
of DNA fibres observed when treatment was with the 
salt alone (Fig. 4). When phleomycin was present before 
HgCl, was reacted, however, there was no thinning-out 
(Fig. 5). The latter figure reveals numerous, organized, 
focalized regions of very high electron opacity (a few are 
indicated by arrows in Fig. 5). The heavy spots probably 
represent mercury, despite the fact that phleomycin 
had prevented the gross effects of Hg(),. 

Fig. 5 suggests, first, that phleomycin reacts in certain 
regions of DNA, pre-empting the sites otherwise available 
for mercury, and, second, that the antibiotics themselves 
serve as receptors of the metal (phleomycin binds copper; 
it also should bind mercury). This impression was quite 
easy to test, for the concentrations of mercury in various 
combinations with phleomyein should differ in a highly 
predictable manner: mercury in the experiments with the 
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sequence M (HgCl,), then P (phleomycin) should be greater 
by a specific amount than in the sequence P+M. That 
amount should be the value obtained when HgCl, is 
reacted alone with DNA. Phrased operationally, [M] + 
[P+M]=[(M + P]=24:32 Hg/mol PO, The observed 
value, 28-88, was reasonably close to that predicted 
(Table 3). As judged by the copper content (Table 3) 
total phleomycin did not vary with changes in Hg(l,. 
This was expected, for the secondary sites (probably 
phosphates) detected by infrared spectroscopy are too 
numerous to be saturated as long as DNA remains in 
solution. This would ensure the retention of phleomycin 
even if the 2-carbonyl could not be occupied. There are, 
evidently, no such alternative targets for mercury. In 
the M+P sequence, therefore, the consequence of pre- 
treatment with HgCl, was to change the distribution of 
phleomycin, not to reduce the total amount of it in the 
system. ‘This, of course, is indicated in the electron- 
micrographiec findings. 

The cumulative results of these studies considered along 
with those in ref. 1 thus indicate that the primary in vitro 
reaction between phleomycin and DNA involves the oxygen 
of 2’-thymidine. Also, as judged from the focalization 
of opacities in Fig. 5, the reaction sites in vitro seem to 
involve certain portions of DNA, not the entire molecule. 
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DNA Synthesis during Meiotic 
Prophase in Male Mice 


DNA synthesis is thought to be confined to 
a specific segment of interphase (S) preceding 
cell division and to be completed prior to 
the onset of either mitosis or meiosis’. 
Chromosome pairing and crossing over be- 
tween homologous chromosomes in meiosis 
are separate events, both of which involve 
the DNA moiety of the chromosomes. An 
explanation of these processes in terms of 
DNA synthesis has only recently been 
suggested**. Hotta et al.‘-* have demon- 
strated by biochemical techniques that 
approximately 0-3 per cent of the total DNA 
complement of the cell is synthesized in 
the zygonema-pachynema stages of meiotic 
prophase in lily microsporocytes. We have 
cytological evidence of a little DNA synthe- 
sis during early pachytene stage in the male 
mouse. 

Tritiated thymidine (specific activity 1-9 
Ci/mmole, obtained from Schwarz Bio- 
Research, Inc., Orangeburg, New York) in 
the final concentration of 5 uCi/ml. (0-2 ml.) 
was injected directly into the testes of four 
male mice (C,H He/Ha strain). After 30 
min the animals were killed by cervical 
dislocation and testicular preparations were 
made following the method of Evans et 


al”. Kodak nuclear track liquid emulsion wig. 6. 





Fig. 1. 
Figs. 2 and 3. 


Late pachytene showing six overlying silver grains. 
somes is greater than in early pachytene figures. 
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Table 1. UPTAKE OF *H-THYMIDINE BY MOUSE TESTICULAR CELLS AT DIF- 
FERENT STAGES OF MEIOSIS 
No. of 
Hours after each Type of label 
Cell stage injection of type of No. (grain counts) 
*H-thymidine cells labelled Low Moderate Hea 
counted (1-5) (6-15) (<15) 
Premeiotic 30 min 50 35 7 8 22 
interphase 
Early 30 min 50 28 2 28 0 
Pachytene 
Late 30 min 50 6 6 0) 0 
Pachytene 
Diplotene 30 min 32 0 0 9 0 
(NTB,) was used to prepare the autoradiographs 


which were incubated from 15 days to 1 month at 4° C 
and developed in D-19 (Kodak) developer. The auto- 
radiographs were stained for 5 min using a l per cent 
Cresyl Violet solution. Photomicrographs were obtained 
and actual grain counts over the premeiotic interphase 
cells as well as early and late pachytene stages were 
made. Cells with one to five overlying silver grains 
were considered lightly labelled, while between six 
and fifteen grains constituted a moderately labelled cell 
and cells with more than 15 grains were considered 
heavily labelled. 

Cells in pachytene were readily identified and dif- 
ferentiated from the premeiotic interphases by the degree 
of chromosome condensation and pairing. The presence 
of a prominent sex bivalent (Fig. 1) was an additional 
criterion for identification of pachytene. 

*H-Thymidine is incorporated only into cells actively 
engaged in DNA synthesis and in the 30 min incubation 
period these cells do not normally pass from the premeiotic 
S-period to pachytene**, so the silver grains over the 
pachytene nuclei indicate isotopic uptake at this stage 
only. Seventy per cent of all the premeiotic interphase 
nuclei incorporated *H-thymidine and 63 per cent of them 
were heavily labelled (Table 1). Only 57 per eent of the 
early pachytene nuclei incorporated *H-thymidine, how- 
ever, and none was heavily labelled (Figs. 2-4). During 
the late pachytene stage only 12 per cent of the cells were 
labelled, all of these with less than five overlying silver 
grains. In the diplotene stage no incorporation of 


tritiated-thymidine was observed, 
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Unlabelled pachytene stage indicating XY-bivalent (arrow). 


Early pachytene showing moderate (approximately 10 grains/cell) 
labelling. Arrows indicate X Y-bivalent. 





Condensation of chromo- 
Arrow indicates X+-bivalent. 
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These results suggest that a little DNA synthesis takes 
place during meiotic prophase, particularly during the 
early pachytene stage, in the mouse. Such synthesis may 
be an integral component of the repair mechanism 
operating following the physical exchange of chromatin 
material during crossing over. This suggestion has been 
proposed by Hotta et al.* and supported by the genetic 
data of Whitehouse et al.2 and segregational data of 
Kitani et al.*. 

Ito et al."! have shown that inhibitors of DNA synthesis 
interfere with the meiotic cycle if administered during 
zygonema and/or pachynema. ‘The present autoradio- 
graphic evidence together with the cytological effects of 
inhibitors!!, correlates well with the chemical evidence! 
for a small amount of DNA synthesis during the zvygonema- 
pachynema stages of meiosis. 

ANIL B. MUKHERJEE 
Marmon M. COHEN 
School of Medicine, 
New York State University at Buffalo, 
and Division of Human Geneties, 
Children’s Hospital, 
Buffalo, New York. 


Received May 6, 1968. 


1 Taylor, J. H., and McMaster, H., Chromosoma, 6, 489 (1954). 

* Whitehouse, H. L. K., Nature, 199, 1034 (1968). 

5 Ratnayake, W. E., Nature, 217, 1170 (1968), 

* Hotta, Y., Ito, M., and Stern, H., Proc. US Nat. Acad. Sei., 56, (1184 1966). 
* Hotta, Y., and Stern, H., J. Cell Biol., 18, 259 (1963). 

€ Hotta, X., Bassel, A., and Stern, H., J. Cell Biol., 27, 451 (1965). 

? Evans, E. P., Breckon, G., and Ford, C. E., Cytogenetics, 3, 289 (1964). 
* Crone, M., Levy, E., and Peters, H., Exptl. Cell Res., 39, 678 (1965). 

t Utakoji, T., Expl. Cell Res., 42, 585 (1966). 

1 Kitani, Y., Oliver, L. S., and Ei Ani, A. S., Amer. J. Bot., 49, 697 (1962). 
H Ito, M.. Hotta, Y., and Stern, H., Dev. Biol, 6, 54 (1967). 


Model Reaction for Mitochondrial 
Adenosine Triphosphatase 


Tue soluble adenosine triphosphatase (ATPase) from 
mitochondria? is activated by several bivalent metal 
ions, and the pattern of activation is essentially the 
same whether the enzyme is acting on ATP (Fig. 1) or 
ITP (Fig. 2). It is clear that the ionic radius is the chief 
factor determining the ability of a bivalent ion to activate 
this enzyme. This indicates that ligand field effects are 
unimportant and that the metal ion remains in a coordina- 
tion field similar to that of the aquo-ion, that is, an octa- 
hedral system which does not involve coordination to 
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Fig. 1. Relation between the ionic (crystal) radius of bivalent metal 
ions and their ability to activate the soluble ATPase from mitochondria 
. with ATP as substrate. The ATPase was prepared from acetone-dried 
baef heart mitochondria and activation data obtained as described 
previously®. Rates are relative to the rate with Mg*’ as activator. 
Tonic radii throughout this paper are from Ahrensi, using the values 
from metal-oxygen bonds where these differ from the values from 
metal-fluorine bonds. 
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Relative activity 





O-6 Os 1-0 1°2 Le 
Ionie radius (Å) 
Fig. 2. Relation between the ionic (crystal) radius of bivalent metal 


ions and their ability to activete the soluble ATPase from mitochondria 
with ITP aa substrate Other data as for Fig. 1. 


Relative activity 





0-6 0:8 1-0 12 Tot 
Ionic radius (A) 
Fig. 3. Relation between the ionic (erystal) radius of bivalent metal 
ions and their ability to activate the erythrocyte membrane ATPase. 
Conditions: ATP 3-0 mM, M= 2-6 mM, buffer, 60 mM tris H,SO,, 
pH 7-5, temperature, 25° C, volume 2 ml. The reaction was started by 
adding a suspension of erythrocyte membranes (0-5 mJ.), and stopped 
by adding trichloracetic acid. The precipitate was removed by centri- 
fugation and inorganic phosphate estimated by the method of Fiske and 
Subbarow™. Erythrocyte membranes were prepared from human blood 
(containing acid-citrate dextrose anticoagulant) obtained from the 
regional blood transfusion centre. Normally the blood was just out- 
dated. The red cells were obtained by centrifugation and washed in 
three changes of 0-9 per cent NaClat 0°? C. The packed cells were broken 
by freezing and thawing, three times, and after dilution with five 
volumes of 0-05 M tris HC] buffer pH 7-2, the erythrocyte membranes 
were obtained by high speed centrifugation. The precipitate was 
resuspended in the same buffer anc again centrifuged; this was repeated 
three times. On the final centrifugation the erythrocyte membranes are 
obtained as a pale precipitate which is resuspended in a small volume of 
the same buffer. 


any high or low field ligands. In the range from Mg** to 
Ca?* the only ion which fails to activate the enzyme is 
Cutt, This is not because Cu2+ ions have a secondary 
effect as inhibitors, as 2-5 mM Cut ions produce only 
45 per cent inhibition in the Mg?* activated system, which 
is compatible with competition between the ATP-Mg?*+ 
complex and an inactive ATP-Cu** complex, but not with 
the total inhibition by Cu’+ ions which would be necessary 
to mask any activation they produced. Cu?+ may fail to 
activate because it does not form regular octahedral 
complexes. 

The activation of erythrocyte membrane ATPase 
(Fig. 3) (similar activities have been reported by Caffrey. 
Tremblay, Gabrio and Huennekens‘) shows a broadly 
similar pattern, although the increased scatter from a 
smooth curve indicates the unportance of factors other 
than the ionic radius. 

The tervalent ions Fe*', Cr*+ and Al®* failed to activate 
the soluble mitochondrial ATPase, but these ions have radii 
of 0-64 A, 0-63 A and 0-51 A. respectively, and it is possible 









IATURE, VOL. 219, AUGUST 3. 1968 


a 
È \o 
t 
| \ 
F 
ł 
L 
= 
= 
BF 
= ; 
F 1-0 J 
Z ; 
= F oO. © 
E , 
af 
~ 
re) A 
w 
Sp 
fe 
= | 
g O5 i 
2 
© 
a | 
S| 
j 
£ 
| 
tr 
} 
0-7 0-9 1i L3 


Ionie radius (A) 


Fig, 4. Relation between the ionic radius of tervalent lanthanide ions 
and ability to catalyse the hydrolysis of ATP. Conditions: ATP 2-5 mM, 
Mt 5 mM, 50 mM tris-HCI buffer pH 7-5, temperature, 25° C, volume 
2 ml., incubation time 90 min. The reaction was started by adding the 
metal ions and stopped by adding the reagents for phosphate determina- 
tion by the method of Fiske and Subbarow™ (at low pH the lanthanide 
ions do not catalyse the hydrolysis of ATP). Lanthanides were obtained 
as 99-9 per cent pure oxides from British Drug Houses Ltd or Janthanum 
and yttrium) L. Light and Co, 


that they are too small to activate the enzyme; this is 
presumably the case with Be®+ ions (radius 0-35 A) 
which also fail to activate the enzyme and possibly with 
Ni*+ ions which activate weakly. Several of the lanthan- 
ides, however, have tervalent ions with radii in the same 
range as the bivalent activators. These ions failed to 
activate the soluble mitochondrial ATPase, but catalysed 
a rapid non-enzymatic hydrolysis of ATP, which has also 
been observed by Bamann et al.>:* and Bowen and Kerwin’. 
Further investigation showed that the catalytic activity 
in this non-enzymatic system was also determined by the 
ionic radius (Fig. 4), and that the curve relating activity 
to ionic radius was similar in shape to the curve for mito- 
chondrial ATPase. The ranges of radii over which the 
ions are effective are slightly different in the two cases, 
but this may be accounted for by the greater polarization 
of oxygen atoms produced by the tervalent ions. This 
could decrease the oxygen radii by up to 0-08 A, that is, 
an increase in the gap in a chelate ring of 0-16 A which is 
the difference between the ranges. 

Bamann® considered that the catalytic agent was the 
precipitated gel of lanthanide hydroxide, as did Butcher 
and Westheimer*, who investigated the hydrolysis of 
phosphate esters catalysed by these ions. The precipitate 
is not simply the lanthanide hydroxide because in some 
conditions, when catalysed hydrolysis takes place, no 
precipitate is formed in the absence of ATP. Titration 
curves (Fig. 5), although not of high accuracy because a 
balance has to be struck between allowing insoluble 
complexes to equilibrate and completing the titration 


Table 1, COMPARISON OF pH VALUES FROM CATALYSIS OF ATP HYDROLYSIS 


AND FROM TITRATION CURVES 


pK K pR ; 
Metal jon from reaction* from titration + free metal t 
[ATP] {M3} TATP]: [M°] ion 
a PA 
Er hes 6-4 (EEEE) 
Eat 6-3 6-4 7-6 
Gd 6-7 6-4 TT 
Hoë’ 6-3 6-2 76 
La Te 6-7 RS 
Nd 72 6-9 T7 
Sm? OG 8-4 T 
yir 6-6 7 78 


* Data obtained from experiments of the type shown in Fig. 6. 
t Data obtained from experiments of the type shown in Fig. 5. 










before appreciable hydrolysis occurs, show tha. 
between the metal ions and ATP are formed 

excess of that required to titrate the ATP) is ta 
a lower pH in the presence of ATP (Table T oe 
from these curves that three different col 
formed between ATP and tervalent lanthe 
ATP,-M3+, ATP-M* and ATP-(M**),; this 
bivalent ions which only form 1:1 complexes 
wide range of concentrations’. The rate of hydrol B 
becomes maximal when the ratio of metal ion to ATP is 
2:1 and the effect of pH on the rate of hydrolysis with 
this ratio of metal ion to ATP is shown in Fig. 6. The 
curves show a rise to a maximal rate over the range 
pH 6 to pH 9, and Table 1 shows that the pH at half- 
maximal rate approximates to the pK for the apparent 


Addition of NaOH-—+ _ 
(Rach division 20 pmoles NaOH) 
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Fig. 6. Effect of pH on the hydrolysis of ATP catalysed by tervalont 
ions of (a) samarium, (b) europium, (c) holmium, (d) lanthanum. The 
buffer was a mixture of 0-1 M tris and 0-1 M histidine adjusted to the 


required pH with NaOH, HC] or acetic acid, Other data aa in Fig. 4. 
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dissociation of a pair of protons. By these pH values 
sufficient base has been added to neutralize all dissociable 
protons in the ATP, however, and it is concluded that the 
neutralization of base is a result of the metal ions in the 
complex binding hydroxyl ions or an equivalent process 
in which protons dissociate from water molecules co- 
ordinated to the metal ions. It seems that the complex 
in which catalysed hydrolysis occurs is ATP*--(M3+),- 
(OH-), (the zero net charge on this complex is in accord 
with the insolubility of the active complex) and the 
mechanism of hydrolysis appears to be a nucleophilic 
attack on a phosphorus atom by a hydroxyl group which 
is bound in a favourable position by the metal ion. 

The effect of pH. on the soluble mitochondrial ATPase! 3 
is similar, that is, a rise to a maximal rate over the range 
pH 6 to pH 8-5. The essential requirement for a metal 
ion indicates that the active complex is enzyme-ATP!--M?+ 
and because all the ionizable protons of the ATP will be 
dissociated above about pH 6, this type of pH activity 
curve could be interpreted as being caused by the ionization 
of a group in the active centre of the enzyme. An equally 
reasonable interpretation is that the metal ion is binding 
a hydroxyl ion, the active complex being enzyme-ATP*-- 
M*+.QH-, which is considered to be equivalent to the non- 
enzymatic complex ATP*--(M**),-(OH-),. Although the 
free ATP-M?+ complex does not bind a hydroxyl group 
below pH 8, when it is bound to the enzyme the proximity 
of positively charged groups in the aetive centre of the 
enzyme—-which are presumably required to bind the 
polyphosphate chain—-will counteract the negative charge 
on the chain and allow the metal ion to bind a hydroxyl 
ion. 

Tetas and lLowenstein'® studied the non-enzyme 
hydrolysis of ATP catalysed by bivalent metal ions and 
found high activity with Cut, Zn? and Mn?+ ions at 
pH 5. They noted that these ions all interact with the 
adenine ring and proposed several mechanisms for the 
catalysis, but because the pattern cf activity in this 
system does not correspond to that for any ATPase it 
does not seem to be a useful model. Tetas and Lowenstein 
also observed an Increase in hydrolysis above pH 8 in the 
presence of several bivalent metal ions, but not in their 
absence, and this rise was more marked with ADP than 
with ATP. This effect would be expected if the hydrolysis 
were caused by the metal ion binding a hydroxyl ion for the 
ADP molecule carries a lower negative charge and hydroxyl 
ion would bind more readily to (ADP-M)!- than to (ATP- 
M)?-. Tetas and Lowenstein found different series for 
the order of effectiveness of the metal ions with ADP and 
ATP at pH 9, and their order is different from that of 
Liébecq and Jacquemotte-Louis"!, Tetas and Lowenstein 
explained this on the basis that the curves are taking a 
sharp upward turn at this pH and the order of effectiveness 
will thus be very sensitive to precise adjustment of the 
pH and may also be affected by the buffer which is used. 
None of these series shows a correlation with ionic radius, 
but because the bivalent metal ions only form 1: 1 com- 
plexes with the nucleotide polyphosphates the complexes 
carry a net negative charge and, when the metal ion is 
smaller, the increased affinity of the metal ion for hydroxyl 
ions may be more than offset by an inereased net electro- 
static repulsion of hydroxyl ions by the whole complex. 
Also at these pH values there will be partition of the metal 
ions between the polyphosphate complexes and simple 


Fig. 7. 
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metal hydroxides. Thus although the bivalent metal 
ions do not provide a useful model system their activity 
in non-enzymatic hydrolysis is consistent with hydrolysis 
through nucleophilic attack by a hydroxyl ion. 

The similarities between the hydrolysis catalysed by the 
tervalent lanthanide ions and the soluble mitochondrial 
ATPase suggest that both reactions proceed by the same 
mechanism, 

The erythrocyte membrane ATPase shows some similar- 
ities to the model system, but myosin ATPase—which 
has highly specific requirements for metal ion activators 
shows virtually no similarities. The hydrolysis catalysed 
by lanthanide is not a reliable model for these enzymes 
although hydrolysis may be via nucleophilic attack by 
hydroxy! ions. 

The following functions are suggested for the metal ion 
and the protein of the soluble mitochondrial ATPase. 

The metal ion is coordinated to the polyphosphate 
chain and a hydroxy] ion in a regular octahedral configura- 
tion which places the hydroxyl ion in a favourable position 
for a nucleophilic attack on the terminal phosphorus 
atom. A possible mechanism is shown in Fig. 7. Although 
no data about which phosphorus—-oxygen bond is broken 
are available for this enzyme, no enzyme is known to 
cleave the bond between the 8-phosphorus atom and the 
terminal bridge oxygen. Smaller ions are likely to pro- 
duce greater rates of reaction because they will cause 
greater polarization of the electrons in the polyphosphate 
chain and, when the charge on the chain is neutralized, 
they will bind hydroxy! ions more readily. The size of 
the ion may also affect the proximity of the hydroxyl 
ion to the terminal phosphorus atom and the stability of 
the chelate ring. 

Although the rates of hydrolysis in the enzymatic and 
non-enzymatic reactions are similar the velocity con- 
stants are very different for the concentration of the 
lanthanide-ATP complex is about 2-5 mM, but that of the 
enzyme-ATP-M*+ complex is around 10-8 to 10-* M. 
The enzyme protein must provide some additional cataly- 
tic effect—possibly by stabilizing the activated inter- 
mediate (Fig. 76) and/or by enhancing the electron re- 
arrangements in the polyphosphate chain. The protein 
provides additional positive groups which neutralize 
the charge on the polyphosphate chain, thereby facilitating 
the binding of a hydroxyl group to the metal ion, and 
it may do this more effectively than the second metal ion 
in the non-enzymatic reaction, 

The protein may coordinate with the metal ion, via 
an oxygen atom, but not a high field ligand or thiol group. 
It may not be linked to the metal ion, however, as is the 
case with several enzymes catalysing reactions of ATP", 

The protein also confers specificity on the bond which is 
split and on which polyphosphates are hydrolysed. The 
lanthanide ions also catalyse the hydrolysis of: ATP to 
AMP and pyrophosphate, inorganic pyrophosphate, 
tripolyphosphate, ADP and phosphate esters, but the 
soluble mitochondrial ATPase only catalyses the hydroly- 
sis of nucleoside triphosphates to nucleoside diphosphates 
and orthophosphate. 

The ATPase enzyme has a central role in oxidative 
phosphorylation in mitochondria and the suggested 
mechanism indicates that mechanisms proposed for oxida- 
tive phosphorylation should involve the elimination of 
a hydroxyl] ion rather than water. 





Postulated mechanism of metal ion-catalysed hydrolysis of ATP. 
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Dissociation Curves of Toad 
Haemoglobin and a Hypothesis for 
the Cause of Hibernation 


Ir is well known that the affinity of haemoglobin for 
oxygen varies according to the conditions in whieh the 
measurements are madet. 

In all mammalian haemoglobin the HbO, dissociation 
curve shifts more towards the left (that is, the affinity 
of Hb for O, increases) when the temperature at which 
the measurement is made is lowered. Because mammals 
are homoiothermic animals (that is, their working tem- 
perature is fixed) this peculiarity of the HbO, dissociation 
curve is not usually emphasized. The situation is different, 
however, in the case of poikilothermic vertebrates of 
which the working temperature varies with the environ- 
ment. If, in effect, the variations in the affinity of Hb 
for O, are as strong in these animals as those of very low 
temperatures are in mammals, the transfer of oxygen to 
the tissues can become extremely difficult. On the other 
hand, the uptake of oxygen from the environment may 
become too difficult at high temperatures. 

Such a peculiarity of the curve could determine a 
metabolic block in the animal which might be the cause 
of the well known hibernation and aestivation to which 
many land poikilothermie vertebrates are subject. 

To correlate the characteristics of haemoglobin with 
the physiology of the animal, we have investigated the 
HbO, dissociation curve and the Bohr effect on diluted 
solutions of toad (Bufo bufo) haemoglobin. A mano- 
metric apparatus, constructed by us?, was used to de- 
termine the dissociation curves. The curves were obtained 
using a phosphate buffer (0-1 M, pH 6-8 and 7-4). Blood 
was extracted from the heart of the animal, heparinized 
(0-2 mg/ml.), and then centrifuged to separate the serum. 
Haemolysis was effected in distilled water to which a few 
drops of toluene had been added. The solution of 
haemolysed blood was then centrifuged three times at 
15,000 r.p.m. to separate the cell residue. (It is necessary 
to add EDTA to the haemolysed blood, because otherwise 
the Hb denatures rapidly at high temperatures.) Finally, 
the spectrophotometric examination was made on a 
solution of Hb at 560 mu with Beckman DU thermo- 
regulated spectrophotometer. The complete reduction of 
Hb was controlled at the beginning of the experiment 
with an 11 MS-50 Cary recording spectrophotometer. A 
control reading was taken at the end of the experiment 
with the same apparatus to make sure that Hb had not 


HbO, (per cent) 





Fig. 1. 


Affinity curves of toad haemoglobin for oxygen. O71 M phosphate 
buffer; solid lines pH 7-4, mashed ines pH 6-8, at five different tempera- 
ures, 


denatured. The dissociation curves were obtained at the 
temperatures of 4° C, 12° C, 24° C, 37° © and 45° C, and 
at pH 7-4 and 68. The curves are shown in Fig. 1. ft 
can be seen from the curves that the affinity of Hb for 
O, increases considerably between 45° C and 4° C. As do 
most known haemoglobins, toad Hb shows a positive 
Bohr effect. The magnitude of the Bohr effect varies, 
however, with temperature: toad Hb is unique among 
the haemoglobins examined so far in that there are two 
temperatures, 4° C and 45° C, at which the Bohr effect 
is abolished. The implications as to the nature, at mole- 
cular level, of the variations of the Bohr effect with 
temperature will be discussed elsewhere. 

If we consider the implications the shifts in the HbO, 
dissociation curve have on the physiology of the animal 
the partial pressure of oxygen in the arterial blood is 
equal to 90 mm Hg, and 40 mm Hg at the tissue level 
(these figures can only be indicative, but are probably 
very nearly accurate), then at 24° C the arterial blood is 
oxygenated to 95 per cent of saturation level and 60 per 
cent of the oxygen it carries is released to the tissues. At 
this temperature about a third of the oxygen is released 
because of the Bohr effect. At 4° C, on the other hand, 
the blood releases to the tissues only 5 per cent of the 
oxygen it earries. Obviously, the absence of the Bohr 
effect at this temperature makes the release of the oxygen 
more difficult. On the other hand, at the other extreme 
temperature—45° C-—the opposite is the case, because 
the arterial blood is only 62 per cent oxygenated. It is 
obvious therefore that the toad is unable te produce 
energy at extremely low temperatures because of the 
lack of oxygen at the tissue level. 

According to our hypothesis, it follows that hibernation 
would result because it would be impossible to maintain 
an active metabolism at certain temperatures. If this 
hypothesis is correct, the poikilothermic animals that 
remain active at very diverse environmental temperatures 
should not present an appreciable shift in the curve that 
measures the affinity of Hb for O, at these temperatures. 
In effect, Rossi-Fanelli and Antonini? have examined the 
dissociation curve of tuna fish (Thunnus thynnus), an 
animal that does not hibernate, and for which the active 
temperatures vary greatly; they found that neither the 
curves which measure the affinity of Hb for O, nor the 
intensity of the Bohr effect vary appreciably with tem- 
perature. Naturally, with this hypothesis we de not wish 
to exclude the possibility that in some animals there are 
other overlapping mechanisms which would determine 
the moment at which hibernation begins. We wish to 
emphasize, however, that the shift of the HbO, dis- 
sociation curve with temperature is sufficient to explain 
the state of hibernation. Obviously in hibernating mam- 
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mals the mechanism that determines the moment of the 

beginning of lethargy is not the lowering of the tem- 

perature’. Nevertheless, in this case the very low meta- 

bolic rate of the animal in lethargy must be determined 

by the difficulty in releasing oxygen to the tissues. In 

mammals in lethargy the temperature shifts between 

0° C and 10° C (refs. 5 and 6) at which temperature, not- 

withstanding the persistence of the Bohr effect, the 

release of oxygen to the tissues is greatly reduced. 
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Metabolism of Haemoglobin Köln, 
an Unstable Haemoglobin 


HAEMOGLOBIN Köln («8,98 met) (ref. 1) is characterized by 
increased heat precipitability and abnormal hability to 
methaemoglobin and Heinz body formation in vitro®, 
like other unstable haemoglobins associated with heredi- 
tary Heinz body anaemias*. Excessive detachment. of 
haem groups takes place®, and may be a source of the 
“‘dipyrrolic” urinary pigments found in this syndrome®.7. 

This communication concerns the metabolism in vivo 
of a mixture of haemoglobins A and Köln. The subject 
investigated, 8. H., aged 60, had previously undergone 
splenectomy?; at the time of study, his haemoglobin was 
15-5 2/100 ml., reticulocyte count 3-4 per cent, and Heinz 
bodies were readily demonstrable. 100 pCi of 2-4C- 
glycine was administered intravenously and venous 
blood samples were taken after 8 and 24 h and then at 
intervals of 1-7 days for 4 weeks, for separation of haemo- 
globins A and Köln. Red cells were washed three times in 
saline and lysed in 10 M phosphate buffer, pH 6-5, to 
provide an approximately 2 per cent haemoglobin solu- 
tion which was incubated at 50° C for 105 min after the 
earliest appearance of the precipitate. A similar tech- 
nique has recently been used to prepare haemoglobin 
Genova*. The precipitate was washed twice with the 
buffer, and constituted from 12-15 per cent of the total 
haemoglobin. This proportion is in reasonable agreement 
with previous estimates of haemoglobin Köln in this? 
and other patients’, The supernatant fraction was con- 
centrated and examined by starch gel electrophoresis, 
and showed only traces of haemoglobin Köln. 

Haem and globin were isolated from the separated 
haemoglobins®; carrier and labelled haemin were quanti- 
tated by the pyridine haemochromogen technique, 
Crystalline haemins were counted in a gas flow counter, 
and globins were counted in a liquid scintillation spectro- 
meter. Urine, collected every 6 h for the first 48 h, and 
daily for 10 days thereafter, was lyophilized. The ‘‘dipyr- 
role” fraction and the porphyrins were isolated, separ- 
ated by CaCO, column chromatography and their radio- 
activity assayed’, 

The labelling curves of the haems of haermoglobins A 


and Köln show no appreciable radioactivity until day 2, 
whereas the activity of the “dipyrrole” fraction is maxi- 
mum in the sample collected im the first 6 h after isotope 
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administration. A similar labelling pattern for urinary 
“dipyrrole”’ was found in a patient with §-thalassaemia 
intermedia’. In that case, it was postulated that the 
“dipyrroles’’ might have arisen from haems detached 
from precipitated haemoglobin, for it has been shown 
that the inclusion bodies found in erythrocytes and 
erythroblasts in §-thalassaeamia probably consist of 
redundant «-chains!!. Excess synthesis of x-chains and 
their removal from cytoplasm have recently been demon- 
strated in vitro in §-thalassaemia’. In this study, if the 
‘“dipyrrole” fraction was derived from the catabolism of 
excessively detached haems of the unstable haemoglobin, 
detachment must have oceurred at a very early stage in 
the life history of the red cell. 

The A and Köln haem curves are parallel, with the 
former consistently higher, and the activity of the haem 
of the unstable haemoglobin does not appear to decline 
faster than that of haemoglobin A. This result is sur- 
prising, for it might have been expected that the turnover 
of the unstable haemoglobin would be faster. It could be 
explained by supposing that there may be a phase of 
very early destruction of much haemoglobin Köln, but 
that subsequently the cell is able to maintain a con- 
centration of haemoglobin Köln of 12-15 per cent. Loss 
or removal of haemoglobin Köln at an early stage would 
account for the low M.C.H.C.23, and would also be 
compatible with the hypothesis concerning the origin of 
“dipyrroles”. Such an explanation, of course, presupposes 
that the rate of synthesis of haemoglobin Këln is greater 
than the proportion of 12-15 per cent in the peripheral 
blood would suggest. There is evidence that some un- 
stable haemoglobins have a rate of synthesis similar to 
haemoglobin A; for example, Zurich and Hammer- 
smutht4 15, 

The globin curves parallel those of the haems after 
day 4, but globin Köln, particularly, shows an additional 
highly active component, with maximum activity in the 
first sample examined, 8 h after isotope administration 
(Fig. 2). This component declines almost exponentially 
until days 3~4, and then the second part of the curve 
rises until it levels off after day 8. Globin A also shows a 
minor early component declining during the first 2 days, 
then it, too, shows an increase and reaches a plateau at 
about day 8. After day 6, the globin A is consistently 
more active than globin Köln. 

The radioactivity of the total red cell proteins showed 
only minimal incorporation during the first few days. 
It is therefore unlikely that haemoglobin A (more than 
80 per cent of the total protein) could account bv con- 
tamination for the early labelled component of globin 
Köln. Nonetheless, separation of the haemoglobins by 
heat precipitation is not perfectly complete and the early 


component in the globin A might be aseribed to slight 
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contamination by the highly active early component of 
Köln. Furthermore, a contribution from stromal protein 
eannot be entirely excluded. 

The first component of the globin curves may re- 
present a compound with a short. half life, which associates 
preferentially with the globin Köln moiety. It is tempting 
to speculate that this compound might be glutathione, 
forming mixed disulphides with globin Köln. Glutathione 
plays an important part in protecting haemoglobin 
against oxidative precipitation’*. In congenital Heinz 
body haemolytic anaemia associated with haemoglobin 
Köln, erythrocyte glutathione is diminished’, and im 
haemoglobin H-thalassaemia and §8-thalassaemia con- 
centrations of glutathione are lower in old compared 
with young cells!’. In vitro, labelled glutathione is bound to 
haemoglobin, largely as mixed disulphides, and is precipi- 
tated with itf, and glutathione binds to globin Köln 
seven times more avidly than to globin A, apparently 
also as mixed disulphides linked at the 8-93 (cysteine) 
position. The first part of the globin Köln labelling 
curve resembles that of glutathione in normal human 
erythrocytes, which reaches a maximum in about 24 h 
and then declines with a half life of approximately 4 days’. 

In an attempt to verify this hypothesis, globin A 
samples were treated with 6-mercaptoethanol and EDTA, 
with or without subsequent alkylation, and some diminu- 
tion in activity, particularly of the first sample (8 h), was 
observed. Unfortunately, insufficient globin Köln was 
available for reduction studies. From the results reported 
here and those of previous workers, it is not possible to 
say whether such a globin-glutathione complex might be 
formed during the in vitro processing of the unstable 
haemoglobin, or might pre-exist in vivo. 
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Acceleration of Structural Changes 
in Monolayers by Steroid Hormones 


As part of a general study of the influence of steroid 
hormones on the properties of monomolecular films on 
water, we have examined the surface viscosity ys of 
films of mono-octadecyl phosphate (mOP) on solutions con- 
taining steroid hormones. Monolayers of mOP on water 
undergo polymerization which can be readily followed by 
measuring ys as a function of time’. The reaction is 
pH-dependent which indicates that the polymerization 18, 
at least in part, a result of interactions among the phos- 
phate groups'?. The results bear on the aggregation 
reaction within mOP films, and the question of whether 
steroid hormones are able to modify chemical reactions at 
surfaces, of which the aggregation reaction is an example. 

To measure the viscosity of the film we used the torsion 
pendulum method which we have already described’. It 
was, however, necessary to modify the procedure, because 
in the presence of steroid the pendulum was so highly 
damped by the film that it came to rest after only a few 
swings. We therefore chose the time for the pendulum 
to come to rest, t, as a measure of ns. It can be shown 
from the equation for viscous damping of harmonic 
oscillation that 7, is a function of 1/7, that is, the smaller 
z is, the higher the surface viscosity will be. In the 
absence of steroid, t was long enough to enable ys to be 
determined by the standard method, that is, directly 
from the logarithmic decrement of the amplitude of 
oscillation!. The results from both methods agree, as 
l/t and s increased lnearly with time. 

The effects of three steroids were studied: deoxyeert:- 
costerone (DOC, Calbiochem), androsterone (AND, 
Southeastern Biochemicals), and aldosterone (ALDO, 
Ciba), each at a concentration of 4x 10-* M at pH 7-4. 
A Langmuir horizontal float film balance was used to 
measure the surface pressure which was kept at 8 dynes/erm 
in all experiments. 

The results are shown in Fig. 1, where lft (qs) 18 
plotted against time in minutes. Without steroid in the 
sub-solution, the viscosity of the monolayer slowly 
increases with time. The value of n, after 100 min is 
0-6 surface poise as measured by the logarithmic deere- 
ment of the amplitude of oscillation. With steroid pre- 
sent in solution at 4x 10-¢ M, the viscosity of the mOP 
films increases markedly. The rate of increase with time 
is thirty to forty times that in the steroid free system. 
Preceding the rise in js there is a latent period during 
which the increase in viscosity roughiv parallels that 
observed for the mOP film alone. This latent period 
varies from 10 to 40 min depending on the steroid. Ifilower 
concentrations of steroid are used (for example, ALDO, 
10-7 M) the latent period is lengthened, but the rate of 
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Fig. 1. 
time for monolayers of mOP at pH 7-4, 7 =238 z=8 dynes/cm, 


Steroid: AND, androsterone; ALDO, aldosterone: DOC, deoxycortico- 
aterone; C=4 x 104 M except when indicated. In the absence of steroid, 
ns=0-6 surface poise (1/t=0-24 min) at 100 min (see text), 


increase in viscosity following this period is not appre- 
clably altered. 

The very high values of n, which mOP films reach in 
the presence of low concentrations of steroid (1/+7= 5 min“? 
ev15 surface poise) clearly indicate that the steroids 
accelerate the formation of aggregates in the film. We 
believe that the marked increase in viscosity is caused 
by the formation of an extensive cross-linked network in 
the film. The steroids may either form the cross-links 
by interacting directly with the phosphate groups, or may 
alter the monolayer configuration so that formation of 
intermolecular hydrogen bonds among the phosphate 
groups is favoured. These alternatives cannot be dis- 
tinguished at present. 

The latent period which precedes the sharp rise in ys 
when steroid is present is apparently a characteristic of a 
variety of surface phenomena’ involving the diffusion 
of solute to the surface. The time course of the surface 
effect is too long to be accounted for by diffusion’; thus 
if is usually considered that the rate limiting step is not 
the rate of diffusion of solute to the surface, but some 
surface process. Other studies, on the adsorption of 
uC labelled steroids to various monolayers, indicate that 
the concentration of steroid at the surface reaches equili- 
brium within less than 1 min (unpublished observations of 
M. Muramatsu and N. L. G.). It is therefore unlikely that 
diffusion of steroid to the surface significantly influences 
the latent period. It is more likely that the latent period 
for the increase in viscosity is associated with an inter- 
action between the steroid and the monolayer. Interest- 
ingly a similar time course has been observed for the 
increase in viscosity which accompanies the cross-linking 
of polymers in solution’. In this process, the sharp rise in 
viscosity after the fairly long induction period is a result 
of the random nature of the cross-linking reaction which 
must proceed to a given extent before gelation can be 
detected as an increase in viscosity. 

Two conclusions can be drawn from these experiments. 
(1) Low steroid concentrations (10-7 M) induce changes 
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in the monolayer structure. The function of a biological 
entity depends ultimately on its molecular architecture, 
so it is possible that structural changes caused by low 
concentrations of steroid could produce large physio- 
logical effects. (2) A latent period of 10-60 min precedes 
the first detectable structural changes in the monolayer. 
There are reports that in studies of cellular systems a 
latent period exists before any manifestation of a hormonal 
response is observed®:*. Our results suggest that steroid 
hormones can initiate structural changes the time course 
of which may include a long induction period. In physio- 
logical systems, structural changes induced by steroid 
hormones may also have an induction period before one 
recognizes the structural changes as an altered physio- 
logical response. 
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US National Institutes of Health, 
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Light-induced pH Gradient through 
Chloroplast Membrane and 
Translocation of Cations 


Two explanations have been put forward for the mech- 
anism by which a pH gradient is formed through mito- 
chondrial and chloroplast membranes. According to 
Mitchell’s chemi-osmotic theory! the energy of the electron 
current is used for separating H+ and OH- on either side 
of the membrane. The electrochemical potential set up 
as a result of this separation is the driving force for 
synthesis of ATP. By appropriate rapid alterations of 
the pH of chloroplast suspensions Jagendorf and Uribe 
induced phosphorylation in the dark®. An alternative 
explanation links the formation of the pH gradient with 
the energy-dependent translocation of cations through 
the membrane®*. We have found that the presence of 





Effect of salt on the light-induced pH changes of chloroplast 
Chloroplasts (652 gg of chlorophyll) after electrodialysis 
were suspended in 10 ml. of twice distilled water, 20 uM PMS at pH 6-15. 
Additions of KCI (20 uM every time) were made as indicated by arrows. 
Illumination of about 35,000 lax at the sample was used. The traces 
produced by adding KCl are not presented on the figure. 


Fig. 1. 
suspension. 
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Fig. 2. Effects of uncouplers and SH-reagents on the light-induced pH changes. a, The reaction mixture contained in a total volume of 10 wal, 
NaCl (-5 mM), PMS (40 uM) and chloroplasts (333 ug chlorophyll). NH,CI to a final concentration of 3 mM was added as indicated by arrow. 


b, Medium as a, chloroplasts containing 242 ug of chlorophyil. 


p-Chlormercuribenzoate (1 uM) and sodium dimercaptopropane sulphonate (10 


uM) were added as indicated by arrows. 


alkali metal cations is a prerequisite for the formation of 
a pH gradient through a chloroplast membrane in the 
hight. 

Chloroplasts with the minimum content of cations are 
required for such experiments. The chloroplasts of beans 


(Vicia faba)—-washed with deionized sucrose and then 
with twice distilled water--were subjected to electro- 


dialysis against twice distilled water. The electrodialysis 
lasted 60 min, the water being changed three times and 
the voltage amounting to 6 V/em. The osmotic shock in 
this procedure did not cause any fragmentation of the 
chloroplasts of the beans which, unlike those of spmach, 
are resistant to osmotic shock. When the pH was 
measured with a glass electrode, the working cell was 
connected with the calomel eleetrode through a glass 
capillary (inner diameter 0-02 mm) filled with agar-agar- 
KCl. This brought pollution of the medium by K ions 
to a minimum without reducing the sensitivity and inert- 
ness of the instrument. Changes in pH were measured 
with an LPM-60M pH meter and recorded on an EZ-2 
recorder giving 0-008 or 0-02 pH unit/em of strip-chart. 

Subjecting the chloroplast suspension to electrodialysis 
in water does not lead to any pH shift of the medium 
under illumination (Fig. 1). After adding KCI (final con- 
centration 2 mM), illumination brings about an increase 
in pH of the medium. A rise in the concentration of KCI 
stimulates an increase in pH in the hght. At a concen- 
tration of 10 mM a further addition of KCI stimulates 
only slight changes in pH in the ight. Similar results were 
obtained with NaCl; CaCl, and MgCl, were less effective. 

In a salt medium (150 mM NaCl without a buffer) the 
light-induced pH shift of the chloroplast suspension is 
considerably suppressed by uncouplers (methylamine, 
NH,Cl, phlorizin, Fig. 2a) and is completely suppressed 
by Agt and p-chlormercuribenzoate (pCMB). The in- 
hibitory action of pCMB is reversed by a subsequent 
addition of sodium dimercaptopropane sulphonate (DPS) 
(Fig. 2b). This shows that electron-linked absorption of 
protons by chloroplasts is connected with the mechanism 
of phosphorylation, with the possible participation of 
ATPase. 

The mechanism of light-induced absorption of protons 
by chloroplasts can be explained in the followmg way. 
Under illumination there is an active (energy-dependent) 
extrusion of cations’, which is accompanied by an ex- 
change for H+. As a result, the chloroplasts become filled 
with H+ and assume the protonic state. When ilumin- 
ated, the chloroplast membrane is closed so that alkah 
metal cations can enter; these processes cause the pH 
shift of the medium. When the light is switched off, the 


+ 


membrane opens so that a passive exchange of intra- 
chloroplast H+ for the cations in the medium can take 
place. In this case the pH of the medium decreases until 
it reaches a level at which equilibrium is established, In 
principle, in the dark extrusion of H* in exchange for the 
entering cations is similar to the phenomena revealed in 
metabolism-independent absorption of cations by muto- 
chondria*®?. 

An alternative explanation is possible: protonization 
of chloroplasts in the light is linked with light-induced 
conformation, and the presence of cations is an indis- 
pensable condition for such a conformation”, Interaction 
between the cations and the protein(s) of the membranes 
creates a ‘starting’? condition necessary for such a con- 
formation. This assumption is, however, refuted by the 
fact that a protonic state of chloroplasts can be set up 
by electrodialysis without illumination and hence without 
light-induced transport of electrons. For example, when 
KCl (20-40 mM) is added in the dark to a suspension of 
electrodialysed chlorcplasts, the medium becomes acidified 
(Fig. 3a). Chloroplasts which were not subjected to 
electrodialysis did not exhibit such an effect. Chloroplast 
membranes in the dark are open for H*«—-»-Ct exchange 
of protons for cations. Thus electrodialysis sets up a 
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Fig. 3. H<—>K exchange in chloroplasts. Chioroplasta (S06 KE 

chlorophyll) after electrodialysis were suspended in 16 mil. of twice dis- 

tilled water, 40 pM PMS. KCI! (400 4M) was added as indicated. The 

traces on the figure show the pH changes in the medium. a, Without 
light; 6, with Hight. 
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protonie state of chloroplasts, modelling their state in 
the light. 
Under illumination an addition of KCl to a similar sus- 
pension of chloroplasts does not cause any changes in 
pH (Fig. 3b). In the light the membrane is closed for 
cations to enter. Switching off the light in the presence 
of added KCI results in acidification: the membrane 
opens for passive exchange. 
It is evident that the processes of protonation and 
exchange of H+<—->C* are connected with the presence of 
anionic groups of protein(s) which ensure the acceptance 
of H+ (+light) or C+ (— light) inside the chloroplasts. We 
have no direct proof at present that these groups par- 
ticipate in the foregoing processes and experiments in 
this field will be continued. 
Y. G. MOLOTKOVSKY 
V. N. DZYUBENKO 

Timiryasev Institute of Plant Physiology, 

USSR Academy of Sciences, 

Moscow, 
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Mass Spectrometry of N-Methylated 
Peptide Derivatives 


AN important method of peptide sequence determination, 
namely mass spectrometry of N-methylated acyl peptides, 
has been described recently!?. We devised the same 
method during studies of gastrin®, and have found that 
methylation by methyl iodide and silver oxide in di- 
methylformamide is not straightforward for residues 
of methionine, glutamic acid and aspartic acid. These 
more complex reactions, which involve the peptide 
backbone, do not prevent the method being used, but 
understanding of them is a prerequisite for its general 
application. 


CHp CH, [Glu.Gly.Pro.Trp.Met.OMe 
Pe z 
ee (IT) 
C 
ys 
Z wy K A 
CH, CO.NMe CO.OMe Ac.Trp.Met.Asp.Phe.NH, 


(1) (IIL) 

Methylation of acetylmethionine gave a volatile, 
erystalline cyclopropane derivative (I). Similarly the 
pyroglutamyl peptide ester (II) (residues 1-5 of porcine 
and canine gastrins) gave a desulphurized product with 
& mass spectrum (parent ion at m/e 636) corresponding 
to penta-N-methylation* and loss of methyl mercaptan. 
Presumably desulphurization proceeds through the methyl 
-sulphonium salt, and therefore, when the methionine 
residue is not C-terminal, some cleavage of the peptide 
chain must be expected (compare ref. 4). This was clearly 
the case with the tetrapeptide derivative (III) (residues 
14-17 of gastrin), for, after methylation of (IIT), the 
mass spectrum contained only weak ions beyond m/e 385 
and it was nearly identical with that from methylation 
of Ac.Trp.Met.OMe. In the case of t-butyloxyearbonyl. 
Met.Gly.OMe, the mass spectrum of the methylated pro- 
duct corresponded initially to the cleavage product 
analogous to (I) but it then revealed a less volatile com- 

* The indole ring of tryptophan was NV-methylated. 
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pound (parent ion m/e 300) produced by desulphurization 
without chain cleavage. 

The mechanism of the cleavage reaction with formation 
of the cyclopropane ring will be investigated (there is an 
interesting analogy in ref. 5). It is clear, however, that 
chain cleavage is likely to occur generally when methionyl 
peptides are methylated. We have also observed that 
peptides containing glutamic acid undergo partial chain 
cleavage through formation of pyroglutamy! derivatives 
according to the following scheme. 


CO.H 
| 
(CHa) CO—(CH,), 


ee © | 
--CO.NH.CH.CO.NH---» —CO,Me + NMe.0H.CO.NMe— 


For example, the heptapeptide derivative (IV) gives a 
complex mixture of methylated products, which are 
partially separated during volatilization in the mass 
spectrometer. The following components were detected 
by repetitive scanning of the mass spectrum. (The last 
three (M.W.s 746, 903 and 977) did not separate signifi- 
cantly and were identified by high resolution mass 
measurements of several ions in each case.) 


Ac.Glu.Glu.Ale.GhiAla.Tyr.Gly.OH 
(IV) 
OMe 


Ac.MeGlu.OMe 
OMe 


L.. MeGlu.MeGlia-MeAla.OMe 
OMe OMe 


| 
E EE EE 
Me 


FE | : 
._MeGlu.MeAla.MeTyr.MeGly.OMe 
OMe Me 


sere 
-MeGla. oA Sie TEA MeTyr.MeGly OMe 
OMe OMe Me 


— | | | 
LMeGlu.MeGlu.MeAla. MeGlu.MeAla.MeTyr.MeGly.OMe 
OMe OMe OMe Me 


| | | 
MoGla.MeCila. Me Ala. Me(ilu. MeAle. Mel'yr. MeGly.0Me 


Analogous chain cleavage was observed on methylation 
of other glutamyl peptides but not with Ac.Trp.Val.Glu. 
OMe, presumably because cyclization was inhibited by the 
bulky side chain of valine. 

Peptides of aspartic acid also undergo complex trans- 
formations in the methylation procedure, and a mixture 
of methylated derivatives results. For example, the mass 
spectrum of ‘methylated? Ac-Gly-Asp-Gly-OMe does 
not show an ion at m/e 359, corresponding to a simple 
tetramethyl derivative, but instead two parent ions at 
339 (C,,H,,N,0,) and 325 (C,,H,,.N;O0,) and two weaker 
parent ions at 355 (C,,H.,.N,0,) and 353 (C,,H.,N,Q,). 
These results can be rationalized in terms of the expected 
initial cyclization of the aspartic side-chain to the peptide 
backbone and further reactions of the resultant succini- 
mide, but more evidence is required before actual structures 
can be postulated. It should be noted, however, that the 
homologous series of ions at m/e 325, 339 and 353 is due 
to C-methylation of the neighbouring residue (compare 
the rapid base-catalysed racemization of phthaloylamino 
acid esters in ref. 6). This is confirmed by amino-acid 
analysis of the hydrolysed mixture, which revealed the 
presence of glycine, alanine and traces of «-methylalanine. 
There is no chain cleavage, because the cyclization in- 
volves the neighbouring residue, and the methylation 
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procedure can be applied to peptides of aspartic acid, but 
caution should be exercised in interpretation of the results. 
K. L. AGARWAL 
R. A. W. JOHNSTONE 
G. W. KENNER 
D. 8. MILLINGTON 
R. C. SHEPPARD 
The Robert Robmson Laboratories, 
University of Liverpool. 
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Isolation of a Receptor Complex for a 
Tumour Specific Agglutinin from the 
Neoplastic Cell Surface 


AN agglutinin was found!-* which interacted primarily 
with neoplastic cells: there were exceptions! but not 
among virally transformed malignant cells. Although 
standard mother tissue cells did not agglutinate, all 
derivatives transformed by viruses agglutinated in similar 
conditions®, indicating that the ability of the tumour cell 
was acquired with viral transformation. The lines so far 
tested include polyoma virus transformed 373, adenovirus 
12 transformed BHK and S$V40 transformed 373 cells. 
The agglutinin was isolated and purified and, based on 
hapten inhibition, N-acetylglucosamine (GleNac) was 
found to be part of the receptor site®-*, 

In this report, I deseribe the isolation of a complex con- 
taining the tumour specific agglutination site and its 
surface location. 

Hypotonic shock of £1210 mouse leukaemia (chemically 
induced) or polyoma virus transformed BHK-21 cells 
(from Dr R. Dulbecco and Dr M. Stoker) released a 
particle that had inhibitory properties when tested in a 
standard agglutination test with its own cells. A similar 
procedure was used to release tissue transplantation anti- 
gens (8. G. Nathanson, personal communication). After 
exposure to 0-12 M NaCl for 25 min, £1210 cells lost their 
ability to agglutinate. Concomitantly the medium 
accumulated a component, probably released from the cell 
surface, which sedimented at 105,000g and had strong 
hapten inhibition properties. 


ter treatment (A) 


i Hv eae of cells 
a 


0-137 













After complete loss of agglutinability (0-12 M 
min) and maximal accumulation of the agglutin 


in the supernatant, the cells were still viable ass! 
trypan blue exclusion. DNA release into the supe 
showed that between 3 and 9 per cent of the cë 
destroyed, while in less severe conditions (0-1 M 
0-01 M MgCl,, 0-01 M CaCl,, 10 min) less than 0-5 per cent 
of the cells were destroyed, although more than 35 per 
cent of the sites had already accumulated in the super- 
natant. Furthermore, less than | per cent of a cyto- 
plasmatic enzyme (lactic dehydrogenase) was found to 
leak out from the cells in these conditions. Both these 
findings support the hypothesis that the particle contain- 
ing the agglutination site is part of the cell surface and is 
released under hypotonic conditions. 

Inhibitory activity in the 105,000g pellet could be 
dissolved with some loss of hapten inhibitory capacity by 
ultrasonic treatment. Decrease of agglutinability and 
increase of the receptor site in the supernatant are shown 
in Fig. 1 (depending on NaCl concentration) and in Fig. 2 
(depending on time). The inverse proportionality of the 
two phenomena supports the concept of release of the 
site into the medium. 

The agglutinin reacted with all virally transformed 
neoplastic cells tested as well as with chemically induced 
neoplastic cells’. Its broad specificity requires that the 
dissolved agghitination site should have a broad inhibitory 
range. Soluble inhibitor obtained from 1210 leukaemia 
cells prevented the agglutination of polyoma virus 
transformed BHK-21 (PY-BHK) cells, and PY-BAK 
inhibitor prevented £1210 agglutination. Similarly, 
inhibitor from £1210 ceils prevented agglutination of 
polyoma virus transformed 373 mouse cells (from Dr H. 
Green), adenovirus 12 transformed BHK cells (from 
Dr W. A. Strohl) and S40 transformed 373 cells (from 
Dr Todaro). This suggests that there are similar receptor 
sites on all these chemically and virally induced tumour 
cells. 

Inhibition can be overcome by increasing the ratio of 
agglutinin to inhibitor. The inhibitor not only prevented 
agglutination but also reversed agglutination by dis- 
persing agglutinated cells (as did GleNac®). This indicates 
that inhibition is of the reversible hapten type and is 
probably not a toxic effect. 

We found that GleNac was a powerful hapten inhibitor 
and the soluble inhibitor preparation contaimed not only 
N-acetylgalactosamine but also GleNac. Periadate | 





o 





treatment of the inhibitor (0-001 M, 6 h) decreased its 
activity by 80 per cent. 


This may indicate that GleNac 





Percentage of relative Inhibition 
by supernatant (<>) 


0-128 0-120 





NaCl (M), 20 min 4 


Fig. 1. 





Concentration dependence of exposure to hypotonicity, Five ml. of 11210 cells (5x 10*/ml.} was exposed for 20 min 
at 37° C to the saline concentration indicated and gently shaken with polished glass beads, separated by centrifugation and 
taken up in minimal essential medium to test aggiutinability®. 
60 min into a soluble phase which had no hapten inhibitory properties and a pellet which was taken wp in 1 ml. of 154 M 
Nath After sonuification of this suspension for 5 min (Branson LS-75 at optimal output) and centrifugation at 105,000g¢ for 
60 min the supernatant of the 6-12 M NaCl treatment completely inhibited in the standard agglutination test? ata dilution 
of 1:16. The final concentration of the inhibitor in this test system was 0-156 mg/ml. in terms of protein. 
inhibition corresponds to no agglutination at a dilution of 1 16,75 per cent at 1: 12, 50 percentat 1]: Sand 25 percentatt:4, 


The low speed supernatant was separated at 105.0009 for 


100 per cent 
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Fig. 2, Time dependence of exposure to hypotonicity. Details as in Fig. 1 except that 0-12 M NaCl was used constantly. 


is not in an internal position but terminal, if it is not 
substituted on C-6 and if other periodate sensitive carbo- 
hydrates are not as important as GleNac at the active 
site. Attempts to isolate this receptor site from a series 
of untransformed cells should show whether the agglutinin 
receptor is a newly induced site or a site exposed by the 
virus. 

Hakomori et al.” have found that a glycolipid from 
adenocarcinomas inhibited this agglutination reaction. 
In view of our earlier work? it may be significant that their 
material contained GleNac. The presence of this and 
another glycolipid lacking sialic acid? may not be the only 
surface change which occurs during transformations; we 
found—contrary to other reports—a slight but consistent 
decrease in the total surface content of sialic acid of all 
the virally transformed lmes compared with their mother 
cell lines**, Some or all of these surface changes may be 
involved in phenomena such as loss of contact inhibition, 
metastasizing and invasive growth, which may be caused 
by altered membranes. 

This work was supported by the US Pubhe Health 
Service, the American Cancer Society and the Whitehall 
Foundation, Princeton. 

Max M. BURGER 
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Princeton University. 
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Inhibition of the Absorption of Dietary 
Radiostrontium by Aluminium Phosphate 
Gel and Sodium Alginate in the Rat 


Drerary additives which selectively inhibit the absorp- 
tion of radiostrontium from the diet of man and animals 
include certain phosphates! *, equimolar mixtures of 
sodium and freshly precipitated barium sulphates and 
various preparations of alginates*-*, and work in this 


laboratory has shown that alginate preparations with a 
high guluronie acid content are more effective than those 
with a high mannuronie acid content’. One such prepara- 
tion made here (referred to as O.G.1) contains more than 
95 per cent guluronic acid’. 

Aluminium phosphate geli? has recently been shown to 
inhibit significantly the absorption of radiostrontium in 
man when fed to patients receiving a controlled low 
salcium diet. The intestinal absorption of radiocalaum 
and radiostrontiura is much influenced by experimental 
conditions, so a comparison of the efficiency of aluminium 
phosphate gel and high guluronic acid alginate from 
published figures is difficult. We have compared the two in 
controlled conditions in the rat. 

Groups of five female albino rats, 8-12 weeks old, were 
fed 17 g/day of standard laboratory diet (0-97 per cent 
calcium and 0-65 per cent phosphorus) with the following 
additives: (a) 10 per cent chromatographic quality 
cellulose; (b) 10 per cent sodium alginate 0.G.]—a 
preparation containing 97 per cent guluron ic acid; (e) 
5 per cent sodium alginate O.G.1 plus 5 per cent cellulose; : 
(d) 10 per cent (w/w AIPO,) aluminium phosphate gel 
(Fisons Pharmaceuticals Ltd); (e) 5 per cent {w/w AIPO,) 
aluminium phosphate gel plus 5 per cent cellulose; (f) 5 
per cent (w/w AIPO,) aluminium phosphate gel plus 
5 per cent alginate O.G.1. The cellulose was used as an 
inert additive to maintain constant dietary conditions. 

The animals were placed in metabolism cages and fed 
experimental diets for 6 days. On the third and fourth 
days each animal received tracer doses of “Ca and *Sr 
mixed with the diet. Collection of urine and faeces was 
started with the first dose of radionuclide and continued 
until the sixth day when the animals were killed and 
radionuclides assayed in the urine, faeces, gut and carcass". 
The results are shown in Table 1. The absorption given 


Table 1. EFFECT OF ALUMINIUM PHOSPHATE GEL AND SODIUM ALGINATE ON 
ABSORPTION AND RETENTION OF “Ca AND “Sr 


Calcium-45 
Per cent intake of “Ca Ratio of 
Additive Urine Faeces Carcass Absorption absorption 
10%, Cellulose 0-74 7a 4 25-8 26-6 (2-0) 1-0 
10°) Alginate 0.G.1 O59 71-5 27-8 28-4 (2-0) 14 
10%, ‘Aluphos’ O85 Tiedt 27-7 28-5 (1-8) 11 
& F: ył : -$ į $ 
, 2g Alginate 0.0.1 Q52 710 285  300(18) 11 
2g? Aluphos’ | O67 697 206 30-3 (0-8) 1 
oO Panne O.G.1) 9.43 713 28:3 88-7 (1-5) bi 
Q 
Strontium-85 
Per cent intake of *Sr Ratio of 
Additive Urine Faeces Carcass Absorption absorption 
10% Cellulose 1-79 92-1 6-0 778 (0-7) 1-00 
10%, Alginate 0.6.1 0-38 B3- 0-92 1-3 (0-1) O17 
10% Pave ne O-G4 -Q 17 2-4 (0-16) 0-31 
5°, Alginate Le ad i x ; EE 2 
+5% cellulose , 0-46 98-0 1-6 1-9 (0-13) G24 
5° ‘Aluphos’ 4 ut : : ; f ; 
+5 rer a pen ) 0-69 97-0 2-2 2-9 (0-11) 0-37 


$% Alginate 0.6.11 0.37 984 12 160-09) 0-21 
AR 


Figures in parentheses are standard errors. 





NATURE. VOL. 219. AUGUST 3. 1968 


in the table is the sum of the urine and carcass, neglecting 
the endogenous faecal excretion. The ratio of absorption 
is always with reference to the absorption on the 10 per 
cent cellulose additive. 

At none of the levels tested did either additive inhibit 
the absorption of “Ca, cause obvious gastrointestinal 
distress or reduce food intake through unpalatability. 
Both additives very significantly decreased the absorption 
of Sr, sodium alginate (O.G.1) being more effective on a 
weight for weight basis especially at the 10 per cent level. 
When both additives are given together at the 5 per cent 
level, the reduction of the absorption of "Sr is greater 
than for either additive alone and neither seems to block 
the other’s action. 

T. E. F. Carr 
J. NOLAN 
MRC Radiobiological Research Unit, 
Harwell, Didcot, 
Berkshire, 
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Perceptual Constancy of Auditory 
Direction with Head Rotation 


PERCEPTUAL constancy refers to relative stability in 
judgments of an object property with changes in its 
sensory stimulus. For example, visual judgments of the 
size and shape of objects are relatively stable because the 
retinal stimulus varies with changes in the distance of the 
object and slant in depth respectively'*. Likewise, 
judgments of object orientation vary only slightly with 
gross changes in the orientation of the retinal image with 
lateral head tilt?. The data reported here demonstrate 
the occurrence of perceptual constancy of auditory 
direction judgments with variation in the binaural 
stimulus consequent on head rotation. 

The arrival time and intensity of a sound at one ear 
relative to the other are among the cues for the perception 
of sound direction. When the source is to one side of the 
observer as shown in Fig. LA, the sound travels a greater 
distance to one ear and is reduced in intensity at that ear 
by both the greater distance of transmission and the 
intervention of the head. Identical changes in the binaural 
stimulus occur as the head is rotated with the source 
fixed in the median plane of the body as shown in Fig. 1B. 
Results from a recent experiment, however, suggest that 
the apparent direction of a sound varies only slightly for 
head rotations of 35° and 70° although these rotations 
result in binaural stimuli identical to those occurring with 
sources at 35° and 70° from the median axis of the body’. 
These data are not. however, interpreted in terms of 
perceptual constancy. 

The purpose of the two experiments reported here was 
to establish whether judgments of the direction of the 
source are relatively stable with changes in the binaural 
stimulus as the head rotates between 0° (median plane) 
and 80° with reference to a fixed body position. 





Fig. 1. Identical change in the binaural stimulus with head in the median 
plane of the body and source displaced left (4) and with rotation of the 
head to the right and source in the median plane of the bowy (E) 


Two concentric steel tracks of radii 12-5 em ane 92-5 em 
were mounted on supports 20 em above a specially 
constructed table. A carriage to which individual dentai 
composition bite boards were attachable could be moved 
around the smaller track and secured at any angle between 
90° left and right of the median plane of a subject seated 
in a fixed position. A 2 in. loud-speaker was mounted on 
a carriage which was driven at 1°/s around tae larger 
track in either direction when a two-way lever waswperated 
by the subject. The angle of the bite board anc speaker 
relative to the median plane of the body (0°) could be read 
from protractor scales. The loud-speaker emisted con- 
tinuous white noise from a white noise generator when a 
switch was closed by the experimenter. The sound 
intensity measured at the position of the centre of the head 
by a sound level meter was 71 decibels and the background 
sound pressure-level was 65 decibels with respect to 
0-0002 dynes/em?. Ruffled curtains draped areund the 
table to a height of 3 ft. above it and almost enclosing the 
subject reduced reverberation from the walls of the 
laboratory. 

In the first experiment each of ten blindfolded subjects 
adjusted the loud-speaker so that the sound was apparently 
in the median plane (that is, straight ahead) of the body 
while the head was positioned 10°, 20°, 30° and 40° right 
and left and in the median plane (0°) by means of the bite 
board. Constant body position was maintained through- 
out by requiring the subject to press his shoulders firmly 
against the table edge while his head was rotated. To 
prevent judgments based on travel time of the loud- 
speaker from a fixed starting position adjustments of the 
loud-speaker were made from four starting positions, 5° 
and 10° right and left, for each of the nine head positions, 
making thirty-six adjustments in all. To establish the 
reliability of results there were two sessions of thirty-six 
adjustments about a week apart. A different random 
order of presentation of the thirty-six conditions was used 
for each subject on each occasion. 

If a source in the median plane of the body is padged to 
be to the left when the head is rotated to the rght, the 


perfect constancy, that is, invariance of judged direction 
with head rotation, would result in a horizontai plot of 
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Fig. 2, Apparent direction of a sound in the median plane of the body 
as a function of head rotation between 40° right and left for two sessions 


(aand b) in Experiment 1, and between 80° Tight and left in Experiment 
2, Yee YF Experiment la: (4 Ch experiment 1p; C= G, 


experiment 2. 


apparent direction as a function of head rotation. Because 
displacement of the head to the right gives rise to a binaural 
stimulus identical with that of displacement of the source 
to the left with the head in the median plane (Fig. 14 and 
B), however, judgments in terms of the binaural stimulus 
would result in a diagonal plot as shown in Fig. 2. 

In Fig. 2 are shown the mean apparent directions of the 
sound in the true median plane for the nine angles of 
head rotation. These directions were inferred from the 
adjustments by changing the sign of the deviation from 
the true median plane—that is, by changing a right 
deviation to a left and vice versa. This method of plotting 
has the advantage of showing how far a sound in the 
true median plane shifts apparently in the direction of 
the binaural stimulus equivalent. The means for the 
two sessions (a and 6) are shown separately. Also shown 
are the reference axes for constancy and binaural stimulus 
judgments. Separate analyses of variance using the 
method of unplanned contrasts were carried out on the 
data from each session yielding in each case significant 
F-ratios (P<001) for the linear component only®. 
Straight lines were therefore fitted to each set of means 
and are shown in Fig. 2. An analysis of variance of the 
differences between the means for each session showed that 
they were not significantly different from zero (P > 0-05). 
indicating reliability of judgments between sessions. 

The purpose of the second experiment was to establish 
if perceptual constancy of auditory direction occurs for 
greater angles of head rotation, that is, greater variations 
in the binaural stimulus, than those studied in the first. 
Using the same apparatus and procedures, five subjects ad- 
justed the loud-speaker so that the sound was stra ight- 
ahead of the body during head rotation of 0° and 20°, 
40°, 60° and 80° left and right. The data were interpreted 
and treated statistically as for the first experiment with 
essentially the same outcomes. The mean apparent 
directions of a sound in the true median plane of the body 
as a function of head angle are also shown in Fig. 2. 

It is clear from the data summarized in Fig. 2 that 
auditory direction is relatively stable with gross changes 
in binaural stimulation occasioned by head rotation. 
The tendency of auditory direction to shift from perfect 
constancy towards the binaural stimulus axis is an instance 
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of under-constancy. The biological utility of the capacity 
to judge more or less accurately the direction of a sound 
source relative to the body with variable binaural stimula- 
tion is obvious. The mechanisms associated with per- 
ceptual constancy of auditory direction are less obvious. 
Because the same binaural stimulus is representative of 
an infinite range of combinations of head and source 
positions, it is quite ambiguous. To resolve perceptually 
this ambiguity information for head position Is necessary. 
Presumably, this information is provided by activation of 
proprioceptive systems in the joints and muscles of the 
neck. Although the role of head movement in sound 
localization is now well established?3 the part plaved by 
information for head position in auditory direction 
constancy has not been recognised previous! y 
I thank P. M. Wenderoth for assistance with the 
statistical analysis, and N. J. Wade for critical comment, 
R. H. Day 
Department of Psychology, 
Monash University, l 
Melbourne. 
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Concentrations of 5-Hydroxyindole- 
acetic Acid and Homovanillic Acid in 
the Cerebrospinal Fluid after Treatment 
with Probenecid in Patients with 
Parkinson’s Disease 


Iw clinical cases of Parkinsonism there is a decrease in the 
concentration of dopamine in the caudate nucleus and 
putamen and of noradrenaline and 5-hydrox ytryptamine 
(5-HT) throughout the brain!-:. This is very interesting in 
view of the fact that these amines are supposed to be 
transmitters im the monoaminergic nervous system. 
Substances known to decrease the transmission from the 
monoaminergic neurones, for example, reserpine and 
chlorpromazine, are also known to cause symptoms of 
Parkinsonism in both animals and humans. Dopamine is 
transformed by ronoamine-oxidase (MAO) to dihydroxy- 
phenylacetic acid and further by eatechol-O-methyl- 
transferase to homovanillic acid (HVA). 5-HT is 
transformed by MAO to -hydrox vindoleacetic acid 
(9-HIAA). These two acids, but not the corresponding 
amines, can be determined in cerebrospinal fluid (CSF): 
the concentration of the acids in CSF is closel y related to 
that in brain’. In Parkinson's disease there is a tendency 
to low values in CSF of both HVA and 5-HIAA®. 

Probenecid has been shown not only to reduce the renal 
excretion of 5-HIAA and HVA®? but also to decrease the 
outflow of these acids from the brain and CSF to blood 
(refs. 8-10 and unpublished work of H. Andersson and 
B. Werdinius). It has also been shown that the rate of 
synthesis of 5-HIAA and HVA is dependent on the 
intensity of the release of the correspondin g amuines!! 
and also on the rate of synthesis of these amines. The 
increase in the concentration of the acids in the brain and 
CSF after probenecid should thus be an indicator of the 
rate of synthesis of 5-HT and DA in the corresponding 
neurones in the brains. 

The aim of the work reported here was to evaluate 
whether the determination of the increase in HVA and 
5-HIAA in CSF after treatment with probenecid is a more 
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Table 1, AGE AND SEX OF THE PATIENTS AS WELL AS THE APPROXIMATE 


DURATION OF THE PARKINSON SYMPTOMS 


Patients with Parkinsonism Controls 
Duration of 

Age Sex symptoms (yr) Age Sex 
68 M 6 59 F 
71 F 7 7 M 
72 FE 12 76 F 
7 F il 77 M 
80 M 2 7 M 
8i M 6 83 F 
82 M Hz 94 M 
85 F 20 


sensitive test in Parkinson's disease than simple deter- 
mination of the same acids in CSF. 

The study was carned out on eight patients with typical 
Parkinsonism symptoms and seven patients with cerebral 
arteriosclerosis and with no signs of extrapyramidal or 
pyramidal damage. The age and sex of the patients as 
well as the duration of the symptoms of Parkinsonism are 
given m Table 1. CSF was obtained twice by lumbar 
puncture. Between the two punctures, at least 1 week 
after the first one, the patients received two oral doses of 
l g of probenecid each day for 2 days and on the morning 
of the day of the puncture, which was always 
made in the afternoon. The patients suffering from 
Parkinsonism had been taking their usual ‘‘anti-Parkin- 
son” drugs. Salicylates, which interfere with the deter- 
mination of HVA, were not allowed on the days preceding 
the experiment, nor during the experimental period. The 
CSF was kept at — 20° C until used for analysis, which was 
performed within a week. HVA and 5-HIAA in CSF were 
determined according to methods previously described by 
Andén et al.!? and Ashcroft and Sharman'*, respectively. 
Student's ¢ test was used for the comparison of means. 
The level of significance was 5 per cent. 

There was no significant difference between patients and 
controls with respect to the concentration of HVA or 
5-HIAA in the CSF before treatment with probenecid 
(Table 2). Treatment with probenecid produced a statisti- 
cally significant increase in the concentration of both HVA 
and 5-HIAA in the CSF of the controls, but not the 
patients. The difference between these increases in HVA 
and 5-HIAA controls and patients was also statistically 
significant. The less pronounced increase after probenecid 
in patients compared with controls supports the idea of a 
decreased synthesis of the corresponding amines in the 
brain in Parkinson's syndrome. 


Table 2. VALUES OF HOMOVANILLIC ACID (HVA) AND 5-HYDROXYINDOLE- 
ACETIC ACID (5-HIAA}) IN CONTROLS AND PARKINSON PATIENTS BEFORE AND 
AFTER PROBENECID 


HVA 5-HIAA 

Parkinsonism, before probenecid 0-02 + 0-005 0-02 + 0-085 
Parkinsonism, after probenecid 0-05 + 0-014 0-04 + 0-012 
Increase* 0-02 + 0-016 (NS) 0-01 + 0-005 (NS) 
Controls, before probenecid 05 40-014 0-04 + 0-004 
Controls, after probenecid 0-18 + 0-039 0-09 + 6-026 
Increase* 0:14 + 0-025 0-05 + 0-011 

{P <0-001) (P< 0-005) 
Difference in increase between 

patients and controls ` P < 0005 P < 0003 


* Mean of increase in each patient, 


The wide scattering of the values in healthy volunteers 
makes the determination of HVA, and to some extent of 
5-HIAA, in the CSF less suitable for diagnosing Parkin- 
sonism®. There is an obvious lack of statistically signifi- 
cant difference between the concentration of HVA and 
5-HIAA in the CSF in the material which we used. The 
results of this preliminary investigation indicate that 
determination of HVA and 5-HIAA in the CSF after 
treatment with probenecid could be a method of con- 
siderable diagnostic value and a more sensitive test in 
Parkinson’s disease than simple determinations of the acid 
monoamine metabolites. It should be pointed out, 


-` however, that our results were obtained in patients with 


clear symptoms of Parkinsonism. 
This work was supported by grants from the Swedish 
_ State Medical Research Council, Fonden för Neurobiologisk 
: forskning and Medical Faculty, Göteborg. We thank Miss 
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Molecular Theory of Odour 


ACCORDING to Ruzicka’s theory! the character of an 
odoriferous substance is determined by its molecular 
shape, while the osmophoric group only causes variations 
in this character. The obvious importance of the spatial 
arrangement: of the molecule of an odoriferous substance 
has caused the lock and key idea-—established by Fischer 
in respect to the action of enzymes*—-to be applied to 
the odoriferous substances and their perceptors’. Amoore* 
suggested, with his stereochemical theory of olfaction, 
seven differently constructed perceptors in which 
those corresponding kinds of odoriferous substances all 
with a similar odoriferous character should fit the per- 
ceptor. Shallenberger and Acree® maintained that two 
hydrogen-bond formers have to be present at a specific 
distance apart in a molecule if it is to have a sweet 
taste. 

All chemically pure substances which have an odour 
are capable of forming hydrogen bonds. All odoriferous 
substances have at least a second bonding capability 
through the generation of van der Waals’ forces, elec- 
tron—donator-acceptor complexes‘, and further hydrogen 
or salt bonds. 

The most important of these are: accumulative occur- 


ether groups. All other groups capable of forming 
secondary valency forces may also be important. 

These secondary valency forces and their spatial 
arrangement relative to each other are assumed to be 
responsible for the production of the odour. With odour, 
as with taste, it must be realized that some of the 
secondary valencies may be saturated by water. More- 
over, it is possible that these secondary valency forces 
can saturate themselves by ring closure within the mole- 


may come into action in favourable spatial conditions. 

The free secondary valency forces in the molecules of 
the odoriferous substance must be matched by associated, 
equally spaced secondary valencies in the perceptor, that 
is, IN a manner similar to that which Shallenberger and 
Acree demand for sweet taste. Most probably the per- 
ceptors are composed of peptides, which have ample 
capacity for forming hydrogen bonds. On account of 
their amino-acid residues, peptides have many different 
kinds of secondary valency. 
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Fig. 1. 


I have assumed, as a working hypothesis, that the 
-helix is the sole perceptor for odour. Electron miero- 
graphs of the olfactory epithelium of the frog? and the 
rat® show that the «-helices are in the olfactory cilia. The 
#-helix is the construction material for many different 
purposes in living organisms. For example, 30-40 per cent 
of the material of wool and hair has this structure. 

Consideration of the a-helix shows that an oscillatory 
system could theoretically be formed within it. The partial 
view of g-helix according to Corey and Pauling’, as shown 
in Fig. 1, indicates three hydrogen bond chains 


... H-—-N—C=0 ... H--N—C=0 ..,. H—-N—C=0 . 
| | [o o] 
marked 1, 2 and 3. 
The residues, R, are probably closely linked with the 


adjacent a-helices or other material, and so a constant 


oscillatory frequency might be formed within the three 
valency chains as a result of the motion effected by tem- 
perature. Each of the three hydrogen bond chains has 


a Sco group at one end and a NH group at the other. 


If a single molecule were to attach itself to one of these 
groups by means of a hydrogen bond there might be a 
modulation of the oscillatory frequency. 

It is assumed that in the olfactory cilia one end of the 
a-helix serves as a perceiving organ while the other end 
transmits the modulated oscillation to a nerve cell. On 


the side of the «-helix ending with three >N H groups 

there are still three amino-acid residues as well as one 
s, 

H,N—CH—R group. The side with the three >C =O 


groups also has three amino-acid residues and one 
HOOC-—-CH-—R group. As well as the capacity to form 


a hydrogen bridge, all odoriferous substances have other 
secondary valencies. It is assumed that these bonds are 
formed in combination with the amino-acid residues and 
the end-carboxyl and end-amino groups, respectively. 

Although these bonds are often rather weak they can 
keep the molecule in a favourable position for the hydrogen 
bond to form itself again immediately after a separation. 
The same applies analogously if the hydrogen bond is 
maintained while the other bond is separated. Thus the 
attachment time of the molecule is increased, because a 
sufficiently strong molecular impact must act on the 
second bond during the short time when the first bond 
is being separated. The attachment is much strengthened 
by a third and further bonds, so that even very weak 
bonding forces can still be effective. 

Through the attachment of the molecule at a second 
site the oscillation of the hydrogen bond chain can be 


Partial view of the a-helix according to Corey and Pauling’. 
bond chains are marked 1, 2 and 8. 


The three hydrogen 


influenced, longitudinally and transversely. Acoustically 
all sounds and noises can be explained by the one- 
dimensional scale of oscillations; the model of the per- 
ceptor organ for odour sensations developed here has a 
two-dimensional seale because the state of oscillation of 
the a-helix can change both longitudinally and trans- 
versely. Thus the great differences between odours can 
be explained easily. During the transmission of the 
oscillations through the nerve system the oscillation 
system might be simplified. Electrical oscillations in the 
bulbus olfactorrum have been measured many times!®, 
Systematic investigations of the connexion between 
molecular construction and the frequency of oscillation 
might give some interesting results. I shall not attempt 
to explain the impulses transmitted by the trigenimus at 
the moment of odour perception according to this theory. 

This perceptor model makes it possible to show the 
importance of the spatial arrangement of the odoriferous 
substances. Odoriferous similarity of benzaldehyde and 
nitrobenzene are often quoted as examples of substances 
with a simular odour despite their different chemical 
structures. The hydrogen bond-forming sites are about 
the same distance from the benzene residue which forms 
the second bond, Furthermore, the molecular weights are 
simular. 

The odour of the higher ring ketones can also be 
explained by this theory. The ring compounds with 
seventeen and eighteen CH,-links that produce the distinct 
odour of the civet show that an adjacent isoleucine 
residue fits wen into the ring after the carbonyl group 


has joined a SNH end group. The isoleucine fits mto a 


ring with fourteen to sixteen CH;-lnks with only one 
CH,-group. The olfactory character changes corre- 
spondingly. When there are more than eighteen CH,- 


Inks the amino-acid residue passes through the ring. 
Such a compound has therefore a very weak odour??. 

The introduction of a branching chain in place of a 
straight carbon chain usually mtensifies the odour. The 
branching encourages the generation of van der Waals’ 
forces. 

The olfactory effect of substances of very low molecular 
weight can also be explained readily by the model of the 
«-helix as olfactory perceptor. Checking the steric state 
on the calotte model shows that H,S can develop a 
further hydrogen bond through the linkage of one 


atom of hydrogen to the odour-forming co group, and 
the other to the | l 
' CHR—C=0 
OH 
residue. The two hydrogen bonds adhere very strongly 
and the relatively low molecular weight H,5 acts on the 
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hydrogen bond chain, with an essentially higher molecular 
weight through the residue R, with which it is closely 
connected. 

In the case of NH,, the conditions are quite different. 


One hydrogen atom joins the co group again. The NH, 


does not form a further hydrogen bond with the COOH 
group, but a salt bond. The heat of formation of a salt 
bond is higher than that of a hydrogen bond, but the 
hydrogen bond is much more rigid. Water molecules can 
change from anion to cation and vice versa and in the 
case of the hydrogen bond being separated by a molecular 
impact a new bond is difficult to establish because the salt 
bond is no longer in its original position. 


HCN, however, links up with the nie group and its 


hydrogen forms a salt bond with the F aaa aa residue. 
The same applies to HC], HBr and HI. Cl, Br, and I, 
however, form a second hydrogen bond and therefore 
their odour is much stronger than that of the corre- 
sponding acids. 

Diacethyl, which has a distinctly strong and long- 
lasting odour, is an example of the simultaneous attach- 


X l 
ment to two >NH groups. The small molecule is securely 


held by the two bonds and it may be embedded so safely 
in the adjacent amino-acid residues that it can scarcely 
be removed by molecular impacts. 

This model clearly explains the many olfactory umpres- 
sions in that they are produced simultaneously through 
the common action of the perceptor organ and the 
odoriferous substance. The theory requires only one kind 
of perceptor, and all electron micrographs of the olfactory 
epithelium reveal only one kind of perceptor, namely, 
the cilia, which are all identical. 

The steric conditions of the a-helix are clearly defined 
and it is therefore possible to check the applicability of this 
working hypothesis. It is possible to synthesize chemical 
compounds with the same spatial arrangement as parts 
of the a-helix. These would have to form addition com- 
pounds with the corresponding odoriferous substances by 
means of the existing secondary valencies the presence of 
which should be provable by examination of their various 
spectra. 

The calotte model of the x-helix makes it possible to 
study the theoretically possible reaction of the odoriferous 
substances. If this working hypothesis is correct, it 
should be possible to find various classes of odoriferous 
substances which correspond to their spatial arrangement 
and the location of the secondary valencies in these 
substances. 

R. E. RANDEBROCK 
Schwarzkopf Research and Development Laboratories, 
Hamburg, Germany. 
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Defect of Coenzyme-A Activity 
in Progressive Muscular Dystrophy 
Srupres of the final stages of glycolysis and the initial 


ele stages of the citrie acid cycle in progressive muscular 


- dystrophy have used indirect methods, such as the de- 








termination of serum levels of corresponding metaboli 





to progressive muscular dystrophy*’. ae 

The conversion of pyruvate to citrate is probably — 
inhibited in dystrophie muscle, and the role of coenzyme-A 
in this process justifies its direct investigation in muscular 
tissue. 

Muscle samples obtained by biopsy from proximal 
muscles (deltoid and quadriceps) of ten subjects with 
Duchenne’s type progressive muscular dystrophy (stage 
l-4 in Thomson and Vignos’s scale) and nme normal 
subjects (5-8 yr old boys) were homogenized at 0° C in 
0-25 M sucrose buffered with fris-HCl at pH 8-0. The 
supernatant was obtained by centrifugation of homogenate 
at 8,000g, for 10 min at 0° C, and the activity of co- 
enzyme-A was determined by Novelli’s method’, 


Table 1. ACTIVITY OF COENZYME-A (MEAN VALUES) 


Coenzyme-A activity 


Serum Muscle 
Group (oM/ml./b at 37° ©) (nMimg Biuret-protein/h 
at 37° ©) 
Normal 1:13 + 0-05 6-08 + 0-0) 
Duchenne 1-54 40-07" 3-06 + 0-22" 


Biuret-protein includes non-collagen protein only. It was obtained by 


extraction in 0-25 M sucrose, pH 7-6, for 18 h at 4°C. 
*P<0-01 
The mean activity of coenzyme-A in the musele of 
dystrophic patients was significantly lower than in normal 
muscle (P< 0-01). Taking 5 uM as a critical value, it is 
clear that seven normal muscle samples show higher 
patterns compared with only three dystrophic muscle 
sarnples. 
The damage to coenzyme-A activity im dystrophic 
muscle may be a consequence of its passage into the 
extracellular space, because there is a significant dif- 
ference between serum levels of coenzyme-A activity in 
normal and dystrophic subjects (P<0-01); the signi- 
ficant correlation between increased serum activity and 
decreased muscular activity of the enzyme m dystrophic 
patients (r= +0-62; P< 0-05, calculated according to 
Kendall’s rank method) support this idea. The presence 
of sarcoplasmic enzymes in the serum is a distinctive 
feature of muscular dystrophy. 
The dystrophic muscle might also be characterized by 
a genetically determined defect with respect to co- 
enzyme-A, 
A metabolic block at the stage of acetate activation 
is the most likely explanation for the accumulation of 
pyruvate and the decrease in citrate in the serum of 
myopathic patients. The blocks in the initial stages of the 
citric cycle contribute to the disruption in the processes 
of energy production in dystrophic muscle fibres*. The 
normal coneentrations of «a-ketoglutarate and oxalo- 
acetate show that the citric acid cycle is partially com- 
pensated by the utilization of glutamate and aspartate 
respectively. 
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Down’s Syndrome and Human Behaviour 


GERMAN! has proposed that Down’s syndrome may be the 
result of delayed fertilization consequent to spcradie or 
decreased frequency of coitus. It has also been suggested! 
that this hypothesis could be tested by comparing the 
incidence of this syndrome in similar groups differing only 
in the frequency of coitus and also by studying the inci- 
dence of the syndrome in the offspring of recently married 
older mothers and of unmarried mothers. 

Many of these data would be difficult to obtain for 
obvious technical reasons; furthermore, the difference in 
frequency of coitus between young and old parental age 
groups is so small in absolute numbers? that a relatively 
large proportional difference between two compared 
groups might be difficult to detect. 

I wish to draw attention to another behavioural factor 
which, if the foregoing hypothesis is correct, would 
actively promote the formation of zygotes with this type 
of chromosome abnormality. I refer to the use of the so 
called “safe period” as a means of contraception; this 
involves the avoidance of intercourse at the estimated 
time of ovulation and for several days before and after, 
Clearly failures of this method of contraception would be 
specifically associated with irregular ovulation and/or 
late fertilization. 

Assuming the hypothesis, this factor would figure promi- 
nently in the produetion of Down’s syndrome by younger 
mothers. The use of this contraceptive technique also 
provides a relatively easy method of testing the hypothesis, 
namely, the examination of data pertaining to the use of 
the “safe period” among parents of cases of Down’s 
syndrome and comparable control groups. Groups such as 
those studied by Sigler and his colleagues?:4 would be 
ideally suited. 

Because this contraceptive method is, as yet, the only 
technique approved officially by the Roman Catholic 
Church, it would be expected that parents of infants with 
Down's syndrome would be more frequently Roman 
Catholic. Sigler and colleagues‘ found 50-9 per cent of 214 
mothers of such cases to be Catholic, as compared with 
43-3 per cent of 215 carefully matched controls. These 
differences do not reach the generally accepted levels of 
statistical significance, but the trend is in the expected 
direction. In the same study a much higher frequency of 
multiple marriages (before the birth of the index child) 
was noted among the mothers of the group with Down’s 
syndrome. This finding has remained unexplained and 
although the difference was statistically significant 
(0-01> P>0-001) the authors suggested that the signifi- 
cance might be more apparent than real and could be a 
chance association in a study where many factors were 
being evaluated. This seems unlikely, however, because 
multiple marriages associated with previous widowhood 
were equally common in both groups. Search for a further 
explanation therefore seems warranted. It also follows 
that attention should be directed to causes of divorce. 
A Philadelphia study’ of the causes of divorce found 
sexual maladjustment to be one of the four major com- 
plaints; either the husband declaring the wife to be little 
interested in sex relations or the wife claiming the husband 
to be over-demanding in terms of the frequency of 
coitus or of “abnormal” relations. In addition, Kinsey 
et al? have hinted that women who are subsequently 
divorced evinced below average interest in coitus during 
their marriage. Under the proposed hypothesis it is 
at least possible that increased frequeney of divorces 
amongst mothers of children with Down's syndrome may 
reflect a relatively low frequency of coitus among women 
who are subsequently divorced. 

Penrose and Berg* have recently published data on the 
duration of marriage among mothers of cases of Down ’s 
syndrome and a control group. Though they interpreted 
these data as not supporting German's hypothesis, the 
figures do show that the difference in duration of marriage 
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among the oldest group of mothers was in the direction 
predicted by the hypothesis, although the “controls” were 
not drawn from the general population and the size of the 
oldest control group was small. 

Increased maternal age also appears to be associated 
with other chromosome abnormalities in man?-*® (Turner's 
syndrome being a notable exception!) and there are indica- 
tions that these abnormalities show some familial aggre- 
gation. In view of these findings, and of the non- 
specific nature of the chromosome abnormalities described 
in animals as a result. of delayed fertilization'2-14, it may be 
postulated that many chromosome abnormalities in man 
are associated with delayed fertilization and the use of the 
“safe period”. This extension of the hypothesis could also 
be tested directly. Chromosome abnormalities are a 
relatively common cause of spontaneous abortions!)'8 and 
if contraceptive and coital histories are o btained from 
women who have spontaneously aborted these data could 
be compared for those where chromosome abnormalities 
were detected in the foetal tissues as opposed to the others. 

The extended hypothesis also gives rise to the prediction 
that the frequeney of spontaneous abortions should be 
greater with increasing maternal age, and that a significant 
number of abortions should be associated with fertiliza- 
tion occurring late in the menstrual cycle. The results of 
earlier studies???8 fulfil these predictions. The fact that 
some investigatorst have not shown a si gnificantly in- 
creased frequency of abortions among mothers of cases of 
Down’s syndrome may be due to the fact that on] v abnor- 
malities due to chromosome anomalies would have a higher 
incidence in this group. 
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Methysergide in Mania 


I HAVE proposed a comprehensive theory of cerebral amine 
function which links biochemieal, physiological, psycho- 
logical and clinical phenomena!:?.. One hypothesis derived 
from this general theory is that methysergide should 
benefit patients with mania. The results of trials in the 
first five patients are sufficiently notable for a preliminary 
account to be given, 

All five patients had marked or severe signs of classical 
maniat without other complicating psychiatric or 
physical illness. There were two males and three females 
and their ages varied between 18 and 50. Three patients 
had previously been treated with chlorpromazine; two 


o were untreated. 
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No patient had received lithium. In 
experimental design the standard double blind procedure 


required modification because lengthy periods without 


active treatment are not in the best interests of manic 
patients; nor are they necessary on academic grounds, 
for the changes are both clear cut and relatively rapid in 
onset. The following scheme was therefore adopted. 
Patients were independently assessed clinically and rated. 
Those previously receiving chlorpromazine had this 
treatment gradually reduced until the severity of the 
manie phase could be assessed. Treatment with chlor- 
promazine was then stopped and methysergide started at 
an initial dosage of 3 mg/day. The same starting dosage 
was used for the two untreated patients. After 3 days 
(to allow full effects to develop) the dosage of methysergide 
was altered as necessary according to the clinical response. 
The maximum dosage used was 6 mg/day and all courses 
of treatment were limited to 30 days. To eliminate 
fortuitous improvement, two patients were placed on 
placebo for 48 h during the first week and showed an 
immediate relapse of manic features which remitted when 
they were replaced on methysergide. In the other three 
patients placebo was instituted towards the end of the 
30 day period. No relapse followed nor did it do so when 
methysergide was stopped. In these three patients there- 
fore methysergide appeared to terminate the attack. 

The rapid response of all five subjects within 48 h 
vindicates the theoretical rationale underlying the study. 
It is interesting that three of the five patients who had 
received methysergide for 3 weeks showed a termination 
of their attack. This was observed in only one of the ten 
cases studied by HaSkovee and Souéek (following com- 
munication). They gave methysergide for some 10 days 
rather than 3 weeks but it is also true that the single 
patient with permanent remission responded after one 
injection. Just how far methysergide is capable of ter- 
minating an attack must be the subject of further investi- 
gation and the quality of the remission induced is also 
important. Chlorpromazine produces a generalized in- 
hibition of a variety of functions apart from those it 1s 
wished to control. Patients frequently complain that 
they are drugged and often show slurred speech and 
expressionless facies in high dosage, suggesting extra- 
pyramidal dysfunction. In contrast, methysergide seems 
to be quite specific in its effect on mood and the manic 
phenomena accompanying it. The flexibility of control 
without need for weekly tests of blood concentrations are 
advantages in comparison with lithium. Watch was kept 
for undesirable vascular or other side effects but apart 


from abdominal discomfort in one patient none was 
observed. 


The specificity of the response further suggests a use 
for methysergide as a diagnostic test in cases of undiag- 
nosed excitement: results should be evident within 48 h. 

At a more fundamental level, the study provides con- 
firmation of the hypothesis of affective illness provided 
by the general theory cited earlier. It also provides a 
second important link between the A receptor and mood. 
Finally, the suceessful prediction of a specific treatment 
in a psychotic illness provides the first example of a 
departure from empirically derived treatments. It shows 
that we are now in a position to provide a physiologically 
based theoretical framework for a major group of psy- 
choses which stands up to empirical test and is capable 
of predictions carrying immediate benefit to the sick. 
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Trial of Methysergide in Mania 


SEVERAL observations'? suggest that the metabolism of 
indoles, particularly 5-hydroxytryptamine (serotonin), 1s 
disturbed in affective illness. The introduction of methy- 
sergide as a potent and specific antiserotonin agent 
suggests possible applications in affective illness. 

We have been chiefly influenced, however, by Dewhurst 
who has propounded an original theory of arnine fanction 
based on extensive animal experiments and human 
studies®+, which categorizes amines into type 4 (excitant) 
and type C (depressant). Dewhurst presents evidence that 
(1) these actions are mediated by two specific cerebral 
receptors; (2) the type A receptor is concerned with 
elevation of mood; and (3) disturbances of these mechan- 
isms can account for some illnesses. One prediction of his 
theory is that methysergide should be beneficial in mania. 
The results of such a trial are reported here. 

Ten in-patients with typical manic attacks were 
studied. All had a previous history of at least one depres- 
sive and one manic phase and, in nine, the course of the 
manic state was well known from previous admussions. 
They included eight men and two women aged between 
IS and 67 yr (mean 36 yr). Mania had been present 
from 3 to 12 weeks (mean 7:4 weeks). A minority had 
received tranquillizers, but medication was irregular and 
all displayed manic features for several days before admis- 
sion to the trial. Assessment by two independent physi- 
cians was made by normal clinical examination plus a 
special rating scale. A three stage design was used. Stage 
1 comprised a pre-treatment placebo period which lasted 
from 2 to 6 days (mean 3-3). In the second stage patients 
received methysergide by injection for the first 2 days, 
by combined injection and tablets for the next 2 days 
and thereafter by the oral route only. The mean total 
daily dosages (in mg) for the first 4 days were 1-28, 2-7, 
37 and 4:1. Subsequently dosage was 6 mg daily. Stage 
2 lasted 8-14 days (mean 10-8). In stage 3 patients were 
placed on placebo again for a mean duration of 4,1 
days. 

Of the ten patients, seven showed very good and one 
good improvement; one remained stationary and one 
deteriorated. The effects of methysergide were evident 
after 24 h and well marked after 48 h. Ratings of indi- 
vidual symptoms showed that all those characteristic of 
mania were improved; “qualitative thought disturbance 
(megalomanic or paranoid thinking) was less affected. 
Stage 3 was carried out in six patients; five showed an 
immediate relapse to the pre-treatment state; the other 
remained well in stage 3. Of the remaining patients, two 
were treated with routine neuroplegics and did less well 
than on methysergide. The patient who failed to improve 
showed considerable admixture of paranoid thinking. 
The patient who deteriorated had recurrent mania of a 
very malignant type which failed to respond to high doses 
of a variety of neuroplegies and repeated administration 
of electroconvulsive therapy during various admissions. 

The effects of methysergide were very different from 
those of neuroplegic and neuroleptic agents such as 
chlorpromazine, reserpine, perphenazine and haloperidol. 
Methysergide inhibited excessive psychomotor activity 
and drive and normalized sleep without extrapyramidal! 
or other motor effects, apathy or sleepiness. No serious 
side effects were noted. The occasional patient complained 
of aches in the head or limbs or fatigue. Seven patients 
showed transient depression. 

Our results establish that methysergide is indeed a 
a This confirms 
general theory; our results also indirectly suggest the 
disturbance of metabolism of indolic compounds in 
manie states. We consider that testing of drugs with 
specific actions on cerebral amine mechanisms in hormo- 
geneous groups of psychiatric patients can make a further 
methodological contribution to the problem of cerebral 
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amine function and enrich our theoretical 


mental disorders. 
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Organ Redifferentiation and Plant 
Restoration in Rice Callus 


RESEARCH into organ redifferentiation from the callus 
of dicotyledonous plants has recently increased, but work 
on such redifferentiation from monocotyledons is still 
rare. Rice' and oat? callus induction has been successful; 
oat callus on media containing no auxin has redifferen- 
tiated into large numbers of shoots and a few roots*, But 
neither shoot redifferentiation nor the restoration of the 
whole plant has been reported from rice callus: only root 
formation has been successful!:3, Recently, morphogenesis 
of asparagus callus was reported‘. We report here the 
successful redifferentiation of shoots as well as roots, and 
the restoration of whole plants from rice callus. 

Callus induction and subcultures were carried out by a 
method already described'. Dehusked seeds of rice, Oryza 
sativa, variety ‘Kyoto Asahi’ were used for callus induc. 
tion. The basal medium was the same as that described 
by Linsmaier and Skoog’, except that neither the optional 
constituents nor cytokinins were added: only 2,4-di- 
chlorophenoxyacetic acid (2,4-D) (10M) as an auxin 
was added. 

Yellowish calluses were induced in place of root systems, 
after 10 days’ incubation. ‘These were designated first 
generation calluses, After incubation for 2 months a 
piece of first generation callus (about 10 mg) was trans- 
ferred to a medium containing no auxin and was incubated 
in the light, at 25° C, for 1-2 months. The formation“of 
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Fig. 2. Peculiar phenotypes in restored plants 


Left, normal restored 
twisted phenotype. 


phenotype; middle, dwarf phe notype; right, 
shoots as well as roots was observed in each case in the 
media containing no auxin (Table 1) and with different 
concentrations of cytokinins. 

In another subculture, first generation callus was grown 
on the same agar medium that was used in the initial indue- 
tion in the light at 20° C. This subculture was designated 
second generation callus. None of these calluses induced 
any differentiated organs on this medium during several 
months. After incubation for 2 months. pieces of third 
generation callus were transferred to medium lacking 
2,4-D and redifferentiated organs in the same way as 
first and second generation callus (Table 1 and Fig. 1). 

The redifferentiated tissues with shoots and roots were 
transferred to pots containing a culture solution for low- 
land rice plants, slightly modified from that described by 
Kimura et ai.* (Table 2). Plants were cultured in natural 
light at 20° C for several weeks, and then the pots were 
transferred to a room kept at a temperature of 30° C 
Most of these plants grew normally and showed develop- 
ment of ears and ripening of grains. 

The grain germinated on a wet surface, Chromosome 
numbers in the root tip cells of restored rice plants were 
usually 24 (2n), although those in callus induced from 
rice varied widely'. Sixteen plants of the nineteen showed 
normal growth patterns. A random sample of three of 


these plants (thirty nuclei per plant were examined) 
Table 1. ORGAN KEDIFFERENTIATION IN RICE CALLUS ON MEDIA WITHOUT 
AUXIN 
No. of tubes No. of tubes 
No. of containing containing 
Name of callus test tubes roots shoots 
(a) { ) 
First generation callus* } 9 (100) (100) 
Second generation callus i rA 20 (95) 19 (91) 
Third generation callus + 14 11 (70) 0 (64) 


* Observation 1 month after transplanting 
Observation 2 months after transplanting 


Table 2 COMPOSITION OF CULTURE SOLUTION FOR LOWLAND RICI PLAN 

Salts mg/l. 
(NH:50, 48.9 
M50, 7H,O 10-7 
KNO, 18-5 
KH.PO, 34.8 
Ca(NO)s4H.O RHF 
Fe-EDTA® 90-0 
Silicic acid t PAA 


Salts were dissolved in tap water 

* Clewat-Fe from Teikoku Chemical Industry Co.. Lid Osaka, Japan, was 
used as Fe-E DTA, 

t Silicic acid was prepared by filtering a dilute Na,SiO, solution through 
an Amberlite-IR 120 (H+) cation exchange resin column to remove the Na 
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showed the chromosome number to be 24 (2n) in nuclei 
with clearly countable chromosomes. But it is still 
possible that the restored plants may have chromosomal 
abberation, for some restored tobacco plants were tri- 
somic’. A few of the restored rice plants showed a peculiar 
phenotype; of the nineteen restored plants, one was 
dwarfed, one was twisted (Fig. 2) and in a third the flag 
leaf, which is important in the ripening of the grain, was 
considerably shortened. 

Callus induction from differentiated tissue, and re- 
differentiation of organs from callus should offer one of 
the most suitable systems for the general study of dif- 
ferentiation, including dedifferentiation. Auxin seems to 
be one of the most significant key-regulators for de- 
differentiation and redifferentiation in monocotyledonous 
plants. 

We thank Dr S. Mitsuoka for examining the chromo- 
somes. 
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Root and Shoot Initiation in 
Aspen Callus Cultures 


INITIATION of organs on cultured callus tissue has been 
reported for herbaceous species's*, but similar reports for 
woody species have been meagre, and the results sporadic. 
The control of root rather than shoot initiation has been 
emphasized*-*. I describe here conditions which control 
either root or shoot formation in callus cultures of 
Populus tremuloides Michx. 

The tissue was originally isolated from the cambial area 
of a single aspen stem during the 1960 growing season. 
Actively growing cultures have been maintained for 7 yr, 
through approximately forty subcultures, on a simplified 
medium devised by Wolter and Skoog? for ash. Laboratory 
procedures, culture conditions and experimental design 
for Populus were identical to those described for ash*. In 
the 7-yr period, only sporadic roots were formed, and at 
no time were shoots observed. 

The effects of auxins and cytokinins on organogenesis 
were tested (alone and in combination) over extensive 
concentration gradients in factorially designed experi- 
ments. 

Roots were initiated within 8 weeks (Fig. 1B) by 
removing all cytokinins from the Wolter and Skoog 
medium and substituting naphthaleneacetic acid (NAA) 
for 2,4-dichlorophenoxyacetic acid (2,4-D) (Table 1). 
Other auxins such as indole-3-butyrie acid, indole-3- 
acetic acid, and 2,3,6-trichlorobenzoie acid also stimulated 
root formation, but were less satisfactory than NAA. 
The presence of 2,4-D alone in the medium severely in- 
hibited root formation at all concentrations which were 
tested (0-02—-2 mg/l.) Cytokinins such as kinetin or 
6-benzylaminopurine (BAP) were inhibitory, and even 
concentrations as low as 0:25 mg/l. prevented all root 
formation at optimum concentrations of auxin. 
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A, shoot formed after 12 
weeks of growth (height 2 em); B, non-geotropic roots formed after 
8 weeks of growth (length 3 cm), 


Fig. 1. Organ formation on aspen callus: 


These results are in contrast to those obtained for 
triploid aspen by Winton’, who produced optimum root 
formation on a modified Wolter medium, which included 
2.4-D (0-04 mg/l.) and kinetin (1 mg/l.). 

Shoots were initiated by the addition of BAP to the 
Wolter and Skoog medium in the absence of auxin. 
Optimum formation occurred at a precise concentration 
of BAP (Table 1), and concentrations higher than 0-5 mg/l. 
were inhibitory. Other cytokinins (kinetin, 6-yy-dimethyl- 
alylaminopurine) were not effective at the numerous con- 
centrations tested. Winton verified these results for 
triploid aspen using the same medium and similar con- 
centrations of BAP. These results are also substantiated 
in part by Jacquiot, who, working with a variety of media, 
obtained occasional shoot formation by omitting the 
auxin in callus cultures of Betula. Although Jacquiot 
recognized the inhibitory role of auxin, he could not 
attribute shoot initiation to a cytokinin. 

In experiments reported here the majority of shoots 
usually appeared after 2-3 months on the underside of 
the callus tissue embedded in the agar medium, These 
results suggested an aeration effect. Subsequent experi- 
ments to explore this possibility by submerging callus in 
a liquid medium were, however, negative. All shoots 
that elongated were geotropically responsive (Fig. 1A). 
Shoots varied considerably in growth and external 
morphology. In all cases, shoots appeared on callus pieces 
that showed extremely poor growth and were almost dead, 


EFFECT OF NAPHTHALENEACETIC ACID AND 6-BENZYLAMINOPURINE 
ON ORGAN FORMATION IN ASPEN CALLUS CULTURES* 


Table 1. 


Cytokinin Auxin Per cent organ 
Study phase (BAP) (NAA) formed t 
(mg/l.) Roots Shoots 

Root formation 0 0 7 0 
0 0-25 36 0 

0 05 44 0 

0 1-0 25 0 

0 5'0 () 0 

0 10 0 0 

Shoot formation 0 0 0 0 
0-10 0 0 25 

O14 0) 0 44 

0-18 0 0 34 

0-22 0 a l4 

0-26 0 9 7 

0-3 0 0 18 

O-5 0 0 0 


* Grown on simplified Wolter and Skoog medium*, 
t Percentage of callus pieces/treatment with roots or shoots, 
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Shoots may form complete plantlets if they are trans- 
ferred to the light (12 h) on a Wolter and Skoog! medium 
lacking both an auxin and a cytokinin. In 3-4 weeks, 
roots are formed at the basal end of the shoot, 

In herbaceous callus cultures a high ratio of cytokinin 
to auxin stimulates shoot formation, and a low ratio 
stimulates root formation. These results are significant 
in that they are in general agreement with those observed 
in herbaceous plants. Comparisons of the specific concen- 
trations of cytokinin or auxin necessary for organogenesis 
between herbaceous species and aspen are, of course, 
limited, because amounts are mediated by the endogenous 
levels of the hormones produced in the tissue. 
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Difference in Effects of Gibberellins 
and Auxins on Wall Extensibility 
of Cucumber Hypocotyls 


this process but act, instead, by modifying the concentra- 
tion of endogenous auxin in the stems. This suggestion is 
supported by the fact that in certain tissues gibberellins 
can cause an increase in the synthesis?-? or a decrease in 
the destruction’ of auxin. 

Auxins can cause an increase in the wall extensibility 
of stems®-*, and there is increasing evidence that it is this 
increase in extensibility which leads to the promotion of 
growth®.’, If gibberellin acts through auxin it should cause 
an increase in wall extensibility. We have now tested this, 
using cucumber hypocotyls as the experimental material. 
This material was selected because the growth of the 
intact hypocotyl can be strongly promoted by addition of 
either an auxin or a gibberellin’, and because the locus of 
the added growth® and probably the type of growth 
(unpublished work of W. K. P.) are the same for both. 

Seedlings of Cucumis sativus L., variety ‘National 
Pickle’, were grown for 7 days at 25° C under fluorescent 
lights. In the first series of experiments two marks were 
made 0-5 em apart on each hypocotyl with the upper 
mark 0-5 em below the cotyledons. A drop (10 ul.) of 
ethanol or ethanol containing | ug/ul. of gibberellic acid 
(GA,) was placed on the apex of each plant. The plants 
were grown as before, and after 0-5 days the distance 
between the marks was measured and the seedlings were 
boiled in methanol. The extensibility of the region be- 
tween the marks was then determined with an Instron 
linear extensometer, using techniques already described 
in detail”. The capacity for irreversible extension (TEx) 
is expressed as percentage irreversible extension/100 g 
load. For comparison with other tissues® in the cucumber 
hypocotyl an TEx of 10 is equivalent to a plastic com- 
phance (DP) of 20-24 x 10-4 em*/dvyne. 

The growth of control hypocotyls during 5 days was 
slight and the [Ex declined during this period. Treatment 
with GA, resulted in mere than five-fold increase in 
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Fig. 1. Effect of gibberellin on growth and wall extensibility of intact. 

cucumber hypocotyls. A 0-5 cm section was marked on 7 day old 

seedlings 0-5 cm below the cotyledons and a drop (160 za.) of ethane] 

with (@——- @) or without (O--~O) 1 ugjul. of GA, was added toe 

the apex. Growth and irreversible extensibility of wall determine: 
after 0-3 days. 
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Fig. 2. Effect of gibberellin and auxin on growth and wall extensibility 

of excised cucumber hypocotyls, Hypocotyls (2-5 em} were incubated 

for 0-26 h in 20 ml. of buffer (O- ~ ~ ©) or buffer containing 5 ug/ml. of 

TAA (x~--—*)or 5 ugiml. of GA, (@—— @). Growth and irreversible 
extensibility of wall then determined. 


growth, but had little effect on TEx (Fig. 1). At most, the 
gibberellin slightly delayed the decline in TEx. but in no 
experiment. did it cause any increase in wall extensibility. 

In the second series of experiments hypocotyls of 7 dav 
old seedlings were excised 2-5 em below the cotyledons and 
groups of twelve were floated in 20 ml. of potassium 
maleate buffer (2-5 mM, pH 4-7) which contained, where 
indicated, indoleacetic acid (LAA, 5 ug/ml.) or gibberellic 
acid (5 ug/ml].}. After 0-26 h in the dark with shaking or 
in the hght without shaking, the lengths were measured 
and the hypocotyls were boiled in methanol. The exten- 


sibility of the region 0-5-1-0 em below the cotyledons 
(the most actively growing region) was then determined 


with the Instron extensometer. 

TAA has already been shown to cause a marked increase 
in growth during the first 12 h but thereafter it has little 
further effect’. The [Ex was doubled by IAA during this 
period of rapid growth but then fell to the level of 
the control hypocotyls (Fig. 2). Gibberellie acid had 
less effect on growth during the first few hours but. there- 
after caused a marked increase in the growth rate. The 
effect of GA, on TEx was variable, but in most experi- 
ments it had little or no effect. 

In cucumber hypocotyls, then, while gibberellins and 
auxins both promote growth, they have different effects 
on wall extensibility. This makes it unlikely that the 
gibberellins promote growth in this tissue through any 
effect on the auxin metabolism, although they may act in 
such a manner in other tissues such as the pea epicotyl® 1, 
In view of the known ability of gibberellins to cause an 
increase in hydrolytic and proteolytic enzymes!!-*3_ it 
seems more hkely that the gibberellins promote growth 
by causing an increase in the osmotic concentration of 
the cells in the growing region of the hypocotyl. 
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Pregnancy-block in Microtus agrestis 
and Induced Ovulator 


A DECREASE in the incidence of pregnancy is caused by 
exposing recently inseminated female mice to the presence 
of strange males'. This “Bruce effect’? has been demon- 
strated in the albino mouse, Mus musculus, and the deer 
mouse, Peromyscus maniculatus bairdii?, both of which 
are spontaneous ovulators’:+. The reduction in the number 
of pregnancies has been shown to be a consequence of the 
failure of the fertilized ova to implant and the effect. of the 
strange male is mediated by olfactory stimuli**. Other 
environmental factors can also block pregnancy?. 

An experiment was carried out to see whether in the 
field vole, Microtus agrestis, the occurrence of pregnancy 
could be influenced by exposing recently mated females 
to strange males. It is known that M. agrestis is an 
induced ovulator?*, in which ovulation occurs 8-12 h 
after coitus and is indicated by a leucocytic vaginal 
smear’. Implantation follows 3-5 days after coitus’. 

The experiment was carried out in March and April 
1968 in controlled conditions of lighting (16 h light; 8 h 
dark) and temperature (20° + 1° C), using sexually mature 
females produced in the breeding colony maintained in 
this department. Each female was placed, for two days, 
in a plastic breeding cage (24x 14x10 em) with a fertile 
male and was then transferred to another clean plastic 
cage either with the original (stud) male or with a 
strange male. Twenty-four hours exposure to the second 
situation was followed by isolation of each female in a 
wire-mesh cage (28 x 18 x 12 em) for 3 weeks. The gesta- 
tion period of the field vole is about 3 weeks?®, 

While in plastic cages, animals were provided with 
oats and water ad libitum, but cover was omitted so that 
the voles could be watched. In the wire-mesh cages they 
were given oats and water, ad libitum. hay and carrots 
twice a week and cover in the form of non-absorbent 
cotton wool at all times. 

Using a platinum wire loop, daily vaginal smears were 
taken before, during and after caging with males. On a 
number of occasions males were actually seen to mount 
females, but sperm were not always present in vaginal 
smears taken subsequent to these events. Three 


B14 


criteria were used to establish whether coitus had oecurred Shae 
nnal 





in any particular pairing: (1) the presence of a vaginal 
plug; (2) sperm in the vaginal smear; and (3) a marked _ 
invasion by leucocytes of a smear pattern which had 
previously consisted of cornified or nucleated cells. 
Usually at least two of these criteria were satisfied for 
each of the matings deseribed below. 

Of twenty females which separately mated with stud 
males and subsequently remained with them, sixteen 
produced litters. In the other four females the vaginal 
smears changed a few days after coitus from leucocytic 
to cornified or nucleated cells and no litters were produced. 

Of another twenty females which mated with stud 
males and which were then exposed to strange males, 
only five produced litters. In the other fifteen animals 
the vaginal smears returned to the non-pregnant type 
within 5 days of coitus. 

The difference in the proportion of pregnant to non- 
pregnant females in the two treatments is statistically 
significant (y,?= 10-03, P < 0-005). 

Thus, in laboratory conditions, exposure of recently 
mated female M. agrestis to strange males blocks preg- 
nancy. While one cannot extrapolate simply from this 
laboratory finding to the field situation, it is possible that 
social interaction, leading to pregnancy-block, may play 
a part in regulating population levels in the wild. 

We thank Professor G. E. Blackman for providing the 
facilities for this work, and Miss Judith Tompkins for 
maintaining the breeding colony. One of us (F. V. C) 
was the recipient of a Science Research Council post- 
doctoral fellowship. 
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Photoperiodic Control of Flowering and 
Anthocyanin Formation in Fuchsia 


MEASUREMENTS of the rates at which phytochrome P,a 
reverts to Pess in the dark have not been made for green 
plants because of the low concentrations of phytochrome 
and high chlorophyll content. Estimates based on physio- 
logical experiments have indicated that the time taken 
for reversion varies in different species from less than 
3 hè? to more than 72 h’. In vivo spectrophotometric 
measurements on tissues containing no chlorophyll have 
indicated that there may be a fast and a slow component 
of Pis reversion: although a considerable amount had 
disappeared after 2 h of darkness, some still persisted 
after 12 ht. Results from physiological studies on flower- 
ing and anthocyanin formation in the long-day plant 
Fuchsia reported here are consistent with this. 

Plants of Fuchsia cultivar ‘Lord Byron’ were main- 
tained in short photoperiods (0800 h-1600 h) until they 
had two-four pairs of expanded leaves, when the long- 
day treatments began. The minimum night temperature 
was 15°-16° C ; day temperatures were higher but were 
usually below 26° C. The red (600-700 nm) and far-red 
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Fig. 1. Effects of light quality and day length on anthocyanin formation 


in leaves of Fuchsia. R, Red: FR, far-red; S.D., short days. * L.S.D. 


at P = 0-05 for comparisons between long day or night-break treatments. 
+ L.S.D, at P =0-06 for comparing 8.D. with other treatments. 


(> 720 nm) sources were those earlier described by one of 
us (D. V.)5, except that Philips 7.0.32 tubes were used in 
place of magnesium arsenate tubes for the red source; 
this had little effect on the spectral distribution. Intensi- 
ties at bench level were 0-45 J m s~! in each waveband; 
when red and far-red were used together the intensity was 
0-90 J m s7, 

In the first series of experiments long-day treatments 
were given with red (R), far-red (FR) or both (R+ FR) 
from 1600 h-0100 h as an extension of the 8 h daylight 
day, or as a night-break from 2300 h-0100 h ; the short- 
day treatment was also continued. None of the plants 
in short days or given FR alone showed any signs of 
flower buds when the experiments were terminated 
about 70 days after the treatments began; all other 
treatments formed buds rapidly and there was no signifi- 
cant difference between thern (Table 1). Thus Fuchsia. 
unlike many other long-day plants*-*, shows no marked 
acceleration of flowering when far-red is added to a day 
extension with red light. Whatever the mechanism®:7:*.!° 
for the far-red promotion of flowering in these plants it 
seems not to be important in Fuchsia. 


Table 1. THE BFFECT OF LIGHT QUALITY AND DAY LENGTH ON FLOWERING 
IN Furhsia 
Occa- S.D, Red R+FER Far-red Red R+FR  ¥Far-red- 
gion 1809- 1600- 1600- 2300- 2300— 2300- 
01900 h 0i00h 0100h 0100h 0100 h 0100 h 
a — 34-0 28-6 == 31-8 31:3 oo 
b po 31-2 26° = 25-2 26-9 — 
€ oe 351 81-1 — 40-8 41-7 = 
Mean All plants All plants All plants 
vege- vege~ vege- 
tative 374 28-8 tative 32°9 33-3 tative 


The figures refer to the number of days to the appearance of a macro- 
scopically visible bud, counted from the beginning of the experimental treat- 
ment. No plants flowered in short days or with far-red, and there was no 
significant difference between other treatments. On each occasion six plants 
were grown in each treatment. 

During the experiments it became clear that the antho- 
eyanin content of the leaves in different treatments varied 
independently of flowering. Consequently, five disks of 
1 em? were taken from the youngest fully expanded leaf 
after treatment for 8 weeks and extracted for 48 h at 
5° C with 5 ml. of 1 per cent HCl in methanol ; optical 
density readings at 525 nm are given in Fig. 1. The 
concentration of anthocyanin in the two FR treatments 
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was so low that it was scarcely visible in the leaves, and 
the difference between these two treatments and all the 
others was highly significant. Of the other treatments 
only R seemed to increase the anthocyanin content com- 
pared with short days, but this difference just failed to 
reach significance. The results with short days show that 
enough Ps remained in the leaves during the course of a 
16 h dark period to permit anthocyanin synthesis to occur; 
removal of P, by far-red at 2300 h, 7 h after the begin- 
ning of darkness, effectively prevented anthocyanin 
formation, This clearly demonstrates that at this time 
some P3 still remained. The amount of P present 
during the 16 h dark period was not enough, however, to 
induce flowering, which only occurred when the P., level 
was raised by a night-break with R or with mixed R+FR 
hight. 

The results of a second series of experiments (Fig. 2) 
clearly show: first, that the effect of a far-red night-break 
on anthocyanin synthesis is completely reversed by red 
light given immediately afterwards, and second, that a 
15 min night-break is nearly as effective as 1 h; both 
of these results indicate phytochrome participation. 
In these experiments a red night-break given alone 
or after far-red significantly increased the yield of 
anthocyanin compared with the short-day treatment. 
This suggests that during the course of a 16 h dark period 
the content of P- falls to a level which is sub-optimal 
for anthocyanin formation. 

The evidence presented here shows that after 7 h of 
darkness the concentration of Psa in Fuchsia leaves has 
fallen from that present at the end of the short day to a 
level below that needed for floral induction, although 
enough still remained for anthocyanin formation. Thus, 
as with the short-day plant Perila, and unlike the 
short-day plant Kalanchoe, synthesis of anthocyanin 
in the leaves is not directly related to the induction of 
flowering. A comparison of the two processes occurring 
together may be a useful tool for studying dark-reversion 
of phytochrome. 

It is not known when anthocyanin formation occurs in 
Fuchsia leaves, but it clearly does not begin immediately 
with the onset of light; in fact, anthocyanin synthesis can 
be almost completely prevented by removing Ps with 
a far-red night-break 15 h later. In this respect it resem- 
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Fig. 2. Effects of light quality and duration of night-breaks on antho- 

cyanin content in Fuchsia leaves. The lighting treatments began 2300 h. 

Where two light treatments were given in succession, each lasted 1 h or 

15 min. The extracts were made after treatment for 9 weeks and five 

disks were extracted with 10 ml. of acidified methanol, * L.S.D. at 
P=005. Abbreviations asin Vig. 1. 
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bles the growth of Marchantia described by Fredericq 
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Sex Attractant of the Red-banded 
Leaf Roller Moth 


Reports on insect attractants are numerous, but few 
actually reveal the structure of a compound which 1s 
active outside the laboratory. We have identified the sex 
pheromone of the red-banded leaf roller moth, Argyrotaenia 
velutinana (Walker), to be cis-11-tetradecenyl acetate (I). 


CH,-—-CH,--C-=C—(CH,),)>—-O-—-C—CH, (I) 
l 


| 
H H O 


This compound, synthesized in two independent ways, 
was found to be highly attractive in apple orchards to 
male moths of the same species. 

Abdominal tips of 40,000 female moths)? were ex- 
tracted with methylene chloride and chromatographed on 
suecessive columns of ‘Florisil’ and silver nitrate-impreg- 
nated silica gel eluted with petroleum ether to petroleum 
ether-ethyl ether (50: 50) concentration gradients. The 
active fractions, determined by a previously described 
bioassay procedure*, were combined in each case for the 
next purification step. 

Earlier results? obtained from saponification-acetylation, 
hydrogenation, and bromination of crude extract had 
shown the active compound to be an unsaturated acetate. 
Gas chromatographic analysis of the active fractions 
indicated the presence of only one major component, 
which was found to possess activity and to behave like 
a mono-unsaturated 14 carbon chain acetate. A comparison 
of retention times of the attractant compound and tetra- 
decyl acetate gives a ratio of 1-17 on a polar column 
(3 per cent cyclohexanedimethano! succinate on ‘Chiomo- 
sorb Q`) and 0-95 on a non-polar column (10 per cent JXR 
on ‘Chromosorb Q’). Catalytic hydrogenation yields a 
product with the retention time of tetradecyl acetate on 
four different gas chromatography columns. 

Collection of approximately 200 ug of attractant from 
the gas chromatograph enabled us to locate the double 
bond by ozonolysis. Reductive cleavage of the ozonide 
yields two products identical to propionaldehyde and 
1l-acetoxyundecanal by gas chromatography. An infrared 
spectrum of the attractant exhibits acetate absorption at 
1740 and 1240 em-', and a nuclear magnetic resonance 
spectrum from 128 accumulated runs appears as expec- 
ted for structure I, in particular the undistorted w-methyl 
triplet at 9-06+ (J = 7-5 Hz) which is typical for compounds 
containing the -3 double bond*. 


To assign the geometrical configuration, we synthesized 
both cis and trans 1l-tetradecenyl acetates. Reaction of- 
the tetrahydropyranyl ether of 10-bromodecan-l-ol® with - 
excess lithium salt of 1-butyne in liquid ammonia and — 
subsequent acid hydrolysis yields 11-tetradecyn 1-ol (HI} 






Catalytic hydrogenation’ of IT and subsequent acetylation. 
Reduction of IE - 


gives cis-ll-tetradecenyl acetate (1). 
with sodium in liquid ammonia and subsequent acetyl- 
ation yields the trans isomer. Thin-layer chromatography 
on silver nitrate-impregnated silica gel with benzene- 
petroleum ether (80 : 20) gives Rr values of 0-28 and 0-45 
for the cis and trans isomers, respectively. The natural 
attractant is identical to the cis isomer by thin-layer as 
well as gas chromatography. 

An economical synthesis of I was achieved by means of 
a novel one-pot reaction sequence. Condensation of 11- 
bromoundecyl acetate and propionaldehyde was effected 
by a Wittig reaction’ ® using dimethylformamide as sol- 
vent and sodium methoxide as catalyst. 

0-1 ug of the synthetic attractant elicits maximum 
responses in the laboratory with male red-banded leaf 
roller moths, while the trans isomer is inactive up to 100 ug. 
The synthetic attractant passed the ultimate test by 
attracting more than 3,000 male red-banded leaf roller 
moths to traps hung in apple orchards during a brief 
spring flight period. The trans isomer caught no moths. 

We thank E. H. Glass, A. Comeau, K. C. Feng, ©. 
D’ Augustine and K. Miller for assistance in this research. 
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Operculum Development and the 
Taxonomy of Eucalypts 


In eucalypts the stamens and style of the flower are 
covered until anthesis by a cap or operculum. Studies of 
the structure of the operculum have yielded valuable 
information about relationships within the group and 
materially assisted in its taxonomy. We describe here the 
results of further studies on the development of the 
operculum and show that they lead to a re-appraisal of 
these relationships and shed light on the evolution of the 
eucalypts. 

We have already shown! that the operculum is by no 
means uniform in structure or development throughout 
the genus. There is a large group of species in which the 
perianth whorls are separate from each other and form 
two opercula which fit one over the other. Both caps are 
deciduous, the inner one at anthesis, the outer one before 
or also at anthesis. This group of di-operculate species 
was distinguished from a numerically smaller group 
(mono-operculate) in which the operculum throughout 
its development appeared to be a single structure, formed 
of the corolla only. This group includes nine species of 
series Eudesmieac? (Eudesmieae A) which have free sepals 
which surround the orifice in the flower and persist. on the 
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FUDESMIEAE A 





EUDESMIEAE B [5 


Fig. 1. Diagrams of development of flower buds of Eudesmieae A 


and Kudesmieae B. 


fruit (Eudesmieae A consists of Æ. erythrocorys, E. tetra- 
gona, E. eudesmioides, E. gongylocarpa, E. odontocarpa, E. 
gamophylla, E. tetrodonta, E. tenuipes, E. curtisii). This 
group has much in common with the species of Eudesmieae 
B and Series Miniatae, in which it was believed that sepals 
are not produced at all. Eudesmieae B consists of E. 
lirata, E. similis, E. baileyana, E. ebbanoensis, E. jucunda, 
E. cloeziana (included here only for convenience in discus- 
sion) and Miniatae consists of E. miniata, E. phoenicea. 
Although it is still true that in Eudesmieae A the oper- 
culum consists solely of the corolla we were wrong in 
assuming that the same holds for Eudesmieae B. The 
operculum in the latter group must now be regarded as a 
composite structure derived from both sepals and petals, 
fused so intimately that only by the closest observation 
of early developmental stages or as a result of aberrations 
in development can their separate contributions be estab- 
lished. 

We were fortunate in selecting for initial studies buds 
of Eucalyptus similis* in which the fusion is sometimes 
delayed during development, so that the distinction 
between sepals and petals is more readily apparent than 
usual in the mature flower bud. The development of the 
flower in eucalypts'* commences with the production of 
sepal primordia which, by invagination of the floral apex, 
become the tips of a tube, on the inner sides of which the 
petal primordia are developed, alternating with the sepa! 
primordia. Subsequently the stamen primordia are 
initiated also on the sides of the tube, below the petal 
primordia. The latter grow across the orifice of the tube, 
closing it off except for a narrow channel (opercular canal) 
where their tips meet. In Eudesmieae A the sepal pri- 
mordia cease development at an early stage, and the 
subsequent expansion of the petaline operculum, together 
with the rest of the flower, reduces the sepals to relative 
insignificance (Fig. 1). In Æ. similis and other members of 
Eudesmieae B the sepal and petal primordia are initiated 
almost simultaneously and the petal primordia appear, 
not inside the tube, but at or near its tip, along with the 
sepal primordia (Fig. 1). At least the upper part of the 
subsequently elongated and expanded tube must there- 
fore represent the bases of the two perianth whorls, fused 
to form a single structure. In the early stages, the petal 
primordia are lenticular tracts of meristem occupying 
positions on the inner surface of the tube, alternating 
with the sepals, and extending to the mouth of the tube 
(Fig. 2). 
the petal primordia enlarge very considerably inwards 
and downwards into the tube, closing its orifice with a 


* The nomenclature adopted here is that given by Johnston and Marryat’ 


During further growth, the adaxial portions of 
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massive trama-like parenchyma. The expansion of this 
tissue keeps pace with the expansion of the operculum, 
which thus becomes a solid conical structure, crowned 
with the two rows of tips which represent all that can be 
distinguished as separate sepals and petals. The closure 
tissue formed from the petals often grows downwards 
towards the upper surface of the ovary in bizarre streamers 
or flanges, surrounding the style and penetrating between 
the four groups of stamens. Aberrations in flower develop- 
ment occur not infrequently in certain trees of Æ. similis 
suggesting that developmental processes in this species 
are not always perfectly coordinated; these aberrations 
provide an insight into the more cryptic normal develop- 
ment and provided a lead to the interpretation of the 
structure of the operculum in other species with precocious 
development of the corolla and its congenital fusion with 
the calyx. If the time interval between initiation of 
separate primordia is longer than normal, a greater 
separation results between the sepal and petal tips on the 
mature flower bud. Usually the perianth primordia grow 
more or less uniformly together, but. if growth of the 
petals predominates, the tip of the operculum is crowned 
only by the petal tips, the sepals appearing as larger or 
smaller lobes—sometimes separated from the underlying 
tissues as teeth—on the flanks of the operculum (Fig. 3). 
In rare cases in Æ. similis some of the sepals are free and 
divergent from the opereulum for about half its length. 
In opercula in which the sepal teeth are thus obvious 
it is usual to find the down-growing streamers of petaline 
tissue mentioned here (Fig. 3). 





Fig. 2. Oblique longitudinal section of young flower bud of Æ. similis 
In this and other figures: S, sepal; P. petal. 
Fig. 3. Aberrant flower bud of E. similis dissected to show the down- 
growing lobe of petal tissue, adjacent to the style 
Fig. 4. E. ebbanoensis, longitudinal section of flower bud still enclosed 


in involucre. Note the fasion of the petals in mid line, 


Fig. 5. Flower primordium of &. regnans in longitudinal RECTION | 
St, ring of epidermal! cells in the region of the future stamen primordia. 
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In all other species of Eudesmieae B and in series 
Miniatae the pattern of development is as described for 
the normal case in E. similis. In E. lirata (our unpublished 
work), E. jucunda, E. miniata and E. phoenicea the sepal 
tips persist on the mature bud. In E. jucunda, E. miniata 
and E. phoenicea they are represented then only by minute 
flaps or obscure folds of tissue situated close to the summit 
of the operculum. In Æ. baileyana and E. cloeziana the 
tips of the sepals become moribund early in development. 
They are shed in E. cloeziana® at about the time the 
involucre opens (unpublished observations). In Æ. bailey- 
ana they are usually disrupted by expansion of the under- 
lying tissues long before the flower is full grown. In 
E. ebbanoensis (Fig. 4) the sepal tips usually persist and 
are very obscure folds at the summit of the operculum. 
When they are situated at some distance below the summit 
they usually become disrupted during growth of the 
flower. If, however, they persist they form shallow folds 
at the furthest extensions of an irregular four lobed scar. 
From the summit down to this scar the corolla tissue is 
not covered by calyx tissue. 

In our earlier report we also included in the mono- 
operculate group, species validly placed in sections Renan- 
therae and Renantheroideae and we suggested that they 
were derived from ancestors which had many of the 
characters of the modern Eudesmieae. Some of the 
evolutionary steps invoked were loss of sepals, alteration 
in the mode of anther-dehiscence, reduction in the number 
of rows of ovules and ovulodes, increase in the ovule/ 
ovulode ratio and loss of stellate hairs on the juvenile 
shoots, All these tendencies are identifiable in species of 
series Miniatae and Eudesmieae**. Recent studies of 
flower development have enabled us to interpret the 
structure of the operculum in the renantherous species 
which so far has been obscure, for in that group the 
morphological events which mark the course of develop- 
ment are telescoped into a very short interval during its 
earliest stages. Sepal primordia are elevated on a tubular 
meristem in the usual manner. On the inner sides of the 
tube two or three, or rarely four, tracts of tissue then 
enlarge downwards producing lobes which almost fill the 
lumen of the tube and extend to its base (Fig. 5). These 
downward growing lobes are identified as structures mor- 
phologically homologous with the petals in Eudesmieae B. 
This pattern of development has been traced in representa- 
tive species of Renantherae (E. regnans, E. obliqua, E. 
macrorrhyncha, E. pauciflora and E. delegatensis) and in 
sepulcralis and members of section Renantheroideae. 
Whether or not it is universal among species of these 
groups remains to be seen. It is clear, however, that the 
affinities of these renantherous species are with Eudesmieae 
B rather than with Eudesmieae A. By the time stamen 
primordia have been initiated the operculum in renan- 
therous species has already undergone sufficient expansion 
to obliterate the lobing mentioned here. In the mature 
flower bud no trace of it remains. 

In E. similis and other members of Eudesmieae B and 
Miniatae the sepal and petal primordia are readily identi- 
fiable, at least in the early stages of development, on 
morphological grounds of alternation with the sepals. 
One of the conventional tools of the floral morphologist— 
a study of the course of vascularization—is useless in this 
case, for the sepals are not vascularized. A few phloem 
elements may differentiate in the sepals in early develop- 
ment, but if formed they soon collapse. Provascular 
strands appear early in the development of the corolla 
lobes, but usually do not extend far downwards into the 
closure tissue. In the mature operculum numerous longi- 
tudinal vascular bundles oceur, but their number bears 
no clear relationship to the number of corolla lobes. The 
longest normally terminate close to the petal tips, near 
the summit of the operculum. Occasionally one or more 
of these bundles turns downwards into the parenchy- 
matous closure tissue. The same phenomenon has been 
observed in regnans and delegatensis, in which incipient 
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vascular strands may extend into the downward growing 
lobes, which we identify as homologous with the co 

If the interpretation of the operculum in Renantherae 
and Renantheroideae given here is correct, it confirms 
our previously expressed view’ of the close relationship — 
between Æ, cloeziana and the Renantherae. Perhaps of- 
more importance is the lesson to the eucalypt taxonomist — 
to be cautious in assuming that structures which look 
alike at maturity have necessarily developed in the same 
way. 

This work was supported by the Nuffield Foundation, 
the Royal Society and the Leverhulme Trust, We thank 
Mr R. D. Royce and Mr S. Everist and their colleagues 
for their help. 
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Antiviral Properties of |-Phenoxymethyl- 
3,4-Dihydro and 1,2,3,4-Tetrahydroiso- 
quinolines 


THERE are few clinically effective antiviral compounds 
(5-10d0-2’-deoxyuridine!, N-methyl isatin thiosemicarhba- 
zone*, adamantanamine*-*) and they all have the dis- 
advantage of possessing only a narrow spectrum of 
activity. In human respiratory viral infection, where it is 
not possible without laboratory investigation to identify 
precisely the responsible pathogen (and then only in 
restrospect), it would be useful to have a compound which 
possessed a spectrum of activity embracing many of the 
viruses known to be commonly involved. 

All strains of influenza’ and parainfluenza’ viruses (a 
large proportion of the common respiratory pathogens’), 
and also Newcastle disease virus? and mumps virus!” 
possess a neuraminidase (N-acetyl neuraminate glyco- 
hydrolase, E.C.3.2.1.18). This property provided a 
rationale for a wide spectrum antiviral compound, the 
approach being to synthesize compounds having an affinity 
for viral neuraminidase (neuraminidase inhibitors) which 
might interfere with some process essential to virus infec- 
tion, mutiplication or transport. Although the exact 
role of the enzyme has not been elucidated, experi- 
ments- have strongly suggested that the enzyme 
assists In the release of infectious virus from cells. This 
important rate determining step in the overall multiplica- 
tion of a virus population would affect the rapidity of 
spread of virus to adjacent tissue, and the efficiency with 
which the normal host defence mechanisms are brought 
to bear on the virus. Edmond ef al. found that some 
N-substituted oxamic acids which inhibited neuraminidase 
also had a weak antiviral effect against influenza. 

This communication describes the antiviral properties 
of certain 1-phenoxymethyl-3,4-dihydroisoquinolines and 
1-phenoxymethyl-1.2,3,4-tetrahydroisoquinolines (British 
Patent Applications 1077089 and 14429/66}, series of 
compounds represented by the hydrochloride salts 
I and II (Pfizer compounds, UK 2054 and UK 2792, 
respectively) which were developed after the discovery 
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of activity by compounds within series I against both 
bacterial (Vibrio cholera) and viral (influenza A 2/Singa- 
pore/1/57) neuraminidase in vitro. 
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The neuraminidase assay was carried out at pH 55 
in 0-05 M sodium acetate buffer containing 0-001 M calcium 
chloride with a solution of purified collocalia mucoid’ 
(12-5 mg/ml.) as substrate. Enzyme preparations used 
were purified Vibrio cholera neuraminidase ( Behringwerke}) 
or an allantoic suspension of influenza A,/Singapore/1/57 
virus suitably diluted in the buffer to give comparable 
levels of activity. The free N-acetylneuraminic acid 
liberated by the action of the enzyme was measured at 
intervals over a period of 20 min at 37° C, using the 
Warren procedure. The reaction rates in the absence 
and presence of compound were determined from the 
slope of plots of absorbance against time. and levels of 
inhibition were calculated from the difference in slopes. 

Compound I inhibited both the bacterial and viral 
enzymes by 33-38 per cent at 500 ug/ml., whereas com- 
pound If and 7 related compounds were without effect 
at this concentration against either enzyme. A structure 
activity relationship was demonstrated within a series of 
forty compounds represented by compound I; it being 
found that the activity was more sensitive to steric than 
to electronic effects, the inhibition being decreased by 
substitution of both ortho positions of the phenyl ring 
or the 3-position of the dihydroisoquinoline ring. A 
kinetic analysis of the enzyme inhibition by compound 
I, using the method of Lineweaver and Burk!*, indicated 
that the inhibition was non-competitive (unpublished 
observations). 

The antiviral spectrum of compounds I and II against 
some selected virus strains is shown in Table 1, and the 
degree of activity against three of these viruses is illus- 
trated in Table 2. With influenza, parainfluenza and 
Newcastle disease viruses, the compounds were effective 
only when pre-incubated with the virus before inocula- 
tion into a susceptible tissue culture or embryonated egg 
system. Compound I was more active against these 
viruses than compound II. In determining dose activity 
relationships compound concentrations were incubated 
for 2 h at 37° C with serial dilutions of influenza virus 
followed by allantoic inoculation of each compound- 
virus mixture into 10 day old embryonated eggs to detect 
residual infectivity. Using this technique it was found 
that 100 pg/ml. of compound T inactivated 1,000 EID,,/ml. 
of influenza A,/Singapore/1/57 whereas 400 ug/ml. of 
compound IT inactivated only 10 EID,,/ml. of the same 
virus. Both compounds inactivated fowl plague virus 
and in addition compound II, but not compound I, 


Table 1, THE SPECTRUM OF ANTIVIRAL ACTIVITY OF COMPOUNDS I AND TI 


AGAINST SELECTED VIRUSES 


Method used to demon- 
strate antiviral activity 


Loss of virus infectivity 
following a pre-incuha- 
tion period of virus 
with compound 


Compound II 


Influenza da B 
Fowl plagne 
Parainfluenza 1 
Newcastle disease 


Compound T 


Influenza 4,, B 
Fowl plague 
Parainfluenza 1 
Newcastle disease 
Measles 

Herpes 

Rubella 


Echovirus 6, 11, 12 
Rhinovirus 14 
Rubella 

Respiratory syneytial 


Inhibition of virus repli- 
cation when compound 
added at time of virus 
inoculation 


Echovirua 6, 7, 8, 9, 11, 
12 

Coxsackie viruses A9, 
421, Bi, B4, B5 

Fowl plague 


Both compounds were tested against all viruses listed except that com- 
pound IT was not tested against rubella or respiratory syneytial virus and 
compound I was not tested against respiratory syncytial virus by the method 
of pre-inenuhation. 
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Table 2. EXAMPLES OF ACTIVITY AGAINST VIRUSES REPRESENTING THE 


MYXOVIBUSES AND PICORNAVIRUSES 


IT UK 2054 IT URK 2792 
Influenza A,/Singapore/l/57 +--+ (700) + (100) 
Echovirus type 11 -+ (15) +++ (25) 
Coxsackie virus type 421 0 (15) +++ (25) 


0, no activity detected, 


_+, 10 EI Ds, influenza virus inactivated or < 50 per cent inhibition of 
picornavirus plaques. 


+ ++, 1,000 EID. influenza virus inactivated or > 90 per cent inhibition 
of picornavirus plaques. 


{ ), Concentration of compound in zgjimi. 


partially inhibited the formation of plaques in chick 
embryo fibroblasts when incorporated in an agar overlay 
at a level of 10 ug/ml. 

Activity against measles virus and herpes simplex 
Virus was seen only with compound I. A significant 
reduction in infectivity titre occurred when compound 
(10 ug/ml.) and virus were pre-incubated, for 1 h at room 
temperature with measles virus or 2 h at 36° C with 
herpes simplex virus. 

Compound I was active against respiratory synovtial 
virus, reducing the virus titre by more than 1-0 logis 
TCD;,/ml. when the virus was grown in primary vervet 
monkey kidney cells in the presence of 10 ug/ml. of com- 
pound. The same compound when incorporated in the 
agar overlay at a level as low as 0-05 ug/ml. partially 
suppressed the formation of rubella virus plaques in 
RK 18 cells. In addition, after pre-ineubation of 10 ug/ml. 
of compound I with rubella virus for 2 h at 36° C a virus 
inoculum of 50 p.¥.u./ml. was completely inactivated. 
Dose response determinations showed that the amount 
of virus inactivated was directly proportional to the 
concentration of compound T. 

In studies using picornaviruses no compound was shown 
to have activity when pre-incubated with virus before 
inoculation into susceptible cells. Activity was demon- 
strated using methods based on inhibition of specific viral 
cytopathic effect and plaque inhibition. Modified plaque 
techniques included the impregnated disk method of 
Herrmann et al., and the gradient plate technique 
of Kucera and Herrmann", as well as the estimation of 
reduction in plaque count in the presence of compound 
added at the time of infection and retained in the agarose 
overlay. Compound IT was active against a wider range 
of echo and coxsackie viruses than compound I (Table 1), 
and at a level of 10 ug/ml. reduced the plaque count of 
echovirus 1] by more than 90 per cent. 

Compound Į partially inhibited the formation of 
rhinovirus 14 plaques in WI-38 cell monolayers when 
incorporated in the agarose overlay medium at 15 ug/ml. 
Also, its incorporation at 10 ug/ml. into the fluid main- 
tenance medium of vervet monkey kidney cell monolayers 
reduced the yield of virus obtained during 1-5 days after 
infection. 

A structure-antiviral activity relationship within this 
group of compounds was demonstrated with respect to 
dihydro-structures and tetrahydro-structures. 

The activity of the dihydro derivatives, as represented 
by compound I, tends towards a direct inactivating effect 
on the virus particle, as demonstrated particularly against 
viruses of the myxoviruses and related groups. The 
structure—antiviral activity relationship was studied with 
respect to inactivation of influenza A,/Singapore/1/57 
by pre-incubation. Comparable activity was obtained with 
other dihydroisoquinolines of type I which only weakly 
inhibited neuraminidase. From this it seems that 
although activity against influenza virus shows some 
correlation with the ability to bind to a receptor on viral 
neuraminidase, it is unlikely that inhibition of the enzyme 
per se is responsible for the antiviral effect, especially if 
the enzyme is important only during the release of virus 
from the cell. 

The activity of the tetrahydro derivatives, as represented 
by compound I], is chiefly associated with the virus cell 
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relationship, as shown by the activity against echo and 
eoxsackie viruses and fowl plague virus. These compounds 
do not inhibit neuraminidase. 

Comprehensive toxicological studies have indicated that 
compound I (Pfizer UK 2054) and a related compound of 
the same series, namely, 1-(4-methoxyphenoxymethyl)- 
3,4-dihydroisoquinoline (Pfizer UK 2371) are safe for 
administration to man. In clinical studies UK 2371 
has been reported active in man against influenza type B 
(ref. 19). 


K. W. BRAMMER 
CŒ. R. McDownaLp 
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T and Tumour Antigens of 
Adenovirus Group C-infected and 
Transformed Cells 


Oncocenic human adenoviruses are readily divisible into 
two chief subgroups: A (types 12, 18, 31), and B (types 3, 
7, 14, 16, 21 and probably 11) based on similar biological 
and biophysical properties'*. Recently, Freeman et al.’ 
showed that adenovirus type 2, representative of a third 
subgroup of human adenoviruses, morphologically trans- 
formed rat embryo cells. The viruses of this subgroup, 
types 1, 2, 5 and 6, are similar in many biologie properties; 
they produce a partial haemagglutination pattern with 
rat erythrocytes, the agglutination being enhanced by the 
presence of heterotypic antibody’. Adenovirus type 4 
also partially agglutinates rat cells, but in other respects, 
such as T antigen reactivity, DNA-DNA homology® and 
homology with tumour cell mRNA‘, seems related to the 
B oncogenic subgroup. The rat cells transformed with 
adenovirus 2 contain an antigen which reacted in both 
complement-fixation (CF) and immunofluorescent tests 
with sera from hamsters inoculated with tumour extracts 
and with cells transformed by adenovirus l- and 2-8 V40 
hybrid viruses*:*. These results suggested, as shown here, 
that other members of the adenovirus 1, 2, 5 and 6 sub- 
group would transform rat cells and that a common T 
antigen could be demonstrated. Evidence obtained by 
the fluorescent antibody method for a shared T antigen 
for adenoviruses 1 and 2 has already been reported. 
Using the same procedures reported for the adenovirus 
12-rat. transformation system’, adenovirus type 5 (strain 
adenoid 75) and adenovirus type 6 (strain tonsil 99) were 
inoculated into primary cultures of human embryo fibro- 














blasts as well as primary cultures of rat embryo ce Js. 
the human cells, there was an extensive cytopathic e 
(CPE), not followed by regrowth of the cultures. In 
rat cultures, however, after an initial episode of the © 
followed by regrowth, morphological transforma 
occurred. Transformed foci were noticed 38 days € 
inoculation with 10%* infectious doses of type 5, and 24 
days after inoculation with 10*‘ infectious doses of type 6. 
From selected transformed foci, virion-free cell lines were 
derived which were morphologically similar to rat embryo 
cells transformed with adenovirus 12. Samples of these 
cells were harvested by scraping, and 20 per cent sonicated 
extracts were prepared for complement-fixation tests. 
We have also tested similar preparations of adenovirus 1- 
transformed rat embryo cells (unpublished observations 
of R. M. McAllister ef al.). Because, as yet, no tumours 
have been produced in animals inoculated with cells 
transformed with adenovirus 1, 2, 5 or 6, sera were ob- 
tained from hamsters immunized with tumours induced 
by the adenovirus 1-8 V40 or adenovirus 2-5 V40 hybrid™?, 

Hamsters were repeatedly immunized™® with extracts 
of transplant tumours in Freund’s complete adjuvant. 
Sera obtained after eight-ten injections of adenovirus 
1-S V40 and adenovirus 2-SV40 tumour extracts reacted 
to high titre with SV40 tumour antigen (complement, 
fixation titre 21: 640) and also with adenovirus infected 
with antigens from KB cells (no SV40 present). These 
sera did not react with preparations of adenovirus hexon 
antigen and were negative in haemagglutination-inhibition 
tests with the homologous viral antigens. The individual 
sera and pools prepared therefrom reacted to high titre 
both with T antigen (infected KB cell) preparations of 
adenovirus types 1, 2, 5 and 6, and with the transformed 
rat cell preparations described here, but not with a number 
of other antigen preparations which included standard 
T antigens for type 7 and type 12 (Table 1). The specificity 
is in complete accord with the reported tumour cell mRNA 
virus DNA homology data which showed cross-reactivity 
among the four types*"'. 














SPECIFICITY OF ADENOVIRUS SUBGROUP OC-—~T ANTIGENS AND 
ANTISERA 
_. Tumour antiserum 
Adeno 1-SV40 


Table 1. 


Source of antigen or SV40 Adeno 7 Adene ił 
Adeno 2-S F40 
Adenovirus infected 
{virus typet) 
1,2,5,6 > 64t < <2 2 
4 < <? 8 <2 
3,7,11,14 <2 e2 18-32 <% 
12 <32 <2 <? 16 
G, 10, 20, 24, 25, 28 <2 z2 <2 cg 
KB cell control <2 <2 cl <3 
Adenovirus trans- 
formed ¢ (virus type) 
1 32 <2 <3 az B 
2 32 <2 <2 «@ 
5 4 <% <2 < 
6 $2 <2 <@ eA 
12 <2 <2 <2 » 
Norrnal rat cell <2 < “ < 


* 20 per cent cell suspensions of infected KB cella eciiected at maxhnum 
cytopathic effect. Group (hexon) antigen titres were in the range | 32-2 128 

+ CF titre reciprocals with four-eight units of the indicated tumour 
antiserum. 

$20 per cent cell suspensions of transformed rat celis--no detectable 
adenovirus group antigen. 


The T antigen reactivity is heat labile, being greatly 
reduced after 5 min at 56°C. Similar heat lability was 
observed in fluorescent antibody studies®. 

Using a thermal separation procedure applicable to 
adenovirus types 7 and 12 (ref. 12), synthesis of type 2 
T antigen occurred under conditions in which viral antigen 
formation was inhibited by 99 per cent. Similar resulta 
were obtained with known inhibitors of DNA synthesis; 
that is, fluorodeoxyuridine and hydroxyurea’. 

These data outline a third subgroup of human adeno- 
viruses which share the ability to induce morphological 
transformation of rat embryo cells, and which produce a 
common T antigen and a subgroup specific mRNA. 
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Spleen Colonies in Mice : 
Karyotypic Evidence of Multiple 
Colonies from Single Cells 


Ir mice are heavily irradiated, injected intravenously with 
an appropriate suspension of haematopoietic cells and 
killed 1-2 weeks later, prominent nodules can be seen on 
the surface of the spleen’. Microscopically, the nodules 
are foci of intense cellular proliferation and are commonly 
termed colonies. The linear relationship between the 
numbers of cells injected and the numbers of colonies 
observed! and the exponential reduction of numbers of 
colonies with increasing dose when irradiated cells are 
injected!»? suggested that each colony could be a clone of 
cells derived from a single progenitor cell in the inoculum). 
Becker et al.* provided direct evidence of clonal origin by 
irradiating recipients before and after injection, then 
finding individual colonies in which most mitotic cells 
had the same uniquely abnormal karyotype. This result 
has been supported by other experiments using marker 
chromosomes*-*. We now offer evidence that a single 
cell from the donor may give rise to two, three or four 
colonies in the irradiated recipient. 

Our evidence was obtained as an unexpected by-product 
of an experiment designed to estimate the frequency of 
colonies with recognizably abnormal karyotypes when 
bone marrow cells from irradiated donors are injected. 
For technical reasons this experiment is being subdivided 
into a number of independent replications, of which three 
have been completed. The donors were male mice of the 
CBA/H strain, 4-5 months old, and were exposed to 500, 
600 or 700 rads/whole body X-irradiation from above 
(250 kVp, 12 mA, kvl 1-2 mm Cu, target distance 68 cm, 
56-8 rads/min)’. They were killed within 3 h of irradiation 
and pooled suspensions of bone marrow in Tyrode’s solu- 
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tion were prepared from the femora, tibiae, humeri and 
iliac bones from groups of one to five donors. Aliquots were 
mjected into the tail veins of irradiated (800 rads from 
above) CBA/H-T6T6 mice, five per donor group. Sur- 
viving recipients were injected with Colcemid after 9 or 
10 days and killed 1-5 h later. The spleens were excised 
and immersed, whole, in hypotonic fluid (1 per cent 
sodium citrate) for 10 min and then fixed in Clarke’s fluid 
(three parts ethanol to one part glacial acetic acid) for 
15 min or longer. Individual colonies, which fixation 
rendered clearly visible, were cut out under a binocular 
dissecting microscope at x 17-5 magnification. The cells 
from the colonies were teased out in 60 per cent acetic 
acid and preparations were made by air drying. 

Most of the preparations contained abundant mitotic 
cells with well spread chromosomes. They were scanned 
until ten cells had been identified, those with counts of 
less than forty chromosomes being rejected. Only in 
three colonies were fewer than ten suitable cells found. 
If marker chromosomes were present, the number of cells 
identified was increased, where possible, to a minimum of 
fifty in replicates I and II. The chromosomes were not 
always counted in these additional cells: the presence of 
the characteristic marker or set of markers was con- 
sidered a sufficient indentification. Altogether we have 
examined 2,214 mitoses from 222 colonies with normal 
caryotypes and 2,364 mitoses from eighty-seven colonies 
with marker chromosomes. No endogenous colonies were 
found and only one cell (which had the host’s karyotype) 
was recognized as different from others in the same 
colony. These observations support the interpretation 
of colonies as the products of proliferation of single cells 
and indicate negligible admixture from other colonies or 
from host cells up to the tenth day. 

Seven of the twenty-three colonies examined in the 
first replication had abnormal karyotypes (Table 1). Two, 
found in different recipients, had similar single marker 
chromosomes without unique features. The remaining 
five marked colonies were all karyotypically distinct, 
The second replication, however, provided four cases of 
repetition of apparently the same abnormal karyotype 
in different colonies from the same spleen. Two colonies 
in mouse 4787 had single short marker chromosomes that 
were very similar and probably identical. In mouse 4781 
there was a comparable situation; four colonies had 
single long marker chromosomes that were also probably 
identical. These two cases were sufficient to suggest that 
one cell of the inoculum might give rise to two or more 
colonies. Mice 4790 and 4791 put the matter beyond 
doubt. Three colonies from mouse 4790 had an identical 
set of three marker chromosomes in all 117 mitoses 
examined (Fig. 1, above). One was a very long chromo- 
some with a prominent proximal secondary constriction; 
the second a metacentric chromosome, a little longer 
than the normal shortest chromosome; the third a Y 
chromosome reduced to about half its normal length. 
The evidence from mouse 4791 was equally strong: three 
colonies had an identical set of three marker chromosomes 
in all 150 mitoses examined (Fig. 1, below). One marker 
was a long metacentric, one a medium length meta- 
centric and one an exceptionally short chromosome, too 
small for any detail to be resolved. The chromosome 
number, including the markers, was the normal forty in 


Table 2. SPLEEN COLONIES IN SURB-LETHALLY IRRADIATED CRA 1H[T67'6 
MICE INJECTED WITH BONE MARROW CELLS FROM IRRADIATED CBA/H DONORS 
AND KILLED 9 OR 10 DAYS AFTER TREATMENT 


Celis Colonies No. of in- 
Dese injected No. of Total with dependent 
Repli- to No. of per recip- colonies abnormal abnormal 
cate donors donors recipient ients Exam- karyo- karyo- 
(rad) x107 examined ined types types 
I 600 1 1-0 5 19 5 5 
700 2 2-0 4 4 2 2 
If 500 2 1-5 5 68 24 19 
600 3 3-0 4 39 8 5 
760 5 5G 1 5 9 — 
Tit 500 2 13 5 68 13 1ł 
600 3 30 5 52 44 10 
700 5 50 5 54 21 7 
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Fig. 1. Three marker chromosomes plus longest and shortest prongs cna 
normal chromosomes from representative mitotic cells of six spleen 
colonies, three from M 4790 (above) and three from M 4791 (below). 
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both of these presumptive clones. Both of the critical 
abnormal karyotypes in mice 4790 and 4791 are unique 
in our experience of the clones of cells with new marker 
chromosomes often seen in organs of the lymphomyeloid 
complex after recovery from heavy irradiation’. The 
chances of either having been induced two or more times 
independently are negligible. We conclude that three 
colonies originated from a single donor cell in M 4790, 
and again in M 4791. 

The spleens of mice 4787, 4781, 4790 and 4791 con- 
tained eighteen, eleven, fourteen and ten colonies respec- 
tively of which four, five, five and four were karyo- 
typically abnormal. The objection could therefore be 
raised that multiple colonies with the same abnormal 
karyotope might have been contiguous and in reality 
separate parts of single colonies. But all colonies that 
were sufficiently close to one another for the possibility 
of admixture to be considered had been noted at the time 
of dissection. (When these colonies were excised par- 
ticular care was taken to cut within the colony margin.) 
Reference to this record showed that the colonies of the 
two critical groups in M 4890 and M 4891 were quite 
distinct from one another. The record also made possible 
a search for karyotypic evidence of mixing between 
adjoining colonies. In replicates II and III combined 
there were ten groups, comprising twenty-four colonies, 
in which mixing could have been detected, but none was 
found although 463 mitoses were examined. 

The evidence from mice 4790 and 4791 is decisive and 
so it is reasonable to suppose that the instances of multiple 
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colonies with apparently identical single markers found 
in mice 4787 and 4781 are examples of the same phen- 
omenon. If so, we can say that in replicate II twenty- 
four karyotypically marked cells gave thirty-two colonies, 
equivalent to a mean multiplicity of 1-33. The multi- 
plicity phenomenon was encountered again in the third 
replication. Five groups of two colonies and two groups 
of three colonies with identical abnormal karyotypes were 
recorded. Five of these abnormal karyotypes had two or 
more marker chromosomes. The single marker chromo- 
somes of the remaining two groups of colonies both had 
unusual features and are unlikely to have arisen inde- 
pendently. If the seven groups of colonies concerned 
were indeed the product of seven donor cells, the total of 
forty-eight colonies with abnormal karyotypes must have 
originated from only thirty-eight irradiated cells, a mean 
of 1-26 colonies per irradiated cell. 

At most 3-5 h elapsed between irradiation of the donors 
and injection of the recipients. This is too short a time 
to provide founder cells for three colonies by cell division 
within the donor. The temporary inhibition of mitosis 
that results from radiation doses of the magnitude used 
makes it unlikely that there could have been any sig- 
nificant cell division during this period at all. This 
supposition is strengthened by the non-random distribu- 
tion of colonies with the same abnormal karyotype 
between recipients of the same cell suspension. Had the 
initial proliferation of the marked progenitor cells occurred 
before injection, a random distribution would have been 
expected. Yet all the eleven groups of karyotypically 
identical colonies were confined to single recipients. The 
probability of such a partition arising by chance dis- 
tribution of founder cells between separate aliquots of the 
donor cell suspensions must be negligibly low. It follows 
that most, perhaps all, of the initial proliferation of pro- 
genitor cells to give colony founder cells must occur 
within the recipients. 

This inference raises the question whether the initial 
proliferation is confined to the spleen, or whether it may 
occur before arrival in the spleen; and if confined to the 
spleen whether colony-founder cells may again be released 
into the circulation to settle and perhaps proliferate else- 
where (specifically in the bone marrow). Extension of 
our observations to the bone marrow of recipients should 
provide an answer. 

We are aware that it would be a matter of some interest 
if the individual colonies of groups which originate from a 
common progenitor cell could be identified with respect 
to their haematological type, erythrocytic, granulocytic, 
megakaryocytic or mixed. For example, both current 
hypotheses (ref. 9 and personal communication from 
E. A. McCulloch and J. E. Till) regarding the factors that 
determine the haematological character of individual 
colonies predict that the colony-founder cells should be 
multipotent. This could, perhaps, be verified. Unfor- 
tunately, our present preparations, though serving 
adequately for chromosomal identification, do not permit 
confident haematological identification as well. We are 
therefore unable to say whether group relationship has an 
influence on the direction of differentiation of the colonies. 

One consequence of multiplicity may be considered. If 
each (potential) colony-forming cell had an equal prob- 
ability of forming a single colony it would be expected 
that the number of colonies in the spleens of mice that 
had received equal aliquots from the same bone marrow 
suspension would conform to a Poisson distribution. The 
effect of multiplicity would be to increase the variance 
relative to the mean; in short, to generate an over- 
dispersed distribution. Tests of spleen colony counts 
obtained in experiments at this laboratory show that the 
distributions are indeed somewhat over dispersed. It 
does not follow, however, that this is necessarily attri- 
butable to multiplicity, for technical factors associated 
with the injection procedure, or physiological factors 
influencing the partition of the colony-forming cells 
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between the spleen and other organs of the recipients 
could have the same effect. But as long as the multi- 
plicity remained effectively the same within an experi- 
ment, a linear relation between the number of cells 
injected and colony count, and an exponential reduction 
of colony count with increasing dose of radiation to the 
donor would still be expected. The evidence that colony- 
forming cells may divide within the recipient and produce 
more than one colony, though unexpected, does not 
therefore appear to be at variance with previous informa- 
tion. 

D. W. H. Barnes 

E. P. Evans 

C. E. Forp 

B. J. West 


MRC Radiobiological Research Unit, 

Harwell, Didcot, Berkshire. 
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Radiation Enhancement of SV40 
Transformation in 3T3 and Human Cells 


RADIATION? and viruses? are implicated in carcinogenesis 
in man and animals. Kaplan’ has shown that in radiation 
induced leukaemia in C57Bl mice a virus present in the 
animal’s tissues is the causative agent. Radiation can 
increase an animal’s susceptibility to tumour production 
by a virus. The direct effect of radiation on the sus- 
ceptibility of individual cells to tumour viruses can be 
tested in tissue culture. 

The mouse fibroblast line, 3713, and human diploid skin 
fibroblasts were grown in 50 mm plastic Petri dishes in 
Dulbecco and Vogt’s modification of Eagle’s medium supple- 
mented with 10 per cent calf serum. Transformation 
assays using SV40 virus have been described for both 
cell types®+5. Wild type SV40 strain 776 was used in the 
373 ‘experiments. A small plaque mutant’ of SV40 was 
used in the human cell experiments. Cells were irradiated 
with 250 kvp X-rays filtered through a Thoreus filter 
(2-5 mm copper equivalent), at a dose rate of 17 rads/min. 

When the cell density in 373 cultures reaches approx- 
imately 108/plate a confluent monolayer is formed and 
cell division ceases. In this stationary phase the cells are 
uniformly arrested in the G, phase of the cell cycle’. In 
the present experiments the medium on the confluent 
F ade was changed and the cultures were used 

2 h later, when there were no longer mitoses induced by 
— The medium was removed and saved: the culture 
was infected for 3 h with 0-5 ml. of virus: the unadsorbed 
virus was washed off and the original medium was 
replaced. One hour later some infected plates were 
irradiated and others were used as controls. Other mono- 
layers were irradiated first and 1 h later were infected in 
the same way. 

Twenty-four hours after infection the monolayers were 
subcultured and inoculated into Petri dishes at 10? to 
10: cells/dish. The medium was changed twice weekly. 
To determine colony forming ability (CFA) the cells were 
fixed and stained 10-12 days after plating; to determine 
transformation frequency they were fixed and stained 
16-18 days after plating. 
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Fig, 1. Survival ofirradiated 373; cells subcultured 24 h after infection. 
(A) Uninfected; (@) integeed Bon irradiation; (©) infected after 
rradiation. 


Experiments with human cells were performed in the 
same way except that cultures were irradiated and 
infected when growing in log phase and the medium was 
supplemented with rabbit anti-SV40 antiserum to limit 
reinfection. Cells were transferred to new Petri dishes at 
1 x 104-2 x 108/dish. Human diploid cells grow poorly in 
sparse culture, so lower inoculation densities were not 
tested. 

Cells are capable of repairing some of the damage induced 
by X-irradiation’, especially if growth is inhibited®. The 
X-ray sensitivity of cells in culture is affected by their 
phase in the cell cycle. Relative radiation resistance can 
be demonstrated in cells having a long G, period’. The 
confluent 37°3, arrested in G, were allowed 24 h to 
facilitate repair before they were subcultured. Pre- 
liminary experiments showed this to increase survival. 
For example, at 400 rads, cells irradiated 4 h after transfer 
had a CFA of 18 per cent; cells transferred 4 h after 
irradiation had a CFA of 27 per cent: and cells trans- 
ferred 24 h after irradiation had a CFA of 46 per cent. 
Unirradiated controls had a CFA of 50 per cent. 

The CFA of confluent 373 cultures was not affected by 
virus infection. Cell survival at the various radiation 
exposures tested was not affected by infection before or 
after irradiation (Fig. 1). 

Irradiation of 373 resulted in an increase in the number 
of transformed colonies, compared with unirradiated, 
infected controls (Table 1). The ratio of transformed 
colonies to cells plated was comparable for cells irradiated 
before and after infection and at both 300 and 600 rad 
doses was significantly different from controls (P< 0-01). 


TRANSPORMATION FREQUENCY IN 373 IRRADIATED BEFORE OR 
AFTER INFECTION WITH S¥V40 (10% *rerp/Mt4.) 


Transformed Transformed 


Table 1. 


Radiation dose CFA _colonies —— colonies Enhance- 
(rads) (per ae Cells plated ‘Total colonies ment* 
(x 10-4) (x10 

0 (infected) 46°38 2-16 4-7 1-0 
Before infection: 

300 33-2 3°51 10-6 2-3 

600 26-6 8°40 13-1 2-5 

1,200 O-a5 0-32 33°7 7°2 
After infection: 

300 33.9 2.8353 7-8 1-7 

600 24-1 $31 13-7 2-9 

1,200 2-68 0-79 30-4 665 


Each value represents data obtained from at least six plates, each inocu- 
lated with at least 5 x 10* cells, 

* Transformed colonies/total colonies normalized so that the value for 
infected, unirradiated cultures is LO 
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Fig. 2. Radiation enhancement of transformation; infection after 
irradiation; pooled data from three experiments with SV40, 


107° TCD ml. 


At 1,200 rads the number of transformed colonies decreased 
because of much reduced cell survival. The fraction of 
transformed colonies among surviving colonies, however, 
showed a progressive increase with increasing radiation 
dose. At each radiation dose a control culture was mock 
infected and irradiated. No typically transformed 
colonies were seen in these cultures. 

Table 2 shows the results of an experiment using a low 
multiplicity of infection and lower radiation doses. 
Irradiation of cells with 150-900 rads increased the 
number of transformed colonies. The transformation 
frequencies with 150 rads and above were significantly 
different from the unirradiated controls (P<0-01). In 
Fig. 2 the pooled data from three experiments show a 
linear relationship between the logarithm of enhancement 
of transformation and the radiation dose. Over the range 
tested each 200 rad increment doubles the enhancement 
of transformation. 


Table 2. TRANSFORMATION FREQUENCY IN 373 IRRADIATED BEFORE INFEO- 
TION WITH SV40 (10°“rerp/M1.) 





Radiation Transformed colonies Transformed colonies 
dose CFA Cells plated Total colonies 
{rads) (per cent) (x 10) (x 10-*) 

0 50-4 5-4 11 
75 46-2 4-0 0-9 
150 50-3 81-5 6-3 
300 46-0 14-0 30 
600 28:3 28-5 10-1 
960 3-3 10-2 30-9 


Each value represents data obtained from at least six plates, each inocu- 
lated with at least 5 x 10° cells. 

SV40 transformation of human diploid fibroblast 
strains can be studied in much the same manner as 
transformation of cell line 373. A human cell strain was 
irradiated with 400 rads both before and after SV40 
infection to see if radiation could also enhance the trans- 
formation susceptibility of human cells. There were no 
transformed colonies in irradiated, uninfected cells. The 
ratio of transformed colonies to cells plated of the un- 
irradiated, infected cells was 24x10. The ratios in 
cells irradiated before and after infection were 16-0 x 10-* 
and 98x 10-%, respectively (compared with controls, 
P<0-05). Irradiation of the virus itself with up to 2,000 
rads had no detectable effect on its transforming capacity 
with either 373 cells or human cells. 

Stoker has shown that irradiation produces an in- 
creased number of transformed colonies among survivors 










of irradiated polyoma virus infected BHK 21 

compared with unirradiated controls! !*, He 
two possible explanations for this observed 
(1) irradiation enhances the sensitivity of cel 
transformation; (2) irradiation selects for ce 
likely to be transformed by virus, implying that i 
resistant state is associated with an increase 
bility to viral transformation. According to the d 
hypothesis, there would be a relative but not an absolute 
increase in the fraction of transformed colonies among 
the surviving colonies. In these experiments, however, 
there was a highly significant increase in the number of 
transformed colonies among infected, irradiated cells when 
compared with an equal number of infected but unirradi- 
ated cells. Radiation must therefore have modified the 
cells so that the probability that the virus would trans- 
form them was increased. 

Although X-irradiation induces chromosome aberra- 
tions!* and chromosome abnormalities are associated with 
increased susceptibility to transformation’, the two need 
not be causally related. If transformation depends on the 
integration of the viral genome into that of the host cell, — 
however, transformation may be favoured if viral DNA 
is present during repair of the host cell DNA. 

Radiation increases the probability that an oncogenic 
virus will produce tumours in animals. Depression of the 
immunological defences plays a part in this process. Our 
experiments show a direct effect of radiation on cellular 
susceptibility to transformation and suggests a second 
role of radiation in enhancing viral oncogenesis. 
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the US National Cancer Institute. We thank Dr Norman C. 
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Replication of Cat Leukaemia Virus 
in Cell Cultures 


THERE is evidence from electron microscopic and trans- 
mission studies that a leukaemia-type virus is associated 
with, and is probably the cause of, lymphosarcoma 
(leukaemia) in the cat. Thus virus particles are found 
in the tissues of a proportion of spontaneous cases?*. 
The disease can be transmitted using cell free extracts of 
tumours*-*, and virus is present in the experimentally 
induced cases?:!-*-8, These virus particles are identical m 
morphology and apparent mode of production to the 
avian and murine leukaemia viruses. 

Attempts have been made to isolate and grow the cat 
leukaemia virus (CLV) in vive and in vitro. In vwo, CLY¥ 
was shown to replicate within 28 days in the tissues of 
kittens which were infected at birth with cell free homo- 
genates of leukaemic cells containing virus, obtained 
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from field cases*.?, Virus could be recovered from the 
blood platelets of the infected kittens, and virus grown 
in this way has been carried through four passages in 
young kittens in our laboratory. Kawakami et ali have 
also found that virus can be isolated from the plasma of 
infected kittens. 

In this report we describe the replication of CLV in 
vitro in normal kitten cells which were infected with 
various preparations from spontaneous cases of feline 
lymphosarcoma and from the platelets of passage kittens. 

Primary cultures of combined spleen, thymus, liver, 
kidney and heart of newborn kittens (NK cells) were 
infected in suspension for 5 h at room temperature with 
cell free homogenates of leukaemic cells from field cases 
4 and 5, each of which was known to contain CLV (ref. 2). 
The method of preparation and storage of these homo- 
genates has been described previously®, Infected and 
sham-infected cells were washed and were then grown 
in 8 ounce bottles containing 14 ml. of Eagle’s medium 
supplemented with 10 per cent tryptose phosphate broth 
and 10 per cent foetal bovine serum or in 50 mm plastic 
dishes with 4 ml. of medium. The cells were fed every 
2-3 days and were subcultured using trypsin-versene 
every 4-5 days. At intervals the cells from a confluent 
50 mm dish were collected by scraping and were prepared 
for electron microscopy by fixation in 1 per cent osmic 
acid and embedding in ‘Araldite’. 

In a second experiment, cells of a line which was 
derived from the lungs of kitten embryos (FL cells) were 
used. One monolayer culture of these cells in their 
fortieth passage was infected for 5 h at 37° C with a 0-3u. 
filtrate of the extract from case 5, and a second culture 
was infected with a homogenate of a suspension of plate- 
lets from fourth-passage kittens; this passage was 
initiated with the extract from case 5. The cells were 
subsequently grown in Eagle's medium containing 5 per 
cent foetal bovine serum, and were examined by electron 
microscopy, as mentioned earlier. A similar experiment 
was done in which FL cells were infected as before with 
the filtrate from case 5. 

There were no apparent differences in gross cellular 
morphology between the infected and the control cells 
throughout these experiments; in both the NK and FL 
cultures fibroblastic cells predominated. 

In the first experiment CLV was detected in the NK 
cells infected with extract 5 from the eleventh day and 
in cells infected with extract 4 from the twentieth day; 
virus was present in each culture until day 29 when the 
experiment was concluded. In the second experiment 
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Extracellular virus particles in an NK culture 25 days after 


Fig. 1, 
infection with an extract from case 5. (x 75,000.) 
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Fig. 2, 
with the platelet homogenate. A complete particle is also present. 
(x fo, 


A budding virus particle in an FL culture 14 days after infection 


virus was found after 14 days in the FL cells which were 
infected with the filtrate from case 5 and in those infected 
with the homogenate of the platelets. The third experi- 
ment confirmed the findings with the filtrate from case 5. 
No virus was detected in the control cultures which were 
maintained in parallel. 

In the infected cultures virus particles were found 
extracellularly near the cell surface (Fig. 1). and intra- 
cellularly in vacuoles. The particles were approximately 
100 my in diameter and had either the three-membrane 
structure, or contained the dense internal core which is 
characteristic of the avian and murine leukaemia viruses, 
and of the virus which is seen in spontaneous and experi- 
mentally induced cases of cat leukaemia. In some cells 
virus was observed which was budding (Fig. 2); this 
provides evidence that the virus was, in fact, replicating 
in these cultures. In each type of culture, infected with 
each preparation, virus particles were associated with 
most cells. 

Thus it seems that cat leukaemia virus, like the avian 
and murine viruses, is capable of replicating continuously 
in homologous cell cultures. Work is in progress to con- 
centrate and purify virus from the culture fluids for 
biophysical, biochemical and immunological character- 
ization. 

We thank Dr K. J. O'Reilly of the Wellcome Research 
Laboratories, Beckenham, for providing the kitten lung 
cell line. This work was supported by a grant from the 
British Empire Cancer Campaign for Research. 
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Evidence of Infection with Influenza 


i ir H we å 
Viruses in Migratory Waterfowl go obmo y 
IsrLUENZA A viruses have been isolated from a variety of pe Antigen a HO yy HL yN 
animal species including several avian species in diverse APs Catifea t Sio 10 doo io 


parts of the world. Some of these avian influenza viruses 
are closely related antigenically even though they have 
been isolated from different species, at different times in 
different countries'-". These observations have suggested 
that migratory birds might be involved in the dissemina- 
tion of these viruses over vast areas of the world. Except 
for the isolation of one virus from a severe disease among 
wild terns in South Africa®*, there is no direct evidence 
that wild birds have been infected with the influenza 
viruses in the past 10-15 yr. There is mention of fowl 
plague virus (an influenza A virus) infecting pigeons, ducks 
and geese, but it is not clear whether this was in natural 
conditions®. Epizootics caused by this virus have been 
described in several countries*’’. 

Fifty serum samples were therefore selected from a col- 
lection of wild bird serum (maintained by the University of 
Wisconsin, Department of Vetermary Science, Wildlife 
Disease Study Group) to be tested for the presence of 
influenza antibody. Nine avian species from six states were 
represented (Table 1). Blood samples were collected with 
a needle and syringe from live trapped birds. All the sera 
were tested against the following antigens: (1) fowl 
plague virus; (2) N virus; (3) 4 /Duck/Czech/56; (4) 
A/Quail/Italy/544/66; (5) A/Turkey/Ontario/6118/67; 
(6) A/Chicken/Scotland/59; (7) A/Turkey/Wis/66; (8) 
A/Turkey/Canada/63; (9) A/Quail/Italy/1117/65; (10) 
A/Duek/Canada/53; (11) A/Duck/Eng/56; (12) 4 {Turkey/ 
Eng/66; (13) A/Turkey/Ontario/6828/67; (14) A/Turkey/ 
Alberta/6962/66; (15) A/Tern/S. Africa/61; (16) A/Duck/ 
Italy /574/66!-4, Selected samples were tested against 
A/Turkey/Mass/65, A/Turkey/Calif/64, and A/Turkey/ 
Calif/5142/66 (Table 2). 

The haemagglutination-inhibition (HI) test was done as 
described’, A preliminary test was carried out with a 
1 : 20 dilution of the sera (treated only at 56° C for 30 min) 
against the first nine antigens. Any positive sera were 
then treated with receptor destroying enzyme (RDE)" and 
retested against the antigens inhibited in the preliminary 
test and additional closely related antigens. All of the 
sera were treated with RDE for testing against antigens 


Table 1. AVIAN SPECIES TESTED FOR INFLUENZA ANTIBODY 


Date of Influ- 






Table 3. COMPARISON OF HAEMAGGLUTINATION-INHIBITION ANI VIR 
NEUTRALIZATION TEST RESULTS P 


* Tested against 100 EI Ds. 
+ Tested against 1,000 EI Dae. 


ten to sixteen. The neutralization test with selected 
sera and viruses was done by inoculating eggs with equal 
parts of virus suspension and dilutions of serum. The 
serum-virus mixture was held at 20° C for 1 h before 
inoculation. The indirect complement-fixation test 
(ICFT) was done in plastic trays as a modification of a 
previously described method*. Cuinea-pig anti-V and 
anti-S serum was used as specific indicator antibody. 
V and S antigens were prepared according to the method 
of Lief and Henle". 

All positive reactions with the HI test are recorded in 
Table 2. Similar degrees of cross reactivity have been 
observed by two of us (B. T. and H. G. P.) in the HI test 
with post-infection and hyperimmune serum prepared 
against specific antigens. For example, post-infection 
serum against A/Turkey/Calif/64 reacts with the various 
antigens in a manner similar to that of serum number 34. 

The capacity of two of the sera to neutralize viruses with 
HI antibody was tested (Table 3). These samples, 34 and 
47 were selected because of the levels of HI antibody and 
the differences in reactivity with the various antigens, 

Six sera (1, 37, 48, 52, 34, 47) were tested by the ICRT. 
One serum (1) without HI antibody and three sera (37, 48, 
52) with low levels of HI antibody were negative in the 
ICFT when tested for both anti-S and anti-V antibody. 
Both anti-S and anti-V antibodies were demonstrated in 
sera 34 and 47. The findings of anti-S antibody in the 
case of these sera might be considered an indication of 
recent infection. 

All the positive reactions were obtained against viruses 
originally isolated in North America or against viruses 
which have been shown to be related to some of the North 
Ameriean viruses under various test conditions. There 
were no reactions, however, against three North American 
viruses, 4/Duck/Can/53, A/Turkey/Ontario/6118/67 and 
A/Turkey/Alberta/6962/66. 

The good correlation between results obtained by HI, 
VN and ICFT with sera 34 and 47 along with the nature of 
the HI test results with the other sera indicate that in- 
fluenza viruses have circulated in three populations of 


No Avian species Trapping collec- enza ; i : ‘ : 
location tion antibody wild geese in North America. Sera with low levels of anti- 
l4 Mallard (Anas playtrhynchos) Ilinois 1/65 -* body against one or two antigens provide only presinptive 
gar : > # ri are t pane - + . a ig an. ; : 
16 Wood duck eee ean ses I information. Such findings cannot be reliably interpreted 
12 ii Mallard (Anas platyrhynchos) Wisconsini 8/65 = as to their relation to known avian influenza viruses. 
TEH Turkey (iloleagris a ee eee ES Although our data suggest that certain viruses have circu- 
= gore) ani eee piss n aai - lated in these wild species it remains to isolate and identify 
ANNAGA FOOSE FANLA CONAEENES SLISBOUTE Ca ~e sa t i h aR 
31-34 Canada Goose (Branta canadensis) Missouri (SL) tae n virus(es) from them. The results of these serological tests 
36-38 Canada goose (Brania canadensis) Wisconsin 7166 + have been important in that they have indicated two 
41-42 Purple alee (Oucahis oe ii Dakota 10/66 + species out of nine tested where efforts can be concentrated 
cula) Wisconsin 5/65 ~ in attempting to isolate type A influenza viruses from wild 
43-45 Blue goose (Chen caerulencens) S. Dakota 11/66 — bird l bi 
47-50 Snow goose (Chen hyperborea) — Missouri (SC) 10/66 + T nse l l 
51-55 Canada goose (Branta canadensis) Michigan 7/68 + Tt is obvious that there are insufficient data available to 


Missing numbers in the sequence include 6, 11, 13, 40, 46, therefore total 
of fifty samples. 
*.. No antibody detected; +, antibody detected. 


Table 2. 


speculate how these wild populations are involved in the 
ecology of avian influenza viruses. It is tempting to 


RESULTS OF HAEMAGGLUTINATION-INHIBITION TESTS WITH WILD BIRD SERA” 


: Serum No. 
Antigen 31 32 34 37 38 39 47 48 p2 54 55 
A{T/Canada/63 30 120 + + + + <10 < 410 «10 
AjTjMass/65 15 <10 160 10 <10 <10 <10 <10 <10 < 19 <10 
AIT/Wis/66 t t t t 120 <10 15 10 <10 
A/T /Calif/6a 15 <10 240 <10 <10 <10 <19 < 10 <10 <10 < 16 
A/T /Calif/5142/66 <10 <10 t t 40 H <10 < 1g t 
A/Tern/S. Africa/61 t <10 <10 <10 <10 <10 <10 20 ig <10 <10 
A/T/¥ng/66 ł 20 40 <10 15 <10 10 <10 <16 <10 <10 
A/Di574/66 is <10 80 20 <10 <10 <10 <10 <10 < 16 20 
A/T/Ontario/6828/67 ł <40 <10 <10 <10 19 <10 20 <10 <10 <0 
Canada geese Canada geese C. goose Snow geese Canada geese 
Missouri (SL) Wisconsin S. Dakota Missouri (SC) Michigan 


* Serum treated with receptor destroying enzyme (RDE) 
inhibition of haemagglutination. 
fe a a en test without RDE treatment, Not tested after RDE treatment. 
' Not tested. 


Figures represent the reciprocal of serum dilutions estimated to cause 50 per gent 
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suggest that these wild birds are responsible for the wide 
dissemination of these viruses among both wild and 
domestic populations. The movement of domestic birds, 
breeding stock and eggs is, however, sufficient to 
account for considerable dissemination of the virus without 
the help of wild populations. Our observations could 
support the hypothesis of Wells™ that the A/Turkey/Eng/ 
63 virus, antigenically related to fowl plague virus, was 
carried to England by birds migrating from endemic areas 
in North Africa. 
B. C. Easterpay 
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Plaque Formation by 
African Swine Fever Virus 


FOLLOWING prolonged adaptation to cell cultures, several 
isolates of African swine fever virus (ASFV) produce 
cytopathic effects in pig kidney (PK) cells’. We have 
found that at least two such strains, Uganda? and 
Hinde’, consistently produce plaques in monolayers 
of PK cells under solid overlays; this observation has 
led to the development of a quantitative technique using 
any of three PK cell strains (PK/A, PK/C and PK/13) 
developed by us during a period of 3 years. 

Virus passaged at least twice in the homologous cell 
type is diluted in phosphate buffered saline (PBS), 
usually supplemented with 10 per cent normal, unheated 
ox serum (OS); three-fold dilution intervals are used 
for quantitative studies. Cells are grown at 37° C +0-5° C 
in a medium based on Earle’s saline (ES) containing 0:1 
per cent yeast extract and 0-5 per cent lactalbumin 
hydrolysate (EYL), supplemented with 5 per cent OS and 
a usual range of antibiotics. Monolayers in Petri dishes 
(PDs) are grown in humidified incubators which are 
gassed with a mixture of approximately 10 per cent CO, 
in air. 

The nutrient part of the overlay consists of 33 per cent 
double strength ES, 24 per cent EYL, 33 per cent sterile 
deionized water and 10 per cent OS, it is solidified with 
agarose (l'Industrie Biologique Française) or, more usually, 
Special Agar-Noble (‘Difco’) 0-8 per cent supplemented 
with 100 pg of DEAE dextran (Pharmacia)/ml. of overlay. 
An 8 ml. volume of overlay is used initially in a 6 em dish 
to produce an overlay depth of approximately 2 mm. 
Supplementary, half-volume, overlays are added every 
3 days, and at the completion of an experiment plaques are 
“developed” with a staining overlay containing 1/10,000 
neutral red (NR). 
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Fig. 1, The relationship of African swine fever virus concentration and 
plaque count. O—O, Uganda clone 45; A... A, Uganda clone A2. 


Confluent monolayers are washed once with pre-warmed 
PBS before the addition of 0-2 ml. of virus dilution. An 
adsorption period of 2 h at 37° C precedes direct application 
of the overlay, for it was found in three experiments that, 
while most virus inoculum is firmly attached during the 
first 45 min, 90-120 min must elapse if maximum plaque 
counts are to be recorded. When the overlay has solidified, 
containers are incubated at 37° C in an inverted position, 
a procedure which was found to reduce the incidence of 
elongated, “comet” plaques. 

Several cloned populations have been obtained from 
the two parent strains, using Pasteur pipettes to recover 
virus from well isolated plaques on the seventh day, or 
later, of incubation; each clone has undergone three cycles 
of plaque isolation before being regarded as a purified 
population derived from a single infectious unit. A linear 
relationship between relative virus concentration and 
number of plaques observed has been demonstrated under 
a variety of conditions (Fig. 1), thus providing proof that 
each plaque is the product of a single infectious unit. 





Fig. 2. Eight day plaques produced by a Uganda clone of African swine 
fever virus in PA/A cells. The bar represents 1 cm, 
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Plaques, consisting of a sharply defined, circular focus 
of finely granular necrotic debris (Fig. 2), are first visible 
microscopically on the third or fourth day after inocula- 
tion; they are approximately 0-50 mm in diameter by 
the fifth day, irrespective of the virus clone, cell line, type 
of buffer and agar base used. The size almost doubles 
between the fifth and eighth days, but later size increments 
are smaller, diameters ranging from 0-93 to 1:32 mm on 
the tenth or eleventh day. Both the Uganda and Hinde 
parent strains are heterogeneous with respect to plaque size, 
and of nine clones so far examined, two are significantly 
larger than the remainder (P< 0-001 in Student's ¢ test); 
these clonal differences are not always evident on the 
fifth day but are invariably present by the eighth and 
prominent by the eleventh day. 

Assuming that within-test differences in plaque counts 
of less than two-fold are not significant there was no 
appreciable increase in count between the fifth and seventh 
days (14/14 cases), although maximum counts were 
recorded on the eighth day (10/10 cases). It was found 
that inversion of PDs increased plaque counts in 28/35 
(80 per cent) comparisons with upright cultures. 

Both plaque size (12/12 cases) and counts (16/18 cases) 
were reduced significantly by the use of Special Agar-Noble, 
but this effect could be reversed by supplementation with 
100, 200 or 300 ug of DEAE dextran, or avoided by using 
- agarose as the overlay base. Earle’s bicarbonate-buffered 
media produced significantly increased counts and plaque 
size when compared with aerobic cultures in medium 
buffered with tris (hydroxymethyl) ammomethane (7/7 
cases). 

Titration of a stock preparation of Uganda virus on 
five occasions during a period of 6 weeks resulted in a 
mean titre of 10%% pfu/ml., with a between-test standard 
deviation of 0-12 log, units. When assayed by 50 per cent 
end-point estimations in rolled tube cultures, the mean 
titre of the stock virus was 10%% 7CD,,./ml. which could 
be expressed as 105°! pfu/ml., accepting that 0-69 pfu = 
1 ID; in systems of equal sensitivity’. The approximate 
ten-fold increase in the sensitivity of the plaque system 
indicates its great potential usefulness as an assay of 
infectivity. 


Table 1. EFFECT OF GUINEA-PIG SERUM ON THE ABILITY OF PIG SERA TO 
REDUCE PFU COUNTS OF A UGANDA CLONE OF ASFV 
Plaque counts* with virus 
Pig serum Treatment of diluted in: 
pig serum PBS GPS HGPS 
Normal Nil 75 16 73 
Inactivated t 5 568 69 
Immune Tengani (P.62) Nil 78 4 62 
Inactivated 79 29 97 
Immune Uganda (27471) Ni 56 2 77 
inactivated 74 20 89 


GPS, 25 per cent unheated guinea-pig serum, in PBS. 
guinea-pig serum, heated 60° C for 30 min, in PBS. 

* Weighted count at 10-7 dilution of virus. 

+ Heated 60° C for 30 min. 

t Supplied by Dr L. Coggins, ARS, USDA. 


HGPS, 25 per cent 


Using 50 per cent end-point determinations in PK 
cultures, De Boer® was unable to demonstrate ASFV- 
neutralizing antibody in the sera of resistant swine. 
Using the plaque technique we have attempted to detect 
specific inhibitors in the serum of pigs which had recovered 
from severe ASFV infection and which were immune to 
parenteral challenge. For this purpose two suitable 
dilutions in PBS of a Uganda clone of virus were incu- 
bated, at 37° C for 3 h, with pooled undiluted serum from 
normal swine and from two pigs recovered from infection 
with the virulent Uganda or Tengani® strains respectively. 
Significant virus neutralization did not occur with either 
normal or immune sera, whether fresh or inactivated by 
heating at 60° C for 30 min (Table 1). But, if fresh guinea- 
pig serum (GPS) was included at a concentration of 25 
per cent in the diluting medium for the virus, a marked 
reduction in plaque count did occur with unheated serum 
from either normal or immune pigs; the activity in normal 
pig serum was abolished by heat inactivation as above, 






whereas that in immune serum was heat stable. Guineas 
pig serum which had been heated at 60° C for 30 min had ~ 
no enhancing effect, suggesting that the latter may be >- 
due to one or more components of complement. 

The plaque technique described constitutes an improved 
assay for infectivity of culture-adapted strains of ASFV. 
In addition, it presents a reliable means of isolating 
cloned populations, essential for elucidating differences 
between strains, and, finally, makes possible a study of 
viral inhibitors which may be involved in resistance to 
ASF’ infection. 

We thank Mr R. F. Staple for the photograph. 
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Immunological Unresponsiveness to 
Heterologous Serum Albumins in 
Adult Mice: Effect of Antigen 
Quality on Tolerogenicity 


Srupies of experimental tissue transplantation have 
revealed that tolerance to transplantation antigens is 
more easily achieved across weak histocompatibility 
barriers than across strong ones'-*. Also, the degree of 
foreignness between donor and recipient determines the 
results obtained in clinical transplantations’~’. Taxono- 
mic origin and thus the immunogenicity of red blood cells 
are important in producing drug-induced immunological 
unresponsiveness to heterologous erythrocytes in adult 
mice®*. In experimental work on tolerance to hetero- 
logous serum proteins the degree of dissimilarity between 
antigens and “‘self”-constituents has only rarely been 
considered. A study by Tempelis revealed that in chicks 
comparatively smaller amounts of an avian than of a 
mammalian serum protein were needed to induce a state of 
immunological tolerance. Furthermore, turkey globulin 
was more effective in producing unresponsiveness than 
globulin obtained from the goose?®. The following hypo- 
thesis might thus be put forward: the smaller the phylo- 
genetic disparity between the species from which the 
antigen is obtained and the experimental animal, the 
greater will be the tolerogenicity of the antigen im question. 
I have tested this hypothesis by assessing in adult mice 
tolerogenic properties of serum albumins obtained from 
species either closely related to the mouse or from species 
taxonomically more distant. 

The albumins used were obtained commercially: rat : 
serum albumin (RaSA), Pentex Inc., Kankakee, Uhnois, 4 
lot 14; guinea-pig albumin (GPSA), Pentex, lot 5; d 
chicken serum albumin (CSA), Pentex, lot 164; bovine i 
serum albumin (BSA), Behringwerke AG, Marburg/ 4 
Lahn, “‘reinst’’, lot 159. 

C57 Bl/6 mice, 2~3 months old and of either sex, pur- 
chased from Tierfarm AG Sisseln were rendered immuno- 
logically unresponsive by a procedure similar to that 
described earlier!!. Groups of fourteen to eighteen animals 
received a single intraperitoneal {1.p.) injection of either 
10, 1, 0-1 or 0-01 mg of protein dissolved in phosphate- 
buffered saline. Before administration, antigen solutions 
were freed of all particulate matter by centrifugation at 
31,6009 for 30 min in the cold. After 21 days all the mice 











526 


4 
EE 
x 
1069 a 
a a 
v 3 
& if s*a 
75 i 
50 


<q 
D j 
O ® 


Percentage of tolerant mice 








12/ 13/ 7 & 
ve eo ‘18 46 


10-0 1-0 








NATURE, VOL. 219, AUGUST 3. 1968 


<q 
A 
J 
x 





A Yy aA a 
9 6] Wee Q © 
6 oO 0 A 7 1 P 0” 
17 16 48 15 18 6 AB 16 
0-1 0-01 


mg of protein injected 


Fig. L Iaduetion in (57 Bi/6 mice of immunological unresponsiveness to various heterologous serum albumins (rat; RaSA; guinea- 
pig: GPSA; chicken: OSA: and bovine serum albumin: BSA) by injection of graded amounts of soluble protein 21 da ys before 


challenge with the same protein incorporated into incomplete Freund’s adjuvant. 
of fully and partially tolerant mice over total of mice tested. 


As Fig. 1 shows, there was total or partial tolerance 
in a high proportion of animals injected with 10 or 1 mg 
of soluble RaSA or GPSA 3 weeks before challenge with 
the respective antigens incorporated in Freund's adju- 
vant. Comparatively fewer animals were rendered toler- 
ant to CSA or BSA. After pretreatment with 0-1 or 
OOL mg of soluble proteins more than one-third of the 
mice were still partially tolerant to RaSA, whereas GPSA, 
CSA or BSA only occasionally depressed imm unological 
responsiveness to a challenge with the respective antigen. 

The rat and the mouse, both members of the same 
sub-order (Myomorpha), are taxonomically more closely 
related to each other than the mouse and the guinea-pig 
which belongs to a different sub-order (Hystricomorpha). 
These zoological relationships seem to be in good correla- 
tion with findings obtained by immunochemical analysis 
of the various serum albumins used. By quantitative 
inhibition of the primary interaction between !17-mouse 
serum albumin (MSA) and anti-MSA using an ammonium 
sulphate salting-out technique, serum albumin from rat 
was found to exhibit the highest degree of cross-reactivity 
with MSA, followed by guinea-pig albumin. whereas 
chicken albumin cross-reacted to only a very small and 
negligible extent. Five additional mammalian albumins. 
including BSA, yielded intermediate, though rather small 
cross-reactions with MSA, These results may reflect the 
number of common antigenic determinants shared by the 
various proteins, or else the degree of structural similarity 
between corresponding epitopes. 

Immunochemical disparity seems thus to be inversely 
related to tolerogenicity as indicated by the present study. 
RaSA and GPSA from species taxonomically more closely 
related to the mouse and exhibiting higher cross-reactivity 


Figures under each colamn represent the sum 


Hatched columns, partially tolerant: black columns, tolerant. 


with a “self -constituent (MSA) were more tolerogenic 
than less cross-reacting or non-cross-reacting albumins 
derived from more distantly related species. For obvious 
reasons, it is difficult to devise converse experiments 
which would directly prove that immunogenicity and 
tolerogenicity are a function of phylogenetic disparity. 
Because, however, comparable findings were obtained in 
different experimental systems*%, one nught conclude 
that phylogenetically determined qualitative properties 
of antigens play a decisive part in the induction and 
maintenance of immunological unresponsiveness. 


Ferix M. DIETRICH 


Research Laboratories of the Pharmaceutical 
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CIBA, Ltd, 

Basle, Switzerland. 
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Non-specific Antibody-induced 
Suppression of the Immune Response 


THIS communication describes the inhibition in rabbits of 
the primary immune response to the isophile antigen of 
sheep red cells by passively given anti-Forssman antibody. 
Tt is well established that antibody, administered at or 
about the same time as antigen can suppress the primary 
immune response to the antigen. Antibody given as long 
as 40 days after antigen is capable of reducing the number 
of antibody producing cells'. The mechanism by which 
passively given antibody suppresses the immune response 
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remains obscure. Whatever the mode of action—whether 
by feed-back mechanism, by causing phagocytosis and 
destruction of antigen, or by competing with antibody 


producing cells for the capture of antigen-—it is generally 


supposed that antibody acts only specifically, that is, it 
is only able to suppress the response to the antigen at 
which it is directed. 

Nevertheless, there is a priori evidence, at least in the 
case of the red cell, that antibody to one red cell antigen 
may cause suppression of antibody production to a second 
antigen on the cell. Rh-sensitization is uncommon in 
women delivered of infants of an ABO group incom- 
patible with their own. Here it is presumably the mother's 
anti-A or anti-B which prevents any foetal cells which 
reach her circulation from initiating an immune response. 
We have set out to see whether an analogous phenomenon 
can be produced in animals, and if so, to study 1t further. 
Sheep red cells were used because they carry two antigens 
to which the rabbit gives a good primary response: the 
Forssman antigen, a heat stable mucopolysaccharide and 
the isophile antigen, heat labile and probably protein 
in nature. Antibody to the Forssman antigen was pre- 
pared by repeated injection of a rabbit with sheep cells 
which had been boiled to destroy the isophile antigen. 
The resulting serum had a haemolytic titre for sheep cells 
of 1: 20,000 which was not reduced by treatment with 
2-mereaptoethanol. All haemolytic antibody could be 
removed from the serum by absorption with boiled sheep 
red cell stromata. 

Whole anti-Forssman serum or an antibody-containing 
fraction of it was given intravenously to rabbits, followed 
almost at once by a standard intravenous dose (5 x 10°) 
of sheep red cells. In one experiment the cells were 
pre-treated with anti-Forssman serum, no additional 
antibody being given. Control animals receiving only red 
cells were run with each experiment. The rabbits were 
bled 1, 6, 11 and 21 days later for measurement of their 
serum haemolytic anti-sheep cell titres. Sera were titrated 
before and after absorption with boiled sheep red cell 
stromata in order to measure respectively the titres of 
anti-Forssman and anti-isophile antibody, the former in 
all cases being the higher of the two. Results of the 
sixth day bleeds are given in Table I. Subsequent bleeds 
showed that suppression was maintained. 


Table 1 
No. of Haemolytic titre ou sixth day 
Anti-Forssman antibody rabbits Anti-Forssman Anti-Isophile 


5 mi. whole serum Lv. 9 52s (4-5-5) <8 (<< 1-1-5) 
IgG derived from 7-5 ml. whole 

serum Lv. 2 4* <32 

4* <2 

F(ab’) derived from 7:9 ml. 
_ whole serum i.v. 3 8-5 (7-5-10) <1-6 {< 2-2-5) 
Cells coated with antibody 6 7-1 (6-5-9-5) <1-7 (< 2-3) 
Nil 23 10-4 (7-5-11) 6-75 (4:5-95) 


Figures (n) are the average serum dilutions (10 x 2") causing about 50 per 


cent haemolysis of an equal volume of 0-5 per cent sheep cells on addition of 


1.: 25 guinea-pig serum. Figures in parentheses are the ranges of titres 
within each group of rabbits. 


~ .. * No evidence of new antibody production. Titre no higher than in animals 
receiving antibody only. 


Tn all cases anti-Forssman antibody caused virtually 
complete suppression of the response to the isophile 
antigen. It thus seems that, in the case of red cells. 
passively given antibody can act non-specifically and can 
suppress the response to an unrelated antigen present on 
the cell. 

Our findings contrast with those of Brody, Walker and 
Siskind?, who found that when a protein molecule bearing 
two artificially attached haptens was given together with 
antibody to only one of the haptens, the response to the 
second hapten was not suppressed. They concluded that 
this argued against the likelihood that antibody acted 
by causing phagocytosis and destruction of antigen. Our 
results, however, need to be accounted for by some process, 
possibly phagocytosis, which involves the cell stroma as a 
whole. They could not be explained solely by a specific 


mechanism, such as competition for antigen betw: 
passively given antibody and receptors on antigen- sensitive 
cells’. 

The comparative failure of F(ab’)?—at least 95 per 
cent of which disappears rapidly from the cireulation 
within 24 h--and cell borne anti-Forssman to suppress 
the response to Forssman antigen while suppressing the 
anti-isophile response is interesting. It may be that the 
less digestible polysaccharide Forssman antigen requires 
the presence of circulating antibody to deal with it as it 
re-emerges from its original site of disposal. | 

This work was supported by a grant from the Medical 
Research Council. We are grateful for the use of a labora- 
tory in the Nuffield Medical Centre for Combined Research 
at this hospital. 
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Role of Calcium in the Control of 
Growth and Cell Division 


SEVERAL treatments which increase the concentration of 
ionized calcium in the plasma of the rat have been shown 
to increase the rate at which thymus and bone marrow 
cells enter mitosis'-*. Because the calcium concentration 
in the blood is controlled by two mutually antagonistic 
hormones, parathyroid hormone and calcitonin'-*, then 
mitosis in bone marrow and thymus may be subject to 
control by these hormones. It has not been established, 
however, whether any hormonally mediated calerim 
shifts are important in physiological fluctuations im the 
rate of cell division in these tissues. 

The rate of cell division might be expected to be corre- 
lated with the rate of growth of the animal, and certainly 
mitotic activity in the mouse thymus varies markedly with 
age?. In this study therefore we have followed changes 
in both the growth rate of the rat and the mitotic activity 
of marrow and thymus with increasing age, and related 
these changes to fluctuations in the level of ionized plasma. 
calcium. 

Male Sprague-Dawley rats (50-600 g) were divided into 
several groups according to weight (the weight range 
being 20 g in each case), and the average daily increment 
in weight was noted for each group. The mitotic activities 
in bone marrow and thymus were also measured in animals 
of each group by scoring the percentage of cells in the 
total population trapped in metaphase 6 h after injection 
of colchicine. In some experiments we attempted to 
increase the mitotic activity above the normal level by 
giving the animals a series of injections of CaCl, (The 
methods used have been described in detail previously*.) 
Plasma from normal untreated animals in each weight 
group was used for calcium determinations. The total 
calcium concentration was measured by the colorimetric 
method of Copp et al.*, and the concentration of ionized 
calcium was determined with a specific calcium ion 
electrode (Orion Research Ltd, Cambridge, Massachusetts). 

The weight gain of young animals (averaging 60 g 
weight) was approximately 3 g/day and as the animals 
aged this increased to a maximum of about 6-5 g/day 
when the animals weighed 125 g. This daily weight gain 
was maintained until the animals weighed about 225 g. 
The daily weight increase then gradually declined to less 
than I g/day for animals heavier than 400 g (Fig. 1A). 
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Fig. 1. A, Daily weight gain in rats of different body weights, Values are mean daily weight gains of 

groups of animals the total body weight of which did not differ by more than 10 g from the mean body 

weight of the group as shown. The numberof determinations foreach point varied between 10 and 60. 
B, The same results plotted as the daily percentage increment in kcdy weight. 


When expressed as the daily percentage inerement in 
body weight, the maximum growth rate occurred when the 
rats weighed between 110 and 125 g (Fig. 1B). 

During the period when the growth rate was increasing 
rapidly, there was a parallel inerease in the mitotic 
activity of marrow and thymus which likewise reached a 
maximum when animals weighed between 125 and 150 g. 
This activity subsequently declined rapidly reaching lower 
constant values as the weight of the animal increased 
beyond 225 g (Figs. 2 and 3). 

The increase in mitotic activity which accompanied the 
rapidly increasing growth rate of the animal was associated 
with only small changes in the total concentration of 
calcium in the blood. It did coincide, however, with a 
progressive and large increase in the concentration of 
ionized calcium (Fig. 4), which almost doubled during 
growth from 70 to 135 g. During the same period the 
mitotic activity in both tissues had increased by almost 
50 per cent (Figs. 2 and 3). As the concentrations of 
ionized calcium in the plasma subsequently declined, 
so did the mitotic activity, and both variables reached 
constant values as the rats grew beyond 225 g. Although 
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Fig. 2. Mitotic activity in bone marrow tissue in rats of different body 
weights. The percentage of cells in the total population trapped at 


metaphase 6 h after injection of colchicine was determined in normal 
animals ( @-— @) and in animals which received a series of intraperitoneal 
CaCl, Injections (O ---- ©). Inthe normal rat the peak mitotice activity 
{at 118 g) wassignificantly greater than the activity at 70 g (P< 0-01) 
and at 235 g (P <0-001). In the calclum treated rat peak activity (at 
138 g) was significantly greater than the activity at 75 g {P < 0-001) and 
at 184 g (P <0-02), Peak activity In the caicium treated animals was 
significantly higher than that in normal animals (P < 0-001). Each point 
is a mean value +4.2.M. from at least 5 animals. 


there is an obvious relation between the concentration of 
ionized calcium in the plasma and mitotic activity in 
marrow and thymus, the rate of mitosis in these tissues 
is lower in older rats than in young rats with identical 
values for ionized plasma calcium. Additional factors 
must therefore control either the sensitivity of cells to a 
given concentration of calcium or the proportion of cells 
in the population at different ages which ean be influenced 
by calcium. 

At no stage, however, was the sensitivity of cells to 
calcium abolished. Artificially increasing the concentra- 
tion of calcium in the blood by injecting CaCl, invariably 
increased mitosis in both the marrow and thymus in 
animals of allages. Furthermore, the shapes of the curves 
of mitotic activities in these tissues versus body weight 
in calcium-treated animals were identical to those obtained 
with untreated animals (Figs. 2 and 3). 

This study and many other observations leave little 
doubt that calcium and the hormones which control its 
concentration in the blood are involved in the initiation 
and control of cell division and in certain growth pro- 
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Fig.3. Mitotic activity in thymus tissue in rats of different body weights. 
The percentage of cells in the total population trapped at metaphase 6 h 
after injection of colchicine was determined in normal animals (@—- ©) 
and in animals which received a series of intraperitoneal CaCl, injections 
(O--- CG) In the normal rat the peak mitotic activity (at 143 g) was 
significantly greater than the activity at 70 g (P< 0-05) and at 22) g 
(P<0-01), In the calcium treated rat, peak activity at 147 g was 
significantly greater than the activity at 75 g (P< 0-001) and at 225 g 
(P<0-05). Peak activity in the calcium treated animals was signifi- 
cantly higher than that in normal animals (P <0-05). Each point is a 
mean value S.E.M. derived from at least five animals, 
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Fig. 4. Total and ionized plasma calcium concentrations in rats of 
different body weights. Total concentrations of calcium in the 72 g rats 
is significantly lower than in 140g rats (P< 0-01). Other values are not 
significantly different from that at 140g. Ionized plasma calcium con- 
centrations at 140 g are significantly higher than concentrations at 72 g 
and at 235 g (P < 0-001 and P < 0-02, respectively). Each point is a mean 
value + S.E.M. derived from at least five animals. 


cessest-39-19, Although we have described a parallelism 
between the mitotic rates in only bone marrow and thymus 
tissue, and the concentration of ionized plasma caleium, 
the fact that the early changes in growth rate were also 
associated with changes in ionized calcium suggests that 
division and growth of other cell types may also be 
influenced by the concentrations of this ion. Certainly 
mitosis in many different cell types is enhanced by 
increased concentrations of calcium in culture media 
im vitro®-}8, 

In the animal, other factors such as altered concentra- 
tions of hormones, could affect the sensitivity of individual 
cells to caleium, or alter the size of a calcium-sensitive 
sub-population of cells in the tissue. The interrelationships 
between calcium and other agents which affect growth 
such as the steroid and thyroid hormones and growth 
hormone itself, obviously merit investigation in this 
respect. 

A. D. PERRIS 
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Permeability of Erythrocytes to 
Anions and the Regulation of Cell 
Volume 


Ir is well known that the membrane of red cells is very 
permeable to Cl- and other anions’. Tosteson has shown, 
by making radioisotope measurements, that Cl enters 
the red cell in less than 1 s (ref. 2). Theoretical treatments 
of the mechanism of swelling? of the red cells have assumed 
implicitly a high rate of diffusion of anions into the cells. 
Consequently, the increase in water content has been 
quantitatively related to diffusion of cations through 
“leaks” in the membrane. The rate of diffusion of anions 
through the red cell membrane, however, has never been 
measured accurately. Because of the restriction of electro- 
neutrality, as long as the red cell membrane has a low 
permeability to cations as assumed by the “pump and 
leak” hypothesis, the experimental conditions used by 
Tosteson? are suitable for measuring the rate of exchange 
of anions, but not the rate of net translocation of anions 
through the red cell membrane. Only when high and 
specific permeability of the red cell membrane to cations 
is established can the rate of diffusion of anions through 
the membrane be determined. Such conditions now seem. 
to be fulfilled by the antibiotic gramicidin which has been 
reported to render different types of biological membranes 
and artificial phospholipid bilayers® highly permeable to 
univalent cations. When gramicidin was first used on red 
cells, however, the result was unexpected. Chappell and 
Crofts‘ reported that addition of gramicidin to a sus- 
pension of red cells in isosmotic choline chloride caused 
efflux of K+ and uptake of Ht inal: 1 ratio. Ifthe red cell 
is highly permeable to Ch, an efflux of Ch without 
alkalinization of the medium might be expected. Chappell 
and Crofts reported no data on the movement of Cl- and 
water. We report further data on the permeability of the 
red cell membrane to anions, obtained with the aid of the 
specificity of gramicidin. 

Red cells were usually prepared from guinea-pigs, but 
similar results were obtained with red cells from men, 
rabbits and rats. The red cells drawn in isotonic acid- 
citrate-dextrose were washed thoroughly in isosmotic 
choline chloride buffered with 10 mM wis-HCl, pH 7-4, 
and used immediately. Absorbancy was measured at 
546 mu with an Eppendorf photometer equipped with a 
recorder. Rates of swelling were calculated on the initial 
rates of absorbancy changes. For gravimetric measure- 
ment of water content the red cell suspension was centri- 
fuged for 60 min at 40,000g. The dry weight was measured 
after dehydration in a vacuum over P,O,;. Extracellular 
water in the pellet was measured as space accessible to 
14C-dextran carboxyl (molecular weight, 12,000-15,000, 
New England Nuclear Co.). A membrane-free super- 
natant suitable for Cl- analysis was obtained by centri- 
fuging at 80,000g a red cell suspension haemolysed in 
distilled water. Chloride ions were determined with 
Ag NO, by recording a titration curve automatically 
with a combined silver mercurous sulphate electrode 
(Radiometer PK 499). 

Fig. 1A and B shows the effect of pH on the rate of 
swelling of red cells treated with gramicidin. In Fig. 14 
Na+ was replaced by other cations such as choline or 
trihydroxymethylaminomethane (tris) to which the red 
cell membrane is much less permeable. This figure shows 
that the rate of swelling of red cells, incubated in 0-12 M 
NaCl, increases at acid pH; at pH 6 the rate of swelling 
was about three times higher than at pH 8. Replacement 
of Na+ with choline resulted in a large decrease of the rate 
of swelling, and complete abolition of the swelling was 
observed when tris was used as cation. The half time of 
the swelling phase in NaCl at pH 7 was about 90 s. The 
experiments reported in Fig. 1 were carried out using 
high concentrations of gramicidin to give a large increase 
of permeability for Nat and K+. With these concentra- 
tions of gramicidin there is apparently an Increase in 











530 


the permeability of the red cell membrane for choline and 
tris as well. This explains why swelling is observed with 
choline, and there is no shrinkage with tris. Shrinkage 


might be expected in tris or in choline if either part of 


intracellular K* exchanges with H+ or KCI leaves the 
cell. In fact at lower gramicidin concentrations (about 
one-fifth of those used in experiments reported in Fig. 1) 
shrinkage of the red cell was observed both in choline and 
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Fig. 14 and B. 
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medium was recorded with a glass electrode it was seen 
to agree with the conclusion that the addition of grami- 
cidin to red cells incubated in choline chloride induces a 
large uptake of H+. On the other hand, when the red 
cells were incubated in NaCl no change in pH was de- 
tected. 

“vidence that the changes in optical density recorded 
in Fig. 1 are an expression of an increase in the water 
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Dependence of the swelling of erythrocytes on the permeability to cations and to anions and the effect of PH. Packed, 


choline chloride-washed, red blood cells (50 pl.) were added to 1-95 ml. of a medium containing the salts indicated on the graph, at a con- 


centration of 0-24 osmolar. 


The medium was buffered with 5 mM salt-irig made with the anions indicated in the graph. The reaction was 


initiated by the addition of 10 wg of gramicidin A. The values reported are only the initial rates (.4A/min) of the changes of absorhancy 


at 546 my. 


tris; in this case swelling in NaC] was slower. In the 
experiment of Fig. 1B, Cl- was replaced with other anions 
such as acetate, succinate, nitrate or ribonucleate. In 
conditions of equal permeability of red cells to the cation, 
the rate of swelling is dependent on the rate of diffusion 
of the anion and thus on the type of anion present in the 
medium. It can be seen that the rate of swelling was 
about the same with acetate as with Cl-, and that it was 
much slower with nitrate and was completely abolished 
with ribonucleate. The rates of swelling reported in Fig. 1 
were not affected by the addition of inhibitors of glyco- 
lysis such as iodoacetate, and of carbonic anhydrase such 
as “Diamox’ (acetazolamide), When the pH of the 


Table 1. TRANSLOCATION OF CHLORIDE AND WATER IN GRAMICIDIN TREATED 


RED CELLS 
Treated with 


Untreated gramicidin 
Total H,O (Qd) 369-5 322 
External H,O {zd} 130 100 
Internal H,O (at) 139-5 222 
Increase of H,O due to treat- + 82-5 
ment with gramicidin: 4H.0 

Cl- in total H,O Ganoles) 32 39 

(mM) 119 121 
Ci- in external H,O (moles) 15-6 12 
Cl in internal H,O (zmoles) 16-4 27 

(mM) 118 121 

Increase of Cl- due to grami- + 10-6 
cidin treatment: ACI (umoles) 
Concentration of Cl in 4AH,0 128 


(mM) 

Experimental conditions were as follows: 7 ml. of packed red cells (about 
2-370-000/mm5) washed with choline chloride were added to a medium con- 
taining 120 mM NaCl, 5 mM tris HCl, pH 6-6. The medium was labelled 
with “C-dextran carboxyl. Two samples, each in duplicate, were withdrawn 
from the incubation medium for HO and Ck measurements respectively: 
(i) after 10 min of equilibration of the red cells with the medium and (ii) after 
a further 10 min of incubation of the red cells in the presence of 0-3 mg of 
gramicidin. The samples were centrifuged and analysed for HO and CH 
content as described in the text. The intracellular water was obtained by 
correcting the total water for the “C-dextran space, 


Temperature was 25° C. 


content of the red cells is given in Table 1. It can be seen 
that incubation of gramicidin-treated red cells in 0-12 M 
NaCl at pH 6-6 for 5 min produced an increase of internal 
water of about 60 per cent. Accordingly the Cl- content 
of the red cells also increased by about 60 per cent. The 
concentration of Cl- in the H,O was equal to the con- 
centration of CI- in the external medium, and the increase 
in the water content of the red cells could then be 
accounted for by an osmotic movement of water. No 
inerease of Cl- content was observed in red cells incubated 
at pH 6-6 in the absence of gramicidin. 

These data suggest that (a) electroneutrality is main- 
tained during the translocation of ions in the red cells 
so that no net translocation occurs when the membrane 


of gramicidin in choline chloride is preferentially coupled 
to the uptake of H+ to maintain electroneutrality; (c) the 
half time of the swelling phase—the expression of the 
rate of net translocation of Cl----is much longer than for 
the exchange of Cl- measured with radioisotopes by 
Tosteson?; (d) the permeability of the red cell mer- 
brane to anions is pH dependent-~—this observation 
can be compared with the previous report of a three- 
fold increase in the rate of exchange of *SO, at pH 
6-8 in respect to pH 7-6. What seems to be the most 
important conclusion to emerge from these results is 
that the osmotic equilibrium of the red cells is not only 
dependent on a low permeability of the red cells to Na* 
and K+, but also to anions; the rate of diffusion of anions 
represents an essential factor in the control of the volume 
of the red cells. 
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Moving Particles in Intact Sieve Tubes 
of Heracleum mantegazzianum 
Recentiy reports have been published of microscopic 


: particles moving along strands in the sieve tubes of cut 


sections of Primula obconica. This movement has 
suggested that protoplasmic streaming may be the 
mechanism of transport of sugars in the phloem of higher 
plants and it therefore seemed important to see whether 
such streaming could actually be observed in intact 
sieve tubes at rates sufficient to account for the velocity 
at which sugar is known to be moved. 

In this study we have been able to isolate living phloem 
tissue from the petioles of the umbellifer Heracleum mante- 
gazzianum Somm. et Lev. grown in pots for ease of hand- 
ling in the laboratory. Phloem bundles were dissected 
apart while remaining attached to the intact plant, a 
technique pioneered by Ziegler’. A single conducting 
bundle was first exposed by scraping away the overlying 
tissues, then the phloem was separated from the accom- 
panying xylem by running the tip of a needle along the 
cell layer between phloem and xylem. A bundle of 
phloem about 10 cm long and 1-5 mm in diameter was 
thus available for microscopic examination in vivo, the 
functionally intact tissues being kept moist with 0-1 M 
sucrose. With care, preparations as thin as four or five 
cells could be obtained. The investigation was conducted 
with a Zeiss microscope fitted with a planachromat oil 
immersion objective, NA 1-25, and optovar attachment. 
yielding a maximum magnification of 1,600 diameters 
and a depth of focus of about 0-7u. 

Phloem anatomy of petiolar vascular bundles has 
already been described’. Ziegler has also studied the 
fine structure of sieve plates of this plant and found that 
the sieve plate pores are full of parallel strands of ‘“‘endo- 
plasmic reticulum”. Further, Ziegler and Vieweg® 
reported a mass flow in the sieve tubes of 35-70 em h-', 
Throughout our work sieve tubes were identified by their 
ratio of diameter to length and by the appearance of sieve 
plates. Pores of diameter 0-2-lu could be seen in the 
sieve plates in all our better preparations. 

With the thinnest preparations under phase contrast 
and x 1,000 magnification striations parallel to the long 
axis of the cells were occasionally seen, appearing similar 
to those reported before?. Thus they might have been 
produced by the presence of 0-5, diameter transcellular 
tubules between sieve plates which Thaine suggests are 

the cause of his striations. Such tubules, however, have 
not yet been detected either on our flash photographs or 
visually in our best preparations in which particles 
0-3-0-5u in diameter were easily discernible. We think 
many of these striations were optical effects caused by 


diffraction of light in the underlying cell walls and eyto- 
plasm. But some other very fine striations were also — 
visible in flash exposure photographs near sieve plates and. 
often not parallel to the axis of the cell. These extremely 
fine striations were certainly at the limit of resolution ini 
our preparations; they were sometimes fan shaped, 
sometimes reticular, and seem to us to be most easily 
explained as optical effects produced by aggregates of 
microfibrils commonly known as slime. Many strands of 
very fine microfibrils (each less than 150A in diameter) 
have been reported passing through sieve plates of 
Passiflora, in Heracleum” and more recently in Tilia’. 
A network of microfibrils was found near each sieve plate 
running in an organized fashion through the sieve plate 
pores. We think it most probable that we have here 
detected slime strands or aggregates of microfibrils in 
natural position in the living sieve tube cells. Further- 
more, because these strands are usually invisible to the 
eye but show up in altered position in successive flash 
photographs taken of the same field, we think that these 
strands are usually in active motion in fully living tissue. 
On several occasions definite streaming of particles within 
the peripheral protoplasm of young phloem elements was 
observed. Measurements of this streaming showed a 
general rate of 1-5-2-5 em/h, with values up to 5-0 em/h 
sometimes recorded, This protoplasmic streaming was not 
transcellular in our material. In the thinnest preparations 
(2-3 cells in thickness) protoplasmic streaming was found 
to be a transient phenomenon. In thicker preparations, 
however, where neither the cell under observation nor 
those above and below had been touched during the dis- 
section, this streaming continued for many hours, 

At best resolution it was perceived that some sort of 
pulsation of small particles occurred which, because of 
overlapping cells, appeared to have at times an inter- 
ference wave movement. The particles responsible for 
this effect were most frequently clustered loosely near 
the sieve plates. Each particle was of the order of t3- 
0-54 in diameter and seemed to move around a centre of 
position with an estimated 1-3u amplitude. In no case 
did we observe particles to move through the plates. The 
particular motion might at first be construed as Brownian, 
but because their motion was much more vigorous than 
other Brownian motion in nearby cells or in dead tissue, 
we think the particles were possibly suspended on trans- 
cellular fibrils in a moving fluid stream. This view is 
reinforced by the speed (>40 em h-?) with which vital 
stain (Janus green applied within 10 s, to a freshly cut 
strand) could be seen to stain these same particles as it 
passed through the living sieve elements and by the 
observation that stain moved basipetally in freshly cut 
preparations much more rapidly than in the reverse 
direction (about 6 em h-?). 

Currier et al.!° reported a type of Brownian movement 
for similar particles in somewhat the same relative position 
in Cucurbita but, because they were studying tissue at 
least 10 min after excision, we suspect that the move- 
ments visible to them were probably very much smaller 
than those we have been able to perceive. Certainly 
cutting or chilling the living strand at the apical side of 
our preparation has always reduced the motion within 
about 2 min and also has caused the particles to agglomer- 
ate near a sieve plate, whereas the same treatment down 
stream had no effect. The observations of these vibrating 
particles have now been made many times, but it should 
be pointed out that visual observation up to this stage 
has been somewhat better than photography in locating 
and following the movements of these particles. Succes- 
sive flash (1/1,000 s) photographs of the same field about 
10s apart, however, have enabled us to make preliminary 
attempts to locate and follow individual particles and to 
obtain the amplitudes of vibration given here. 

We think we have found plant and optical systems 
suitable for direct observation of transport in functioning 
phloem. Our preliminary studies indicate that cyclosis 
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occurred within some sieve tubes of our specimens, but 
we have not detected protoplasmic movement across sieve 
plates. Furthermore, the velocities of protoplasmic 
streaming we have observed were less than one-tenth the 
velocity of transport known to occur in Heracleum 
phloem. In addition, we regularly observe a phenomenon 
not previously reported, a vibratory movement of particles 
in the sieve tubes near sieve plates. We think that this 
resembles the motion that might be expected if there 
were a fast moving fluid passing along and over elastic 
strands of protoplasm inside the sieve tubes. Our observa- 
tions, however, should not be taken to support an exter- 
nally operating pressure-flow mechanism, for the move. 
ments do not cease with the severing of the phloem bundle 
under 0-1 M sucrose, but slowly die away in time. It 
may well be possible that the slime strands themselves 
assist the motion of the fluid, but further studies will be 
needed to determine whether this is so. 
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Chemical Structure of the Exine of 
Pollen Walls and a New Function for 
Carotenoids in Nature 


RECENT communications!:* have confirmed and extended 
the observation of Zetzsche et al. that there is a close 
chemical similarity between the nitrogen-free walls of a 
wide variety of pollen and spores. In particular the walls 
of Lycopodium clavatum and Pinus silvestris, which 
were studied in most detail, were found to consist of (a) an 
almost pure cellulose intine (10-15 per cent by weight of 
the wall) which retained the original shape of the wall after 
removal of the exine (sporepollenin of Zetzsche) by oxida- 
tion; (6) an ill-defined “xylan” fraction (10 per cent); 
(c) a fraction regarded as lignin-like (10-15 per cent) 
beeause the walls produced phenolic acids when fused 
with potassium hydroxide; (d) a major fraction (55-65 
per cent, the exine) which is very resistant to most 
chemical reagents but readily oxidized to a mixture of 
mono and dicarboxylie acids containing eighteen carbon 
atoms or less. 

The extreme resistance of the pollen exine to chemical 
degradation other than oxidation was a severely limiting 
factor in attempts to extend the chemical studies. We 
decided therefore that additional useful information about 
the chemical structure of the exine might be best obtained 
by following the course of formation of pollen exine in a 
particular plant and correlating this development with 
any parallel development of chemical substances in the 
anthers. It has been known for some time that exine 
material is formed in the tapetal cells, probably during 
the early stages of meiosis’, and correlation of develop- 
ment of the pollen wall with anther or bud size is roughly 
possible in certain Lilium species’. Anthers from buds. of 
100 Lilium henryii plants were removed at intervals, their 
lengths measured, portions examined microscopically 
and the remainder extracted with solvents and the extracts 
examined for chemical constituents. Some of the plants 





Cr Ce Cy Cre Car Cis Cis Cia Cis Cie Our Cor 
b c 
Fig. 1, Comparison of the acids produced by ozonization of Lilium henryii exine (C) and of & synthetic exine produced by polymerization of 


æ, Branched chain fatty acids, b, dicarboxylic acids, e, straight chain fatty acids, 


Cy Cy Os Cy Cy Cy Cy Cho 


C Ca ey Caro Cis Cis Crs Cs Cis Cis Cair Cys 
b E 


NATURE, VOL. 219, AUGUST 3. 1968 


were allowed to develop to maturity, the pollen was 
“collected and the walls were isolated by the general 
_ methods described earlier'-?; chemically they were very 
~~~ similar to those from other plants. 

It soon became apparent that the formation of exine 
material in L. henryti was accompanied by a parallel 
formation of carotenoids. No carotenoids were detected 
in anthers less than 1-1 em long and this corresponded 
to the presence of sporogenous tissue only (anthers < 0-9 em 
long) or to only tetrads without exine (anthers < 1-1 em 
long); with anther lengths greater than 1-1 cm exine was 
being increasingly deposited and corresponded to increas- 

=. ing formation of carotenoids. Extraction of the caro- 
_-tenoids from the anthers revealed that they consisted of a 
mixture of free carotenoid and carotenoid esters (ratio 
292:1). The mixture was saponified and the fatty acids 
-| were examined (as methyl esters) by gas-liquid chromato- 
graphy. They contained 90 per cent straight chain acids, 
-> o Cyg (80 per cent), Cis (6-6 per cent), C,-C,, (3-4 per cent), 
-and 10 per cent branched chain acids, Cis (4-6 per cent), 
© Cy, (27 per cent), Ci, (1-2 per cent) and C,-C,, (1°5 per 
-< cent). Further work to establish the structure of the 
-carotenoids is under way. 
=o The presence of carotenoids in anthers is known’ but 
© their possible function as precursors of pollen exime has 
so far been unsuspected. We have examined the poly- 
< merization of both the free carotenoids and total caro- 
-tenoids and carotenoid esters, from the anther extracts 
of L. henryii with trace amounts of a boron trifluoride 
-catalyst in methylene dichloride solution in the presence 
of oxygen. As model compounds we have similarly 
examined the polymerization of 8-carotene and vitamin A 
palmitate. In all cases insoluble polymers were formed 
which contained substantial amounts of oxygen and 
which had molecular formulae very similar to those of the 
pollen exine (Table 1). Each of the synthetic polymers 
was degraded with ozone’? under the same conditions 
used for the degradation of pollen exine and the resultant 
mixture of branched, non-branched fatty acids and 
dicarboxylic acids was examined (as methyl esters) by 
gas-liquid chromatography. The results (see Figures) 
©. show the remarkable similarity, both qualitative and 
- quantitative, between the degradation products derived 
from the synthetic polymers and those from the pollen 
exine of L. kenryii. Analogous results are included for 
the sporopollenin of L. clavatum, and a very similar 
spectrum of compounds is obtained although the greater 
proportion of straight chain acids would indicate a higher 
ratio of carotenoid esters to carotenoids in the anthers. 
Potash fusion of either L. henryiz pollen exine, or the 
synthetic polymer derived from the total carotenoids of 
_ the anther extracts gave in each case p-hydroxy-benzoic 
~ acid as the principal phenolic acid. 
<v Our results suggest that the pollen exine is formed by an 
‘oxidative polymerization of the mixture of carotenoids 
and carotenoid esters contained in the anther material. 
> The total wall is now seen to consist of a cellulose intine 
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See Figures for more detail. 


* The figures are for walls from which cellulose has been removed. 


< $ Molecular formulae are arbitrarily recorded on a Ca, basis to facilitate 
- comparison with earlier references 1-3 









covered by a polymerized carotenoid exine with probat 
a small amount of some other material acting as a cem 
between the two. Because phenolic acids are elos 
obtainable from polymerized e is no 
perhaps no need to postulate lignin-like material in the 
sporopollenin. | re 
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Mutual Repression of Haploid 
Genes in Diploid Yeast 


Tur expression of the same genes can be studied in both 
haploid and diploid cells of certain yeasts. If the genes 
control primarily haploid mating type traits, then if is 
interesting to know whether these genes are expressed 
in the diploid which does not mate. In the agglutinative 
yeast. Hansenula winger, the two haploid mating types 
(strains 5 and 21) produce cell surface glycoproteins which 
are complementary and which are responsible for the 
strong adhesion between cells during sexual agglutina- 
tion'3. The diploid hybrid, however, is completely non- 
agglutinative. This lack of agglutination in the diploid 
could be the result of a mutual repression of the synthesis 
of both complementary agglutination factors, or synthesis 
followed by mutual neutralization or inactivation of these 
glycoproteins. We have evidence that the genes controlling 
the haploid agglutination types are mutually repressed 
in the diploid. 

The glycoproteins responsible for sexual agglutination 
were purified after biological assays for their respective 
activities were developed!*. The factor from strain 5, 
called the 5-factor, is multivalent and will specifically 
agglutinate strain 21 cells. The factor from strain 21, 
called the 21-factor, is univalent and neutralizes the 
activity of purified 5-factor. 5-Factor and 21 -factor ex- 
hibit differential sensitivities to various chemical treat- 
ments. 5-Factor is heat and alkali stable, and is inactivated 
by sulphydryl compounds such as mercaptoethanol, 


cell surface. 
21-Factor is not inactivated by trypsin treatment but 
is eluted from strain 21 cells, presumably because the 


* Washed cells of strain 5, strain 21, or the diploid hybrid at 6 « i0*/mi. 
were treated with either 385 yg/ml. of trypsin in 0-01 M tris(hydroxymethy) 
aminomethane buffer (pH 8-5) for 1 h at 37° C or 0-25 M b-mereapinethano! 
in 0-01 M phosphate buffer (pH 7-5) for 15 min at 37° ©, and then tested for 
agglutinability. The agglutinability of strain 5 was completely destroyed by 
mercaptoethanol and the agglutinability of strain 21 was completely destroyed 
by trypsin. In these conditions the diploid remained non-agglutinative with 
either tester strain. 


carotenoids there is now — 
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enzyme breaks bonds holding 21-factor to the cells. 
Because trypsin causes the release of 21-factor from 
strain 21 cells in a biologically active form, the supernatant 
fluids from trypsin-treated diploid cells were assayed for 
2l-factor, but no activity was found. This is further 
evidence that the 21-factor, and by implication the 
5-factor, are not present on the cell surface of the diploid. 

Because of certain potential difficulties of these treat- 
ments of whole cells, cell free extracts were also investi- 
gated. Both 5-factor and 21-factor are present in the 
cytoplasm of their respective mating types, and can be 
obtained in cell free form by ballistic disintegration or 
by alumina grinding. Concentrated cell free extracts of 
the diploid were prepared, but neither 5-factor nor 21- 
factor could be detected. Because it was conceivable that 
neutralized 5-factor : 21-factor complexes might be present 
in the diploid extracts, attempts were made to dissociate 
such presumptive complexes. 

Artificial 5-factor : 21-factor complexes were prepared 
by adding sufficient quantities of a cell free extract of 
strain 21 cells to a cell free extract of strain 5 cells so that 
the activity of the latter was just neutralized. When 
this “complex” was then treated with alkali which in- 
activates 21-factor, the biological activity of the 5-factor 
was recovered*. This experiment showed: (a) that it 
could be possible, after alkali treatment, to detect 5-factor 
in complexed form in the diploid if it were present, and 
(6) that 21-factor does not inactivate 5-factor, but merely 
neutralizes it. 

When concentrated cell free extracts of the diploid 
were subjected to the same alkali treatment, no 5-factor 
activity was recovered. These diploid extracts were as 
concentrated as those used in the preparation of artificial 
5-factor : 21-factor complexes, and 5-factor activity 
could be detected in the latter after alkali treatment at a 
1: 100 dilution, so that it can be concluded that 5-factor 
is not present in the cytoplasm of diploid cells in a neutral- 
ized form. 

All these experiments, although consistent with 
the idea that the mating factors are repressed in the 
diploid, are essentially negative results. We would now 
like to describe some experiments which indicate that 
although the diploid does not usually synthesize either 
factor, it can, in certain conditions, synthesize 5-factor. 

Derepression of the synthesis of the 5-factor in the 
diploid hybrid occurs when the diploid is grown with good 
aeration into late stationary phase in a medium containing 
0-5 per cent KH,PO,, 0-7 per cent yeast extract (‘Difco’), 
and 3-0 per cent glucose. Such cells possessed the following 
properties: they were agglutinative with strain 21 cells 
only; they had -factor both on the eell surface and in 
the cytoplasm; they had not undergone sporulation; 
and the clones isolated from them yielded typical non- 
agglutinative diploids. The transition to an agglutinative 
culture did not occur when cells were grown in synthetic 
medium, and only four out of ten different batches of 
‘Difco’ yeast extract were fully effective in promoting it. 
The addition of extra amounts of glucose to the medium 
did not inhibit the transition. Thus this transition of 
the diploid to an agglutinative state was purely a physio- 
logical phenomenon which occurred following cessation 
of cell division. 

That the diploid-to-5 transition is due to the formation 
of specific 5-factor is shown by the fact that the diploid 
cells agglutinate only with strain 21 cells, and their 
agglutinability is destroyed by mercaptoethanol, but not 
by trypsin. 

Two independent diploid hybrids of strains 5 and 21 
showed this phenomenon, as did the original diploid 

* Extracts of 5x10" cella of strain 5, 21 or diploid cells were made by 
alumina grinding. The final volume of each extract was about 20 ml. and 
the protein concentration was about 10 mg/ml. The 5-factor : 21-factor 
complex was prepared by mixing 0-05 ml. of 5-extract with 1:0 ml, of 
Zl-extract., Alkali treatment involved adjustment of pH to 11:5 with LO N 
NaOH, incubation for 1 h at 30° C, readjustment to pH 6 with tO N HCl, 


and assay for biological activity of 5-factor. Experiments not shown indi- 
cated that 21-factor was completely inactivated by this treatment. 
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isolate from nature, Y-2340, from which strains 5 and 21 
had been isolated‘. The intensity of the agglutination, 
however, was less with Y-2340 than with the 5x21 
hybrids. 

These results suggest that the synthesis of both agglutin- 
ation factors is normally repressed in the diploid, 
but that in certain special physiological conditions the 
diploid cells escape this repression mechanism and can 
synthesize one of the two factors. The significance of this - 
synthesis is not clear, for it does not confer upon the 
diploid cells the ability to mate with the haploid. It 
is, however, easy to see how the normal state of repression 
of the synthesis of the agglutination factors is advantag- 
eous to the cell, because sexual agglutination would be of 
no value to the diploid. The following model can be 
proposed to account for this repression. The mating type 
locus in each haploid strain is complex, and contains at 
least two genes, one of which controls the synthesis of the 
sex-specific glycoprotein and another which controls the 
synthesis of a repressor which inhibits the synthesis of the 
glycoprotein of the opposite mating type. Thus when the 
genes for both mating type loci are present together, in 
apposition, in the diploid hybrid neither glycoprotein is 
synthesized. To support our repression model there is 
evidence from genetic crosses, which suggests that 
regulatory genes exist for the agglutination factors’. 
Conceivably, similar types of mechanisms control the 
differential expressions of other genetic characters between 
diploid and haploid types. 
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GENERAL 


Increasing Entropy of Biological 
Systems 


FoLttowine the recent correspondence between Wool- 
house! and Popper? concerning the apparently low entropy 
of biological systems, Campbell? suggests that this low 
entropy can be achieved by an entropy pump, which he 
describes and then identifies with the mechanism of 
natural selection. The purpose of this communication 
ig to propose a very different role for natural selection, 
which is still controlled by natural selection. 

Natural selection brings information into the gene- 
pools of species. This leads to increased complexity, 
better fit of populations mto their niches, increased popula- 
tion numbers and mecreased genetic variety. 

At another, non-genetic level, natural selection of a 
simpler kind might operate, by which an ordered system 
tends to extend its order. This is the order-from-order 
principle which played a large part in Schrédinger’s 
discussion of the nature of life’, and is probably connected 
with the internal factors in evolution proposed by Whyte’. 
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< We suggest that this is akin to natural selection in that 
it depends on a type of differential survival: systems 
which are unstable or incoherently organized will rapidly 

be destroyed or modified, and only those systems will 
endure which are coherently organized and stable. This 
selection in favour of coherent organization would bring 
information into the system at a developmental rather 
than a genetic level. 

We can give a quantitative measure to the information 
in the system by following Brillouin’. We define informa- 
tion as [=klog N, where N is the number of possible 
eases from which one must be selected. and & is a positive 
constant. This definition applies to information in general; 
if in addition the possible cases can be interpreted as the 
complexions of a physical system, we have what Brilloum 
ealls “bound information”. The formula then represents 
the amount of information which is bound into the 
physical system. 

This definition can also be applied to a biological system, 
to represent information bound into the biological system. 
Natural selection, or the order-from-order selection 
mechanism, would operate to increase the amount o 
- information in the system until some limit is reached, as, 

` for example, an ecosystem which reaches a climax. 

“Tt seems at first sight that this increase of information 
is not consistent with the law that entropy must increase. 
But this impression is false. We have defined information 

-with the same definition as is used for entropy in statistical 
mechanics, and we have identified the possible cases 
which are used in computing information with the 
possible complexions which are used in computing entropy. 
It follows that bound information is not only related to 
entropy, but actually is entropy--the same property of 
the system under another name. Thus the increase of 
bound information in the system is by definition an 
increase of entropy. 

This conclusion is contrary to Brillouin’s, for he sup- 
poses that bound information is the negative of entropy. 
Nevertheless, he used the same definition with the same 
sign for both information and entropy ( quoted also by 
Woolhouse with the same sign for both quantities’). 
Brillouin reverses the sign only when both quantities 
appear in the same calculation, and then the reversal 
leads to difficulties. In defining the efficiency of an 
observation, for example, he obtains a positive sign by 
taking the magnitude of a negative entropy. This would 
not have been necessary if he had used entropy directly 
without change of sign. For another example, Brillouin 
uses negentropy to calculate the capacity of a communica- 
tion channel in the presence of thermal noise. If entropy 
is used instead of negentropy, the calculation can be made 
two steps shorter; the result is unchanged, because 
one of the redundant steps inserts the negative sign and 
the other enables it to be removed (see following paper). 

Another point of difficulty might be raised: because 

_ Boltzmann regarded entropy as a measure of missing 
information, it might seem unreasonable to regard it as 
a measure of information. The difficulty can be avoided, 
however, if a distinction is made between information 
bound into the system and information available to an 
observer outside the system. An cbserver who knows 
the macrostate of the system has not yet obtained all 
the information he needs about the system. He can 
calculate its entropy, but he cannot specify its particular 
microstate. The amount of extra information which he 
needs is equal to the amount which is in the system, 
that is, the bound information of the system, which is 
the same as its entropy. If, for example, only one micro- 
state is possible, then S=0. Hence Ia=0, which is to 
say that no information can be bound into a system 
unless it has more than one allowable microstate. Because 

I,=0, the observer needs no more information to tell 

him the state of the system. He knows the state, not 
because he has maximal information about the system, 
but because he needs none. 










If we accept this proposal that bound information an 
entropy are identical, because their definitions are | 


same and because both definitions refer to the possible 


complexions of the system, then the same mechanisms 
whieh are increasing the information content of the 
biological system are also increasing its entropy. It 
therefore seems that Schrédinger was wrong in supposing 
that an organism needs to counteract its entropy produc- 
tion by feeding on negative entropy*. Rather, the organ- 
ism would be enabled by selective principles (natural 
selection and an order-from-order principle) to increase 
its entropy (information content) and to hold part of 
that increase within a coherent system. 
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Entropy, not Negentropy 


WootHovusE! remarks that the work of Shannon and 
Brillouin showed the fundamental relationship between 
information defined as I = — EP; log Pi (where 0s P; <1, 
¥P,=1 and P: is the relative probability of the ith symbol 
generated by a source), and entropy defined in statistical 
terms as S= —kZP;log Pi (where UPi=1 and P; is, 
in this case, the probability of an idealized physical system 
being in the state 7 of n possible equivalent states or com- 
plexions). It is the unwarranted ex trapolation of this 
relationship to biological systems which, Woolhouse 
says, leads to erroneous conclusions. He points to the 
warning given by Brillouin himself, that the theory of 
information ignores the value or tho meaning of the 
information which is quantified by the definition, Yet in 
spite of these warnings by Brillouin, the confusion is 
already present in his work even before its extension to 
biology. 

The definitions of information and entropy as given 
here are identical, yet in comparing them Brillouin finds 
it necessary to reverse the sign and put information 
equivalent to negative entropy, which is negentropy. 
By so doing, he has gone against his own warning, attribut- 
ing to information a quality which it does not have— 
the quality of being organized. 

I do not intend to argue this point further here. Instead, 
I wish to point to two simple examples in Brillouin’s work 
where the reasoning would be more straightforward if 
entropy were used directly instead of negentropy. 

Consider first Brillouin’s definition of the efficiency of an 
experimental method of observation®?. This is defined as 
the ratio of the information obtained to the cost in 
negentropy |AN], which is the entropy increase AS 
accompanying the observation. Thus 


Al Al 


a= TAN] AS’ 

If instead we define efficiency as the ratio of information 

obtained by the observer to the total increase of informa- 

tion in the system (including the observer), we get the 

same result as before without introducing {and subse- 
quently eliminating) a negative quantity. We write 


AN = ~AS 
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In another calculation Brillouin derives a formula for 
the transmission of information in the presence of thermal 
noise?, He uses the negentropy assumption twice: first, 
to give the proper appearance of order where information 
is concerned; second, to convert information into physical 
terms. This double use of the assumption restores the 
correct: sign to the result. By using entropy instead of 
negentropy, the same result is reached in fewer steps. 
The revised argument is as follows. 

It is required to find the capacity C of the channel/unit 

of time in the presence of thermal noise at temperature 
T. (T is assumed constant, hence the result is a simplified 
approximation for C.) 
__ The noise power at temperature T within the bandwidth 
W is given by Pa=kTW. The signal has power P and 
duration 7, and thus has energy Pr. As the cable is at 
temperature T, the increase in entropy when the signal is 
introduced is given by AS=P T/T. It follows that 
AS=kWP/Pn. (In Brillouin’s argument the signal is 
introduced as information, hence negentropy; this is 
converted to entropy as the energy of the signal is dissi- 
pated to heat.) 

The entropy AS (Brillouin uses negentropy) represents 
information flowing at the rate of AS [7 units per s, and 
hence the channel capacity per s is C= AS/t+=kWP/P,, 
which is the required result. 

In these two examples, the correct conclusions have 
been reached, but the simplicity of the argument has been 
obscured by the use of the negentropy assumption. We 
should reject that assumption and assume simply that 
Brillouin’s bound information is to be identified with 
entropy. 
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Absence and Attendance under 
Non-continuous Three-shift 
Systems of Work 


INDUSTRIAL interest in the use of multiple shifts has been 
growing im recent years, but little is known about the 
effects of different shifts and shift systems on work per- 
formance. This communication discusses variations in 
attendance at work under a 5 day, three shift system. 
The investigation is part of a wider attempt to examine 
behavioural differences under various arrangements of 
working hours. 

The factory was a metal-working unit in the north- 
east. It was continuously manned over fifteen shifts a 
week from 0800 h on Monday to 0800 h on Saturday. 
Each 24 h period was divided into three 8 h turns of duty— 
0800 h to 1600 h, 1600 h to 2400 h, 2400 h to 0800 h—and 
the men changed shifts weekly in this sequence. A basic 
working week of 37} h (allowing for a lunch break of 
half an hour) was paid for at the rate of 44 h on day and 
evening shifts, and 48 h on night shift. The work, in- 
volving high volume production of a single produet, was 
constant throughout. 

The absence and attendance records of 206 hour! y paid 
male operatives were examined for 1966, and 265 for 1967. 
Only men who had rernained with the same shift team 
throughout these periods, and had thus adhered to the 
Same sequence of shifts, were included. Discounting 
holiday periods, fifteen complete shift cycles were covered 
for each man in each year. The amount of lost shifts on 
the different shift periods is summarized in Table 1. 
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Table 1. LOST SHIFTS 1966 AND 1967 


1962 Days Evenings Nights 
Certified sickness absence 564 (31%, 587 (32%) 664 (87%) 
“Other reasons” absence 114 (23%) 170 (35%) = 209 (42%) 
Single-shift “other reasons” absence 90 (28%) 105 (32%) 181 (40%) 

1967 Days Evenings Nighta 
Certified sickness absence 784 (33%) 808 (35%) 


746 (82%) 
113 (249% 


13 (24°) 184 (39%, ) 
83 (25%) 


136 (40%) 


“Other reasons” absence 


173 (87%) 
Single-shift “other reasons” absence 


118 (35%) 

In both years there is a tendency for most absence to 
occur on the night shift and least on the day shift, with 
evening shift absence occupying an intermediate position. 
As would be expected, this trend is least marked in the 
case of certified sickness absence. There is no reason 
why genuine illness or injury which prevents a man from 
attending work should occur en one shift rather than 
another. | 

In the case of absence for reasons other than certified 
sickness (consisting chiefly of single shift absence without 
permission) a greater element of personal choice is pre- 
sumably involved, and, in consequence, liking for or 
antipathy towards particular shift periods becomes more 
clearly shown in the variable amounts of absence taken 
on days, evenings and nights. 

Permitted absence is taken at this factory largely in 
the form of single, additional “rest days” (for which men 
qualify with increasing length of service). Preference for 
daytime work is confirmed by the much greater extent 
to which such rest days are taken on the evening and 
night shifts (Table 2). 


Table 2. SHIFTS TAKEN AS REST DAYS 


Days Evenings Nights 
1966 74 (13%) 228 (42%) 247 (45%) 
1967 140 (16%) 385 (48%) 360 (41%) 


An interesting feature of these results is that they 
differ from previous findings. In the steel industry, under 
both a seventeen and a twenty-one shift cycle, Shepherd 
and Walker! found that three-quarters of single shift 
absence without permission oceurred on the day shift 
(0600 h-1400 h) They attributed this to the early 
morning start. Single shift absence with permission was 
distributed more even] v over the morning, afternoon and 
night shifts. 

In the present case, the payrnent of a differential of 
four hours may be thought of as an incentive to maintain 
attendance on the night shift. But this effect is out- 
weighed by the greater opportunities for overtime on the 
day shift and to a lesser extent on evenings. These unequal 
opportunities are reflected in the annual amounts of 
overtime hours worked by the men in these two samples 
(Table 3), 


g 


Table 3, OVERTIME HOURS WORKED ON DAY, EVENING AND NIGHT SHIFTS 


Days Evenings Nights 
1966 21,972 (43%, 19,407 (38%) 9,920 (19%) 
1967 32,780 (44%) 26,947 (37% 14,140 (19%) 


On this evidence it is impossible to determine the 
extent to which better day shift attendance is due to the 
attractions of overtime, and how far it results from a 
dislike for work during night-time hours. To examine 
the question further, this investigation is being pursued 
in a second factory working on a three shift, 5 day basis, 
where little or ne overtime was available during the period 
in question, and where a common allowance of 20 per 
eent was paid on all three shifts. In such circumstances. 
it is argued, any differences in time lost between the 
three shift periods will be attributable directly to varying 
degrees of preference for day, evening and night work. 
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In Defence of Defensive Warfare 


by We All Fall Down 


C. E. GORDON SMITH 


< Microbiological Research Establishment, 
Porton, Salisbury 


THis book shows that biological and chemical warfare 
~~ ¢an be discussed without excessive emotion by a well 
- informed layman, although he has not entirely resisted the 
<O common tendency to sensationalism in his title and at 

“various points elsewhere. Indeed, by implication, his 
o introduction disclaims scientific objectivity. Scientists 
= have a strong obligation to explain what they are doing 
-in such a way that “the ordinary citizen” can understand 
— sufficiently to decide questions of policy, and those who 
C are well informed on B and CW are willing and anxious 
© to participate in reasonable and unemotional discussions 
-sọ as to increase depth of understanding of their work 

and of the very difficult and important problems they 

face. 

Historically CW was used in the First World War, in 
the war between Italy and Ethiopia and more recently in 
the Yemen. Anti-riot gases have, of course, been widely 
used throughout the world in civil disturbances and also 
in the Vietnam war. BW is not known to have been used 
except as a sabotage weapon and records are scanty and 
largely speculative. Allegations of use were made against 
the Americans in Korea and although there was no 

¿oo evidence to support the charge, considerable political 

< capital was made of it at the time. Infectious disease has, 

of course, been one of the major factors in war since 

earliest times and the Second World War was the first war 

in which deaths from enemy action exceeded deaths from 

disease-—but even then man-days lost from disease were 
greatly in excess of man-days lost by enemy action. 

Mr Clarke describes some of the major epidemic diseases 
and speculates about their possible suitability as BW 
weapons. The essential difference between B and C 
agents is that only an infective dose of a B agent is required 

“as it will multiply to become toxic, while a full toxic dose 
of C agent must be admuinistered—bacterial toxins are 
© thus C agents. Mr Clarke falls into the usual logistic 
‘trap: “one ounce (of C. botulinum toxin) would be suftici- 
cent to kill sixty million people’-—but only with very 
- eareful individual administration. He concludes that 
mmeh more is known about the control of infectious 
disease than about how to use it in BW but that “there 
is no cause for complacency and no reason to doubt that 
biological weapons could one day be perfected”. 

The growth of possible agents is then discussed: “If you 
want a virulent virus... you grow it in the tissue which 
you particularly want it to attack: human embryo tissue 
in the case of BW agents”. If this were true (and in essen- 
tials it is not) it would present such severe logistie problems 
= for an aggressor as to make BW unlikely. He considers 

.. that genetic manipulation for the creation of more virulent 
organisms ‘may eventually find applications in BW”. 
but rightly dismisses artificial development of new and 
“unknown pathogens (Domesday bugs} in the near future. 
- The range of known and unknown pathogens which exist 

in nature provides a wide enough choice and certainly 
quite wide enough to present difficult: problems for those 
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whose interest. is confined to protection. While simple 
changes (to antibiotic resistance, for example) are easily 
achieved (by methods developed outside defence laborator- 
ies) stable increases of virulence while retaining other 
desirable BW properties are very hard (one cannot say 
impossible) to achieve because virulence is a multifactorial 
property. Sir Macfarlane Burnet, I believe, likened full 
virulence to a perfectly conducted orchestra in which one 
instrument out of tune or time impairs the overall effect. 
While Mr Clarke may be right that work on offensive BW 
is “publie health in reverse”, work on bacterial genetics is 
essential for the understanding of disease processes anc 
their treatment, and for the development of fully effective 
vaecines—-and very little work indeed has been done 
anywhere on the genetics of disease-producing organisms. 

Vaccines against BW present some special problems: 
first, the diseases considered likely are exotic to developed 
western countries but often very important m under- 
developed countries. Although, therefore, vaccines are 
much needed, they are costly te develop and of no com- 
mercial interest and so would not be developed today 
except for defence purposes but become available as 
“spin off”. Second, the standards of innocuity and 
effectiveness which must be set for a vaccine to be given 
to whole populations against a disease to which they may 
never be exposed must be exceptionally high. Mr Clark 
says that existing vaccines against brucellosis, anthrax 
plague and tularaemia are not very effective. In fact. 
the tularaemia vaccine is innocuous and highly effective 
for long periods; the anthrax vaccine developed at the 
Microbiological Research Establishment (MRE) is also 
innocuous and effective although repeated doses are 
required—it is widely used in industries at risk. Consider- 
able progress has been made at MRE on the development 
of better brucellosis and plague vaccines, and the latest 






living plague vaccine developed in the United States 
shows considerable promise. He suggests that the cost 


threat of many thousands of casualties. 
myelitis vaccines have already been administered to 
enormous populations on a worldwide scale. The added 
advantage of vaccination against a BW agent is that i 
deprives the enemy of that particular weapon. 

When Mr Clarke gets down to “naming nares” úi 
possible BW agents he exposes a good deal of misinforma- 
tion and misunderstanding—surprisingly not of “new 
strains ... produced in BW research centres” but of the 
relevant ‘properties of the agents as they exist In nature’. 
He states that ‘constantly available at Detrick are mos- 
quitoes infected with yellow fever, malaria and dengue; 
fleas infected with plague; ticks infected with tularaemia, 
relapsing fever and Colorado tick fever; and flies infected 
with cholera. anthrax and dysentery’. Uf so, it is dificult 
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to understand why, except possibly for research into 
public health—it is apparent from common sense and 
general principles that only the mosquitoes could make 
conceivable but limited BW sense for use against man. 
This is a clear attempt at rabble-rousing. Incidentally, 
no one has or is likely to infect mosquitoes with Q fever— 
few who are knowledgeable would try. The commonly 
held view that it would be militarily attractive to start a 
small but spreading epidemic is barely credible—the 
effect would be too slow and uncertain, and a good publie 
health service would snuff it out before much harm was 
done. A related misconception is that following an 
aerosol attack there is likely to be extensive spread from 
the initial cases. As most likely BW agents are transmitted 
in nature by means other than the respiratory route 
and many of them by arthropods absent in Britain, 
secondary spread is unlikely to be a notable problem. 

There is a discussion of the spread of BW aerosols over 
very long distances and at high altitudes with very low 
temperatures. All agents other than bacterial spores die 
rapidly in daylight so that only distances covered by wind 
during a single night need be considered. Further, as 
is well known, upward diffusion of an aerosol is limited 
by a temperature inversion—nearly always present at 
night in Britain. He claims that our “infamous” “highly 
variable” weather makes us “less prone to C and B 
attack”, but fails to understand that in a pre-war situation 
meteorological information would be readily available, 
and, as we are surrounded by sea, a sufficiently long line 
aerosol source to blanket any or all of Britain could be 
laid down by a very small number of aircraft or ships. 

The uses of defoliants, herbicides and BW against 
crops or domestic animals are diseussed. Defoliants are 
used mainly to deprive an enemy of cover—an easily 
understood objective in areas sueh as south-east Asia 
where ambush positions abound. Large seale use, how- 
ever, gives rise to a very great concern as deforestation, 
one of man’s main activities (without defoliants) for the 
past 1,000 years or more, has very profound effects on the 
environment and the Sahara is only one of the many 
monuments to it. Depriving guerillas of food supplies 
by use of herbicides is a recent development of the similar 
policy of deprivation by forced resettlement of populations 
which was successful against the communist terrorists 
in Malaya. Large scale use may again have serious long 
term effects such as erosion. Ths use of BW against 
crops or domestic animals would essentially be economic 
warfare—and in many situations would be war by starva- 
tion. Except in a war of attrition its significance is not 
clear and with the example of Biafra before us it must 
surely be objectionable. One of the important and serious 
objections to any kind of BW is the possible long term 
ecological effects which might in some circumstances be 
serious, progressive and permanent. An aerosol is inhaled 
not only by the target species but also by all other animals, 
so that infections may destroy the balance of wild species 
or establish reservoirs of infection in them. 

It is difficult to comment on Mr Clarke’s conclusion 
that the chance of success in BW against man is no 
“better than one in three” or “a good deal lower”. As 
the weapon has not been used, neither he nor the experts 
have any practical experience on which to base such an 
estimate. The probability of success would depend on 
circumstances but, in at least some, informed estimates 
would predict a higher suecess rate. Fortunately, how- 
ever, he may be right in saying that BW is not very 
attractive militarily because of uncertainty of effect and 
because of the delay of the incubation period. This belief 
must not, however, be overestimated, as the large research 
and development efforts in some countries show that 
military credibility must be considerable there. Chemical 
weapons are undoubtedly more militarily attractive for 
targets of suitable size because incapacitating agents are 
less lethal than conventional weapons and they present 
much less possibility of long term consequences than BW. 
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Mr Clarke draws attention to the absence of generally 
available defensive preparations against B and CW and 
argues that either “officials attach a very low probability 
to large-scale . . . attack” or “that they see little point in 
trying to protect the civilian population”. This misrepre- 
sents the position. Estimates of the probability of the 
use of B and CW depend less on feasibility than on political, 
military and emotional considerations. These estimates 
are measured by Government against other priorities in 
terms of available finance and a decision taken about 
the size of the insurance premium that can reasonably be 
paid. Civilian populations are vulnerable to many forms 
of attack ranging from blockade to nuclear extermination. 
Deterrence—-that is, the fear of massive retahation—is 
perhaps their main defence but this ultimate and poten- 
tially catastrophic step cannot, in many circumstances, 
be reasonably invoked to protect armies in the field. To 
avoid precipitating such dangerous moves, armies must 
be provided with controlled scaled countermeasures 
against any weapon or combination of weapons which 
may be used against them. The first priority of establish- 
ments such as MRE and the Chemical Defence Experi- 
mental Establishment (CDEE) is therefore to provide 
adequate protection for the armed forces. If these were 
defeated or their effectiveness seriously impaired, the 
civil population and their Government would be faced 
with an agonizing choice. 

It is safer to delay a decision on the manufacture and 
provision of general equipment for the population than to 
delay the necessary research and development which would 
make possible a quick decision to manufacture. The highly 
efficient respirators of today have taken 50 years and two 
world wars to evolve. The main barrier to fully effective 
defensive systems is the difficulty of developing satis- 
factory warning systems—more difficult for B than 
CW because of the extreme sensitivity required and the 
high levels of background material normally present in 
the air. Considerable progress has been made at Porton 
and elsewhere but a complete answer has not yet been 
found, and such systems would be expensive to operate as 
continuous monitors. They would tell us when to don 
our respirators or retire to our shelters with filtered air. 
Physical protection has the great advantage that the 
nature of the agent does not matter. Vaccination remains 
the best protection against BW but requires that the 
agent used has been predicted correctly and soon enough 
to permit development and deployment of the vaccine. 
Methods are required for rapid, safe, large-scale administra- 
tion of vaccines: Mr Clarke mentions aerosol methods 
which have attractions but also snags; MRE has developed 
a needleless injector which is independent of power supply 
and will vaccinate 700 people per hour. The “simple 
pill which would give lasting and full protection against 
all diseases”, however desirable, is a figment of Mr Clarke’s 
imagination for the foreseeable future. 

He draws attention to the objections to the concept of 
“incapacitating” agents—-these are perhaps less valid for 
C agents and certainly for the tear gases. There is, 
however, a little doubt that “incapacitating” BW agents 
would have a more serious effect on the old, the very young 
and those with impaired health in a civil population than 
on a military one. But it must also be said that whenever 
war involves civil populations they come off very badly. 
Mr Clarke presents the novel view that really incapacitat- 
ing weapons would popularize war. 

In a rather patronizing paragraph (page 167) my own 
motivation is questioned and doubt expressed as to 
whether I have really thought out my position. It is, 
of course, that while I would not wish to be associated 
with efforts towards offensive use of BW, I consider it 
both ethical and public-spirited to try to make sure that 
adequate protection can be provided against it. If the 
medical profession opted out of work for protection against 
BW the outlook would be grim indeed. My colleagues 
share this view and the need for their work is unaffected 
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whether or not some of their incidental findings can 
be applied for offensive purposes—any scientist's pub- 
lished work may be so used. The work of the MRE 
is entirely subject to Government policy and has been 
uniformly accepted by successive Governments since the 
Second World War. Mr Clarke feels that the presence of 
virulent organisms at MRE might lead us into offensive 
work—but, of course, many other laboratories in Britain 
(particularly public health laboratories) possess as many 
pathogens as we do. 

The possible prevention of C and BW by international 
agreement or other means is discussed. The Geneva 
Protocol has been apparently effective—perhaps rather 
because of a general lack of desire, or a general fear, of 
using these weapons rather than because of the Protocol. 
In any case, a nation under severe pressure may not 
regard the Protocol as a serious barrier to the use of 
weapons they consider necessary to win a war. Britain 
has just taken a welcome initiative in Geneva to try to 
obtain a clearer, more restrictive and realistic agreement 
to international abrogation of BW im the hope, which 
we must all share, that the use of BW can be indefinitely 
prevented. A solid advance in the control of the use of 
these weapons is, however, likely to hang on an ability 
to create a credible inspection and verification system. 
While the Pugwash visitations described by Mr Clarke 
have been encouraging, they do not go far towards the 
objective, and the idea of detection systems for long- 
distance monitoring of trial activities barely holds water 
at present in view of the difficulty of large defence organ- 
izations in elaborating satisfactory automatic alarm 
systems for detection fairly close to the source of an 
attack. Mr Clarke’s alternative approach is to seek de- 
classification of all work on B and CW (but not other 
forms of warfare). He admits that to stop the research 
would be unacceptable because of its great general value. 
He takes the rather ingenuous view that if the inoffensive 
British effort were declassified the United States and the 
Soviet Union might follow suit. British work is withheld 
from publication only if it would confer an advantage on 
an aggressor, thereby increasing the threat to the British 
people. This basis is accepted by the staffs of both 
the MRE and CDEE and by their independent advisers, 
and I know of no cases where Mr Clarke would be justified 
in saying that this situation “has caused the resignation 
of a number of microbiologists”. The argument that 
beeause research is defensive it should all be disclosed 
does not withstand critical thought. To fully reveal our 
state of readiness or unreadiness to defend ourselves 
would surely be unwise. 

While every effort to prevent war, and C and BW in 
particular, should continue as vigorously as possible, one 
must conclude with Merck (quoted by Mr Clarke) that in 
present circumstances “any method which appears to 
offer advantages to a nation at war will be vigorously 
employed by that nation. There is but one logical course 
to pursue, namely, to study the possibilities of such war- 
fare from every angle, make every preparation for reducing 
its effectiveness, and thereby reduce the likelihood of its 
use”. 


ERADICATING PESTS 


Principles of Insect Chemosterilization 
Edited by G. C. La Brecque and C. H. Smith, Pp. vHi+ 
354, (Appleton-Century-Crofts: New York, 1968.) $16. 


THe successful eradication of populations of the screw 
worm fly (Cochliomyia hominivorax Coq.) by the release 
of male flies sterilized by gamma irradiation stimulated 
research into chemosterilants as an alternative means of 
effecting the sterilization. This technique is one method 
by which populations of animals, especially insects, can 
be managed so as to avoid some of the ill effects of wide 


spectrum pesticides, such as residues in foodstuffs, pest 7 


resistance and damage to wildlife. e 

This book, intended to serve as a basis for continued 
research and a guide to new workers, is edited and pro- 
duced by members of the Entomology Research Division 
of the Agricultural Research Service of the US Depart- 
ment of Agriculture and the Public Health Service. It 
quotes some 800 references. 

After Lindquist’s introductory chapter, Knipling sets 
out the basie criteria for the control of populations of 
insects and vertebrates by sterilization. He emphasizes the 
essential difference between the techniques of swamping 
populations with excess of introduced sterile individuals 
(usually males) and the sterilization of members of 
existing natural populations respectively. The latter, 
which might be achieved by luring adults to sex attractant 
baits containing suitable chemosterilants, offers a “bonus” 
over a corresponding level of kill by a conventional 
insecticide because of the adverse effect of the sterilized 
insects on the productivity of the rest of the population. 
The continued existence of the sterilized animals must be 
tolerated for their long term effect on the population, but 
this may not always be acceptable to those suffering 
from the immediate attacks of pests. 

Knipling stresses throughout the need for thorough 
studies of the biology, behaviour, ecology and population 
dynamics of each pest population as do La Breeque. 
writing on laboratory testing procedures (third chapter), 
and Weidhaas, on field development and evaluation (sixth 
chapter). They all point out that success is dependent on 
the sterilized male insect being equal in behaviour anc 
sexual performance to the normal wild males. 

La Chance, North and Klassen (fourth chapter) describe 
various types of sterility in the male and infecundity and 
infertility in the female induced by chemosterilants. They 
consider the most useful compounds are those, such as 
alkylating agents, which cause sterility in the male by 
breaking chromosomes during sperm production without 
having somatic effects. The zygote produced by the 
fertilized female fails to develop beyond a few cell divisions. 

In the fifth chapter Turner deals with the detailed bio- 
chemistry of a number of compounds, and in the seventh 
chapter Hayes discusses the toxicological aspects, pointing 
out that because of the nature of these agents them prac- 
tical use must be strictly controlled. He hopes, however, 
that research on insect reproduction might produce com- 
pounds which could render insects sterile but be of 
insignificant toxic action to man. 

The first practical application of chemosterilants is in 
preventing the spread of the Mexican fruit fly (Anastrepha 
ludens (Loew)) from Mexico to California by the release 
of male flies sterilized by the dipping of pupae imn TEPA 
(an alkylating agent). This book indicates the lines on 
which research should proceed so that chemosterilants may 
take their proper place in integrated control programmes. 

JOHN A. FREEMAN 


NEW ORGANS FOR OLD 


Human Transplantation 

Edited by Felix T. Rapaport and Jean Dausset. Pp. xvii- 
728. (Grune and Stratton: New York and London, 1968.) 
$38.50. 


THE title of this massive and well documented volume is 
unfortunate. Although references to human transplanta- 
tion occupy most of the volume, there are whole chapters, 
such as cardiac transplantation, which are entirely about 
animal experimentation. In any case, most authors have 
resorted to evidence provided by animal experimentation, 
and this is very proper. 

This volume is an up to date account by well known 
authorities on nearly every aspect of transplantation. 
Biochemistry and enzymology of the transplanted organs 
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have not been systematically studied in America and so 
no chapter is allocated to these aspects in spite of the 
fact that sequential loss of enzymes dependent on tubular 
damage is the basis of some clinical tests of kidney rejec- 
tion, It is hoped that in future editions of this volume 
some attention will be given to disciplines like biochemistry 
and enzymology because they provide another view of the 
rejection process. Another notable omission is a systematic 
treatment of early anuria in transplanted kidneys which 
is rapidly developing into an important subject on its 
own, and the need for a differential diagnosis of the 
various possibilities is still not widely appreciated. Also 
missing is any systematic appreciation of functional 
arterial spasm in transplanted organs. 

This volume is divided into four sections. The first is 
an introduction to transplantation on the historical, 
immunological and genetic levels. The seeond section 
covers the problems relating to organ transplantation 
with, naturally enough, an emphasis on renal trans- 
plantation. Most of the current ideas are contained 
in these chapters but a systematic treatment of the 
symptomatology of rejection would help to crystallize the 
subject. Some authors, particularly Hamburger and 
Dammin, still parade the fact that their reading of the 
literature is rather limited. 

The third section is about histocompatibility and tissue 
typing and is, naturally, rather heavy going. The fourth 
section is a very interesting collection of essays on various 
subjects such as transplantation and pregnancy, auto- 
immunity and transplantation and immunological toler- 
ance. 

This volume will remain a standard textbook for some 
time to come. A great effort, as newcomers to this subject 
will quickly realize. W. J. Dempster 


NORMAL AND DISEASED LIVER 


The Liver 

Edited by A. E. Read. (Proceedings of the Nineteenth 
Symposium of the Colston Research Society held in the 
University of Bristol, April 3 to 7, 1967.) Pp. xin +405, 
(Butterworth: London, 1967.) 140s. 


THE nineteenth symposium of the Colston Research 
Society was held in Bristol in April 1967. The subject for 
study was the liver. The papers were given by outstanding 
contributors from France and Germany, Australia, the 
United States, but mainly from the British Isles. All the 
invited audience were experts on one or other aspect of the 
normal or diseased liver. The first session dealt with the 
structure and function of the normal liver. Dr Billing 
gave the results of her recent work on bilirubin metabolism. 
The other papers in this section were concerned with the 
cellular transport and handling of protein, lipids and 
with enzyme mechanisms. 

The newer methods of diagnosis in liver diseases were 
dealt with in the next two sections. Of these the most 
interesting are those on the enzyme and immune studies. 
It is in the understanding of the processes at work in 
slowly destructive intrahepatic disease that we are most 
deficient. It is in these diseases that enzymatic and immune 
studies are most likely to be of help. We still have to find 
an efficient means of correlating these studies with 
progressive destruction on the one hand, or with normal 
repair on the other. 

The use of radioisotopes is an interesting field of study 
particularly in demonstrating the liver’s role in iron 
metabolism, and in the life of the red cell. Methods of 
hepatic scanning were reported using both isotopes and 
ultrasound. These methods are not yet very accurate 
nor of great practical value in the majority of cases. Dr 
Read’s careful dissection of the electro-encephalographic 
tracing of patients with liver failure showed with some 
clarity a few of the factors that are liable to produce 





NATURE, VOL. 219. AUGUST 3. 1968 


abnormal activity particularly in those patients who had 
had the portal blood shunted into the inferior vena cava 
for the reduction of portal hypertension and the arrest of 
recurrent oesophageal bleeding. This operation (porto- 
caval shunt) is the chief way a surgeon can be of help in 
hepatic disease. It was discussed in the last session of the 
symposium. 

One of the most important statements came in the 
discussion when Dr Chalmers reported briefly on his 
experience that survival is not prolonged by porto-caval 
shunting. This statement, like many others in the dis- 
cussion, showed how much can be learned in such meetings 
as these when active workers in a field of study can ex- 
change views. To those who are going to read this book I 
would strongly recommend a study of the “discussions”. 
They give perspective, clarification and sometimes a gem 
of additional information, 

The section on angiography shows a great degree of 
perfection in this diagnostic technique. Although a decade 
old it has not yet been used as widely as it should in 
demonstrating the vascular anatomy and dynamics of the 
liver. 

There is a section on hepatitis dealing with viral hepa- 
titis in several aspects. The isolation of the virus was dis- 
cussed at length by Dr Rightsel, who claimed that the AR. 
17 virus was the only tissue culture material to produce a 
consistent attack rate. The proof that this virus isolate 
is in fact the cause of infectious hepatitis is not yet 
conclusive. 

This is an admirable volume. The organizers of the 
symposium, the editor of the papers and of course their 
authors, as well as the Colston Research Society are all 
to be congratulated on this success. 

HAROLD RODGERS 


VENOMOUS VERTEBRATES 


Venomous Animals and their Venoms 

Vol. 1: Venomous Vertebrates. Edited by Wolfgang 
Bicherl, Eleanor E. Buckley and Venancio Deulofeu, 
Pp. xxu+707. (Academic Press: New York and London, 
1968.) 317s. 


THE time is nearly past when one scholar can collect and 
record the writings of a single area of biology. The 
obvious solution has been to put together a collection of 
essays by specialists on the pertinent areas of a dis- 
cipline and, hopefully, to organize these into a compre- 
hensive and concise work. Unfortunately, somewhere 
between the inception and the execution of Venomous 
Animals and their Venoms something has been lost, and 
the result is a heterogeneous collection of papers that tends 
to total less than the sum of its parts. 

This is not to say, however, that some of the papers in 
the text are not of the highest calibre. In fact, the first 
three chapters (35 pages), on venomous mammals, are 
excellent, and are perhaps the most comprehensive work 
on the subject to date. Then, some discursiveness sets in. 
Chapter 4 is about karyotypes, sex chromosomes and 
chromosomal evolution in all species of snakes. While 
well done, it is difficult to understand its direct relation- 
ship to the purposes of the text. Also it is almost identical 
to a paper published in 1965 by the author. It is followed 
by a verbose article on venom extraction in some Brazilian 
snakes, which I cannot help feeling is dealt with far out 
of proportion to its significance, and to the purposes of 
the book. 

The chapters on the chemistry of snake venoms left me 
with mixed emotions. I have always enjoyed the papers 
by Devi and Sarkar, but in their review of the literature 
they have left the relationship between empirical observa- 
a result I found that I was turning from the text to the 
original papers to assure myself of context and con- 





o tinuity. 
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The artificial division of snake venoms into 
semi-chemical, semi-pharmacological and semi-clinical 
persuasions is disquieting. and when I found that there 
are no published papers in the chapter beyond 1962 
I was very disappointed, especially because of the sig- 
nificant contributions to the literature on this subject 
since that date. The abundance of unevaluated and 
unpublished observations casts further ripples on the 
waters. 

Barme’s contribution on sea snakes is excellent. He 
covers his subject in an interesting and comprehensive 
manner. Klemmer has done his usual good work on a 
check list of the European, North African and certain 
Asian venomous snakes; Leviton has contributed a 
similar fine check list of the venomous terrestrial snakes 
of East Asia, India, Malaya and Indonesia; and Broadley 
has provided one on the venomous snakes of Central and 
South Africa. 

For the most part the remaining chapters are about the 
venoms of snakes, based on the geographical distribution 
of the snake. Several of these chapters are well done, but 
the arbitrary division of the subject matter on the basis 
of geography is unfortunate, for it leads to a very incon- 
sistent handling of the chemical and biological properties 
of the venoms, and, more disturbing, to a degree of 
repetition that makes reading a chore. Some statements 
are quoted four or five times in three or four different 
chapters without any significant additional contribution 
being made. One of these chapters gives only one reference 
beyond 1961, and again, this is very disappointing, 


because more than 100 papers have appeared on this 


particular subject since that date. 

The several chapters on the clinical problem of en- 
venomation are good. There are some sweeping general- 
izations (and I wonder how a section on spiders survived 
editing), but these do not detract from the value of the 
chapters. The book has excellent author and subject 
indices. 

The text falls short of bemg a compendium of our 
knowledge on venomous vertebrates. Most distressing 1s 
the finding that one of the most important areas of study, 
the structure of the venom glands of snakes, is con- 
spicuous by its absence from the book. Because of the 
many fine works on this subject it is difficult to under- 
stand how this topic can be omitted; and there is no 
evidence in the listing of “tentative” subjects for the 
subsequent two volumes that it will be included. There 
are other serious omissions of subject material. 

This was a difficult book for me to review, because I 
know or have met all but two of the authors. and I have 
great respect for these gentlemen and their works. I 
trust they will forgive my harshness. Nevertheless. I see 
little reason for this work having been published as a 
text. The critical papers could just as well have been 
published as separate works in the biological or medical 
journals. I hope that the editors will reorganize their 
thoughts and material, and present a more comprehensive 
and readable treatise if future volumes are published. 

F. E. RUSSELL 


RESEARCH ON PROTOZOA 


Research in Protozoology 

Vol. 2. Edited by Tze-Tuan Chen. Pp. vi -+ 399. (Perga- 
mon Press: Oxford. London and New York, 1967.) 110s. ; 
$17. 


VOLUME 2 of Research in Protozoclogy demonstrates once 
again that studies of protozoa encompass a whole range 
of fundamental biological problems for which these 
organisms provide excellent material. Each author in his 
chapter has interesting and important things to say, but 
the first chapter, by Vance Tartar, outlming the present 


state of knowledge of the morphogenetic processes eae 
protozoa, is of special significance. The systems of inira- 


cellular determination, inhibition, or regulation, and the 
part played by the cell cortex and kinetosomes, best 
exemplified in the ciliates by reference to Tartar's own 
work, have implications for cells in general. The changes 
in cell form seen in nutritional gigantism, in the trans- 
formation of the amoebo-flagellates between amoeboid 
and flagellate forms, in encystment and excystment, and 
between other life cycle stages, invite a comparison with 
the expression or masking of genes in the development of 
multicellular organisms, although they are often, if not 
always, triggered by changes in external rather than 
purely internal conditions. 

The chapter by D. M. Prescott and G. E. Stone describes 
the course of DNA replication and RNA production in 
relation to the cycle of cell growth and cell division, 
Impressive autoradiographs are reproduced which ius- 
strate the process of DNA replication in the macronucleus 
of Euphotes. This chapter also contains interesting 
observations on the unexplained behaviour of nuclear 
proteins in Amoeba. The origin of cytoplasmic RNA is 
attributed almost entirely to the nucleus, but the effects 
of enucleation on cell activity are not pursued. 

Anisogamonty, pseudo-anisogamety, and all the other 
sexual aberrations of protozoa are analysed and reduced 
to order by K. G. Grell. Where possible, Grell discusses 
the relation of myosis to the life cycle and the genetic 
or phenotypic nature of any heterosexuality which occurs. 
The ecology of free-living protozoa is comprehensively 
discussed by L. E. Noland and M. Gojdics in terms of 
the effects of environmental factors, in a most useful and 
scholarly review. Progress in the quantitative ecology of 
protozoa is surprisingly backward and the analysis of 
ecological situations using artificially established labora- 
tory populations has not been pursued by protozoologists 
with the vigour which might have been expected. 

A long and important chapter by A. C. Giese describes 
the effects of all kinds of electromagnetic radiations on 


action spectra in relation to possible effects on nucleic 
acids or proteins, and attempts to infer the biochemical 
nature of the damage. A stimulating account of the effects 
of ionizing radiations emphasizes the interaction of nucleus 
and cytoplasm and the contribution which protozoa can 
make in a study of the mechanisms of radiation damage, 

In the chapter on growth of parasitic protozoa in tissue 
cultures, W. Trager and S. M. Krassner review recent 
progress in the transformation of trypanosomes through 
life eycle stages in culture, the cultivation of exoerythro- 
eytic stages of avian Plasmodium, and the prolonged 
culture of Toxoplasma under conditions suitable for a study 
of environmental effects. 

The contributions in this volume do justice to the title—- 
they deal with fields of protozoology in which research is 
active and fundamental. J. A. KITCHING 


PSYCHIATRIC PROBLEMS 


Biological Psychiatry 

A Review of Recent Advances. By J. R. Smythies, Alec 
Coppen and Norman Kreitman. Pp. vin+112. (Heine- 
mann Medical: London, 1968.) 30s. 


Heredity and Environment in the Functional Psychoses 
An Epidemiological-Clinical Twin Study. By Einar 
Kringlen. Pp. 200. (Universitetsforlaget: Oslo; Heine- 
mann Medical: London, 1967.) 65s. 

THERE is a growing tendency in Britain to follow the 


trend in the United States and to reject the biological! 
basis of psychiatry. Dr Smythies has been a consistent 
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exponent of biological psychiatry for many years. In this 
book he brings together the results of all the recent 
research on the biological factors in psychiatry. Unlike 
the “dynamic” psychiatrist he is prepared to admit that 
there are other approaches to psychiatrie problems apart 
from his own. In the first chapter, which is written in 
collaboration with Dr Norman Kreitman, there is a well 
balanced account of the genetic and psychosocial factors 
in the causation of schizophrenia, which should be read 
by all over-enthusiastic ‘“‘organie’ and “dynamic” 
psychiatrists. The biochemical theories and findings in 
schizophrenia are adequately dealt with in the second 
chapter, while the third chapter, written in conjunction 
with Dr Alec Coppen, deals with the recent work on the 
biochemistry of the affective psychoses. Smythies then 
discusses his investigations of hallucinogenic drugs in 
animals and after this goes on to speculate about the 
brain mechanisms responsible for human behaviour. The 
book ends with an excellent account of the theoretical 
basis of psychoanalysis and a discussion of the way in 
which this theory can be reconciled with experimental 
findings. 

This book is most welcome because it brings together 
a large amount of material on the biological basis of 
psychiatry which is at present scattered through the 
literature. The publishers and the author are to be con- 
gratulated on producing such an up to date book, which 
refers to so much recent work, The material in this book 
is in fact no more out of date than the average article in 
a current technical journal. This excellent survey of an 
important aspect of psychiatry should be read by all 
psychiatrists and clinical psychologists. 

While Smythies’s book is on the whole derivative 
and most of it will be out of date within a few years, 
Kringlen’s monograph, based as. it is on original work, 
will be a standard work for many years to come. The 
author begins by reviewing the previous twin studies of 
the functional psychoses and then presents his own work 
in this field. His conclusions are: “The difference in 
concordance rates for monozygotic and dizygotic twins 
with respect to schizophrenia is statistically significant, 
thus supporting a genetic factor in the etiology of schizo- 
phrenia, but the genetic factor seems to be weaker than 
it is usually considered to be”. 

An important finding which Kringlen stresses is that 
a number of schizophrenic probands have psychiatri- 
cally abnormal twins who are not schizophrenic, and in 
the past many investigators have used rather loose 
diagnostic criteria for schizophrenia and inflated the con- 
cordance rate. Kringlen’s findings are supported by those 
of Heston, who found that, apart from an excess of 
schizophrenia, there was also an excess of abnormal 
personalities and neuroses in the children of schizophrenic 
mothers. As Kringlen puts it: “In other words, the 
clinical pictures presented by individuals with the same 
hereditary equipment as the schizophrenic embrace a 
graduated series of disorders and personality patterns 
that ranges from a duplication of the psychosis to neurosis 
and clinical normalcy”. 

This raises a difficult problem for the average European 
psychiatrist who has been trained to regard schizophrenia 
as an illness. It may be that the abnormal neurophysio- 
logical processes which cause the functional psychoses do 
not each produce one clinical picture, so that the same 
psychiatric “illness” may be the result of many different 
disease processes. Kringlen does not accept this view, 
but feels that the best way of accounting for the facts is 
to assume that there is a polygenic mode of inheritance 
in schizophrenia. 

Apart from the problems of concordance, Kringlen 
discusses the environmental and social factors which may 
play a part in the causation of schizophrenia. The result 
is a well balanced book which considers all aspeets of the 
causation of schizophrenia. 

Unfortunately, no firm conclusions can be drawn about 
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the inheritance of the manic-depressive psychoses, because 
the number of monozygotic twin probands with these 
illnesses reported in the literature and found by the 
author is relatively small, . 

One minor point of criticism is that there is not an 
adequate discussion of the genetics of the schizophreniform 
or atypical psychoses and the work of Leonhard, and 
Elsasser and Colmant, in this field is not mentioned. 
This is, however, a minor blemish in an excellent 
monograph which must be read by everyone interested 
in the functional psychoses. FRANK Fisu 


SCIENCE AND THERAPEUTICS 


Modern Trends in Pharmacology and Therapeutics | 
Edited by W. F. M. Fulton. Pp. x+372. (Butterworth : 
London, 1967.) 85s. 


THE stated editorial objective of this new series is to 
provide postgraduate students of internal medicine and 
clinicians with the scientific basis of present day thera- 
peutics. The form of presentation used recognizes the 
problems facing an individual author when expected to 
cover so broad a field as that of therapeutics; the pub- 
lishers have, therefore, wisely decided to invite subject 
specialists to deseribe the recent developrnents that have 
occurred in their own area of specialization. Nevertheless, 
the primary emphasis on pharmacological and physio- 
logical mechanism of action has been well maintained 
within each chapter and the texts are also sufficiently 
well referenced to direct its readers to more detailed 
literature should the need arise. 

The selected fields of therapeutic interest are broad 
ranging and apart from a complete omission of psycho- 
pharmacological agents, which are presumably to be the 
subject of future volumes, reflect the chief areas of current 
clinical interest. The first chapter contains a general 
discussion of the factors affecting drug action and usefully 
collects together in a single chapter important features 
such as membrane permeability, specialized membrane 
barriers, excretion, binding and storage depots. In 
addition, much useful information on the nature of drug 
interactions with respect to antagonism, biotransforma- 


and structure action relationship are gathered together in 
this chapter. The remaining tweive chapters include two 
on aspects of cardiovascular therapy, one of which is 
concerned with ecardiotonic and anti-arrhythmic agents 
and the other on drugs which modify blood pressure. Three 
fields of chemotherapy are reviewed, with one chapter on 
antiviral drugs, another on antibacterial agents and the 
third on tumour growth inhibiting substances. The use 
of oxygen therapy in conditions of respiratory failure 
and cardiovascular collapse and the status of hyperbaric 
oxygen in clinical treatment are also adequately discussed. 
In addition, there are individual chapters on agents 
which are used to medify fertility, diuretic drugs, blood 
fibrinolytic agents and the use of magnesium salts to 
correct deficient. states arising from metabolic imbalances. 
Öne other interesting inclusion is a discussion on the 
control of hyperlipidaemia using dietary and therapeutic 
methods. The pharmacological principles are all well 
expounded and their relationships to the therapeutic 
problems are usually clear and pertinent. 

The volume successfully attains its objective of linking 
the developments in pharmacology to the advances cur- 
rently occurring in therapeutics and as a result other 
interested groups such as clinical pharmacologists and 
pharmacists are also likely to benefit from the provision 
of such a series. If the series continues with the promise 
shown in the first volume, one may venture favourably 
as to the ultimate success of the entire series. 


G&G. D. H. LEACH 
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ANALYSING DRUGS AND PESTICIDES 


Gas Chromatographic Analysis of Drugs and Pesticides 
By Benjamin J. Gudzinowicz. (Chromatographie Science: 
A Series of Monographs.) Pp. ix + 605. (Arnold: London; 
Dekker: New York, 1967.) 260s. 


Tms second volume in the series is self contained. The 
first part sets out the fundamentals of gas—liquid chromato- 
graphy (GLC) and the principles of operation of five types 
of detector: thermoconductivity, hydrogen flame and 
argon ionization, electron affinity, and the relatively novel 
microcoulometric system. A further ninety pages are 
about qualitative techniques of correlation or of detecting 
functional groups. Regrettably, however, the basic prin- 
ciples and snags of quantitative analysis are condensed 
into a mere ten pages. The whole text is copiously 
documented with illustrative charts and chromatograms 
from original sources and numerous tables—although at 
least one is unnecessary. The exposition of tranquillizer 
structures in the otherwise over-brief quantitative section 
is dealt with more fully, including much of the author's 
own work, in the relevant following chapter. 

The part on drugs begins appropriately with the advan- 
tages of GLC analysis of impurities in, and residues of, 
psychotropic materials. The structural classification of 
phenothiazine and related tranquillizers, however, is over 
simplified and lacks recent variants that should be equally 
amenable to the techniques described. There is a useful 
account of correlation within a series of tr with molecular 
weight and boiling point/melting point, and Martin’s table 
of molecular increments is reprinted. The considerable 
work on barbiturates and their pyrolysates is reviewed, 
although only three references postdate 1963. While more 
complex alkaloids are dismissed briefly, sympathomimetic 
amines and tryptamine bases are well covered. Forensic 
analysts will be interested in the report on a compre- 
hensive series of morphine bases and the account of some 
of the earlier studies on cannabis constituents, although 
it was compiled before the recent advances by Walker, 
and by Fish, and their respective co-workers. Further 
chapters include short references to GLC methods for 
antihistamines, low volatility anaesthetics, certain vita- 
mins (but are these strictly drugs ?), anticoagulants, 
salicylate antipyretics, and various terpenes and sapo- 
genins. 

Whether the high price of the book would have been 
proportionately reduced by removing the one third that 
describes fundamentals of apparatus, detection and tech- 
niques is arguable. Undoubtedly the second part (220 
pages), which reviews an important aspect of drug analysis 
hitherto without adequate recognition, is valuable. On 
the other hand, pesticide and herbicide workers may feel 
that their interests in this field (which are given 160 
pages) have been satisfactorily served elsewhere. In short, 
if this volume, like its predecessor, had appeared in parts, 
it may be that many pharmaceutical analysts could have 
dispensed with the remainder. G. F. PHILLIPS 


AIR POLLUTION 


Air Pollution 

Edited by Arthur C. Stern. Vol. 1; Air Pollution and its 
Effects. Pp. xix + 694. 261s. Vol.2: Analysis, Monitoring, 
and Surveying. Pp. xix+ 684. 326s. 8d. (Environmental 
Science: An  Interdisciplnary Monograph Series.) 
(Academic Press: New York and London, 1968.) 


Smvce the publication of the twc-volume first edition of 
this excellent treatise on air pollution, so much new 
material has become available that it has been necessary 
to use three volumes for the second edition. This review 
covers the first two volumes of the new edition now 
available. 


The editor, Arthur C. Stern, who has had a long anc io 
wide experience of investigations of problems of mitigation 
of air pollution, is with the Center for Air Pollution Control — 
in the US Department of Health, Education and Welfare, 
Washington. The thirty-seven authors he has brought 
together to write the thirty-one chapters in the first two 
volumes are all specialists concerned with various aspects 
of the subject on which a large amount of work at con- 
siderable expense has been undertaken in the United 
States, particularly during the past two decades. 

Volume 1 contains fifteen chapters divided into three 
main parts. The first part contains a general introductory 
chapter followed by chapters on gaseous pollutants, 
particulate matter, radioactive pollution, the chemical 
and photochemical reactions of the pollutants in the air 
with one another and with the normal constituents of the 
air, and on natural scavenging processes. In the second 
part there are chapters on meteorology in relation to air 
pollution, dispersion in the atmosphere of discharges from 
chimneys, climatology, and the meteorological manage- 
ment of air pollution. The third part covers the effects 
of various pollutants on the physical properties of the 
atmosphere, for example, on visibility, on vegetation, on 
animals and on human health, and on a number of 
materials, including materials of construction. Brief con- 
sideration is given to the economic effects of air pollution 
and its prevention. 

In volume 2 there are sixteen chapters grouped into 
three parts covering methods of sampling, measurement, 
identification and the chemical, physical and miero- 
scopical examination of the various gaseous pollutants 
and particulate matter, monitoring of airborne radio- 
activity, measurement of odours, meteorological measure- 
ments, community air pollution surveys, examination and 
measurement of pollutants at the sources of emission, 
legislative measures and systems of inspection and control. 

At the end of each chapter, with the exception of the 
first introductory chapter of volume 1, there is a useful 
list of references to the literature of the subject; im all, 
there is a total of more than 2,000 references. 

Both volumes are well produced and are a credit to the 
printers and publishers as well as to the authors, but they 
are somewhat high in price. It is difficult to understand 
why the price of the second volume is over £3 greater 
than that of the first as the numbers of pages and diagrams 
are about the same in each of the two volumes, 

The two volumes of this new second edition will be of 
great service to all who are concerned with the many 
aspects and problems of mitigation of air pollution. | 

A. PARKER 






Announcements 


Dr J. B. Adams, member for research at the UKAEA, 
has been elected chairman of the Committee of Manage- 
ment of the Science of Science Foundation. Other 
new members are: Mr Michael Shanks, director of 


-marketing services and economic planning, British Ley- 


land Motor Corporation; Dr Herbert Coblans of 
ASLIB; Professor K. W. Keohane, professor of science 
education at Chelsea College of Science and Technology; 
Mr John Wren-Lewis of the EVR Partnership and Mr 
Heinz Wolff, director of Biomedical Engineering Division, 
Medical Research Counce. 


Dr Philip Ross of Potomac, Maryland, has been elected 
president of the newly established International Sugar 
Research Foundation, Inc., and Dr John L. Hickson 
has been elected vice-president and director of research. 


The Vernon Prize of the National Institute of Indus- 
trial Psychology has been awarded to W. T. Singleton, 
professor of applied psychology at the University of 
Aston in Birmingham, in recognition of his research in 
industrial psychology and physiology. The institute’s 
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Miles Prize has been presented to Dr J. Annett, senior 
lecturer in psychology at the University of Hull, for his 
contributions to the development of techniques of training. 


A new prize, the Robinson Medal, is to be awarded by 
the Library Association for inventions and new methods 
which have aided library technology or administration. 
The first award will be announced in June 1969 and further 
information can be obtained from Mr M. Yelland, The 
Library Association, 7 Ridgmount Street, Store Street, 
London WC1. 


ERRATUM. The name of the author of the article 
“Development of Scientific Research” (Nature, 218. 846; 
1968), was misspelt. The author was not D. M. Malsi- 
movié but D. M. Maksimovič. 


Erratum. Dr William I. Rosenblum has written to pomt 
out that the abbreviated title which appeared on the 
contents page (Nature, 218, 591; 1968) incorrectly 
described the content of his communication. The full 
title, which appeared above the communication, was: 
“Effects of Dextran-40 on Blood Viscosity in Experimental 
‘Macroglobulinaemia”’. 


Erratum. The Dunn Nutritional Laboratory was 
established at Milton Road, Cambridge, in 1929, and not 
at Shaftesbury Road, Cambridge, as stated earher in 
Nature (218, 1097; 1968). 


Erratum. In the communication “Matrix Property of 
Vibrational Overlap Integrals” by R. W. Nicholls (Nature, 
219, 151; 1968), the symbol 4, in the sixth line should 
read W; equation (lc) should read [e(r)yo(rj)dr, and 
equation (2b) should read (l.n)= U(d,m)(n,m). 
m 
CORRIGENDUM. In the communication “Chemical Effects 
of Ion Implantation in Molecular Solids” by T. Anderson. 
T. Langvad and G. Sørensen (Nature, 218, 1158; 1968) 
the figures in the third and fourth rows of columns four 
and five in Table 1 were reversed. They should read: 
Labelled Lahelled 


trans cis 
(per cent) (per cent) 


87Co* 20 keV 11-7 41-0 185410 
“Cor 60 ke¥ 121410 12020 


CORRESPONDENCE 


Nomenclature Madness 


Sre,---In the April 5 issue of Nature (218, 10; 1968) is 
described the confusion that could result were a newly 
proposed one-letter code adopted to replace the standard 
three-letter symbols for the twenty amino-acids. Since the 
surest way to eliminate confusion is to prevent it in the 
first place, the comment rightly concludes that the best 
way to deal with this new proposal is to ignore it. 
Workers in the field of blood grouping have had, and 
continue to have, more than their share of problems of 
nomenclature. This began shortly after the discovery of 
the A-~B-O blood groups by Karl Landsteiner (this year 
is the centenary of his birth), when Moss and Jansky 
introduced the use of Roman numerals to designate the 
four blood groups. Then followed thirty years of confusion 
and error until the Division of Biologics Standards of the 
US National Institutes of Health finally took determined 
action by requiring that blood grouping sera be labelled 
unambiguously as “anti-A” and “anti-B, respectively. 
Then, when workers were no longer confronted im their 
daily work with the Roman numerals on the labels of the 
reagents they had to use, the Moss- Jansky ‘‘nomen- 
clatures’’ (they were really numerical codes’, and not 
nomenclatures) were promptly discarded and forgotten. 
With the exclusive use of the rational Landsteiner A-B-O 
nomenclature, the serology of the subgroups of A and the 
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rational nomenclature, two different coded 
systems of notations were introduced, one involving the 
letters C-D-E, and the other using the numbers ]~2-3. 
In order to adopt a “neutral” position in the resul ting 
controversy, the Division of Biologics Standards decided 
that the labels of Rb-Hr antisera should carry not only 
the standard Rh-Hr symbol but also the corresponding 
C-D-E symbol in parentheses. Unnecessary duplication 
of nomenclatures thus having received the sanction and 
endorsement of the DBS, twenty years of confusions and 
error have resulted. In order to resolve this problem, a 
meeting on blood group nomenclature was held b y the 
New York Academy of Sciences on April 10, 1967, In 
preparation for the meeting a questionnaire was circulated 
among workers in the field. This questionnaire contained 
ten protocols of reactions of red cells with various Rh-Hr 


Table i 


ra 


Rh, ri rh” hr’ hr’ 
pD (S E g t 
1 2 3 4 5 
= s ae + + 
Author Phenotype Genotype 
Wiener et al.* rh rF 
1. M. A. Et. rh (ede) rr (edlejede)} 
2, J, Sw. ede cdejede 
3. G.A. M. rh (ceddee) rr (edejede) 
4, LEN. ecdidse ede /ede 
5, Pa. Mo. Ẹ edej/cde ede ede 
6 ee rh or dece rr or dee/dee 
7. Pa. Mo. g ecdidee car 
cde 
$ S. P.M. c, e positive rr 
0 H. A. Pe. D- C- Be 6+ e+ rr (ede/ede) 
10. J. So. ddecse rr idcejdee) 
11. B. Ch. rT; lesg often rr or ede/ede 


Rh: ~1,-2,-3,4,5 
or rh 


less often Robet porets 


or r/R ui or edef- w 
less often Robet) Raul 

* Wiener et al. refers to the fact that all workers who used the Wiener 
Rh-Hr nomenclature entered the same or virtually the same symbols into 
the questionnaire as given on the first line of the tables. 


2 


The results of the meeting of the NY Academy of 
Sciences were unambiguous’, Summarizing, Dr John B. 
Miale stated’, “I find the evidence overwhelmingly in 
favor of adopting Wiener’s nomenclature, and, more 
importantly, the genetie and serologic principles on which 
it is based. I can think of no good reason for not discarding 
the Fisher—Race notation’’. 

Unfortunately, this matter cannot now merely be dis- 
missed as solved. One cannot, as suggested by Nature for 
the amino-acid code, simply ignore the matter. As can 
be seen, reputable scientists continue to use the C-D-E 
and 1-2-3 notations despite their patent fallacies**. 
Smee the problem of Rh~Hr nomenclature is interfering 
with progress in the blood grouping field, it is hoped that 
the publication of this letter in Nature may help bring 
the problem into the open, and stimulate workers to 
act, for the matter can easily and quickly be solved, as 
for the A~B-O nomenclature problem. 


ALEXANDER S. WIENER 


Department of Forensic Medicine, 
New York University School of Medicine. 


Wiener, A. S.. Haematoiagia tin the press), 

* Wiener, A. S., Trans, NY Acad. Sei., 28, $75, 892 (1967). 
? Miale, J. B., Trans. NY Acad, Sei., 29, 887 (1967). 

i Wiener, A. 8., J. Forensic Med. (5. Aft.) 18, 22 (1968). 
*Shapire, H. A., J. Porensie Med. (5. Afr.), 14, 1 (1967). 
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APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before the 
dates mentioned: | 

SENIOR LECTURER and an ASSISTANT LECTURER or LECTURER in the 
Social Organization Section of the School of Social Sciences—-The Registrar, 
The New University of Ulster, Coleraine, Northern Ireland (August 5). 

TEMPORARY ASSISTANT LECTURER IN PHILOSOPHY—The Registrar, The 
University of Manchester, Manchester 13, quoting Ref. 137/68 (August 7). 

LECTURER GRADE lI (graduate with a knowledge of modern theoretical 
metallurgy) in METALLURGY —The Principal, Barking Regional College of 
Technology, Longbridge Road, Dagenham, Essex (August 10). i 

LECTURER or ASSISTANT LECTURER (with a good honours degree in engimeer- 
ing, mathematics or physics and preferably an interest in one or other of the 
following: machine tools and numerical control, metal deformation, work 
study, ergonomics, management systems) in PRODUCTION ENGINEERING 
The Registrar, University of Nottingham, University Park, Nottingham, 
NG7 2RD (August 10). : 

ASSISTANT LECTURER, LECTURER or SENIOR LECTURER (preferably with 
research experience in the fields of solid state physics, magnetism or Im 
biophysics) in the DEPARTMENT OF PURE AND APPLIED Puysics-—-The 
Registrar, University of Salford, Salford 5, Lancs, quoting Ref. P/78/N 
(August 12). i 

JUNIOR LECTURER/ LECTURER (with at least an honours degree, an interest 
in microbial biochemistry/genetics and/or virology, and some research 
experience) in MICROBIOLOGY at Rhodes University, Grahamstown, South 
Africa~—_The Association of Commonwealth Universities (Branch Office), 
Marlborough House, Pall Mall, London, SW1 (South Africa and London, 
August 12). 

RESEARCH ASSISTANT in the DEPARTMENT OF SOCIOLOGY to work on a fleld 
study of fertility in England—-The Registrar, University of Essex, Wivenhoe 
Park, Colchester, Essex (August 12). 

RESEARCH ASSISTANT Or SENIOR RESEARCH ASSISTANT (with a degree or 
equivalent qualification in physics or applied science) in the DEPARTMENT OF 
Purysics, to join a group working on various aspects of the electronic and 
magnetic properties of rare-earth metals, alloys and compounds—The 
Registrar and Secretary, University of Durham, Old Shire Hall, Durham 
(August 12). f 

SENIOR TECHNICIAN (preferably with previous experience in instrumentai 
methods of analysis) in the DEPARTMENT oF CHEMISTRY—The Bursar, 
University of Manchester Institute of Science and Technology, Room M2, 
Velvet. House, Sackville Street, Manchester, 1, quoting Ref. No. CH 36 
(August 12), 

TECHNICIAN (over 21, preferably with a knowledge of chemical theory to 
ONC, but emphasis will be placed on practical ability) in the DEPARTMENT OF 
CHEMISTRY to work with a research team oninteresting preparative organic 
and inorganic chemistry——-The Bursar, The University of Manchester 
Institute of Science and Technology, Room M2, Velvet House, Sackville 
Street, Manchester, 1 (August 12). 

ASSISTANT LECTURER or LECTURER in the DEPARTMENT OF BIOCHEM- 
istRy--~The Registrar, The University, PO Box 147, Liverpool, quoting 
Ref. RV/598 (August 14), 

ASSISTANT LECTURER or LECTURER (preferably with research interests in 
solid state electronics, surface electronics, high voltage engineering and 
plasma studies) in the DEPARTMENT OF ELECTRICAL ENGINEERING-—~The 
Registrar, The University, PO Box 147, Liverpool, quoting Ref. RV/598/N 
(August 14). 

POSTPOCTORAL RESEARCH FELLOW (preferably with a biochemical back- 
ground or experience in protein synthesis) at the Turner Dental School, for 
work in collaboration with Dr D. C. Smith on the development of new 
biological adhesives—The Registrar, The University of Manchester, Man- 
chester, 13, quoting Ref. 132/68 (August 14). 

ASSISTANT EXPERIMENTAL OFFICER (with a degree or equivalent qualifi- 
cation in preferably an applied biological subject} to assist with work on 
plant nematodes—-Dr N. G. M. Hague, Imperial College Field Station, 
Ashurst Lodge, Ascot, Berkshire (August 15). 

LECTURERS (2) in PsycHoLoay in the School of Social Sciences, Flinders 
University of South Australia—The Secretary-General, Association of 
Commonwealth Universities (Branch Office), Marlborough House, Pall Mall, 
London, SW1; or The Registrar, The Flinders University of South Australia, 
Bedford Park, South Australia (Australia, August 15). 

ASSISTANT LECTURER or LECTURER (preferably with research interests in 
solid state electronics, surface electronics, high voltage engineering and plasma 
studies) in the DEPARTMENT OF ELECTRICAL ENGINEERING AND ELEC- 
rronics—-The Registrar, The University, PO Box 147, Liverpool, quoting 
Ref. RV/599 (August 16). 

LECTURER or ASSISTANT LECTURER (with a good honours degree in physi- 
ology or related subjects, or with a medical qualification registrable in the 
UK) in PaystoireGy—-The Registrar, The University of Manchester, Man- 
chester 13, quoting Ref. 141/868 (August 16). 

LECTURER IN GENETICS--The Registrar, The University, Newcastle upon 
Tyne (August 17). 

LECTURER (suitably qualified science or medical graduate) in VIROLOGY 
in the MEDICAL SCHOOL and the United Neweastle upon Tyne Hospitals— 
The Registrar, The University, Newcastle upon Tyne (August 19). 

ASSISTANT LECTURER or LECTURER in the DEPARTMENT OF CHEMISTRY 
with duties in inorganic or physical chemistry—The Registrar, The 
University, Keele, Staffordshire (August 23). 

CHAIR OF ORTHOPAEDICS and TRAUMATIC SURGERY at the University of 
Sydney, Australia—The Secretary-General, Association of Commonwealth 
Universities (Branch Office), Marlborough House, Pall Mall, London, SWi 
(Australia and London, August 23), 

COMPUTER MANAGER; a CHIEF PROGRAMMER; and an OPERATIONS and 
DATA SUPERVISOR in the COMPUTING LABOoRATORY-—-The Registrar, Uni- 
versity of Bradford, Bradford, 7 (August 23). 

SENIOR LECTURER in THERAPEUTICS—The Secretary, The University, 
Aberdeen (August 24). 

CHAIR OF GEOLOGY—The Registrar, University College of Swansea, 
Singleton Park, Swansea, South Wales (August 29). 

_ CHIEF LABORATORY TECHNICIAN, and a LABORATORY TECHNICIAN in the 
CHEMISTRY DEPARTMENT-~-The Clerk to the Governing Body, Woolwich 
Polytechnic, Wellington Street, London, SE18 (August 30). 

LECTURER or ASSISTANT LECTURER (with experience of electronic circuits 
or system design) in the DEPARTMENT OF ExEcTRONICS—-The Deputy 
Secretary, The University, Southampton (August 30). 

RESEARCH FELLOW (with a PhD degree or equivalent qualifications) in the 
DEPARTMENT OF ELECTRICAL ENGINEERING, University of Sydney, to lead a 
smail research group working on scientific and engineering problems connec- 
ted with radio navigation and/or radar systems for civil aviation—The 
Seeretary-General, Association of Commonwealth Universities (Branch 
Office), Marlborough House, Pall Mall, London, SW1 (August 30). 
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LECTURER in the DEPARTMENT OF PHARMACOLOGY and THERAPEUTIC8-— 
The Secretary, The London Hospital Medical College, Turner Street, London, 
El (August 31). 

PROFESSOR/SENIOR LECTURER in STATISTICS; and a SENIOR LECTURER] 
LECTURER in COMPUTER SCIENCE at Rhodes University, Grahamstown. 
South Africa~-The Association of Commonwealth Universities (Branch 
Office), Martborongh House, Pall Mall, London, SWI (South Africa and 
Londen, August 31). 

SENIOR RESEARCH ASSOCIATE (With research experience involving ana- 
ivtical and enzymological techniques, preferably with plants or miero- 
organisms) to undertake investigations on mechanisms of regulation and 
integration of the metabolism of nitrogen and carbohydratesin higher plant 
veasts—The Administrative Assistant. Scheol of Biological Scleneces, Uni- 
versity of East Anglia, University Plain, Norwich, NOR 88C (August 31). 

LECTURER IN PHARMACOLOGY-—The Secretary to the University Court, The 
University, Glasgow (September 1). 

LECTURER/ASSISTANT LECTURER (preferably with interests in the feld of 
metabolic plant physiology) in Botany-——The Secretary, The University. 
Aberdeen (September 7). 

SENIOR LECTURER/LECTURER (preferably with an interest in ecopomic 
geography) in the DEPARTMENT OF GEGGRAPHY-—-The Academic Registrar, 
Monash University, Wellington Road, Clayton, Victoria, Australia: or The 
Secretary-General, Association of Commonwealth Universities (Branch 
Office), Marlborough House, Pall Mall, London, SW1 (Australia, September 
13). 

UNIVERSITY DEMONSTRATOR in BiocHEMISTRY-—-G. R. Anderson, The Old 
Schools, The University, Cambridge (September 14). 

PROFESSOR OF PuHysics at Rhodes University, Grahamstown, South 
Africa—The Secretary-General, Association of Commonwealth Universities 
{Branch Office), Marlborough House, Pall Mall, London, SWI (September 14). 

F. H. Loxton POSTGRADUATE STUDENT or SCHOLAR in the FACULTY OF 
VETERINARY SciencE—-The Registrar, University of Sydney, Sydney, 
Australia (September 20). 

READER (preferably interested in biophysical or mathematical approaches 
to plant physiology) in PLANT PHysroLocy—The Registrar, University of 
Liverpool, PO Box 147, Liverpool, quoting Ref. RV/588/N (September 30). 

DIRECTOR (with a degree in the biological sciences, including entomology, 
a wide knowledge of applied entomology, and experience overseas: a know- 
ledge of current entomological research and of entomological taxonomy, as 
wellasexperiencein administration andin the production ofscientifie publi- 
cations) of the Commonwealth Institute of Entomology, London—-The 
Secretary, Commonwealth Agricultural Bureaux, Farnham House, Farnham 
Royal, near Slough, Bucks (October 31). 

DEMONSTRATOR IN BrocHEMISTRY—The Registrar, University College of 
Wales, Aberystwyth. 

EXPERIMENTAL OFFICER or ASSISTANT EXPERIMENTAL OFFICER (preferably 
with experience of electron microscopy and preparative techniques} in the 
DEPARTMENT OF BOTANY and AGRICULTURAL BOTANY, to be responsible for 
the supervision and running of the JSM-2 Scanning Electron Microseope— 
The Assistant Bursar (Personnel), Cniversity of Reading, Reading, Berkshire, 
quoting Ref. M.6. 

LECTURER in COMBUSTION PHYSICS for duties which will include tutorials, 
research and postgraduate teaching in high temperature flame physics 
including plasma jets and laser techniques, and some lecturing on radiation in 
an undergraduate chemical engineering honours degree course- Professor 
A. R. Ubbelohde, FRS, Department of Chemical Engineering and Chemica! 
Technology, Imperial College of Science and Technology, London, SW7. 

LECTURER in ELECTRICAL ENGINEERING at Fourah Bay College, University 
of Sierra Leone—The Inter-University Council, 33 Bedford Place. London, 
Wel. 

LECTURER in METALLURGY and PROPERTIES OF MATERIALS in the DEPART- 
MENT OF MECHANICAL ENGINEERING, University College, Nairobi (University 
of East Africa)}—-The Secretary, Inter-University Council, 38 Bedford Place, 
London, WCH. 

LECTURER (man or woman graduate, with a special interest in cytology 
and/or experimental taxonomy) in the DEPARTMENT OF Borany—The 
Registrar, The University, Leicester. 

LECTURER or ASSISTANT LECTURER in APPLIED MATHEMATICS or NUMERI 
CAL ANALYSIS-——-The Registrar, The University of Manchester, Manchester, 
13, quoting Ref. 140/68. 

PHYSICISTS and PHYSICAL CHEMISTS for research on the application of new 
materials and techniques in instrumentation—Professor G. B. B. Chaplin, 
Department of Electrical Engineering Science, University of Essex, Wivenhoe 
Park, Colchester, Essex. 

POSTDOCTORAL RESEARCH ASSISTANT tbiochemist, biologist or chemist) for 
work on control mechanisms in isolated chloroplasts——Dr D. A. Walker, 
Botany Department, Imperial College, London, SW7. 

POSTGRADUATE STUDENT in the CHEMISTRY DEPARTMENT for work which 
involves the use of tracer techniques and automatic osmometry for the 
investigation of various aspects of graft copolymerizations—Dr W., K. 
Busfield, Chemistry Department, University of Dundee, Dundee, Scotland. 

PROFESSOR, SENIOR LECTURER or LECTURER in the following fields: 
Animal Husbandry, Crop Husbandry, Crop Protection, Soil Science, Agri- 
cultural Biochemistry at the University of Zambia-—The Inter-University 
Council, 33 Bedford Place, London, WC1. 

READER and HEAD of the DEPARTMENT OF BIOCHEMISTRY, Makerere 
University College, Uganda (University of East Africa)-—The Secretary, Inter- 
University Council, 33 Bedford Place, London, WC1. . . 

RESEARCH ASSISTANT (postgraduate chemical engineer, physical chemist 
or applied physicist, with at least an MSc degree} in the DEPARTMENT OF 
CHEMICAL ENGINEERING to workin a group concerned with measuring and 
evaluating thermodynamic and transport properties in fluid systems to be 
used in heat and mass transfer research-——-The Registrar, The University of 
Manchester Institute of Science and Technology, Sackville Street, Man- 
chester, 1, quoting Ref. CE/RA/1. 

RESEARCH ASSISTANT (preferably with an interest in cell biology together 
with experience in autoradiography) in the SCHOOL OF BIOLOGICAL SCIENCES 
to work with Dr Shirley E. Hawkins on the molecular basis of cytoplasmic 
inheritance in amoebae—Dr S. E. Hawkins, Department of Zoology, King’s 
College (University of London), Strand, London, WC2. 

RESEARCH ASSOCIATE (qualified teacher of the deaf interested in the teach- 
ing of reading) in the PROGRAMMED READING UNIT, DEPARTMENT OF AUDI- 
OLOGY AND EDUCATION OF THE Drar—The Registrar, The University of 
Manchester, Manchester 13, quoting Ref. 144/68. i 

RESEARCH STEDENT (graduate or student at present graduating in 
psychology with a first- or upper second-class degree) in the PSYCHOLOGY 
DEPARTMENT, to work in the area of experimental psychology—-Professor M. 
Treisman, Department of Psychology, Whiteknights, The University, 
Reading, Berkshire. 

SCIENCE RESEARCH COUNCIL RESEARCH STUDENT in the DEPARTMENT OF 
TEXTILE TECHNOLOGY—Professor J. J. Vincent, University of Manchester 
Institute of Science and Technology, PO Box 88, Manchester, L 
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SENIOR EXPERIMENTAL ÖFFICER and an EXPERIMENTAL OFFICER in the 
DEPARTMENT OF CHEMISTRY, to carry out research and development work on 
organic compounds, new inorganic and organometallic com unds, new 
polymers, new monomers, polymerization and technological studies including 
as necessary the utilization of the new Chemical Technology Laboratories— 
The Registrar, University of Manchester Institute of Science and Tech- 
nology, Sackville Street, Manchester, 1, marking envelope “SEO Research 
and Development” or “EO Research and Development”. 

SENIOR or Basic GRADE BIOCHEMIST (preferably with previous experience) 
in the Department of Clinical Pathology of the United Bristol Hospitals- 
Dr G. K. McGowan, Royal Infirmary, Bristol. 

TECHNICIAN (graduate or AIMLT, preferably with experience in immun- 
ology and immunochemistry) in the DEPARTMENT OF PATHOLOGY for work in 
a group dealing with research on allergic drug reactions-—The Superinten- 
dent, Department of Pathology, University of Cambridge, Tennis Court 
Road, Cambridge. 

‘TECHNICIAN or JUNIOR TECHNICIAN In the DIVISION OF BIOCHEMISTRY for 
research on carbohydrate and lipid metabolism; work with animals will be 
involved—The Assistant Secretary, Royal Veterinary College, Reyal College 
Street, London, NW1. 5 

TECHNICIAN (preferably with previous experience in microbiological 
techniques) in the SCHOOL oF BIOLOGICAL SCIENCES to work with a research 
group interested in fungal physiology and plant pathology-—The Laboratory 
Superintendent, School of Biological Sciences, University of East Anglia, 
Norwich NOR 880, 

TECHNICIAN (preferably with previous histological experience) with the 
MEDICAL RESEARCH Corner, Unit, Oxford University, to prepare material 
for electron microscopy and autoradiography-——The Administrator, Depart- 
ment of Human Anatomy, The University, South Parks Road, Oxford. 

YOUNG GRADUATE for an active experimental haematology research 
gzroup-—-The Secretary, Institute of Child Health, University of London, 30 
+uilford Street, London, WC1, quoting Ref. ICH 4. 

ZOOLOGIST (graduate) to work on problems connected with game bird 
population and pathology—The Research Director, Game Research Associa- 
tion, Fordingbridge, Hants. 
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Office of Health Economies. Without Prescription: a Study of the Role 
of Self Medication. Pp. 82. (London: Office of Health Economies, D 
Government of Northern Ireland: Ministry of Agriculture. Leaflet No. 
112: Manuring of Vegetable Crops. Pp. 11. Leaflet No. 148: Chemical 
bias Control in Fruit Crops. Pp. 10. (Belfast: Ministry of TERAM 
1 ‘ RT 
„_ Planning, Vol, 34, No. 502 (July, 1968): Economic Reform in Yugoslavia. 
Pp. 201-272. (London: Political and Economie Planning, 1968.) Bs, Eyi 
The British Glass Industry Research Association. Thirteenth Annual 
Report, 1968. Pp. 48. (Sheffield: The British Glass Industry Research 
Association, 1968.) [87 
The British Steel Castings Research Association. 15th Annual Report, 
TAER Pp. 42. (Shefficid: The British Steel Castings Research Association, 
‘ ‘i 
Ministry of Technology. Forest Products Research. Bulletin No. 38, 
The Efficiency of Adhesives for Wood. By R. A. G. Knight. Fourth edition. 
Pp. vi+ 16, (London: H.M. Stationery Office, 1968.) 6s. 6d. net. {107 
Council for Scientific Policy. Report of the Working Group on Molecular 
Biology. (Cmnd. 3675.) Pp. iv+17. (London: H.M. Stationery Office, 
1968.) 2s. 6d. net. {117 
Ministry of Agriculture, Fisheries and Food. Fishery Investigations, 
Series II, Volume XXV, No. 10: The Abundance of Hake off South Africa. 
By D, i Cushing. Pp. Hi+20. (London: H.M. Stationery Office, ae 
z., net. 117 
The Challenger Society. Annual Report and Proceedings, 3, No. XIX, 
1967. Pp. 63. (Wormiey, Godalming, Surrey: Challenger Society, c/o 
National Institute of Oceanography, 1068.) 28. Gd. [117 
Ministry of Agriculture, Fisheries and Food. Annaal Report of the Director 
of Fishery Research 1967. Pp. iv +135. (Lowestoft: Ministry of Agriculture, 
Fisheries and Food, Fisheries Laboratory, 1968.) (117 
_ Technology in Agriculture, Vol. 1, No.1 (July, 1968). Published bi-monthly. 
wey (London: The Institute of Corn and Agricultural care 
Building Research Station Current Papers 50/68: Hostel User Study. By 
1008.) Allen. Pp. 20. (Garston, Watford: Building Research yee 
_ Ministry of Transport, Road Research Laboratory. RRL Report LR 172: 
Contact Areas of Commercial Vehicle Tyres. By N. W, Lister and D. E. 
Nunn, Pp,16. (Crowthorne, Berkshire: Road Research Laboratory, 1968.) 
Gratis, {127 
Diamonds in Metalworking. Pp. 24. (London: Industrial Diamond 
Information Bureau, 1968.) (127 
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> APPOINTMENTS VACANT 








UNIVERSITY OF SHEFFIELD 


DEPARTMENT OF METALLURGY 
CHEMICAL METALLURGY 


Applications are invited for the pos: of 
LECTURER in the general field of CHEMICAL 
METALLURGY. The research and teaching 
activities of the Department include a wide range 
‘of chemical interests and it is well equipped for 
research in Extraction Metallurgy, Corrosion 
Science, and AHoy Thermodynamics. Preference 
will be given to a candidate who has experience 
in the field of High Temperature Chemistry and 
who is willing to teach and do research in 
Extraction Metallurgy. Salary in the range: 
£1,470 to £2,630, with F.S.S.U. provision. 
Further particulars from the Registrar, to 


UNIVERSITY OF LONDON 


Applications are invited for the post 
of TECHNICIAN in the Biology section 
of the University Examination Labora- 
tories, Brunswick Square, W.C.1. 


Initial salary will be within the scale 
£692 to £977 according to age and experi- 
ence plus £125 London Allowance, and 
£30 for an approved basic qualification. 


Duties will include preparative work in 
connection with University practical 
examinations at all levels. Geological 
interests would be an asset. 


Applications in writing should reach the 
Clerk of the Senate (52/N), University of 
London, Senate House, W.C.1, by August 
12, 1968. (391) 


QUEEN MARY COLLEGE 
(UNIVERSITY OF LONDON) 


Applications are invited for a RE- 
SEARCH ASSISTANT, PH.D. or equiva- 
lent experience, to work on cytology in- 
clading electron microscopy and auto- 
radiography of Rhodophyceac. Salary 
within range £1,155 to £1,305 p.a., initial 
salary according to qualifications and ex- 
perience. 


Applications, accompanied by details af 
previous scientific experience, should be 
made in writing to Registrar (MBEG / B), 
Queen Mary College, University of London. 
Mile End Road, E.l. (394) 


NATIONAL VEGETABLE RESEARCH STA- 
tion requires SCIENTIFIC OFFICER (physicist 
or soil physicist) to collaborate in studies on 
soil water available to plants, and to investigate 
the exploitation of soil water by crop root 
systems. Good honours degree in natural 
sciences. Appointment in grade of 5.O. (£991 
to £1,740 F.S.S.U. Further particulars from 
Secretary Applications, naming three referees 
to Secretary. by August 24, 1968. £407) 











Bookers Sugar Estates Limited of Guyana producing 
275,000 tons of sugar a year wish to appoint a Bio- 
chemist to their Agricultural Research Department. 
The job will be concerned primarily with a study of the 
process of sugar manufacture and storage in the sugar- 
cane plant under Guyana conditions. It will be based on 
Georgetown where the Company has excellent labora- 
tory facilities. 


Applicants should have a good honours degree in bio- 
chemistry. Previous research experience, particularly 
in the field of plant physiology, is desirable. However. 
applications will also be considered from recent 
graduates. 


The appointment is for a two year tour initially, renew- 
able by mutual agreement. The terms of service wili 
include an attractive salary, to be negotiated according 
to qualifications and experience, rent-free housing 
with heavy furniture, provision of a car, two months 
paid leave after each tour and a gratuity on termination. 


Please apply in writing only to C. A. Brooke- 
Smith, Bookers Agricultural Holdings Limited, 
Bucklersbury House, 83 Cannon Street, London, 


E.C.4. 
(428) 


BROOKE BOND LIEBIG LTD. 


A SENIOR TECHNICAL EXECUTIVE 


A graduate scientist or engineer is offered an opportunity of a career in close touch 
both with business and with advanced food technology. He will be responsible for the 
technical and commercial assessment of development situations and will be required to 
represent the Group’s Research Department in its work of serving the general management 
of member companies. He will also have a special responsibility for organising technical 
services outside the R & D area and will fulfil a technical management function on behalf 
of one particular member company. The post ig a demanding one calling for initiative 
and imagination and involves a considerable degree of individual responsibility: an ability 
for creative thinking and a grasp of the technical measures demanded by business situa- 
tions will be most important. Candidates should have a good degree in a science subject 
or engineering and several years’ experience in industry or research is essential. Some 
experience in the patents field is desirable. The preferred age range is 28 to 38 and the 
starting salary will be in the range £2,700 to £3,600 depending upon age and experience. 

The post will be based upon Brooke Bond Research Laboratories, Blounts Court, Sonnings 
Common, Reading, Berks. It is likely to involve some travel. The Company operates a 
Contributory Pension Scheme. Applicants please write for an application form to the 
Administrative Officer at Brooke Bond Research Laboratories. (387) 


THORNBERS 


One of the world’s leading and most progressive livestock 
breeders, require a Husbandry Research Officer for thei 
breeding and husbandry research division at the company's 
headquarters at Mytholmroyd.. This position would ideally 
suit a young graduate in Agriculture or Agricultural Science 
interested in developing environments and husbandry methods 
for poultry. Relevant postgraduate experience would be of 
advantage. but is not essential. 


Please write. giving brief details of qualifications and experience, to D. W. 
Knight. Thornber Brothers Ltd., Mytholmroyvd, Halifax, Yorkshire. 
(425) 
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A vacancy exists in the Unilever 
Plantation Group for a graduate 


maintains close liaison with similar 
centres elsewhere in Africa and the 
Far East. 


selection and breeding of the oil palm 
with particular reference to yield and 
disease resistance. The post offers 
first-class opportunities for original! 
research, and staff will be given every 


LINTAS UST 7E F247 


scientist at a newly established research 
station in the Democratic Republic of 
the Congo (Equatorial Province), which 


The man appointed will be responsible 
for the development of a programme of 


facility and encouragement to publish 


Plant Breede 
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Oil Palms 


the results of their work. Candidates 
should possess, therefore, a good degree 
in Agriculture or Botany, and preference 
will be given to those with a Ph.D. or 
other appropriate post-graduate 
research experience in plant breeding. 

In addition applicants should have, or 
be prepared to acquire, a good working 
knowledge of French. 

The commencing salary will be not less 
than £2,800 per annum plus generous 
overseas and children's education 
allowances; the Company provides 
accommodation, personal transport and 
medicalservices. Tours last fora yearand 
in addition to the normal company paid 


passage for wife and family, there will 
be the extra benefit of a mid-tour return 
passage for children at school in Europe. 
The post is permanent and pensionable, 
but consideration would be given to a 
contract appointment if preferred. 
Please apply by letter to A. J. Taunton, 
Personnel Officer (ref. N1 ), Unilever 
Personnel Division, Unilever House, 
London, E.C.4, marking envelope 
“Plant Breeder—Oi] Palms”’. 








UNIVERSITY 


OF SURREY 


Bioanalysis and Cancer Laboratory 


A RESEARCH TECHNICIAN with a knowledge of chemistry is required, 


tor 2 years in the first instance, 


The work will be transferred to new 


premises at Guildford in Autumn 1969. The starting Salary could be up 


to £750 pa. 
study. 


Day release could be allowed for an approved course of 
Prospective applicants should write to Dr. 


E. Reid (Director), 


Biochemistry Department, University of Surrey Annexe, 14 Falcon Read, 


London S.W.11. 


UNIVERSITY OF MANCHESTER 
MANCHESTER, 13 


ASSISTANT LECTURER 
IN ZOOLOGY 


Applications invited for this post. Interest in 
protozoology desirable. but other well-qualified 
candidates considered, Salary range per annum 
£1,105 to £1,346. FSS.U, 

Particulars and application forms (returnable 
by August 19) from the Registrar. Quote Ref. 
neat NG C(X253) 


GENETICIST REQUIRED 10 FILL VAC- 
ancy as Head of Genetics Department at ANMI- 
MAL VIRUS RESEARCH INSTITUTE. 
PIRBRIGHT, WOKING, SURREY. Applicants 
should have Ph.D. or good Honours Degree with 
at least three years’ postgraduate experience. 

che Department is concerned with studies on 
the formal genetics of viruses. especially fooi- 
atid-mouth disease, involving the characterisation 
and selection of markers and the use of condi- 
tional fethal mutants for the study of recombina- 
tion and other genetic processes. The success- 
ful applicant will be expected to continue the 
work broadly on these lines but will have con- 
siderable freedom of choice of approach. 

Appointment in P.S.0./8.S.0. grade depend- 


ing on age, qualifications and experience House 
available for married applicant: F.8S.5.U. Fur 
ther particulars from Secretary. (343) 


(450) 





RHODES UNIVERSITY 
GRAHAMSTOWN, SOUTH AFRICA 
Applications are invited for a post of 
PROFESSOR OF PHYSICS 


from January 1, 1969. The salary scale is: 
R5,700 by R300 to R7,200 per annum, Yote: 
Ri=<approximately lis. 7d. sterling.) A vacation 
bonus is alc payable. Previous experience and 
qualifications may be taken into account in de- 
termining the commencing salary and the suc- 
cessful applicant will become a member of the 
University’s pension and medical aid schemes. 
Full particulars and application forms may be 
obtained from the Secretary-General, Association 
of Commonwealth Universities, Marlborough 
House, Pall Mall, London S.W.1. Applications 
close on September 16, 1968. £392) 


UNIVERSITY OF SHEFFIELD 
CHAIR OF BOTANY 


Applications are invited for a CHAIR in the 
DEPARTMENT of BOTANY tenable from 
October 1, 1969, on the retirement of Professor 
A. R. Chipham., F.R.S, Salary in the range 
approved for professorial appointments, with 
F.8.S.U). provision. 

Applications {ten copies—one only from can- 
didates overseas) should reach The Registrar, 
The University, Sheffield, S10 2TN, by Septem- 
ber 23, 1968. (386) 


UNIVERSITY OF 
SOUTHAMPTON 


Applications are invited for the post of Tech- 
nician or exceptionally Senior Technician in the 
Department of Zoology. Applicants for the post 
will be required to have a minimum of four “OY 
levels including Biology and Chemistry and have 
general laboratory experience. The successful 
applicant will be expected to undertake the 
general organisation of the teaching laboratories 
and assist the Chief Technician in the general 
running of the Department. Salary scale: Teche 
nician £692 to £977: Senior Technician £947 to 
£1,385 plus supplementation for approved quali- 
fications. Superannuation scheme. staff canteen 
faciitties and good working conditions. Generous 
holidays, five-day week. 

Applications should be sent to the Deputy 
Secretary, The University, Southampton, SO9 
SNH, giving details of education, age. experience 
and the names of two referees as soon as pos- 
sible, Ren ref. Na, en 


UNIVERSITY OFS ST. ‘ANDREWS 
SENIOR ANIMAL HOUSE TECHNICIAN 


Applications are invited for the post of Senior 
Technician to take charge of the Animal House 
in the Bute Medical Buildings. The person ap- 
pointed will be responsible for the organisation 
of wark related to breeding, husbandry, order- 
ing of supplies and administration. Experience 
in working with small animals is essential and 
Associateshig of the Institute of Animal Tech- 
nicians, cr equivalent, would be desirable. Salary 
scale: £987 to £1,224 : supplements of up to £50 
for certain qualifications. Pension Scheme: gen- 
erous holidays. 

Applications, with the name of a 
should be made to the Secretary of 
versity, College Gate, St. Andrews. by August 9, 
196R, 37 


UNIVERSITY OF KEELE 


Applications are invited for the post of Assist- 
ant Lecturer or Lecturer in the Department of 
Chemistry from October 1, 1968, with dxties in 
Inorganic or Physical Chemistry. Salary scales: 
£1,105 to £1,340 {Assistant Lecturer), £1.470 to 
£2.63@ €Lecturer} plas F.S.8.U). Salary level at 
appoiniment dependent on qualifications and ex- 
perience, 

Further particulars and application forms from 
the Registrar, The University, Keele. Staffs., to 
whom applications should be returned by August 
23, 1968. (3793 


referee, 
the Uni- 
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Revolution in Agriculture 


Ox July 17 the Indian Government issued a special 
-postage stamp to commemorate the wheat rev olution ; 
J . the people of India, and of Pakistan as well, have much 
to celebrate. It is probably no exaggeration to say 
= that the sub-continent has started on an agricultural 
~ revolution as a direct result of the introduction of 
-new dwarf wheat strains which were developed in 
cic The Rockefeller Foundation, which has 
financed the International Centre for the Improvement 
of Maize and Wheat (CIMMYT) in Mexico since it 
started in 1942, and the Ford Foundation, which now 

provides half of CIMMYT’s funds, have at least a 
much to be proud of as the Indian and Paiste 
rmments. The success of the far sighted plant 
_ breeding programmes that these two foundations have 
supported cannot be over-praised. They have provided 
countries, which were perennially faced with starva- 
` tion, with the means not only to become self-sufficient 
but, equally important, to regain their self respect and 
national pride. 
The history of CIMMYT wheats in India is as remark- 
able as it is brief. Before their introduction the average 
wheat yield per hectare in India had remained stagnant 
for more than 30 years at about 800 kilogrammes, 
-. and even in irrigated areas it reached only 1-3 metric 
~ tons. It is true that total annual production had risen 
from 7 million metric tons in 1951 to about 12 million 
metric tons in 1964-65, but that was almost entirely a 
result of increasing the area under cultivation. In 
1962 the Indian Agricultural Research Institute 
(IARI) decided that the only way to achieve a signifi- 
eant breakthrough in wheat production was to intro- 
duce high yielding and disease-resistant strains bred in 
Mexico. In 1963, the Indians received 100 kg of each 
of four dwarf and four semi-dwarf wheat strains, and 
mall samples of 613 other promising varieties. After 
series of field trials at 155 stations throughout the 
country two strains were selected, and in 1964 India 
began its All-India Coordinated Wheat Improvement 
~~ Scheme. In 1965 the seed of the two selected strains 
was released for general cultivation and a massive 
training programme for local farmers was started and 
has continued on an increasing scale. The same year 
the Indian Government imported ! 250 metric tons of 
seed which was distributed to 5,0C0 farmers, as well as 
to research institutes engaged on breeding programmes. 
n 1966, encouraged by the previous year’s result, 18,000 
metric tons of the seed was imported and sown on 
00,000 hectares. Last year four varieties derived from 
=- the Mexican stocks, but with other genetic characters 

introduced by Indian research workers, were released 

and more than 2 million hectares planted. Although 

the 1967-68 season was particularly favourable for 































wheat rust, the new strains maintained their high 
degree of resistance and the optimistic forecast of a 
record harvest has in fact been achieved. Nearly 
17 million metric tons of wheat have been brought in, 
compared with the 12 million metric tons harvested 
during the 1964-65 season, which had better weather. 
That, by any yardstick, is a revolutionary increase. 

Events in Pakistan have run exactly parallel to 
those in India. In mid 1964 the Accelerated Wheat 
Improvement and Production Programme was initi- 
ated and the Mexican wheat was crossed with Pakistani 
strains to produce the Mexipak strain which has 
yielded record harvests this year. The wheat pro- 
grammes in both countries are models of a concerted 
national effort to achieve self sufficiency, and India and 
Pakistan may both become net exporters of wheat 
within another year or two; that is a prospeet which 
would have been described as impossible only five 
years ago. 

The International Rice Research Institute in the 
Philippines, which was only founded in 1962 and also 
receives financial support from the Rockefeller and Ford 
Foundations, has already initiated a rice revolution 
rivalling that of wheat. In 1962, the average yield of 
rice in most Asian countries was two metric tons per 
hectare in irrigated areas, and usually less than one 
metric ton in upland areas, whereas in technicaily 
advanced countries the yield was double or treble this. 
Immediately after its inauguration, the institute began 
breeding programmes to produce high yielding strains, 
by crosses from among the 10,000 varieties in its 
world-wide collection. By 1966 the institute had 
produced and tested the strain [R8, which was 
immediately accepted in rice growing countries and 
which has now been exported to most Asian countries 
as well as to the Middle East and South America, 
where it can be crossed with local strains which have 
additional desirable characteristics, And at IRRI 
further crosses are being made to add yet more desir- 
able qualities. For example, the institute is searching 
among its 10,000 varieties to find a gene for high lysine 
content comparable to the gene “Opaque 11” in maize 
which was discovered at Purdue University several 
years ago. The aim of this work, of course, is to enrich 
the content of essential amino-acids in rice and so 
obviate some of the need for animal protein. CIMMYT 
and IRRI are, in effect, acting as international gene 
banks capable of supplying strains of wheat and rice 
with the basic desirable characters, and additional 
traits can simply be crossed into the strains by local 
plant breeders. 

The wheat and rice revolutions clearly show the rate 
at which agricultural production can be increased 








548 


given the right strains and a willingness to alter 
methods of farming. But they also provide the classic 
example of how relatively trivial sums of money spent 
wisely—the budget of IRRI for 1966, apart from 
money spent on training scientists, was a mere 
$1,380,000 and CIMMYT’s budget was just under 
$800,000—can change the outlook for hundreds of 
millions of people. The two foundations know they 
have the answer to world food shortages, which is 
why they have agreed to finance two new Centres for 


Why Do Students Fail? 


BRITISH universities have no reason to feel satisfied 
with the survey just carried out by the University 
Grants Committee into what is sometimes called student 
wastage. It is true that the figures showing how many 
students leave universities without degrees (see page 
549) are no worse than before, but it should be a 
source of sorrow that they are no better. Although 
the universities have in the last five years been passing 
through a period in which potential students have been 
expected to produce solid evidence of their capabilities, 
there seems to have been no significant improvement in 
the wastage rates. In international terms, the fact 
that something over 13 per cent of British students 
leave university without degrees may be taken by 
some as a token of success; wastage rates elsewhere in 
the world are certainly much higher, but this probably 
reflects differences of philosophy. 

Two things are striking about the figures. For one 
thing, they have been remarkably constant over the 
past ten or fifteen years, surviving all the changes 
which have taken place in British universities during 
that time. Of the students who entered universities 
in 1955, 14 per cent emerged without a degree, almost 
the same proportion who failed to graduate in 1966. 
It is also disturbing that science and technology 
students are particularly likely to leave univer- 
sity without degrees. The figure for science is only 
marginally above the average, but in technology no 
less than 21-8 per cent of the students failed for one 
reason or another, a proportion which has been main- 
tained within a percentage point or two ever since 1952, 

It is, of course, quite possible that the constancy of 
the wastage rates provides a clue towards understand- 
ing why they exist at all. The report of the Robbins 
Committee in 1963 was not the first document to point 
out that “in some faculties there is an approximate 
percentage of students whom it has become customary 
to fail”. In colleges of technology, it has apparently 
been customary to fail a rather higher proportion of 
students than in universities, so some improvement 
in the figures can be expected now that the colleges 
have become universities. The higher entrance 
qualifications now demanded may also have the effect 
of reducing the wastage in technology. 

The UGC has shown uncharacteristic independence 
of mind in publishing for the first time figures which 
enable direct comparison to be made between the 
universities. This splendid innovation, shirked by 
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Tropical Agriculture. No doubt it would be expecting 
the impossible to hope that the yield of every crop can 
be increased quite as quickly and by so large a margin, 
but so little is known about most tropical crops that 
significant improvements in yield are bound to follow a 
concerted research programme. And that inevitably 
raises the question of why these improvements have to 
depend on Ford and Rockefeller philanthropy. What 
are national governments and the international agencies 
waiting for ? 


the Robbins Committee which published the figures 
but made the universities impossible to identify, at 
last makes it possible to decide whether different 
teaching methods affect the wastage rates. One 
can ask, for instance, why 19 per cent of the mathe- 
maticians at Birmingham University failed, while 
Leeds, with a school of much the same size, got 
all but 3-9 per cent of them through. Why are arts 
students at Scottish universities three times more 
likely to fail for academic reasons than their counter- 
parts at English universities ? No doubt many of these 
differences are caused by the difficulties of defining the 
reasons for failure, but some of the discrepancies are 
far too large to be explained away like this. 

Apart from this, the figures show how small a part 
the final examinations play in determining failure. 
Whether they realize it or not, British universities are 
practising a form of continuous assessment which makes 
it certain that the vast majority of those who sit their 
final examinations pass them. Only 1-4 per cent of 
those who sat their final examinations failed: the most 
important examinations, it seems, come at the end of 
the first year, when about half the total wastage 
occurs. This is not, perhaps, a very surprising conchi- 
sion—some departments are known to use the first 
year examinations as a means of weeding out a propor- 
tion of the entrants. But is it logical that the most 
important judgment of a student’s competence should 
come at a time when he has scarcely had time to find 
his feet, or to take advantage of university teaching 
methods ? It may be more economical, if a given num- 
ber of students are to fail, to fail them at the end of 
the first year rather than at the end of the third, but 
it is not a very creditable way to behave. For one 
thing, it reflects a lack of confidence in university 
teaching. For another, the examinations at the end 
of the first year have become much more important 
than final examinations. 

In this sense, it would be much more satisfactory if 
a greater part of the failure occurred at the final 
hurdle, if only because it would make it easier for 
those who fail to try again. But it would be better 
still if the total wastage could be quite rapidly reduced. 
The Robbins report declared that “it should be an 
essential part of the responsibility of any university 
department ... to investigate this problem carefully”. 
To judge from the results of the UGC enquiry, very 
little progress has been made. 


r 


NATURE. VOL. 219. AUGUST 10. 1968 


Hover Over from Dover 


Tue publicity for the opening of the first hovercraft 
service across the Channel on Thursday, August 1, 
was rather less than overwhelming. On July 31 HRH 
Princess Margaret inaugurated the service by SRN-4 
(Mountbatten), which is to cross six times a day between 
Dover and Boulogne. The preceding day British Rail, 
whose subsidiary Seaspeed/BR Hovercraft Ltd operates 
the service, took over a large group of journalists. 
Before proving its claim—that the hovercraft clips 
an hour off the conventional Dover—Boulogne ferry 
time—British Rail had wasted more than an hour on 
embarkation formalities at Dover for a known number 
of luggageless passengers. On this basis, BR’s claim 
that London to Paris by hovercraft and train takes 
only five hours against eight by the Golden Arrow needs 
some justifying. So does its other claim, that British 
travellers can get to Boulogne for breakfast by hover- 
craft and so snatch 10 hours in a day on French soil. 
So they can, but only by spending the previous night 
in Dover. There is no connexion from London early 
enough to catch the departure of the first Seaspeed 
“flight” at 8.20 a.m. 

The crossing by hovercraft was a very small propor- 
tion of the day’s total travel, but it was what mattered. 
First impressions seemed to depend on what corre- 
spondents had been led to expect—very few had 
travelled by hovercraft before. Some had been expecting 








a very high noise level—like that in the SRN-6—a view 
almost completely obstructed by spray, and little 
motion. They were wrong on all counts. 

The noise was quite tolerable for a 35 minutes 
exposure—it was possible to hear and to be heard. For 
less talkative passengers, the noise had a soporific 
effect, especially in the late afternoon. Its intensity 
falls between a noisy train and a noisy aircraft—it 
should not be compared with a jet aircraft in clear air, 
as its designer pointed out dryly. But the specially 
designed propellers had achieved a decrease of 15 
decibels against the SRN-4, thanks to the lower tip 
speed. In any case, Princess Margaret was expected 
to suffer fewer decibels than the press, because various 
soundproofing measures were not then complete. 

Conditions on July 30 were described as average for 
the Channel. There was a wind speed of 15 knots, a 
4-5 foot sea and a slight swell abeam. In these condi- 
tions the craft kept up a steady 50 knots, picking up 
speed as soon as it cleared Dover harbour. The land, 
sea transition was entirely imperceptible at both 
terminals. The passenger deck of the SRN-4 is some 
10 feet from the ground with the craft at rest, and when 
the 8-foot skirt inflates before take-off the seated 
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occupants are gently lifted another few feet. At this 
stage the skirt sometimes picks up a resonant frequency 
typical of a certain engine speed. A nasty throb 
develops and the craft jolts up and down like a horse 
at the trot. The sensation is quite disagreeable, but 
can be readily got over by use of the throttle. Out in 
the open sea the craft adopts a sort of irregular swivel- 
ling motion as the skirt moulds to the swell, but 
there is remarkably little spray. At intervals there is 
a check and shudder familiar to sailors as the craft's 
nose “ploughs in” to an oncoming sea. A deeper 
skirt will iron out all these bumps, and the builders, 
British Hovercraft Corporation, look forward to 
16-foot skirts for Channel operations, although it is 
not yet clear when these will be practicable. Mean- 
while the present 8-foot skirt will enable the SRN-4 to 
operate in all but 1 per cent of Channel conditions, 
according to the chairman of British Rail Hovercraft 
Ltd, Dr Sydney Jones. British Rail is also considering 
other hoverferry routes, and Dr Jones suggested the 
Irish Sea. He said that the SRN-4 was an equally 
suitable craft for this crossing, and he doubted that 
[Irish Sea conditions were systematically worse than the 
Channel, at least on the shorter routes. At the British 
Hovercraft Corporation consideration is being given to 
the building of 400-ton and 1,000-ton hovercraft. 

British Rail’s SRN-4 across the Channel needs to be 
half full throughout the year to obtain a reasonable 
return on the investment. Much, of course, hangs on 
the craft’s reliability. If it spends much time out of 
service for maintenance—and the first breakdown 
happened this week—a higher load factor will be 
necessary. At present the service relies on a single 
hovercraft, which must return to Dover for major 
repairs and inspections, because jacks have been in- 
stalled only at the Dover end. A second craft would be 
ordered if the service warrants it, a decision typical of 
British Rail’s attitude. The present SRN-4's internal 
configuration allows for 30 cars and 254 passengers. 
The number of car passengers (typically 3 per car) is 
expected to fill only a third of the seats, but rail 
connexions for the hovercraft service are to be provided 
only if there is a demand. It is hard to believe there 
is not. Compared with the squalor of the Channel 
boat service, the relative luxury of a booked seat by 
hovercraft even if it costs £1 more seems well worth- 
while, without taking the potential time-saving into 
account. 


Graduates Who Never Were 


TECHNOLOGISTS are apparently more likely to abandon 
their degree courses before graduating than are 
students of pure science, the arts or social sciences. 
This disturbing trend is revealed in a report just 
published by the University Grants Committee 
(Enquiry into Student Progress 1968, HMSO, 37s. 6d.). 
The report, compiled from university records, analyses 
the success of all British students who would normally 
have been expected to graduate with first degrees in 
the summer of 1966. 

There were 35,386 students in Great Britain who 
could have graduated in 1966, and of these 27,496 (77-7 
per cent) obtained first degrees at the normal time; 
2.770 (7-8 per cent) obtained first degrees after a 
further year; 432 (1-2 per cent) were re-admitted in 
October 1967, and 4,688 (13-3 per cent) left university 
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without obtaining a first degree. Only 1-4 per cent of 
the last group had failed their final examinations; most 
withdrew from their courses because of academic 
failure (9-5 per cent of the potential output), illness 
(0-5 per cent), disciplinary reasons (0-1 per cent) or 
other unspecified reasons. 

T he a P of abandoned courses were in 
only 68 per cent of 
Sane need in the er period, and a little 
over 76 per cent had done so by the following vear. The 
percentages for medicine and dentistry were similar (69 
and 65 per cent respectively), but in this case 87 per 
cent had obtained their first degree at the end of a 
further year. In the biological and physical sciences 80 
per cent of students graduated at normal time, and 
85 per cent by the following year. Arts and social 
sciences had the highest rate of success; more than 80 
per cent of the pote ential graduated in 1966 and by the 
following year the proportion was about 90 per cent. 

More science and technology students withdrew 
through academic failure (10 per cent and almost 19 
per cent respectively) t than did arts (4-8 per cent) or 
social science students (5-4 per cent). Withdrawal 
for academic reasons was always greatest in the first 
year of courses. IlIness, which was also greatest in the 
first year, caused the greatest number of withdrawals in 
the arts and social sciences. On the whole more men 
than women left for academic reasons, and a larger 
proportion of women left for “other reasons” 

These trends are in general agreement with the 
findings of previous surveys of the progress of students 
entering universities in 1952, 1955 and 1957 carried out 
by the UGC (University Development 1957-62). The 
largest proportion of students who abandoned their 
courses were then as now technologists and pure 
scientists. Although direct comparison between the 
two sets of findings is difficult, it seems that the reduc- 
tion from 14-2 to 13:3 per cent in the total population 
of students who failed to complete their courses is due 
to a reduction in the number who failed their finals; 
there has been no significant change in the proportion 
leaving for academic or other reasons. 


Gas on Tap 


THERE are signs that the Gas Council is on the way to 
winning its prolonged battle with the companies which 
have found g gas In ‘the North Sea. For a long time the 
gap between the two sides seemed unbridgeable, but 
now that a compromise has been reached with two 

of the companies, it seems that the Gas Council has 
the better of it. The argument, of course, is over 
price, and began when the companies asked for 5 pence 
a therm for the gas and the council offered 1-8 pence. 
Last week the Arpet group, one of the groups which 
has found gas in the Hewett Field, settled for a price 
of 2-87 pence per therm, on almost exactly the same 
conditions as Phillips accepted six months ago. Arpet 
has had little choice, in fact, because both finds were 
in the same field, and although the Arpet negotiators 
originally expr essed disgust at the terms accepted by 
Phillips, they had in the end to accept the same terms 
themselves. The contract signed last week assumes a 
60 per cent load factor, and when the annual contract 
quantity is exceeded, the extra gas will be sold for 
2-025 pence a therm. Like the Phillips contract, the 
Arpet agreement lasts for 25 years. 
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The two agreements will provide the Gas Council 
with some 600 million cubic feet of gas a day, about 
half the present dailv demand in Britain. Rather 
more than half of this will be supplied by Phillips, 
rather less than half by Arpet. There are also signs of 
progress in the negotiations over the other major gas 
field, on the Leman Bank. The Gas Council has now 
negotiated with the Shell-Esso Group a temporary 
agreement to cover the supply of test gas from the 
Leman Bank field to the terminal at Bacton (see map}. 
The price agreed for the interim contract is the same as 
the Arpet price, 2-87 pence per therm, and although this 
does not officially create a precedent for the full con- 
tract, which is to be signed by October 1, it may be 
significant. Ít is now being generally - assumed that the 
Shell-Esso contract will differ only in detail from those 
signed by Phillips and Arpet. There will be some 
differences, because the Leman Bank is larger and 
farther out, and the gas it contains is free from sulphur, 
unlike the gas from the Hewett Field. 

The council will be cheerful to have these contracts 
under its belt, although it is important to stress that the 
Shell-Esso agreement is only an interim measure to 
enable the council to test its pipelines and engineermg 
facilities before the gas comes on to full stream next 
winter. Despite a price which must be disappointing 
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to the oil companies, there is no clear evidence that 
their enthusiasm for exploration in the North Sea is 


wilting. Meanwhile, the idea of setting up a National 
Hydrocarbons Corporation is again having an airing. 

This idea, originally put forward by a Labour Party 
group, W ould provide for a corporation with the power 

to search for oil and gas in the North Sea and act as a 
monopoly buyer for natural gas. If the corporation 
were set up, its crucial role w ould not arise until 1970- 
71, when the leases for some of the areas in the N 





North 
Sea come up for renewal. This period will in any case 
be interesting, because it will show whether the com- 
panies are still interested in prospecting, despite what 
they will undoubtedly regard as a low return. 


Creative Computers 


THERE have been many science fiction stories since 
the beginning of the computer age nearly twenty vears 
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-ago endowing computers with human, and even god- 
like, characteristics, but they have always lacked 
one essential ingredient—creativity, in other words, 
imagination, Intuition and emotion. An exhibition 
opened this week at the Institute of Contemporary 
Arts in London that attempts to narrow this gap 
between the computer and the more humane arts. 
Jaisa Reichardt, who has worked since 1965 to organize 
and finance the exhibition, admits that it is not wholly 
successful in this attempt. “There are no heroic claims 
to be made,” she says, “because computers have so far 
neither revolutionized music, nor art, nor poetry, in 
the same way that they revolutionized science.” She 
stresses that the most important point of the exhibition 
is that “people who would have never put pencil to 
paper or brush to canvas have started to make images 
... which approximate to what we call ‘art’ and put 
in public galleries”. 

It is just this point that many people will find 
disturbing as an extension of the already heated argu- 
ment—-when is an object considered “a work of art” 7 
Many of the pictures and graphics produced by com- 
puter programs do not raise this question either 
because they are simply two or three-dimensional 
projections of mathematical or physical phenomena, 
or because they are computerized transformations of a 
drawing or photograph, such as the picture of Marilyn 
Monroe (see illustration) that has been subjected to a 
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process of deforming. At the other extreme, the com- 
puter can be treated like anv other medium, as a means 
of projecting an artist’s concept. Several examples 
_ in the exhibition were produced by artists starting with 
: an idea and then working out the program necessary 
-= to produce the desired effect. It is in the middle ground, 
where the program defines the basic set of para- 
meters and leaves the various possibilities within them 
to chance, that the questions arise. A scientist at the 
Bell Telephone Laboratories, Michael Noll, produced 
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a series of pictures based on an analysis of a black and 
white Piet Mondrian painting; when he showed both 
the original and one of the computer variations to a 
number of people, only 28 per cent correctly identified 
the Mondrian and 59 per cent preferred the computer 
picture. This does not mean to say that the computer 
could be considered more creative than Mondrian, but 
it does raise questions about aesthetics. Professor 
Dennis Gabor in an article in Encounter in 1960 said, 
“I sincerely hope that machines wll never replace the 
creative artist, but im good conscience | cannot say 
that they never could”. 

In other creative fields, especially music and poetry, 
but also in sculpture and dance, the computer is being 
used extensively. Musicians especially are usmg it 
both to aid the composer in producing a score, which 
can then be played by the usual musical instruments, 
or to produce actual sounds in place of any other 
instruments and to any degree of complexity desired. 
The composing program allows the computer to make 
some of the choices—such as pitch, number of notes, 
intervals, duration—that the composer would normally 
make. In this way computer music is merely an 
extension of experimental works in the areas of elec- 
tronic music and chance already being composed by 
such musicians as Karlheinz Stockhausen, John Cage 
and Cornelius Cardew. 

Computers may not be creative in their own right, 
but this exhibition certainly shows that they can be 
used with artistic imagination, as this poem from the 
Manchester University Computer persuasively shows: 

Darling sweetheart,/ You are my avid fellow feeling 

My affection curiously clings to your passionate wish 

My liking yearns for your heart 

You are my wistful sympathy; my tender liking 

Yours beautifully, M.U.C. 


Costly Airbus 


Tue three aviation ministers who met last week in 
Paris to discuss the future of the European airbus 
project seem to have taken a firm line. The project 
has been plunged into gloom by the recent announce- 
ment that the cost estimates were far wide of the mark. 
Instead of the total bill being something like £190 
million, it has now increased to £285 million. The three 
governments have therefore agreed to postpone a 
decision on the airbus while further calculations are 
made. Over the next two months or so, the manu- 
facturers will re-examine the costs of the project, 
in the hope either of reducing them to more manageable 
proportions, or of trying to produce a better aeroplane 
for the same cost. The ministers, from France, West 
Germany and Britain, asked the companies to produce 
the revised specifications by November. At the same 
time, the ministers produced a joint comm unigué 
which urged the companies to produce an aircraft 
“even better adapted to the recent evolution of the 
merket and to international competition”. 

It now seems very unlikely thet the costs can be 
ectually reduced, so the best hope is that a better 
aeroplane can be put together for the same money. 
Most of the increase in cost has occurred on the air- 
frame, which is principally the responsibility of Sud 
Aviation. It now seems that the design of the aircraft 


is more or less cettled, and the companies involved 
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claim that it is a very good design. The airlines which 
will have to buy it are naturally taking a more cautious 
line, and can hardly be expected to do more until the 
specification and costs are more clearly defined. And 
because the airlines put a high value on their inde- 
pendence, they are reluctant to make encouraging 
noises too soon. 

There is also the possibility that Boeing may decide 
to enter the competition. Although Boeing has not 
yet made a definite statement of intention, it has 
worked on a design with some similarities to the Euro- 
pean airbus, and this is enough to make the airlines 
hedge their bets until the position is clearer. Boeing 
has a loyal following among the airlines: British 
European Airways, for example, would have bought 
Boeing aircraft rather than the Hawker-Siddeley 
Trident if it had been allowed to. The delay in the 
airbus project gives Boeing a chance to get into the 
short-haul airbus market if it decides to. The best 
hope for the companies in the European airbus would 
be for Boeing to get so involved in the task of redesign- 
ing the American SST that it had no time to contem- 
plate more mundane aircraft. 

Despite the uncertainty, the three firms involved in 
the European airbus have now fcrmed a new company, 
to be called Airbus International. The task of the 
new company, which comprises Hawker Siddeley 
Aviation, Sud Aviation and Deutsche Airbus, will be to 
sell the airbus to the airlines, and to coordinate the 
activities of the three companies. Shares in the com- 
pany have been taken up in proportion to the share of 
the cost of the project--37-5 per cent for France and 
Britain, end 25 per cent for West Germany. The 
chairman of the company is Dr Bernhardt Weinhardt, 
of Deutsche Airbus. 


Why Britain Withdrew 


Mr Epwarp Snort, the Secretary of State for Educa- 
tion and Science, is clearly not a man to shirk un- 
pleasant duties. Last week he appeared before the 
Council for Scientific Policy to explain why the British 
xyovernment had declined to accept its advice on the 
CERN 300 GeV accelerator. Mr Short said that the 
Government had decided that it could not afford any 
new commitment. Ifthe Government had signed the 
agreement, he said, it would not have been able to 
withdraw later, and the cost of the machine would 
probably increase. It felt that there were no short or 
medium term prospects of economic benefits from so 
costly a scheme and little chance of movement into 
industry of skilled manpower trained by participation 
in international high energy physics projects. 

The Government had rejected the SRC proposal that 
the proportion of resources allocated to nuclear physies 
could be reduced by closing down obsolete national 
facilities and spending part of the money on the 
300 GeV machine, on the grounds that unless the 
CERN machine was built in Britain there would be no 
adequate facilities to train British scientists. Mr Short 
also said that this plan of the council assumed a sub- 
stantial growth of the SRC budget over the next 
decade and the Government was not prepared to 
commit itself or its successor so far ahead. The minister 
assured the meeting that the decision was not the thin 
end of the wedge of Government interference in the 
disposal of the Research Council’s funds and, presum- 
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ably as a word of encouragement to the countries left 
in the scheme, he said the decision was not an attempt 
to discourage the project. 


Nuclear Estimates 


Tue European Nuclear Energy Agency has just made 
a courageous attempt to estimate the growth of nuclear 
power in Western Europe, and how different mixtures 
of reactors will affect the demand for uranium and 
for enrichment facilities. The attempt is courageous 
because estimates of this sort are notoriously tricky to 
do, and always likely to be overtaken by technical 
developments of one sort or another. The report, 
Illustrative Power Reactor Programmes (ENEA), covers 
itself by allowing generous margins for error—its low 
nuclear demand forecast for the year 2000 is less than 
half its high demand forecast—but the effort is never- 
theless worthwhile. 

By 1980, the report estimates, the amount of elec- 
tricity generated by nuclear power in Europe will 
have risen to 110 GW (10° watts), from 10 GW in 
1970 and 40 GW in 1975. Estimates after that are 
clearly more dubious, but the report suggests a demand 
of 392 GW in 1990, 800 GW in 2000 and 1,350 GW in 
2010. There are many ways in which this electricity 
could be generated, and the report considers some of 
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the possible combinations of reactor types. The intro- 
duction of advanced thermal converters and fast 
breeders, certam to happen over the period under 
sonsideration, would be particularly important because 
of the effect it could be expected to have on uranium 
requirements. A nuclear power programme involving 
light water reactors only, for example, would by the 
year 2000 have used up nearly 2 million metric tons 
of uranium, and would be using it at an annual rate 
of 150,000 metric tons a year. A mixed system using 
light water reactors and fast breeders, on the other 
hand, would reduce the annual uranium requirements 
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to less than 100,000 metric tons per year, even at the 
highest forecasts of nuclear demand. 

Different nuclear programmes would also affect the 
need for fuel enrichment facilities, and this is perhaps 
the most crucial issue raised by the report. A system 
using a mixture of light water reactors and fast breeders 
would show a steadily increasing need for enrichment 
facilities up to and beyond 2010. But if the system also 
included some fast converters, the demand for enrich- 
ment facilities would tail off by 1990, and might show 
a small decline after that. If more pessimistic assump- 
tions about the rate of growth of power demand are 
assumed, the need for enrichment facilities might 
actually decline quite sharply after 1990. This kind of 
argument can serve two purposes; first it can help to 
determine whether investment in enrichment is justi- 
fied, and second it can show that, by carefully relating 
the systems chosen to the growth of demand, maximum 
use can be made of existing plant. 

In fact, decisions about nuclear power plant are 
rarely made for such esoteric reasons. It is usually the 
generating costs which decide. But, although the 
survey is in this sense of academic interest, it reflects 
the kind of thinking which will increasingly have to be 
done, both by governments and utilities. 


Read Fewer Journals 


Two reports published recently confirm that a good 
coverage of a particular scientific subject can be 
obtained by reading a relatively small number of 
journals. One of the reports (Investigation on Nuclear 
“Core Journals’, by E. Böhm, EUR 3887 e; 1968) is 
of a survey in the field of nuclear science and tech- 
nology conducted by the Centre for Information and 
Documentation, run by Euratom in Brussels. The 
survey was based on articles abstracted by Nuclear 
Science Abstracts and by seventeen other abstracting 
and indexing services. The results show that 272 “core 
journals” (13-8 per cent) out of a total of 1,978 different 
primary periodicals produce about 75 per cent of the 
relevant articles in the nuclear field. Of these “core 
journals’, nearly three-quarters (73-3 per cent) came 
from the United States, Canada and Western Europe; 
22-2 per cent from the Soviet Union and Eastern 
jurope; and the remainder (4:7 per cent) from other 
countries. The top journal was the Bulletin of the 
American Physical Society with 961 citations in the 
abstracting journals. This was followed by The Physical 
Review (504 citations), Transactions of the American 
Nuclear Society (378 citations) and Physics Letters (288 
citations). Nature, the first British journal in the list, 
came seventh in the list with 223 citations. 

Another recent post-mortem on journal literature, 
this time in the wider field of physics, has been pub- 
lished by the American Institute of Physics (Journal 
Literature Covered by Physics Abstracts in 1965, by 
S. Keenan and F. G. Brickwedde, ZD 68-1; 1968). It is 
a sequel to a similar report published in 1961. Some 
information from the earlier survey is included in this 
- latest report to show the pattern of development of 
physics literature over the five-year period. 
~The results are interesting though not, perhaps, 
<- surprising. Compared with the 1961 figures the number 

_ of journal articles in 1965 increased by 60 per cent (a 
total of 32,279 articles from 495 journals were collec- 
ted). The number of journals abstracted in 1965, 


however, only increased by 22-2 per cent. This shows 


that the growth of Physics Abstracts has been caused by 


the increasing number of scientific papers in the most 
productive primary journals over the past five years. 
These journals are published by the principal contribut- 
ing countries—the United States ranks first with the 
highest number of abstracts, and the largest number 
of journals (93); Britain ranks third behind the Soviet 
Union in the number of abstracts, but it is second in the 
number of journals abstracted (92). The report notes 
the substantial increase in the number of papers pub- 
lished in the Netherlands—probably explained by the 
publication there of several productive “international” 
journals. A point the report makes, but does not 
attempt to explain, is the increase in the number of 
Japanese journals covered by Physics Abstracts between 
1961 and 1965, but without a corresponding increase in 
the number of abstracts—there was in fact a decline. 

The pattern that a few journals generate a high 
proportion of the total number of papers is found in 
physics as in nuclear science and technology and other 
subjects. In Physics Abstracts 1965, 75 per cent of the 
abstracts were generated by 60 journals or only 12-1 
per cent of the number of journals (495) abstracted. In 
the ranked list, The Physical Review comes first, 
followed by Journal of Chemical Physics and Physics 
Letters. Nature again heads the British journals, 
coming sixteenth in the league table. 


Cheerful Aslib 


THE present financial climate certainly does not yet 
seem to have affected the fortunes of Aslib. Indeed, 
the impression given from its annual report for 1967 
is that the association is flourishing, with its gross 
income reaching a record level of £137,002, an increase 
of 10 per cent over 1966. Members’ subscriptions rose 
and, with extended financial support from the Office 
for Scientific and Technical Information (OSTI), re- 
search activities were expanded. Expenditure on 
research and consultancy during the year rose from 
£21,618 to £37,808, 65 per cent of this being covered 
by grant and special project funds from OSTI. 

The research department, with a staff of eighteen, 
brought four projects almost to completion during 
1967—on the literature of plasma physics, the identi- 
fication and ranking of UK journals carrying original 
scientific work, surveys of the use of technical libraries, 
and the use of social science literature; and six new 
projects were begun. Two of these new projects involve 
surveys of the forms and uses of bibliographic records 
in British libraries, and information services in metal- 
lurgy. The first of these two surveys will give valuable 
background information for the planning of the avail- 
ability of bibliographical data in a form that can be 
read by machines. 

Now that the Government is becoming better aware 
of the importance of information services in the 
economy, it is natural that Aslib should have been 
asked by the Government to assist the Dainton Com- 
mittee in its deliberations over the functions and 
organization of a national library system. The com- 
ments of Aslib on the points raised by the Dainton 
Committee and on other matters relating to the re- 
quirements of a national library are published in Asi 
Proceedings, 20 (7); 1968. 

In principle, Aslib’s recommendations are similar 
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to those suggested by the Library Association, and 
reported in Nature (218, 1196; 1968), although 
they are much less positive and, because of the func- 
tions of the two associations, different emphasis is 
placed on different aspects of the problem. Like the 
Library Association, Aslib wants to see a coordinated 
National Library Administration (what the LA calls 
a National Library Service). This should eover the 
present library departments of the British Museum, 
the National Reference Library of Science and Inven- 
tion, the National Lending Library and the National 
Central Library, but should not include the Science 
Museum Library. The administration is seen as a sub- 
unit of a future National Information and Library 


Authority, supported probably by the Department of 


Edueation and Science. As to the location of the 
National Library, the memorandum suggests that 
central London is the best place for either a unified 
system (reference and lending), or for the reference 
function of a dual system. 
is seen alongside the National Library where its re- 
sources and experience could be used for the st udy and 
development of operational systems. This suggestion 
agrees with one made in the Library Association report 


on Scientific Library Services (see Nature, 217, 216: 
1968). 
The Ashb memorandum is a rather inconclusive 


document, principally because it admits to the lack of 


knowledge on user requirements and cost and effective- 
ness relationships of the possible organizational struc- 
tures. And Aslib seems to disagree with the Library 
Association about the linkage of the museum collec- 
tions and the library departments of the British 
Museum. The librarians came out strongly for the 
separation of the antiquities and the books, but Aslib 
seems to be completely uncommitted. 


Security at Stonehenge 


THe prehistoric Indian dwellings in the Mesa Verda 
National Park in Colorado and rock formations in 
several other National Parks, including Bryce Canyon 
in the south-west of America, are said to be suffering 
damage from sonic booms—although, to be fair, the 
Defense Department vigorously denies any connexion 
between the damage that is undoubtedly occurring 
and sonic booms caused by military aircraft. In 
Britain, the monuments under the 


care of the Ministry 


The future of Aslib itself 
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of Public Building and Works face damage of a much 
more mundane kind—vandalism, souvenir hunting 
and casual damage by visitors. Like any other curator, 
the ministry has to balance the legitimate demands 
of the public to see its monuments with the need to 
preserve them for posterity. The system of having a 
curator on the site when it is open, and prohibiting 
access at night, provides adequate protection for most 
of the monuments, but the exception is Stonehenge, 
which is a source of continual problems. 

The turf at Stone henge is relatively safe, now that 
the Druids have piven up their former practice of 
burying ashes under and during the day with a 
curator in so lg the monument is fairly safe. 
The children and adults who clamber over the stones 
behind the curator’s back may give the impression of 
literally treading Stonehenge into the ground, but, 
according to the ministry, they do little real damage. 
It is during the night that the real harm is done. The 
ministry is loth to fence Stonehenge off for aesthetic 
reasons—and to do so would be to admit that all the 
existing protection was inadequate. For some curious 
reason, however, Stonehenge attracts university rag 
committees, supporters of the Campaign for Nuclear 
Disarmament and people who enjoy spending their 
evenings painting the stones with slogans. The last 
case was on the night of February 20-21 this year, 
when seven stones were daubed with yellow paint. 
The problem is that the paint penetrates so deeply that 
cleaning would cause irreparable damage to the surface 
of the monument. As a result of this continual vandal- 
ism the ministry has, since February, started new 
security measures during the night and even stricter 
precautions are being planned. These, like all the 
best security arrangements, must obviously remain 
secret. 

Preventing the daubing of Stonehenge is not, of 
course, simply a matter of aesthetics. As recently as 
1956 the very faint carving of a dagger was discovered 
by a visitor who chanced to look up at one of the 
stones in unusual light conditions. If there are any 
other such carvings, they could be important clues to 
the origin of Stonehenge, which still remains obscure 


Astronomical Hardware 


OPTICAL astronomers are turning increasingly to the 
techniques of instrumentation to get the most from 





their telescopes. 
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Two new items of equipment, likely 
to come into operation soon, one at the Department of 
Astrophysics at Oxford University, and the other 
at the Royal Observatory, Edinburgh, should help 
astronomers make the most of their measurements. 
The Oxford equipment is a furnace to simulate condi- 
tions in the solar atmosphere, and will help m the inter- 
pretation of solar spectra ; the Edmburgh instrument, 
called grandly the ` ‘Galaxy”’ machine, is to measure 
the brightness and position of stars from photographic 
plates. 

The furnace now being built at the Department of 
Astrophysics at Oxford University, which makes a 
speciality of solar research, should be working early 
next year, when the first task will be to observe 
absorption lines of iron. The furnace consists of 
a carbon tube about 4 feet long, with an internal 
diameter of 2 inches, making it, the ; Oxford astronomers 
believe, the largest furnace to be used for this kind of 
work. The tube is heated by an a.c. current passing 
through it, and is supported in a vacuum. The sample 
inside the tube vaporizes, and the absorption lines 
are seen when light from a continuum source is passed 
through the gas. It is hoped that the power input to 
the furnace of 200 kW will raise the temperature inside 
the tube to 2,500° C, which should be high enough to 
give information useful in working out the abundance 
of iron in the Sun. 

At the Royal Observatory, Edinburgh, final tests 
of the Galaxy plate measuring machine are in progress, 
and it is expected to be working in the autumn. In 
its work on the formation and evolution of stars, the 
observatory uses a design of telescope known as the 
Schmidt, which is able to photograph large fields of 
view, so that many thousands of stars may be recorded 
ina single exposure. Hitherto a hand operated machine 
has been used to measure the brightness and position 
of individual stars from the plates. The Galaxy 
machine, designed by Dr V. C. Reddish of the Royal 
Observatory, Edinburgh, and Professor P. B. Fellgett 
of the University of Reading, together with Ferranti, 
does this automatically. 

The Galaxy machine works in two phases. A flying 
spot scans all the star images on the photographic 
plate, and the machine prints out the star positions on 
computer tape to an accuracy of l6u. At this stage 
the machine distinguishes between stars and faults 
in the photographic plate. The output tape from this 
part of the operation is then used as the input tape 
for the next phase, and is fed back into the machine. 
A spiral scan finds the stars listed and compares them 
with a catalogue in the machine’s memory. In this 
process the brightness is found to within about 2 per 
cent and the position to about one micron. 

The tedious process of plate analysis will be greatly 
speeded up by the Galaxy machine. It will deal with 
1,000 stars an hour, compared with Edinburgh’s manu- 
ally operated machine which measures the brightness 
of 200 stars per hour, but the positions of only 50 or 
60 per hour. One of the applications will be to find 
the colour temperature of stars by measuring the 
brightnesses on plates taken in light of different 
wavelengths. Because the machine w ill normally be fed 
with a plate and left to run on its own, it will examine 
every star on the plate and so at first will be used for a 
statistical analysis rather than for the examination of 
particular stars. 


As it is now, the Galaxy machine is unable to. a 
tinguish between different kinds of star, and indeed 
is unable to tell a star from a galaxy, A development 
of the machine which will make these distinctions by 
examining the shapes of the images is already being 
ee at Edinburgh. 


No More Smallpox 


Last year the World Health Organization began what 
it hopes will be an intensive campaign to eradicate 
smallpox from the world during the next decade. The 
WHO asked for voluntary contributions from all 
member states, and two-thirds of the countries planned 
to start or intensify national programmes by late last 
year. The rest aimed to begin this year. In an 
attempt to decide the best strategy for the a ae 
WHO organized a meeting of its Scientific € sroup on 
the Eradication of Smallpox last October, and the 
group's findings have just been published. 

On the face of things, complete eradication is well 
within the bounds of possibility. Europe, North 
America, Australia and Oceania have achieved eradica- 
tion and the biology of the virus is simple. There is 
no carrier state, infections that do not lead to overt 
symptoms are rare and there is no animal reservoir of 
the disease. The only unfavourable characteristic is 
the ease with which the virus spreads. Eradication is 
only meaningful when smallpox has been eliminated 
from entire continents. 

Eradication on a world scale is simply a matter of 
logistics—the organization of coordinated international 
vaccination programmes, which, of course, demand an 
adequate supply of effective vaccine, and the provision 
of rigorous surveillance. But as past experiences 
in several countries prove, eradication programmes 
repeatedly break down through lack of supervision. 
Either because they are overworked or disinelined to 
suffer the inconveniences of field work, supervisors 
make false reports; it is not unknown, for example, 
for the number of vaccinations reported to exceed by 
far the total population. The tendency of populations 
to conceal cases does not help and, in the past, vaccina- 
tion campaigns have failed because the supply of 
vaccine has run out, Only freeze-dried vaceine is 
stable in the tropics. 

In the light of these experiences the WHO has called 
for extra funds to establish regional and international 
reference laboratories to provide training and screening 
facilities and also laboratories for the production of 
freeze-dried vaccine. Unless production of vaecine is 
increased, supplies are likely to remain insufficient for 
years to come. 


School Reforms 


THE Schools Council, set up in 1964, has now published 
an account of its activities during its first three vears 
(HMSO, 3s. 6d.). The council's first function was to 
find ways of reforming the school curriculum in England 
and Wales, but it is also responsible for coor dinating 
and reforming school exams, and has initiated curricu- 
lum development in several new greas of work. Part 
of its work, involving progress in maike ‘matics, science 
and modern languages, i is being undertaken with the 
cooperation of the Nuffield Foundation. 
The council has an annual budget of about £1-2 
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million which is divided in the ratio of about 5/7 
between central and local government funds. At the 
time the council was set up the Department of Educa- 
tion and Science undertook to meet the costs of staffing 
and accommodating it (a sum which is expected to 
amount to £450,000 in 1968-69), and also committed 
an annual sum for research work rising to £100,000 a 
year by 1968-69. Because this was insufficient to 
meet the councils needs, local education authorities 
agreed to take a major financial stake in the council’s 
work. In 1967-68 this amounted to £385,000, and 
estimates for 1968-69 and for each of the two 
following years have been provisionally set at about 
£700,000. 

The council’s largest single project, costing a total 
of £724,000, is for the development of modern language 
teaching in French, German, Spanish and Russian. 
This project, which was started last year, is being 
carried out by a team at the Uni versity of York and 
should be completed by 1974. Another costly project 
which was also started last year is the curriculum 
development project in technology for secondary 
schools. At the University of Leeds a project for 
teaching English to children of non-English- speaking 
immigrants is in progress. As part of the sixth form 
programme, £14,000 is being spent at the University of 
Birmingham, and the same amount at the Universities 
of Oxford and Cambridge on research into the relation- 
ship between university requirements and sixth form 
curricula. 

Because two examinations—the GCE and CSE 
exams—are held consecutively in the summer term, 
there is a serious loss of teaching time, and the council 
hopes that it will eventually be possible to conduct 
the two examinations simultaneously. Probably the 
most controversial subject in the council’s examination 
work is the procedure used to “effect: the comparability 
of standards between the fourteen CSE boards” and 
to establish the equivalence of ordinary level GCE 
and grade 1 CSE examinations. Members of the council 
hope that inter-board cooperation on this subject 
will be developed on a much larger and more systematic 
scale in the next few years, and a pilot scheme for 
establishing a bank of questions for comparability 
procedures is in progress. 

But there is little doubt that the most important 
part of the council’s activities remains the reform of 
the sixth form curriculum in England and Wales. 
It is, of course, no secret that the proposals the council 
has already put forward were widely criticized. It 
proposed that sixth formers should take two instead of 
three subjects at A-level, and that these should be 
backed up by “elective courses” which would be 
examined, and general courses which would not. The 
report says little about the disagreement which this 
proposal provoked. -~it_ does, however, admit that these 
proposals are ‘‘being urgently and seriously discussed”, 
and that “there will clearly be great difficulty in finding 
a widely acceptable pattern”. But the report is 
confident that agreement exists on aims, and that it 
is only on means that there are differences. The next 
step, it suggests, may be to consider in depth the 
relationship between ‘sixth form and undergraduate 
work in particular subjects and at particular universi- 
ties. Universities which do not agree with the council's 
proposals are urged to put up ideas of their own. It 
cannot, however, be said that the report gives any 
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idea of the urgency of the problem, or any hope of a 
quick settlement. 


Coastal Concern 


THE amount of money spent by the British Govern- 
ment under the National Parks and Access to the 
Countryside Act, 1949, amounts to no more than the 
cost of one cigarette every three years per head of 
population. This statistic emerged at a conference on 
the coast of East Anglia organized by the National Parks 
Commission last year. The report, just published 
(HMSO, £1 5s.), is another in a series on the state of 
coastal development and preservation (Nature, 218, 
913; 1968): the first time there has been any coordin- 
ated attempt to plan the coastlines of Britain. 

The regional planning officers felt that the area 
formed a fairly coherent whole for the purposes of 
planning and agreed that the overall objective should be 
to concentrate on developing the northern coasts so as 
to shield southern East Anglia from further develop- 
ment. At present Suffolk has the largest reserve of 
unspoilt coastline near to London—35 miles from 
Kessingland south to the River Deben—-and the prob- 
lem is whether the area oe be more anyone 
developed for public use. F 
that its coast was already over ager ees ee is starting 
a continuous coastal green belt scheme and exploring 
possible inland recreational schemes as counter- 
attractions to the coast. The population of Essex is 
expected to rise by half a milhon between 1961 and 
1981 and Ipswich is planned to double in size during 
the same period. So the plans are coming none too 
soon. Norfolk, on the other hand, still has a coastline 
which is 80 per cent undeveloped and its planning 
officers intend to keep it that way. They will be 
greatly helped by the National Parks Commission, 
which has designated some two-thirds of the coast an 
area of outstanding natural beauty. For the remaining 
third the council is planning a number of compact 
seaside resorts developed behimd the coast as an alter- 
native to the present piecemeal. scattered settlements. 
One such holiday township for 10,000 will be based on 
Sea Palling w here the present population is only 2,500; 
two other similar settlements, one for 10,000 and one 
for 20,000, are planned for the east Nor folk coast. 

As in the other coastal studies, the planning officers 
agreed that the costs of dev elopment should be spread 
more evenly to include those urban areas whose rate- 
payers use the coastal facilities, thereby easing the 
burden from the rather underpopulated coastal areas 
themselves. This was agreed to be more equitable than 
simply increasing the proportion of exchequer grants, 
now about 75 per cent of the total sum. Investment in 
better roads in East Anglia is equally important. The 
conference was critical of the Ministry of Transport, 
and many delegates complained that most of the 
money was spent on freight-carrying roads, while 
recreational traffic was largely neglected. Perhaps 
this was why much of the area was relative lv unspoilt, 
but Essex stressed that holidays are not luxuries and 
generate traffic which also deserves consideration on 
social and economic grounds. The discussion, however, 
remains academic as long as money is not available. 
While this practical limitation will probably hold for 
some time, it is good to see both the Government and 
the local authorities aware of the problems. 
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Large Solar Flare 





ASTRONOMERS at Pennsylvania State University, who 
took this photograph of the Sun on July 12 at 1421 vv, 
say that it shows one of the largest solar flares ever 
recorded. The photograph was taken in the light of the 
Ha line (6562-8 A), with a half width of 0-5 A, using a 
new telescope recently installed at Pennsylvania State 
University and fitted with a Zeiss monochromator. It 
shows solar prominences as narrow black filaments, 
strongly absorbing Ha, and the white swirls known as 
plages, which are often associated with sunspots. 
The flare was on the right of the two plages near the 
centre of the photograph. Events such as this, which 
disrupted shortwave radio communications on July 12, 


should become more common during the 
months, as the Sun approaches the maximum ol its 
eleven year cycle of activity. 

The programme at Pennsylvania State University 
is to include measurements of the movement of solar 
eruptions. This is done by slightly shifting the pass- 
hand of the monochromator from the Ha line. Lf the 
eruption is moving away from the Sun toward the 
Earth, a more intense photograph of the eruption will 
be obtained with the pass-band shifted to the blue 
side of the Ha line. On the other hand, if it is falling 
back on to the Sun’s surface, a photograph on the red 
side of the Ha line will be the more intense 


next tew 
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NEWS AND VIEWS 


Three More Pulsars 


AT first sight, the three new pulsating radio sources 
reported in Nature this week by the Mullard Radio 
Astronomy Observatory at Cambridge University and 
a group from the Harvard College Observatory do 
not seem likely to bring any nearer a convincing 
explanation of what these fascinating objects are. As 
far as the measurements go, the characteristics of the 
new objects are very much the same as the first four 
pulsars, listed by Pilkington, Hewish, Bell and Cole 
(Nature, 218, 126; 1968) in April this year. 

The idea that the pulsating radio signals come from 
radial vibrations of neutron stars, put forward by 
Dr A. Hewish and his colleagues just over six months 
ago when they announced the discovery of pulsars 
(Nature, 217, 709; 1968), seems now to be out of the 
running. This is because neutron stars are expected 
to pulsate too rapidly—possibly with a period of the 
order of a millisecond—to account for the sort of 
periodicities which have been measured. The majority 
view at present is that white dwarf stars offer a better 
hope of vibrating at periodicities of the order of one 
second. These are stars one stage earlier in the evolu- 
tionary ladder than the hypothetical neutron stars, 
and until recently were thought to be able to sustain 
radial oscillations with a fundamental period only as 
short as 8 s. Recently, however, theoretical work on 
highly condensed stars stimulated by the Cambridge 
discovery has shown that white dwarfs can have radial 
vibrations with periods as low as 2 s (Nature, 218, 734; 
1968). When rotation of the star is included in the 
calculations, even shorter periods are possible, down to 
0-9 s for uniform rotation and 0-1 s for non-uniform 
rotation (Nature, 219, 20; 1968). 

The detection of light fluctuations from CP 1919, 
reported at the conference on pulsars held at the 
Goddard Institute of Space Studies, and which 
seemed to support the tentative identification of the 
pulsar with a faint yellow object, now seems less 
certain. Dr D. Cudaback of California University has 
withdrawn the statement he made to the conference 
that he and his colleagues had detected light fluctua- 
tions from CP 1919 using equipment at Lick Observa- 
tory. Their measurements, which seemed to show the 
light from CP 1919 varying by as much as 15 per cent, 
were in fact caused by variations in the speed of a 
tape recorder used in a statistical analysis of the data. 
Many scientists must have breathed a sigh of relief 
at this news, as the Lick Observatory measurements 
had seemed to show a wide variety of periods not locked 
to the radio pulses, including the double period and its 
harmonics, and would have required no mean ingenuity 
to explain. On the other hand, the report from the 
Kitt Peak Observatory by Dr S. Maran that light from 
CP 1919 varies with a period twice that of the radio 
pulses still seems to hold, although the telescope on 
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Mount Palomar has bsen used to search for optical 
fluctuations from CP 1919 without success. 

This seems to make the identification of CP 1919 
less certain; the part of the sky around CP 1919 is 
in fact fairly densely packed with stars and so the 
coincidence between the radio position and the yellow 
star could well be by chance. None of the other pulsars 
has been identified with an optical object. This is 
surprising, because it should be possible to detect 
white dwarfs at pulsar distances. This may mean that 
pulsars are old, and famt, white dwarfs, or it may 
cast doubt on the estimates of distance. 

The distribution of pulsars in space, however, tends 
if anything to support the distance measurements. 
Although it may be too early vet to talk of statistical 
studies of pulsars, the seven pulsars so far discovered 
do not seem to show any preference for the plane of 
the galaxy. If the pulsars at high galactic latitudes 
are in fact well outside the galactic disk, their signals 
would be expected to show less dispersion than signals 
from pulsars at low latitudes and similar distances, 
whose paths pass through regions of high electron 
density. That higher dispersions are not observed in 
the signals from pulsars at low galactic latitudes sug- 
gests that the signals from all the pulsars are passing 
through regions of similar electron density, so that they 
are in fact comparatively local objects, at distances 
of the order of those measured. 


August Meteor Shower 


Tars month sees one of the chief meteor showers of 
the year, the Perseids, which reaches a peak on August 
12, although some Perseid meteors can usually be seen 
between late July and mid August. The number of 
meteors seen depends on the sky conditions, but 
during the maximum of the Perseids an observer in 
the northern hemisphere may expect to see something 
like 20 meteors per hour in the early morning. This 
year, however, some of the magnificence of the shower 
will be lost because of moonlight, and only the brightest 
meteors will be seen. Like most meteor showers, the 
Perseids are named after the part of the sky from which 
the meteors seem to come—the constellation Perseus. 
Historically, the shower was the first to be identified 
with a comet. This was done by the Italian astronomer 
G. V. Schiaparelli, who in 1866 showed that the orbit 
of the Perseids is the same as that of Comet 1862 ITI. 

Since then, several meteor showers have been associ- 
ated with comets and a cometary origin for meteors 
seems likely. 

The theory of the formation of meteor streams stems 
from the comet model put forward by F. L. Whipple. 
He visualizes comets as made up of a conglomerate of 
small mineral particles buried in a matrix of frozen 
gases. As the comet approaches the Sun the ices 
vaporize, releasing streams of mineral particles which 
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oo continue in the same orbit as the comet and give rise 
to meteor showers when they penetrate the Earth’s 


atmosphere. 

Some meteor showers have never been associated 
with comets—the strong December shower known 
as the Geminids, for example. Here the best that 
can be done is to assume that the parent comet 
has completely disintegrated, or that either the comet 
or the meteor stream has been perturbed out of its 
original path by close approaches to the major planets. 

Most meteors, it seems, do not belong to any of the 
major showers, and make up what is known as the 
sporadic meteor flux. These meteors are now widely 
believed to represent the end product of the perturba- 
tion and dispersion of meteor streams. 

The rocky bodies from space which succeed in 
penetrating the atmosphere and reach the surface with- 
out being completely burnt up are termed meteorites, 
and seem to have quite a different origin to the small 
particles making up meteor streams and the sporadic 
meteor flux, which burn up completely in the upper 
atmosphere as shooting stars. The evidence for this 
is that no meteorite has ever been seen to fall from a 
recognized meteor shower and the fact that their 
orbits, calculated from the reports of eye witnesses, 
are similar to the orbits of asteroids. Another factor 
in favour of an asteroidal origin for these bodies is 
in their structure, which suggests that they are frag- 
ments of a large body of asteroidai size. 

The extent to which smaller meteoric particles 
of the asteroidal type exist, possibly making up an 
appreciable part of the sporadic meteor flux, is still 
an open question. In recent years several attempts 
have been made to recover meteoric particles from 
space using collecting devices on rockets and satellites, 
but so far it has proved impossible to separate the 
extra-terrestrial component from terrestrial contamina- 
tion. 


Non-porous Ceramics 
from our Materials Science Correspondent 


Ceramics made in the usual way by sintering powders 
generally retain 5 per cent or more of residual porosity. 
In 1962, R. L. Coble at the General Electric Research 
Laboratories in Schenectady recognized the essential 
role of grain boundaries in densification during the 
sintering process, and from this insight developed a 
technique of eliminating pores entirely. Pores contract 
and vanish by dispatching vacancies through the 
ceramic, but vacancies can move at useful speeds only 
along grain boundaries. The trick therefore is to main- 
tain a small grain size and thus keep a large population 
of boundaries; it is essential to prevent pores from 
being marooned in the interior of large grains. While 
investigating the sintering of alumina, Coble and his 
colleagues found that by adding small quantities of 
magnesia, which collects at grain boundaries, to the 
alumina, they were able to inhibit the motion of 
boundaries and thus enhance densification. The 
product is free of pores and therefore translucent 
(hence its trade name, ‘Lucalox’). Later developments 
in the United States and Britain led to pore-free poly- 
crystalline yttria and magnesia; the latter is as 
transparent as clear glass. These pore-free oxides 
have a number of industrial applications which depend 
chiefly on their optical properties. 







A similar technique has now been applied at i 
Central Electricity Board Research Laboratory to 
barium titanate, industrially important for its ferro- 
electric behaviour and for certain associated anomaliea ~~ 
in its electrical conductivity (C. A. Miller, Journal af 
Materials Science, 3, 436; 1968). The problem here is 
that the electrical characteristics of barium titanate 
are highly sensitive to small concentrations of impurity, 
especially if these segregate at grain boundaries, for 
then the contaminated boundaries are apt to form a 
network of lower resistivity; for some applications this 
is desirable, but not for the one with which Miller was 
concerned. Accordingly, he sought an additive or 
dopant which can be removed after the sintering 
process. He added a few parts per thousand of sugar 
to the barium titanate powder before cold-pressing. 
During sintering in vacuo, the sugar charred to produce 
a fine distribution of carbon particles which effectively 
inhibited grain growth, so that the mean grain size 
remained less than 1 um. The porosity was normally 
reduced to about 1 per cent by volume after 200 
hours’ sintering at 1,350° C. After sintering, the comi- 
pacts were briefly heated in air at 100° C to remove the 
carbon by oxidation. (It would be interesting to know 
the precise mechanism involved here: carbon is in- 
soluble in barium titanate—-which explains its use m 
this system—and it is not obvious how either carbon 
or carbon dioxide can diffuse through the dense com- 
pact.) 

The almost. pore-free fine-grained compacts have an 
exceptionally high permittivity (C. A. Miller, Brit. J. 
Appl. Phys., 18, 1689; 1967). The material can be 
used to make high tension insulators which are particu- 
larly resistant to electrical breakdown, because the 
small but reproducible and stable leakage current 
through a string of insulators assures a smooth potential 
gradient along the string. In a tailpiece to his recent 
paper, Miller mentions some attempts to apply the same 
principle to the production of electrically conducting 
ceramics, in which the additive is left in position after 
sintering. He reports success with silver-dopec 
alumina. 














Radiation Carcinogenesis 
from our Radiobiology Correspondent 


One way of interpreting the carcinogenic effect of 
radiation is to regard it as a special form of sub-lethal 
damage suffered by irradiated cells. In general, sub- 
lethal damage is wholly or partly repaired during the 
interval before the next division, a few hours in the 
case of cells in rapidly dividing tissues and cells in 
tissue-culture. In many organs, such as the liver, 
the cells divide very infrequently, and in this case there 
is evidence from studies of chromosome abnormalities 
that some forms of sub-lethal damage can persist for a 
large fraction of the animal’s life span. 

The cells of the liver can be induced to divide by 
partial hepatectomy or by injection of carbon tetra- 
chloride. If this is done at varying intervals after 
irradiation, damaged cells can be identified By chromo- 
some abnormalities. Curtis, Tilley and Cowley 
(Radiat. Res., 22, 730; 1964) found that the number of 
damaged chromosomes declined steadily with time 
after irradiation, for periods up to a year, and deduced 
that this was caused by intracellular repair as well as 
by elimination by cell division. 
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_Curtis, Czernik and Tilley have now found (Radiat. 
Res., 84, 315; 1968) that carcinogenic changes induced 
by radiation can also persist in a latent form for at 
least 9 months. The carcinogenic alteration induced 
by radiation was manifested only after injection of 
carbon tetrachloride. During the period from 1 to 
9 months there was, however, little evidence of any 
intracellular recovery from the carcinogenic change. 
In this respect this particular form of sub-lethal 
injury seems to behave differently from the damage 
leading to chromosome aberrations. The carbon 
tetrachloride could also be regarded as acting as the 
promoter of carcinogenesis, after initiation by ionizing 
radiation. The mechanism of promotion in this case 
is presumably the wave of mitosis induced by the 
carbon tetrachloride. This is in line with the com- 
monly accepted view that malignancy depends on a 
stimulus for mitosis in addition to the original change, 
which may be interpreted as a mutation. l 

The reason why cell division is a necessary condition 
for the expression of malignancy may be connected 
with the suggestion, put forward most recently by 
Mayneord (Brit. J. Radiol., 41, 241; 1968), that normal 
cells can act as mitotic inhibitors. A single cell bearing 
a malignant mutation would then be prevented from 
dividing by the influence of surrounding normal cells. 

Uncontrolled mitosis would begin only when a barrier 
to this mitotic inhibition was formed by a group of 
potentially malignant cells. In other words, a single 
mutant cell cannot express its malignancy until it 
forms a clone, either through the natural divisions 
occurring in the organ concerned or through mitosis 
induced by a promoter. 


Peptidyl Transferase 


from our Cell Biology Correspondent 


In 1964 Traut and Munro suggested, on the basis of 
experiments on the reaction of puromycin with Æ. coli 
ribosomes charged with polyphenylalanine, that the 
enzyme responsible for catalysing peptide bond forma- 
tion during protein synthesis was part of the 508 
ribosomal subunit, presumably one of the ribosomal 
proteins. In the puromycin reaction, the puromycin 
molecule acts as an analogue of an amino-acyl-tRNA, 
which has the amino group but not the carboxy-tRNA 
group. As a result of nucleophilic attack of the puro- 
mycin amino group on the carboxy linkage of the pep- 
tidyléRNA, the puromycin attaches to the peptide 
chain, which is liberated, free of tRNA, from the ribo- 
some. In the current issue of the Journal of Molecular 
Biology (85, 333; 1968), Maden, Traut and Munro 
report further characterization of the puromycin 
release reaction which strongly supports their original 
conclusion. 


alanine from washed 708 ribosomes and from purified 
polyphenylalanine-tRNA-508 ribosomal subunit com- 
plexes. The general characteristics of the release 
reactions with either 70S or 50S ribosomes are the same; 
both reactions, for example, are blocked with chlor- 
amphenicol, and apparently the minimal requirements 
for release are simply the presence of monovalent or 
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divalent cations and buffer. Under ideal conditions 
70 to 80 per cent of the polyphenylalanine is released. 

These results, and the observations that sulphydry! 
groups which inactivate supernatant factors and specific 
inhibitors of the GTP reaction in protein synthesis 
have no effect on the puromycin release reaction, mean 
that neither GTP nor supernatant factors can be in- 
volved in peptide bond formation. And these latest 
results, together with those Munro reported last year, 
which show that the 50S subunits catalyse the reaction 
between puromycin and  formylmethionine-hexa- 
nucleotide (CAACCA-Met-F), eliminate the possibility 
that the puromycin release reaction is catalysed by a 
supernatant enzyme which is specifically bound to 
and protected by the 50S ribosome. The only con- 
clusion is that peptidyl] transferase is an integral part 
of the 50S ribosome. All the available evidence sup- 
ports the contention that the puromycin release reaction 
is brought about by the same mechanism as authentic 
peptide bond formation. Briefly, the release reaction 
occurs only with the L form of puromycin and not 
with the p form; it depends on native ribosomes 
and on monovalent or divalent cations, and is inhibited 
by inhibitors of protein synthesis. 

If GTP and supernatant factors are not required 
at the peptide bond formation step in protein synthesis, 
they are presumably required for the preceding step, 
the shift of the peptidyl-¢RNA from the amino to the 
peptidyl site in the ribosome, which must be effected 
by a translocase system. This has yet to be proved, 
but as Maden et al. note, well defined systems are 
available to study this reaction. 


The Pursuit of the Receptor 


from our Molecular Biology Correspondent 


For some time now the noses of molecular biologists, 
twitching in the wind, have been turning in the direc- 
tion of nerve functions in general, and the nature of the 
receptors in particular. Even though no successful 
attempts at the isolation of a receptor substance from 
the nerve cell membranes have so far been reported, 
the methods of protein chemistry have already been 
applied with considerable effect to study receptors 
in situ. It is, in fact, already allosteric; or at any rate 
Changeux and Podleski (Proc. US Nat. Acad. Sei., 
59, 944; 1968) have shown that the response of the 
excitable membrane, in terms of the potential devel- 
oped, varies in sigmoidal manner with the concentration 
of the activator carbamyicholine. In the presence of 
different activators the sigmoidal character may be 
lost, and the response becomes hyperbolic. This is 
interpreted in terms of an allosteric receptor protein 
in which the two conformations correspond to the 
polarized and depolarized states of the membrane, 
acetylcholine and other activators binding preferen- 
tially to the one form and inhibitors to the other. 
Be this as it may, the cooperative character of the 
response seems clear, and the evidence is consistent 
with the involvement of a single protein species in the 
interaction with acetylcholine. 

This protein is very clearly a quarry worth pursuing, 
and important progress in this direction has now been 
made by Karlin and Winnik (Proc. US Nat. Acad. Sci., 
60, 668; 1968), who have brought off a successful 
attempt at affinity labelling. This is a well-tried 
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‘general technique for the covalent labelling of an 
< active component or an active site, in which a bifunc- 
tional reagent is used, one end consisting of a group, 
.. such as an inhibitor hapten, which will bind to the 
— active site, the other of a reactive anchor which will 
attach itself covalently to some appropriate group in 
the vicinity. For the most part this approach has 
been chiefly noted for its modest success. The present 
case, however, is a spectacular exception. The excit- 
able tissue used in all this work has been the electroplax 
¿© of the electric eel. Earlier work had shown that 
>= treatment of the tissue with a reducing agent, di- 
¿> thiothreitol (Cleland reagent), destroys the receptor 
<> activity. This effect may be presumed to result from 
© the breakage of one or more disulphide bonds, and is 
- reversed on reoxidation. This may be prevented by 
blocking the new thiol groups with N-ethylmaleimide. 
In the hope that an affinity label would span the 
distance between the labile disulphide bond and the 
active centre, Karlin and Winnik prepared a molecule, 
4-(N-maleimido)phenyltrimethylammonium iodide, in 
which one end is a thiol reagent (in effect N-phenyl- 
maleimide) and the other contains the quaternary 
ammonium group present in acetylcholine and its 
active analogues. 

















When the tissue was treated with the reducing a 
followed by the affinity label, a rapid reaction e 
with irreversible inactivation of the receptor activi 
To demonstrate the specificity of the reagent, comp: 
son was made with the tertiary amine analogue, which 
has no receptor activity. In all cases second- order — 
rate laws were observed. With cysteine the rates were 
of a similar order, the quaternary ammonium corm- 
pound reacting some three times faster than the 
tertiary analogue. With the reduced receptor, on the 
other hand, the difference amounted to a factor of 
1,700; in other words, there was a three hundred-fold 
enhancement of affinity in consequence of the inter- 
action at the active site. Without prior reduction, 
the reagent functions as a reversible competitive inhibi. 
tor. Similarly, a different inhibitor diminishes the 
rate of reaction of the affinity label with reduced 
receptors, but does not affect the reactivity of N- 
ethylmaleinine. The length of the reagent is 8-10 A, 
and this must therefore be the approximate separation 
of the labile disulphide bond from the active site of the 
receptor protein. The new possibility which this 
work raises for the fractionation of excitable mem- 
branes and the isolation of the pure receptor protein 
need scarcely be stressed. 


Elephantiasis and Polynesian Origins 


by Early explorers reported widespread infection of Polynesians with 
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Ow January 22, 1643, Captain Abel Tasman, anchored 
-> off Tongatabu, recorded in his journal the visit of “18 
_. strong men and a few females .... Among these 18 
persons there was a bony, corpulent man with a St 
Thomas’s arm ...’’}. Elephantiasis was already known 
to be common in Cochin in south-west India? and this 
was also the area of influence of the Christian Church of 
-oo St Thomas. The miraculous properties of the saint were 
well known? and the legend had arisen that elephantiasis, 
known to the Portuguese as pejo de Santo Tomé, was 
due to the curse of St Thomas on his murderers and their 
descendants!. In 1777, when the islands were visited again 
<c during Captain Cook’s last voyage in the Resolution and 
~ the Discovery, Samwell noted in his journal “We met 
with many people who were afflicted with enormous 
~~ ‘Swellings of their Legs & arms, tho’ otherwise in perfect 
Health, brisk & lively, this is taken Notice of by Tasman 

& called St Thomas’s arm... .’’ 3, and King in his journal 
says of the islanders “We also saw several people with 
their Arms & legs swelled the whole length to a prodigious 
size’ >, Anderson of the same voyage, writing on the 
ox diseases of Tonga, goes on to say “There are two other 
diseases which make themselves to be notic’d from their 
frequency, one of which is an indolent firm swelling or 
tumour which affects the legs & arms & increases them to 
an extraordinary size in their whole length: and the other 
tumour of the same sort in the testicles which sometimes 
` exceed the size of the two fists, but in other respects they 
“may be consider’d as uncommonly healthy . . .°*. Cook 
= had found a similar condition in the people of Balade 
during the earlier voyage of the Resolution and the 























elephantiasis. 
Wuchereria bancrofti. This poses the problem of how the parasite 
reached Polynesia. 


The causative organism is the parasitic worm 


Adventure, when he discovered and named New Caledonia. 
In the diary of this voyage, he wrote, for the entry on 
September 13, 1774, “Swelled and ulcerated legs and feet 
are very common amongst the Men; swelled Testicles 
are likewise very Common, I know not whether this is 
occasioned by a disease or by tying the Coat or covering 
of the Penis too teight” * The ‘Europeans also found 
elephantiasis in Eastern Polynesia. Captain Wilson listed 
the diseases of Tahiti in his account of the first missionary 
voyage to the South Seas. “Our surgeon, in his visits to 
the different parts of the island, adds to this catalogue the 
elephantiasis, which he observed of a most prodigious 
kind, one man’s leg being swelled > big as a youth’s 
body; yet he continued going about.. The presence and 
the significance of this infection in 2 ‘Polynesians at: the 
time of their first discovery has been largely ignored by 
historians and ethnologists, 

The missionaries quickly contracted the disease. Dr 
Bennett toured the Pacific and Australasia in the early 
nineteenth century and he wrote of his medical ex- 
periences in 1831 (ref. 8). He noticed that scrotal enlarge- 
ment or elephantiasis prevailed to an excessive degree im 
the Polynesian islands and that Europeans became 
afflicted with it. In Tahiti he became acquainted with 
“a worthy missionary, who has now attained a good age; 
he was unfortunately afflicted with this disease” and also 
in Tahiti “I saw a young man, of eighteen years of age, 
born of European parents, who had commenced suffering 
from this disease’. The missionary John Williams does 
not mention elephantiasis in his narrative of missionary 
enterprises in the South Seas but, after residence in the 
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islands from 1817 to 1821, he says that his wife's health 
was much impaired and that he himself suffered from the 
effects of a disease prevalent in the islands: his biography® 
identifies the disease of Mrs Williams as “the intolerable 
feefee’ or elephantiasis’, The United States Exploring 
Expedition toured the Pacific between the years 1839 and 
1842 and paid particular attention to the diseases of the 
islands, In the Tuamotu Archipelago in Eastern Poly- 
nesia, a chief who was a very old man was found lying 
near the beach in the shade of a Pandanus tree; “his legs 
were enlarged with the elephantiasis, the swelling being 
of a white colour, and so large and regular that many 
thought he had on sailor’s trousers”. In Samoa in 1839 
“The elephantiasis prevails to a great extent among men 
who are past the middle age; and some of the cases are 
truly frightful. There are also many instances in which 
women are affected by it ...”. One of the chiefs of the 
Ellice Islands had legs that were swollen by elephantiasis. 
In Fiji the Expedition found that ‘‘elephantiasis did not 
prevail to the extent that we had remarked at the more 
eastern and northern groups, It is said to prevail most at 
the isle of Kantavu, but as we had but little communica- 
tion with its natives, I am not able to assert that this is 
correct”, No eases of elephantiasis were seen in the 
Gilbert Islands. 

Thus we have a picture of a widespread infection in 
both Western and Eastern Polynesia during the period of 
discovery and settlement by Europeans, with the endemi- 
city of the disease so great that the settlers quickly became 
infected. With the advent of the Europeans, as with 
other aspects of Polynesian culture!*, the picture becomes 
larger but more confused. Seemann? visited Fiji in 1860 
to 1861 with the mission sent to enquire about the question 
of cession to the British Government. He found ele- 
phantiasis to be very local and particularly prevalent in 
low, damp valleys. He went to places described 20 
years earlier by the American Exploring Expedition and 
found Cakobau, the son of Tanoa and his queen who were 
drawn by the artists of the earlier expedition, suffering 
from elephantiasis, and another chief, Tui Cakau, also 
afflicted. In the 20 years between the visits of the 
Americans and the British, King George of Tonga had 
supported Cakobau and the missionaries in wars in Fiji 
and the prince of Tonga, Ma’afu, was supposed to have 
had some 3,000 warriors of his own nation with him at one 
time in Fiji*. By the turn of the century, elephantiasis 
was known to be a common condition in Fiji!445, The 
London Missionary Society was rather unjustly accused 
of introducing elephantiasis into the Ellice Group from 
Samoa?*, such was the climate of opinion at the time, but 
the movement of Chinese and Gilbertese labour to the 
phosphate islands Nauru and Ocean, and movements of 
labour in Micronesia, have contributed to the present 
complexity of the pattern of disease in the Pacific!?~®, 

Today, two forms of filariasis, which presents clinically 
as elephantiasis, are found in the Pacific, and one of these, 
most probably, has been introduced in more recent times. 
Manson®, in 1894, with his great intuition, suggested that 
the elephantiasis found in the South Seas would be found 
to be allied to his filaria nocturna which he had described 
in China and where he had traced the development of the 
parasite in mosquitoes. Thorpe in 1895 found micro- 
filariae identical with those of Manson’s in the blood of 
patients examined in Tonga and in Fiji. But, unlike the 
microfilariae of Manson which showed a marked nocturnal 
periodicity in the blood, Thorpe found to his astonishment 
that the microfilariae in blood taken from the Tongans 
during the day were found “swarming in the blood prac- 
tically in as great numbers as at night” =, It is now com- 
mon knowledge in tropical medicine that the filaria 
nocturna of Manson, now known as Wuchereria bancrofti 
(Cobbold), is a parasite of man throughout the tropics 
and that the parasite in Polynesia has the characteristic 
described by Thorpe—-is semiperiodic with many miero- 
filariae in the blood by day, in contrast to the nocturnal 
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periodicity shown by the microfilariae in most other parts 
of the world, and including Micronesia. Man is the only 
known definitive host of the nematode and the micro- 
filariae produced by the adult worms in man are taken in 
by mosquitoes while sucking blood, undergo development 
in the mosquito, and are then transmitted to new hosts 
when the mosquito feeds again. In those parts of the world 
where the microfilariae show a nocturnal periodicity, the 
disease is transmitted by night-biting mosquitoes, whereas 
the vectors of the disease in Polynesia are mainly day- 
biting Aedes mosquitoes belonging to the scutellaris group 
which has undergone speciation on the islands. The form 
of Wuchereria bancrofti that is semi-periodic, with many 
microfilariae by day, is found in New Caledonia, Fiji, the 
Ellice Islands and the islands farther east. The form that 
shows a marked nocturnal periodicity is found in Melanesia 
where it extends south to the New Hebrides and also 
extends into the Pacific through Micronesia and south to 
the Gilbert Islands, Ocean Island and Nauru2?. In view of 
the history of filariasis in the Gilbert Islands'® and the 
movement of labour into the phosphate islands, and the 
knowledge that the vector mosquito, Culex pipiens 
fatigans Wied., is a recent arrival in many parts of the 
Pacific, it does not seem an unreasonable conclusion 
that the intrusion of the nocturnal form of Wuchereria 
bancrofti into the Pacific is a relatively recent event. In 
the seventeenth century, people from the Caroline Islands 
told Spanish missionaries in the Philippines that they 
thought that they were the only people in the world 
and from this it is a reasonable assumption that they 
acquired Culex pipiens fatigans, essentially a mosquito of 
urban communities, and filariasis at a later date. A report 
on filariasis in Guam in 1910 (ref. 19) mentions the im- 
portation of Caroline Islanders to the island to cultivate 
cotton and also records local infections, including that of 
a Japanese and a Jamaican who had been resident in 
Guam for 20 years. The more recent mixture of races 
has complicated the present pattern of disease. 

We are left then with the early widespread infection 
of the Polynesians and the people of New Caledonia with 
the semi-periodic form of Wuchereria bancrofti. Buxton 
in his classic work on filariasis in Polynesia and Melanesia** 
supposed that the Polynesians came from south-east 
Asia and that the semi-periodic form of the worm evolved 





Fig. 1. Polar projection of the world showing mosquitoes of Bancroftian 


filariasis, A, Anopheles; ©, Culex other than C. pipiens fatigans; F, 
Culex pipiens fatigans,; M, Mansonia; O, Aedes subgenus Ochlerotatus, 
S, Aedes subgenus Stegomyia; X, Aedes subgenus Finlaya. 
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on the islands by adaptation from an assumed nocturnal 
periodicity to the new day-biting mosquito vectors. Others 
have assumed that this original infection showing a 
nocturnal periodicity involved the mosquito Culex pipiens 
fatigans as the original vector of the disease—“the 
historie vector of nocturnal filariasis’ 25, This no longer 
appears to be tenable for a variety of reasons. This 
mosquito typically is a mosquito of the towns of Asia, 
Africa and America where it is today the main vector of 
nocturnal Bancroftian filariasis. Barr has recently 
discussed the evolution of the Culex pipiens group™ and 
he has drawn attention to the unusual biological charac- 
teristics of C. pipiens fatigans. These are the ability to 
mate in confined spaces, to breed in containers and foul 
water, the absence of a diapause, the domesticity and 
man-biting habits that make this species important in the 
transmission of human disease. The pipiens group of 
species probably evolved in Africa and invaded the 
northern temperate zone, and somewhere on the southern 
edge of the range fatigans developed as a new form’, 
The success of C. pipiens fatigans has followed the success 
_ of the experiment of urbanization by man and one should 
look perhaps to the early civilizations between the Nile 
and the Indus valleys for the origins of this form. The 
range of this mosquito is still expanding and there is 
good documentation of the extension of the range of this 
mosquito into West Africa, New Guinea and the Pacific 
during the last 100 years**. There is no suggestion that 
the Polynesians had contact with a society that could 
have supported this urbanized mosquito. 

The earliest radiocarbon dates for human settlement in 
Polynesia indicate a settlement before Christ?” and this is 
supported by studies on the change of language between 
the islands by glottochronological techniques?*. One 
would have to look towards the urban communities of 
India and Northern China, or farther west, for possible 
sources of C. pipiens fatigans of the time. There is un- 
published evidence that suggests filariasis was introduced 
late into China, within the last 300 years, and all the 
available evidence points to the introduction of Ban- 
croftian filariasis into America from Africa with the slave 
trade of the sixteenth century and later®*. Today filariasis 
in America is mainly a disease of the towns where it is 
transmitted by C. pipiens fatigans, and rarely by other 
mosquitoes”?, 

We should look therefore for Bancroftian filariasis in 
a rural setting as the possible source of the infection of 
the Polynesians. Today Bancroftian filariasis is found as 
a disease of rural communities in Africa and in South-East 
Asia. In a rural environment the carriers of the disease 
from man to man are mosquitoes belonging to the genera 
Anopheles and, in South-East Asia, Aedes and other 
Culicines*®, Increasingly, in recent years, rural foci of 
infection with Wuchereria bancrofti have been discovered 


=": in South-East Asia, in Malaya, Borneo, the Philippines 


: and New Guinea®*. Some of these rural infections have 
been found in aboriginal or other primitive tribes®*. In 
China, Japan, New Guinea, in the Philippines and in 


©.. Samoa, Aedes mosquitoes belonging to the subgenus 
_ Finlaya have been implicated in the transmission of 


Bancroftian filariasis and Rozeboom and Cabrera have 
suggested recently?’ that this infection in man evolved in 
the rain forests of Malaysia or Melanesia where it was 
transmitted by day and night-biting species of Finlaya 
and by forest dwelling Anopheles. They also point out 
that sub-periodic infections of man have been reported 
- in South-East Asia. 

Almost similar conclusions about the evolution of 
Bancroftian filariasis were reached independently during 


= a study of the adaptation of a filarial parasite to a new 


mosquito vector in the laboratory?*. This infection is 
placed in the area of evolution of the Malay—Polynesian— 
Malagasy language group and it is conceivable that the 
_ disease was introduced to Africa by movements of people 
belonging to the same linguistic group. Within the area 


of the sub-periodic form in the Pacific, the adaptation o 
the parasite to its mosquito host in New Caledonia. 
suggests that the parasite was introduced into New — 
Caledonia from Polynesia?’ and there is evidence of a 
proto-Polynesian culture on the island™. The widespread 
infection in both Western and Eastern Polynesia found in 
the eighteenth century!*.’ suggests that filariasis was an 
early disease in the evolution of the Polynesians. Unlike 
other vector-borne diseases, such as malaria, plague and 
yellow fever, there is no replication of the parasite in the 
mosquito host and in man the worm is bisexual. Casual 
exposure to the bites of infective mosquitoes rarely 
produces patent infections of filariasis. To move a disease 
of this kind, one would have to suppose that a number of 
individuals in the migrant populations were infected and 
these would also have to be infective to the mosquitoes in 
the new environment, although it is possible that adapta- 
tion of the parasite to new mosquito hosts may be acquired 
relatively quickly**. The present information on this 
parasite of man points to the origins of this disease in the 
islands of South-East Asia. There have been suggestions 
that the parasite in Polynesia, Fiji and New Caledonia 
should be regarded as a separate species in the genus 
Wuchereria, although this has not yet been justified 
on morphological grounds. Should such a change in 
nomenclature be justified, then advances in the dating of 
Polynesian settlement on the islands will provide informa- 
tion about the length of time involved in the evolution 
of a new metazoon parasite of man. 
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Defoliation and Defoliants 


by 
DAPHNE J. OSBORNE 


ARC Unit of Experimental Agronomy, 
Department of Agriculture, University of Oxford 


The recipe 
senescence. 


Durina growth, plants dispense with old leaves and 
replace them with new ones and in this way they maintain 
a leaf area which is synthetically active. Deciduous 
species lose all their leaves in the autumn as a response to 
decreasing day length, European evergreens lose their old 
leaves each summer as the result of competition with the 
new growth, and many tropical trees shed old leaves and 
produce new ones during the whole year. Premature leaf 
fall can result from extreme stresses of water or tem- 
perature or from the depredations of leaf-eating insects 
or from infection by plant leaf pathogens. 

The concept of a synthetic chemical defoliant is prob- 
ably not more than thirty years old, and has advanced 
with the progress made in the chemical control of weeds 
and unwanted vegetation. The secret development during 
the Second World War of synthetic auxins as selective 
herbicides gave a new dimension to man’s control of his 
vegetative environment. The application of these chemi- 
cals, the best known of which are probably 2,4-dichloro 
and 2,4,5-trichlorophenoxyacetic acids (2,4-D and 2,4,5-T), 
to mixed vegetation modifies the pattern of growth and 
kills some species of plants but leaves others unharmed. 
Because some parts of plants are more sensitive to these 
chemicals than others, specifie organs can also be selec- 
tively killed. It was evident that chemicals that eliminated 
foliage without damaging the rest of the plant could have 
many potential uses. 


Defoliation of Cotton 


Perhaps the best early example of the need for a 
defoliant comes from the cotton industry in the United 
States'. By 1945 the increasing labour shortage and high 
cost of conventional hand picking of cotton led to the 
introduction of mechanical harvesters, which, although 
efficient, collected bolls and foliage together, so that the 
lint was stained with the sap from damaged leaves. A 
chemical which would either destroy the leaves or cause 
premature leaf fall but maintain the bolls unharmed had 
an obvious economic value. 

Of the thousands of compounds screened by com- 
mercial and research institutes only a few of those with 
herbicidal activity have been effective as defoliants of 
cotton. Interestingly, synthetic auxins were tested, but 
cotton was so susceptible to these chemicals that spray 
applications caused serious damage to the whole plant. 
Materials including monosodiumcyanamide and sodium 
ehlorate-pentaborate, disodium 3,6-endoxohexahydro- 
phthalate (endothal, Fig. 1, I) and 3-amino-1,2,4-triazole 
were selected and are successfully used commercially’. 
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H CHaCOCH CHS CHSCH3 


Ci 


Ci 


n-butyl ester of 2,4,5-trichloro-~ 


disodium 3,6-endoxohexahydro - 
phenoxyacetic acid (2,4,5-T) 


phthalate  (endothal) 
Fig. 1. Two commonly used synthetic defoliants. 


for a good defoliant is a chemical that causes rapid 


Although in 1941 only a few fields of cotton were de- 
foliated experimentally, now more than half the cotton in 
the United States is sprayed with defoliants. 

Two other, and perhaps less well known, needs for 
defoliants stimulated research with which the Department 
of Agriculture in Oxford is particularly associated. The 
first interest concerned the defoliation of tropical trees 
and shrubs for the biological control of tsetse fly in Kast 
Africa and the second concerned the defoliation of rubber 
in Malaya as a protective measure against an outbreak 
of South American leaf blight. 


Defoliants and the Control of Tsetse 

Tsetse flies (Glossina spp.) thrive in shady habitats 
and the removal of this shade by eradicating trees and 
shrubs is a standard method for their control. In 1936, 
Swynnerton® described a small scale experiment in which 
trees, frill-girdled with arsenic pentoxide, were so badly 
damaged that they shed their leaves. Although this 
method was quite unsuitable for general use in tree 
clearance, the resulting defoliation caused a partial evacua- 
tion of the tsetse from the treated area. Following the 
disclosure in the United States of the potentiality of 
synthetic auxins as herbicides in 1944 (ref. 4), Professor 
G. E. Blackman and the late Professor P. A. Buxton 
suggested to the Colonial Office that if these new com- 
pounds were sprayed onto foliage they might induce leaf 
fall without causing the death of the trees. Furthermore, 
spraying from light aircraft might be an economic pos- 
sibility for defoliating key areas. This was an interesting 
proposal because young leaves which are firmly attached 
to a plant are rich in natural auxin and old leaves close to 
shedding have a very low content of auxin. None the less, 
the preliminary trials in Kenya‘ and Tanganyika (K. Holly, 
in unpublished Colonial Office report, 1952) showed that, of 
the many substances tested, endothal and the n-butyl 
esters of 2,4-D and 2,4,5-T (Fig. 1, II) were effective 
defoliants, and in 1952 a full seale trial involving the 
aerial application of 2,4,5-T was carried out on the 
Waturi peninsula in Lake Victoria’. Records showed 
that defoliation of some species was extremely efficient—— 
more than 90 per cent of leaves being lost in 2-3 weeks-— 
but in others it was less effective, with early regrowth of 
the foliage. Although the reduction in shade cover was 
appreciable, it was not uniform enough in these mixed 
stands of vegetation to eliminate niches of relatively 
dense shade where tsetse could survive. The remark- 
able effectiveness of 2,4,5-T as an aerial defoliant of 
tropical vegetation had, however, been demonstrated, and 
only a few months after the earliest trials in Africa the 
first aerial defoliation of a rubber plantation, as a potential 
protective measure, was successfully carried out at Port 
Swettenham in Malaya. 


Defoliants and the Protection of Rubber 

The rubber tree (Hevea brasiliensis) is a native of South 
America and the seeds collected by Henry Wickham 
from the Amazon formed the basis for the establishment 
of plantation rubber in Asia and Africa. Wild Hevea 
carries a number of fungal pathogens which attack the 
foliage, killing the young shoots and causing shedding 
of the leaves. In the wild, rubber trees are widely scattered 
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- in the forest and are, therefore, protected from epidemies 


-of pathogens, but when the first attempts were made in 


South America to establish plantations the trees were 
largely decimated by Dothidella ulet, the South American 
leaf blight. 

When rubber plants raised from seed at the Royal 
Botanic Garden, Kew, were introduced into the Far East 
in the 1870s they did not carry the South American leaf 
blight and, through rigid regulations of importation and 
quarantine, plantations in Asia and Africa remain disease- 
free today. 

Dothidella ules is an obligate parasite of rubber, and the 
conidiospores are the most serious source of infection for 
the spread of the disease. These spores are short lived 
and their requirements for germination and establishment 
within a host leaf are highly specific. Infection therefore 
takes place only over short distances, unless the spores 
are transported at high speed. After the Second World 
War, the scope and speed of international air transport 
greatly increased the likelihood that Malayan rubber 
could become infected. On February 4, 1948, Mr R. A. 
Altson, then head of the plant pathology division of the 
Rubber Research Institute of Malaya, formally drew 
attention to the serious consequences that would result 
to Malaya’s major industry from the introduction of D. 
ulei. In a memorandum to the board of the institute, he 
stated’: “South American leaf disease of rubber is not only 
the most serious disease to which H. brasiliensis is subject, 
it has shown itself to be one of the most destructive 
diseases of cultivated plants of which there is any scientific 
record. Indeed, the scale of its past devastations ranks it 
with such plagues as the epidemic of potato blight which 
caused a famine in Ireland one hundred years ago, and 
the outbreak of rust that destroyed the coffee industry of 
Ceylon in the eighties of the last century”. He then put 
forward suggestions for eradicating the disease should an 
outbreak in Malaya occur. Because ordinary methods of 
tree eradication and burning would be too slow and 
inadequate in the difficult terrain of most rubber planta- 
tions, he proposed that satisfactory control was only 
likely to be achieved by a rapid anc complete defoliation 
of trees within and surrounding a suspected outbreak. By 
1950, preliminary trials had shown that the n-butyl ester 
of 2,4,5-T was a most successful defoliant of rubber, 
causing complete leaf fall in about 5-17 days with only 
slight refoliation at 4 months®. Further trials confirmed 
the feasibility of aerial spraying to achieve defoliation and 
now standard procedures are worked out and stocks of the 
ester are available for the eradication of an outbreak of 
leaf blight wherever and whenever it may occur. So far, 
the Malayan rubber plantations have been free of 
Dothidelia ulet. 


Other Uses for Defoliants 


During the political and military emergency in Malaya 
in the 1950s defoliants were put to a new use. Roads and 
railways are vulnerable targets, and forest vegetation 
affords dense cover for guerilla bands. The thinning of 
jungle cover along communication routes by the use of 
defoliants became a standard method for reducing the 
hazard of attack from hidden ambushes. The object was 
to increase visibility in the mixed vegetation rather than 
to give uniform defoliation, so the methods first used for 
the control of tsetse in East Africa were tried experi- 
mentally in Malaya and found to be successful. Using 
sprays of the n-butyl ester of 2,4,5-T most trees were not 
completely defoliated, but refoliation was delayed long 
enough to make the operation effective. On a much larger 
scale, the methods employed in Malaya are now used in 
Vietnam; so much so, that the quantities of some synthetic 
auxins used as wartime defoliants exceeds their total 
consumption for other purposes. 

Other economic applications for chemical defoliants 
concern the elimination of foliage from a variety of 
mechanically harvested edible or seed crops. These include 


sugar cane, species of legumes grown for seed, po ato 
and canning tomatoes. The object is to destroy all but the- 
wanted part, and most of the compounds now employed 


cause rapid killing of the leaves on contact so that the — S 


chemical is not translocated and accumulated to any 
extent in the harvested product. 


Natural Processes causing Loss of Foliage 


Rubber, cotton and most dicotyledonous trees and 
shrubs have a natural rejection mechanism for shedding 
leaves, known as abscission. Monocotyledons, including 
sugar cane, plants with perennating organs below the 
soil (for example, potato), and many annuals do not 
possess a shedding mechanism of this kind. Instead old 
leaves may wither and be lost from the stem by physical 
breakage or decay, or the leaves and sterns may wither 
and die together. To some extent, therefore, the natural 
mechanisms for elimmating leaves have dictated the kinds 
of chemical defoliants that are now used. 

Whereas removal of leaves from a species possessing an 
abscission mechanism can be achieved by causing this 
separation process to occur prematurely, leaves from non- 
abscinding species cannot be eliminated in this way. Any 
treatment of the foliage must perforce let leaf and stem 
remain attached, so strictly speaking these plants cannot 
be “‘defoliated’’. For non-abscinding species, therefore, 
chemicals producing a high incidence of contact kill of 
the foliage are the most satisfactory. Organice chemicals 
like quaternary salts of 2:7- and 4: 4’-bipyridyls* 
(diquat and paraquat), endothal, tributylphosphoro— 
trithioate and trithicite and more recently cacoclylic 
acid!® and chloroacrylates4! are used. Many of these 
newer chemicals penetrate the leaf very quickly, destroy- 
ing permeability of cell membranes and causing rapid 
water loss and dehydration, so that within 2-3 days the 
leafy parts are desiccated. When the whole plant is 
harvested, the required part can be readily separated 
from the dry foliage. 

It is evident, therefore, that the term “‘defoliant’’ can 
imply very different ways of causing plants to lose their 
foliage. When chemicals acting as dehydrating agents 
or as contact toxicants are used on plants that do not 
shed their leaves they are correctly classed as “‘desic- 
cants’. Some desiccating chemicals, for example, endo- 
thal'*, can also act as defoliants when they are applied 
to species with abscission zones, provided that the con- 
centrations are high enough to cause some leaf damage 
but low enough to permit the biochemical processes of 
abscission to occur. 


Defoliation 
Mechanism 


The anatomical changes during abscission are well 
documented. In a precise position at the junction of the 
leaf with the stem a defined layer of cells separates from 
its neighbours along the transverse walls. The pectins 
and hemicelluloses of the middle lamellae between these 
walls are degraded and the once apposed cells lose their 
cohesion. The cells which form part of the stem may 
enlarge, divide and differentiate, while those of the base 
of the leaf stalk always degenerate. A mechanical break 
of the lignified vascular tissue which connects the two 
parts completes the process of separation, and the rejected 
organ falls to the ground”. 

In natural conditions, a leaf is shed when it becomes 
yellow and senescent. In extremes of water or tempera- 
ture stress, leaves may be shed while still green, but many 
metabolic processes such as those of protein synthesis’ 
are then reduced to the levels found in senescent leaves. 
If a green leaf blade is removed, yellowing and senescence 
of the remaining petiole stump follows in a matter of days 
and the stump abscinds long before this would oceur in 
the intact leaf. Some factor associated with synthetically 
active green leaf blades, therefore, prevents both sen- 
escence and the separation processes from taking place. 


in Species possessing an Abscission 
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As little as one-fortieth of the blade area can be sufficient 
to retard abseission, and one of the earliest properties of 
auxins to be reported was that if applied to the cut end of 
a debladed petiolar stump the chemical would substitute 
for the leaf blade in the prevention of abscission. In fact, 
auxins retard both abscission and senescence in the 
petiolar stump. The regulation of leaf abscission can be 
correlated with the auxin content of the blade, for auxin 
levels are highest in the young green leaves but, with age, 
the content decreases and is minimal in the yellowing leaf. 
As soon as senescent cells are present above an abscission 
zone, the processes of cell separation appear to be 
initiated’. Abscission is not initiated solely by the lack 
of auxin, however, for many kinds of senescent leaves 
contain substances which accelerate the processes of 
separation!®, Much effort has been devoted to the isola- 
tion of substances which accelerate natural abscission and 
one such substance, now called abscisic acid (Fig. 2, IT), 
has been shown to be of general occurrence in plants!?:18, 
although it has not been demonstrated in senescent leaves. 

Because abscission involves a series of enzymatic 
changes occurring only in living cells and taking several 
days for completion, any treatment of foliage that leads 
to a rapid kill of the cells in the abscission zone will 
prevent the processes of separation from taking place, 
and although the leaf may wither and die it remains 
“frozen” to the parent stem. 


CH, CH, WV 


OH C = 
9 ake ethylene 
abscisic acid 
Fig. 2. Two naturally occurring accelerators of leaf abscission. 


There are thus two ways in which leaves can be elimin- 
ated by true defoliation. They can be treated with an 


Alternatively, the leaf can 
be damaged to such an extent that all but a small part 
of the petiole is killed, and providing senescence takes 
place in the remaining stump abscission will occur and 
the remains of the leaf will fall perhaps within a week. 
This is essentially a similar situation to the abscission of 
a debladed petiolar stump referred to earlier. The leat 
can, however, be most quickly eliminated as a living entity 
by applying a toxic chemical that kills blade and petiole 
alike, but then, of course, senescence and abscission are 
prevented. 


Biochemistry of Defoliation 


The separation at an abseission zone is an active 
metabolic process inhibited by anaerobiosis and inhibitors 
of nucleic acid and protein synthesis. Abscission is always 
associated with the senescence of cells distal to a zone and 
this can be measured by their loss of total protein and 
RNA and by their declining ability to synthesize new 
protein and nucleic acid. It seems that some product 
from these senescing cells acts as a trigger for the changes 
that take place in the cells immediately beneath the line 
of separation. These cells, which are retained by the plant 
at abscission, show a marked increase in their ability to 
synthesize new protein and RNA™; they enlarge and in 
Coleus blumer, endoplasmic reticulum, ribosomes and Golgi 
and golgi vesicles increase considerably'®. In Phaseolus 
vulgaris this region also shows a local rise in cellulase 
activity before cell separation®®. Treatments that retard 
abscission prevent these changes at the abscission zone, 
while treatments that accelerate abscission cause them 
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to oceur more speedily. The nature of the trigger that 
initiates the biochemical changes at abscission is not yet 
known, but so far there are two naturally occurring 
chemicals that can be considered in this role. One is 
abscisic acid and the other is ethylene (Fig. 2, II] and IV}. 

Of all the chemicals, natural and synthetic, that 
accelerate abscission, by far the most. effective is ethyl- 
ene?!. When ethylene is present in as low a concentration 
as 1 p.p.m. in air, leaves become paler green and leaf 
fall may occur within a few days, the time depending on 
the age and condition of the plant. Concentrations as 
high as 5,000 p.p.m. will also defoliate without damaging 
the buds or new growth. The shed leaf will, however, 
always show some symptoms of senescence though these 
may be considerably less advanced than those of a 
naturally abscinded leaf. Old leaves will always fall first 
and it seems clear that the higher the natural auxin 
content of the leaf, the less quickly it is shed, and, as 
might be expected, if additional auxin is supplied to a 
leaf to raise its auxin level, then abscission in ethylene is 
delayed??, 

Ethylene is a natural product from all plant tissues?3, 
and in leaves and stems it is highest in the youngest. parts 
where the natural auxin level is also greatest. If auxins 
are supplied to a leaf there is an increase in ethylene 
production within a matter of hours**. It is evident, 
therefore, that young leaf tissues, naturally high in auxin, 
not only synthesize more ethylene but also can tolerate 
higher leveis of natural or applied ethylene than the old 
leaves. It seems that a homeostatic regulation by auxin 
and ethylene must normally exist in plants, an excess of 
auxin tending to maintain a leaf in a non-senescent state, 
and an excess of ethylene to enhance senescence®?. Be- 
cause ethylene is a more effective accelerator of leaf 
abseission than it is of leaf blade senescence, however, it 
would seem that not all the changes occurring during 
separation. Senescence of chloroplasts, for example, is 
not essential for abseission in Phaseolus, 

The production of ethylene by leaves can be increased 
not only by auxins, but by almost any kind of non- 
destructive damage, such as cutting or bruising. These 
observations give a clue to the mechanism of chemical 
defoliation. Extending work on defoliation of tropical 
evergreen species, Dr Hallaway and I have studied the 
auxin-induced defoliation of a temperate evergreen, 
Euonymus japonica 6, When a drop of the n-butyl 
ester of 2,4,5-T in methanol is apphed to the upper surface 
of a leaf, ethylene production in the treated part is 
enhanced 5~-8-fold and centinues at this high level for 
some days. With this kind of treatment, which simulates 
tropical aerial spraying, the auxin does not move appre- 
ciably in the lateral direction from the original point of 
contact with the leaf surface. By the third or fourth day 
after treatment, vellowmg of the leaf tissue can be 
observed around the edge of the treated spot and 2 weeks 
later, just before leaf fall, yellowing has proceeded in a 
centrifugal way so that the whole of the petiole and 
blade with the exception of the treated spot is yellow 
and senescent. The treated spot itself still remains bright 
green and non-senescent. Similar responses are seen in 
tropical evergreens that are readily defoliated®?. From 
our experimental evidence*** it seems that defoliation 
following the application of auxins is a result of the 
enhanced rate of senescence induced in the untreated 
parts by the high endogenous levels of ethylene diffusing 
from the regions of the leaf which receive the surface 
droplets of auxin. In the auxin-treated area itself, the 
effects of ethylene are offset by the high levels of applied 
auxin and so senescence does not cecur, but in the sur- 
rounding tissues the ethylene diffusing from the treated 
spots is counteracted only by the lower levels of endo- 
genous auxin. In the untreated parts, therefore, senescence 
takes place prematurely and the senescent blade and 
petiole initiate abscission. 
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coc Although leaf fall is induced by defoliants of such 
= widely different chemical structures, their action may in 
part be attributable to ethylene. Many of the defoliants 
quoted earlier enhance the ethylene production of cotton 
leaves” and, as none of these chemicals has auxin activity, 
>. no islands of green tissue are retained, and all parts of the 
- blade that are not too badly damaged become senescent 
together. 
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Fig. 3. A new defoliant. 














-0 The part played by abscisic acid in natural leaf fall is 
“not yet clear, but there is no doubt that when as little as 
01 pg of this substance is applied to the surface of cotton 
Jeaves** it speeds both senescence and leaf fall. Despite 
“the ubiquity of this substance in the plant kingdom, 
however, tests have shown that abscisic acid is either 
| poorly effective or inactive as a defoliant in species other 

than cotton®?. Nonetheless, it does accelerate senescence 
in old leaves of many plants, but the fact that it is active 
only at the site where it is apphed, and does not appear 
to move laterally in the leaf blades, may explain its 
general ineffectiveness as a defoliant. Furthermore, it 
does not appear to enhance the production of ethylene 
(unpublished results of Hallaway, Ridge and Osborne). 

A final word should inelude reference to biological 
defoliants. Fungal infections of leaves are frequently 
the cause of yellowing and abscission. D. ulei of rubber, 
Omphalia flavida™ of coffee and the common black spot 
(Diplecarpon rosae) of roses? all cause leaf fall. Fungi”? 
and leaves infected with fungi™ produce relatively large 
amounts of ethylene, and the symptoms of leaf senescence 
as well as many of the enzyme changes that occur within 
the infected blade are similar to those induced by ethylene. 
It therefore seems very likely that the principal cause of 
defoliation following fungal attack is the abnormally high 
levels of ethylene then present in the blade*’. 









by 

- CLARK HOWELL 

<: Department of Anthropology, 
University of Chicago 


In 1967 an international expedition started a large scale 
earth science, palaeontological and palaeoanthropological 
investigation of the lower Omo Valley in south-western 
Ethiopia (Fig. 1). The three contingents of the expedition 
-were led by C. Arambourg and Y. Coppens (France), F. 
. Clark Howell (USA) and Richard Leakey (Kenya). The 
research team-—which I (a palaeoanthropologist) organ- 
_ized—concentrated its activities in an area 60-120 km 
. north of Lake Rudolf, between the Nkalabong and Nakua 
Hills. The area of study represents the northern half of 
what can be conveniently termed the Omo basin. This 
basin marks the northern end of the Rudolf trough. 
The highlands bounding the lower Omo basin have not 
been explored previously. The highlands along the eastern 


Omo Research Expedition 


Results of a large scale investigation of the lower Omo valley in 
south-western Ethiopia suggest a time-stratigraphic range for the 
Omo beds extending from the end-Pliocene through the earliest 
Pleistocene. 








The recipe for a good defoliant is therefore a ch 
that causes rapid senescence. The most effective v 
inducing the required degree of senescence is by ma 
the ethylene level in the leaf. A relatively rH 
chemical which breaks down in the leaf to produce € 3 
should be an excellent defoliant. A new growth regulator, — 
2-chloroethanephosphonie acid (Fig. 3, V), is a chemical — 
of this kind**, and it may well be that it, and other 
compounds possessing similar properties, will have em 
important commercial future. 
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margin of the basin are composed of basement complex 
metamorphic rocks, consisting largely of biotite quartz- 
gneisses, migmatites, vein quartz and pegrnatites. 


Nkalabong Hills 

The Nkalabong Hills (1,700 m) form a prominent massif 
extending north-east—south-west along the northern pemi- 
phery of the basin, controlling the middle course of the 
Omo. Nkalabong consists predominantly of rhyolite 
intrusions and flows and tuff breccias. Several small 
basalt flows, possibly exceeding 65 m in total thickness, 
are intercalated with the rhyolites. At the eastern end af 
the massif is exposed a complex of metamorphic rocks, 
comprising amphibelites and gneisses cut by pegmatite 
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Fig. 1. General map of the lower Omo basin, southern Ethiopia. Star 
symbols represent locations of the Kenyan, American and French field 
camps, 


dykes and quartz veins. The earliest. volcanics are basalts, 
with a thickness probably exceeding 150 m, and many 
basalt dykes can be observed cutting the metamorphic 
complex beneath these first flows. Overlying the basal 
basalts is a sequence of rhyolites, perhaps approaching 
400 m in thickness, with individual flows exceeding 100 m. 
Another series of basalts, probably comprising seven 
distinct flows, and with an aggregate thickness of some 
65 m, overlies these lower rhyolites. Some may prove 
suitable for isotopic (K/Ar) age determination. On the 
western slopes of Nkalabong there are shallow strata of 
probable tholeiitic composition which dip about 10° west- 
wards and seem to lap onto the rhyolites. These flood 
basalt. flows are thin, with single flows seeming not to 
exceed more than a few tens of metres in thickness. Such 
basalts overlie {at Yellow Sands locality, 5° 24’ N. 
35° 37° E.) fossiliferous sediments resembling the Omo 
Beds (type) and which were discovered and investigated 
by the Kenya contingent of the expedition. 

A single K/Ar age determination on one such basalt 
gave an age of 4:05+0-20 million yr (determination by 
G. H. Curtis and F. H. Brown, personal communication). 
These basalts probably represent the closing phases of 
the Pliocene and presumably fall within the Gilbert 
Reversed Epoch (between about 3-35 and 4-0 million yr). 
This is on the assumption that one might regard the 
Pleistocene as having begun by about 2-5-3-0 million yr, 
as demonstrated by evidences of cooling or even of 
glaciation, following the Mammoth (Reversed) Event 
within the Gauss (Normal) Epoch. The earlier volcanics 
of Nkalabong will eventually provide a useful palaeo- 
magnetic succession for the Mio-Pliocene. Rhyolite tuffs 
dip steeply away from the hill marking an old eruptive 
centre near the western end of the massif. 

Mount Naita, a prominent subconical peak, is most 
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likely an eroded Tertiary volcanic neck. The lower flanks 
of the mountain are composed of rhyolitic debris, com- 
parable with that of Nkalabong (to the east) and Lorien- 
atom (to the south). Tebes, a mountain between Naita 
and the Kibish plain, also seems to be rhyolitic. There 
are, however, many metamorphic boulders, and basement 
complex rocks may well be exposed somewhere on the 
mountain (or perhaps these may be blocks ejected from a 
volcanic centre as parts of tuffs or flows), 


Nakua Hills 


The Nakua Hills (sometimes termed the Kuraz Range) 
have been variously reported as residuals of basement 
complex rocks or of volcanic origin. Actually Major 
C. W. Gwynn!—who delimited the south-western frontier 
between Kenya and Ethiopia in 1909—recognized their 
voleanic nature, a fact confirmed in 1919 by Major L. F. I. 
Athill?. In 1966 and again in 1967 the hills were fairly 
intensively investigated, sampled and photogeologically 
mapped, by F. H. Brown. 

The hills represent a series of coalescent lapilli tuff 
cones and associated basalt flows. There are probably 
three generations of lava flows, with most of the lapilli 
tuffs having been erupted between the first and second 
generations of basalt, the last of which is represented by 
a single flow. The basalts are fresh, vesicular above and 
columnar below. They are extremely porphyritic with 
large hornblende and smaller felspar phenocrysts. The 
lapilli (crystal vitric} tuffs are well-bedded tuffs, often 
graded in thin (5 em) beds; the lower part is commonly 
coarser than the upper. Olivine and hornblende are the 
only ferromagnesiums present. 

Many of the lapilh tuff cones are unbreached and formed 
of bedded tuffs that dip steeply away from the centre. 
The cones are generally highest on the western rim and 
this feature is probably also constructional. Most tuff 
exposures are along the western side of the hills, and out- 
crop below basalt flows. The flows terminate as abrupt 
scarps, and original features such as pressure ridges and 
channel levees are still evident. The flow surfaces are 
generally formed of scoriaceous blocks. Preservation of 
the original topography of both the tuff cones and lava 
flows indicates that Nakua was formed in geologically 
recent times. The youngest lava flow antedates the last 
high stand of Lake Rudolf, as freshwater shells adhere to 
blocks of this lava. A single potassium—argon age de- 
termination on this youngest flow gave an age of “zero”, 
indicating that the Hows are outside the limit of resolution 
of this isotopic method. Very recent volcanic activity (as 
recent as 1895) is of course well documented for Teleki 
and Andrew volcanoes on the flanks of the Barrier Range 
at the southern extremity of Lake Rudolf’. 


Fossiliferous Beds 

F. H. Brown effected the first geological reconnaissance 
of exposures in the Type Area of the fossiliferous Omo 
beds in late 1966 (ref. 4). The beds outcrop as a series of 
north-south trending ridges, of asyrnmetrical form, with 
gentle western and steep eastern slopes. The sediments 
strike about N. 20° E. and dip westwards 8°-15°, being cut 
by at least three principal normal faults, which dip steeply 
eastwards, and parallel the strike. Throws of these faults 
are substantial, up to 100 m. A subsidiary set of faults 
transects the principal faults west to east, producing a 
series of down-faulted (northwards), compartmentalized 
blocks. Sections totalling some 360 m, neither the top 
nor the base of which was seen, were measured through 
these sediments. The succession comprises fine to medium 
grade, mainly fluvial sands (often very rich in vertebrate 
fossils), tuffaceous and diatomaceous silts, gypsiferous 
clays, and partially reworked greyish or bluish vitrie 
and pumiceous tuffs, as well as silt horizons with pumice 
cobbles. Four tuffs and three higher tuffaccous/pumiceous 
horizons were recognized. Further work in 1967, by 
Yves Coppens and J. Chavaillon’, and by Brown, has 
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demonstrated an aggregate thickness of some 500 m, 
exposed over an east-west distance of 5-6 km. A total 
of eight tuffaceous horizons are now distinguished (desig- 
nated A through H upwards) (Fig. 2). The next to lowest 
tuff (B) has a K/Ar age of about 3-75+ 0-20 million yr 
(single determination), a mid-level tuff (D) has a K/Ar 
age of 2-37-2-56+0-12 million yr (two determinations), 
while a pumice above a higher tuff (H) has a K/Ar age of 
1-81-1-87 million yr (two determinations). A mandible 
(lacking teeth) of Australopithecus, and termed Par- 
australopithecus aethiopicus®, was recovered by the French 
contingent of the Omo Research Expedition in 1967 in 
a fossiliferous horizon below tuff D. This specimen diverges 
from either the known gracile or robust forms of Australo- 
pithecus in some characteristics and proportions of the 
mandible body and symphysis, as well as in certain pro- 
portions in the dental series (the roots of which are largely 
preserved). An examination of the specimen suggests, 
however, a closer approach to the robust than to the 
gracile australopith condition. 

These preliminary results suggest a time-stratigraphic 
range extending from the end-Pliocene through the earliest 
(Basal in my terms) Pleistocene. The top of the succession 
seems to overlap in time the radiometrically dated sedi- 
ments of Bed I at Olduvai Gorge (Tanzania). 


Sedimentation and Age 

The sequence of sedimentation and the time span 
represented by the Omo beds are clearly more complex 
than was previously envisaged. Earlier geological work, 
in conjunction with palaeontological collecting, by 
Arambourg’? in 1933, and particularly in the Shungura 
sector of the Type Area, emphasized the presence of 
recurrent sedimentation. These deposits were interpreted, 
and largely correctly, as a sedimentary series subsequently 
disturbed by tectonics and fractured by parallel faults. 
The presumed thickness of the sediments was grossly 
underestimated, however, an error which I repeated during 
a month-long reconnaissance of the same area in 1959. 
It then appeared that at least 200 m were represented, 
about twice that estimated by Arambourg, but this is 
now known to represent substantially less than half of 
the total sedimentary record exposed in the Type Area. 
As the Omo vertebrate fauna has played an important 
part in discussions of the African Quaternary, its sub- 
divisions and interregional correlations, these new results 
have important implications for the determination of a 
Pliocene/Pleistocene “boundary”, and for a more adequate 
understanding of the duration of the “earlier” Quaternary 
and of the nature of faunal “stages” or faunal “spans”, as 
well as faunal turnover rates in eastern Africa during this 
protracted interval of time. 

There is a series of other discontinuous exposures of 
such sediments and pyroclastic products at points in the 
basin. These include (a) those north-west of Kalam (the 
age relationships of which are uncertain in terms of the 
Type Area succession); (b) those in the White Sands 
sector, south of the Usno-Omo confluence (see below); 
(c) those in relation to Nkalabong massif, including un- 
fossiliferous (?) tuffs and other sediments in relation to 
basalts on the high plain to the north, and those at the 
Yellow Sands locality, at its south-western end (see above); 
(d) shallow and apparently unfossiliferous exposures of 
tuffs near Liwan; and (e) exposures of tuffs and sands, 
scarcely fossiliferous, at the north end of Labur (between 
Kaieris and Loruth Kaado). 

The Omo beds in the Type Area are overlain uncon- 
formably by fine silts and coarse to medium, often cross- 
bedded sands, with exposed thicknesses of up to 10 m. 
These sediments, which occur from about +100 to +30 m 
above the level of Lake Rudolf, were termed the Second 
Lake Phase by Arambourg. They represent lacustrine 
and deltaic sediments related to the former northward 
extension off Lake Rudolf, and the altered position of its 
principal affluent, the Omo. Such sediments have also 










been recognized by Champion® and investigated. 
Fuchs® in the southern and, especially, south-western 
sector of the Rudolf basin in Kenya, notably between - 
Ferguson’s Gulf and Losidok. Such younger lacustrine 
formations yield a rich molluscan and fish fauna having 
affinities with the fauna of the Nile?®. Roger! identified 
eighteen molluscan species, ten of which were in common 
with those in the Nile. Various patterns of overflow 
conditions between Pleistocene Lake Rudolf and the Nile 
and other hydrographic systems, as well as other lake 
basins in eastern Africa, have been inferred by Fuchs’, 
Roger and Cocke, There is little endemism in the 
modern Rudolf fauna, which has a greater affinity with 
that of the Nile system than other lakes of eastern Africa, 
so that it is not unreasonable to postulate a late disruption 
of Nile/Rudolf connexions. 

This series of late and post-Pleistocene sediments, now 
termed the Kibish Formation, has been investigated 
recently by K. W. Butzer and F. H. Brown. The 
formation is very extensively dissected in the northern 
sector of the basin, south of the Nkalabong massif, some 
80-100 km north of present Lake Rudolf. Its maximum 
elevation is about 465 m, or 90-95 m above the present 
level of the lake. At the south-western end of Nkalabong 
the sediments rest disconformably on basalt or on buffs 
and weathered tuff derivatives that total over 20 m in 
thickness. The latter sediments, termed the Nkalabong 
beds, may be of mid-Pleistocene or even greater age. 
Their base has not been seen, and their relationship to a 
basalt flow overlying local outerops of Omo Beds is still 
uncertain. 


Kibish Sediments 

The Kibish sediments represent flood silts, channel and 
delta beds of the Omo River as well as lacustrine and 
littoral deposits of a more extensive Lake Rudolf. A 
total thickness of 120 m has been recorded for three to 
four members (I to IV upwards) of this formation. 
Member I (seven beds} has a thickness of about 40 rn, 
member II (two beds) a thickness of 22 m, and member ITI 
(fourteen beds) a thickness of 53 m. Member IV (six beds) 
has a thickness of 13 m, and is exposed in the north-eastern 
sector of the basin, but its precise stratigraphic relation- 
ships are still not elear. Member I may well be of pre- 
later Pleistocene age; no radiocarbon determinations are 
available for member IT, but it is possibly between the 
mid- and later Pleistocene. Member IJI has radiocarbon 
dates of > 35,000 yr (on shell) for its upper four-fifths, 
and a date of 8,800 + 300 B.P. (on shell) for its toprnost 
bed!*. Each major sedimentary unit (member) was ex- 
tensively dissected subsequent to deposition, the vertical 
amplitude ranging from nearly 20 to over 50 m; minor 
dissection is also recorded within these major units. The 
intervals of downcutting evidently represent periods of 
low or falling lake level, and consequently a (relatively) 
negative hydrological budget. The succession is thus of 
great interest for deciphering later Pleistocene and more 
recent climatic changes in eastern equatorial Africa. 


Vertebrate Fossils 

Scattered occurrences of vertebrate fossils and stone 
artefacts are recorded in relation to the Kibish sediments. 
These are not abundant, however, and occupation site 
concentrations have not been encountered even after 
prolonged reconnaissance. The earliest archaeological 
oceurrence found thus far in the basin is an evolved East 
African Acheulian assemblage, investigated by David 
Abrams of the American contingent, at a locality (Kokuro) 
in the Lomogol drainage, north of the Labur Range, and 
first discovered by the writer during a reconnaissance to 
the lower Omo in 1959. 

Exposures of fossiliferous Omo beds, of Phocene- 
Pleistocene age, are now known to exist at only two 
loealities in the northern sector of the basin. One, termed 
Yellow Sands (5° 24’ N., 35° 57’ E.), was discovered by 
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the Kenya contingent of the expedition at the south- 
western terminus of Nkalabong. These fossiliferous Omo 
beds are overlain by late Pliocene basalts as indicated 
here. The other locality, designated as White Sands, was 
found and investigated by the American contingent of 
the expedition, and is situated in the north-eastern sector 
of the basin (5° 21’ N., 36° 12’ E.) (Fig. 3). J. de Heinzelin 
and F. H. Brown! were responsible for the geological 
study of these exposures. At White Sands the sediments 
outcrop to the west of the Omo, on the upthrust side of 
a relatively recent fault. Erosion to a lower base level has 
produced several local exposures, designated from north 
to south as: High Cliffs North, White Sands (sensu 
strictu), Gravel Sands, Brown Sands, Long Escarpment 
and Flat Sands. To the east are two substantial basalt 
outcrops, of which the southern one rises above an active 
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Fig. 2. Generalized stratigraphy of the main or central sector exposures in the Type Area, Oma beds. 


hot spring. The sediments at the principal exposures 
strike N. 25° E. and dip 10°-14° W.N.W. At White Sands 
(sensu strictu) the sediments are displaced by flexures and 
faults; five faults pass N.E.-S.W. through the major area 
of erosion, and a sixth occurs some 250 m to the east, 
prominently (and colourfully) exposed in a stream course 
draining the erosion area. 

The total thickness of Omo beds exposed at these 
localities is about 200 m (Fig. 4). The succession from base 
to top is: sublava sequence (indeterminate thickness}—> 
lava, (basalt) sequence (2:5 m)-+shell bed, rich in ostracods 
and molluses (10-20 em)—>ash sequence (+25 m)-»gravel 
sands sequence {up to 70 m)-—-subtuff sequence (up to 
27 m)-—>triple tuff sequence (up to 25 m)->+brown sands 
sequence (+25 m)—fat sands sequence (25 m). The 
sediments represented in this succession include sandy 
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and gley-like clays, silts which are sometimes laminated 
and more or less clayey, medium to coarse, often limonitic 
quartzitic sands (sometimes with rare quartz gravels). 
and vitric, pumiceous and silty/sandy tuffs, more or less 
weathered. These primarily reflect fluvial deposition in 
floodplain, swamp, or marsh environments. The sub- 
ordinate ash units and associated pyroclastics are largely 
reworked (from their original emplacement) or represent 
subaqueous rather than subaerial deposits. 








Fig. 3. Principal outcrops in the White Sancs sector, lower Omo basin. 





This local succession cannot yet be related directly to 
the substantially longer one represented in the Type Area 
exposures of the Omo beds. Isotopic age determinations 
still in progress, as well as petrological analyses, may. 
however, afford approximate correlations. The composi- 
tion of the invertebrate faunal assemblage (rich in Vivr- 
parus and Cleopatra spp.) of the supra-lava lumachelle may 
also prove enlightening. For the moment the best guide 
to correlation is the vertebrate (especially the mam- 
malian) fossil assemblage. 

Fossils of higher vertebrates are best represented in the 
brown sands sequence. These occur in fluvial sands and/or 
associated laminated silts, particularly at the White 
_ Sands and Brown Sands localities. Two (principal) fos- 
- siliferous horizons are known in these sediments, the total 
hickness of which is 6 m at brown sands, but there is little 
me difference between them, and the faunal assemblage 
is a single unit insofar as can be determined’. Remains 
of crocodile (Crocodilus niloticus) and Euthecodon brumpti, 
along with fish (including Polypterus sp., Hydrocyon sp. 
















and Siluridae indet.), at Brown Sands are common; 
chelonians and lizards are rare. ie 

The mammalian taxa recognized thus far : 
Proboscidea——Elephas (Archidiskodon) ct. exoptatus, Dino- 


therium sp.; Equidae—Stylohipparion sp., but no Eguus: 


Rhinocerotidae —Ceratotherium simum efficax, Diceros 
bicornis; Hippopotamidae--Hippopotamuë sp. (hexa- 


protodont); Suidae—Notochoerus euilus (abundant), Meso- 
choerus (Omochoerus) heseloni (rare), “M etiruhoehoerua 
andrewsi” (Pronotochoerus jacksoni) (uncommon), Muingae 
indet. (a large and small form on dental evidence); 
Girafidae—Giraffa gracilis, Okapia (1) sp.; Bovidae—- 
Tragelaphus nakuae (uncommon at White Sands, abun- 
dant at Brown Sands), Aepyceros sp. (fairly abundant at 
both sites), Reduncini, including probably Kobus sig- 
moidalis and cf. Redunca sp. (but no Menelikia), Alcel- 
aphini indet., and a member of the Bov ini indet.; Carni- 


vora—Felis cf. leo, Crocuta sp; Rodentia-—-Hystrix sp.; 
Tubulidentata—-Orycteropus sp.; Primates-—Simopithecua 


cf. oswaldi, Papio sp., Cercopithecus sp, Colobus sp., 
Hominidae. 

This mammalian assemblage includes a number of taxa 
in common with the classic “Omo fauna” deseribed by 
Arambourg!'*, largely from exposures in the southern 
reaches (Shungura sector) of the Type Area. There are 
definite resemblances in the proboscideans, some suids, 
giraffid(s), some perissodactyls and some bovids. There 
are, however, differences in relative frequencies of some 
taxa (for example, suids) between the respective occur- 
rences, and the characteristic elephant (a sort of proto- 
recki) in the northern sites is only barely recorded [as 
Elephas (Archidiskodon) cf. planifrons] in the south. The 
faunal succession of the Type Area is now known to be 
complex, with some earlier horizons (below tuff D) yield- 
ing Elephas africanava, even largely to the exclusion of 
Elephas recki". The most reasonable, if tentative, cor- 
relation would thus appear with the upper part of the 
lower segment of the Type Area succession. The temporal 
relationships vis-à-vis other East African fossiliferous 
loealities must await on-going revisions and study of new 
specimens from several important localities. For the 
moment an age estimate of about 2-0 million yr would 
probably not be unreasonable. 


Hominid Remains 


Hominid teeth were recovered in 1967 at both the 
White Sands and Brown Sands localities'*. The former 
site yielded a left P} (No. WS-23) and a right M, (No. 
WS-508). Both are perfectly preserved, quite unworn, 
but lack the roots. The third specimen (No. W'S-578) is 
the mesiobuccal quadrant of a moderately worn right 
lower molar, most probably M,. These three teeth are 
reasonably attributed to the same individual. M,, which is 
freshly broken, had been in occlusion for some time, 
with appropriate attrition on the buceal cusp(s). Ma 
shows no trace of wear, and was doubtless not yeb m 
ocelusion although fully formed. P, was coming into 
occlusion (there is a tiny wear facet on the very tip of the 
protoconid), but was evidently not yet fully erupted. This. 
pattern of eruption can in fact be essentially duplicated in 
some known specimens of A. africanus. In size and certain 
structural details these specimens diverge from Australo- 
pithecus (Paranthropus) robustus, and the P, also differs 
from that of the South African sample of A. (A.) africanus. 
The closest resemblance is with the Olduvai Bed I hominid 
designated Homo habilis; if this taxon is valid, as I now 
believe it to be, then the specimens are best tentatively 
referred to Homo cf. kabilis. 

The Brown Sands locality yielded a left P* and P# 
(No. BS-39) only slightly worn and without roots, and the 
distobuecal quadrant of a recently fractured upper molar, 
probably M+. These differ from A. (P.) robustus in certain 
aspects of size and morphology, and most probably do not 
represent that taxon. There are resemblances to, as well 
as differences from, A. (A.) africanus. For the moment 
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Fig. 4. Photogeologic map of the Brown Sands locality. 


then these are best treated as Hominidae genus and 
species undetermined. 

Stone artefacts, of Oldowan or other industrial affinity, 
have still to be recovered from any known exposures of 
Omo beds in the Omo basin. This is in spite of extensive 
reconnaissance by all three contingents of the Omo 
Research Expedition at potentially appropriate localities. 
It is perhaps more unexpected in view of the marginal 
areas in the northern sectors of the basin intensively 
investigated by the American and Kenyan contingents, 
and the recovery of hominid remains at two sites there. 
There remain, however, substantial portions of the Type 
Area of the Omo beds which are still wholly unexplored. 

The Omo basin has now proved to be of great import- 
ance in the study of later Cenozoic stratigraphy, vulcan- 
ism and tectonics, and the differentiation and evolution 
of Ethiopian Mammalia, including Hominidae. Investiga- 
tions in the Omo basin, along with on-going field studies in 
southern. Rudoilf!® and in the Baringo basin®*, promise to 
throw critical new light on these matters and on the elusive 
African Pliocene. 
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Randomly Delayed Appointment Streams 


by 
ROGER B. NELSEN 
TREVOR WILLIAMS 


Centre International de Recherche 
sur le Cancer, 

16 Avenue Maréchal Foch, 

Lyons, France 


Many appointment systems are adversely affected by 
unpunctual customers: patients arriving at a physician's 
surgery, say, or aeroplanes stacking at an airport. As 
customer tardiness increases, so does their tendency to 
arrive out of order, until ultimately the schedule de- 
generates into a Poisson process. Were it not for this 
jumbling, inter-arrival times would merely be differences 
of uniformly displaced delay times, and the characteriza- 
tion of the appointment stream would be very straight- 
forward indeed. Lewis'!, assuming a tardiness variance 
so large as effectively to swamp the underlying schedule, 
thereby eliminating its “grid effect”, has produced 
approximations to the second-order moments. Also, 
Monte Carlo estimates of these moments have been 
obtained by Dagnall (cited by Wishart in his discussion 
of Winsten’s? paper) for various degrees of customer 
tardiness, which he takes to be exponentially distributed. 
No one, however, has so far sueceeded in treating the 
problem exactly; we have now been able to do so, through 
an extension of the application of generating functions to 
the theory of order statistics. 

We assume that customers, scheduled at unit intervals, 
are each delayed a time +, the values of + being inde- 
pendent random selections from the same distribution. 
There are two indices we may attach to a customer: the 
position he occupies in the appointment list, and the 
position in which he actually arrives. We assume that 
both lists of indices run from — œ to + œ, for we are 
here concerned with the steady-state distribution. We 
call ¿ the arrival time of the customer labelled as zero in 
the arrival list and designate its frequency function as 
oe fo (t). Similarly, we call u the arrival time of the customer 

--. numbered 1, and write fo, (t, u) for the joint frequency 
=- function of the successive arrival times; the notation 
<- then ramifies in an obvious fashion. Clearly, from fy, we 
~ ean calculate the marginal distribution of the inter-arrival 
time, u—t, the random variable of primary interest. 

Because the shuffling of the customers in no way alters 
the density of the arrival stream, the mean inter-arrival 

- time must always equal unity. Furthermore, it is obvious 
Co. that when the mean delay 7—0, there is perfect order, 
and the distribution of the inter-arrival time reduces to 
< a Dirac delta-function, centred at unity; whereas when 
< %—»00, we obtain a Poisson process, for which the inter- 
arrival times are known to be exponentially distributed, 
“with unit mean. 

The distribution functions, F; it), the probability that 
the customer scheduled for position « arrives no later 
than time ¢, and G; (t), the complementary probability 
that he arrives subsequently, are merely the known 

© gumulative distribution functions of +, translated by 7 
- time units. In terms of these, we can write 


oO n 

fo (t) = E gj (H) lim coeff I (Fi (H + 06 4) (1) 
j>- œ noc 8” i= -n 

ij 
where g;=dF;/dt is the frequency function of the arrival 
time of the jth scheduled customer. The validity of this 
expression is readily seen by noting that fe (t) is merely 
the weighted average of frequency functions for the 
scheduled arrivals, the weights being the probabilities 
































The effect of unpunctual arrival on appointment streams can now 
be expressed in a computable form. 


that a given customer does indeed arrive in position Zero; 
the “coeff” notation for the coefficient of 6" in an infinite 
Taylor series is self-explanatory. 

The outer summation, as well as the omitted term im 
the product, renders (1) rather difficult to evaluate. If, 
however, we set | 


n 
X, (t) = lim coeff E il [Fi (H) + 0G; 9] (yo 
n= 6% 1—6;. ~7 aa 
then (1) may be re-cast in the simpler form, 
fo (t) = AX, (t)/de (3) 
The frequency function f, is clearly prerequisite to the 
calculation of fa, of which it constitutes both marginal 
distributions (of ¢ directly, and of u translated by unity). 
For exponential tardiness, with + distributed as pe #7, 
(2) and (3) yield 
j= Vp and var t = - (> — omen } {4) 
A 
the moments of higher order are also expressible in closed 
form. The first of these equations is interesting, for it 
is identical with the mean tardiness, and thus suggeste 
that when customers change places they change identities 
as well, on the average. The second is also instructive, 
for it is always less than l/u’, the tardiness variance, to 
which it is asymptotically equal when p—>» co(very panc- 
tual customers), being, on the other hand, asymptotic to 
the much smaller value, 1/(2n), when y->0 (highly un- 
reliable customers). Thus, potential place-swopping lessens 
the variance of actual (as opposed to scheduled) arrival 
times at a given position, which is indeed as one would 
have expected. 
A ealculation analogous to (2) and (3) yields 


for (4, u) = —O*Xg, (t, u)/Otdu (5) 
where 


nti 
Xa (t, u) = lim coeff Il [Fi (t) + 6G; (u}] {8} 
nw OF ae en 

Despite the simple appearance of fa (t, u), and its re- 
semblance to f, (t), its moments do not appear to be 
readily evaluable. A remarkably elegant expression exists, 
nevertheless, for the variance of the inter-arrival time in 
terms of the function introduced at (6); that is 


var (u—t) = —14+2fdtf duX,, (t, w) (7) 
G t 


The derivation of this result merely depends on the fact — 
that customers can only arrive late, never early. | 

We have also considered three successive arrival times. 
t, u and v, deriving fo: (t, v), from which we have obtained 
the covariance, cov (v-u, u-t), of successive inter-arrival 
times. Since in the steady-state distribution, var (vw) = 
var (u-t), the one-step serial correlation coefficient of 
successive inter-arrival times is the quotient of this 
covariance by the variance obtained from (7). 

When evaluated for the exponential case, these expres- 
sions lead to rather complicated triple sums; they are, 


nevertheless, exact, and readily programmable for a 


digital computer. The mathematical details will be- 
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Table 1. ARRIVAL-STREAM PARAMETERS 
(Mean arrival time = unity) 
Mean customer delay 25 50 O75 1-9 Lī 20 30 5-0 

Inter-arrival Monte Carlo? 0100 0-248 0-378 6-474 0-627 0-671 0-666 0-819 

variance Lewis's approx, (0-007) 0-247 0-384 +470 -592 0-665 Q-751 0-835 
MN Exact 0-111102 0-277019 0-308442 G-481668 0-504403 0865820 0-751790 0834952 

First-order Monte Carlo? ~ (494 ~ 0-389 ~ eee ~ 250 — (2068 ~ 0-168 — 0-108 — 0-083 

correlation ass sappron.! Unstated { -0 141) {~O-284) ~ ( 265 ~—O211 — 173 — {127 -— 0-083 
eaefficient. Exa ~ O47 9854 ~ 398375 — O-328875 — -278834 ~ {214189 — 0 L74240 ~ 0127486 ~ G-0RI24L 


presented elsewhere; the final numerical results are given 
in Table 1: all six decimal places are believed to be correct. 
For purposes of comparison, we have selected the eight 
mean customer delay times chosen by Dagnall*® in his 
simulations, which are here designated as ‘Monte Carlo”. 
Lewis’s' estimates are also displayed; where his approxi- 
mation begins to break down, we have followed his lead 
in bracketing his results. Oddly enough, for most of the 
brief delay times, Lewis’s estimates of the inter-arrival 
variance are nearer the Monte Carlo results than are our 
exact expressions, though Lewis laid no claim to accuracy 
for this range of values. The agreement must be viewed 
as fortuitous: the Monte Carlo realization was small 
(447), with concomitantly great sampling fluctuations, 
as may be readily ascertained by comparing the Monte 
Carlo figures for large delay times with our exact values 


and those of Lewis, where there is striking agreement 
between the latter two. An elementary calculation, 
based en the fact that for brief delays customer jumbling 
is of negligible cecurrence, shows that the first-order 
correlation coefficient must approach — 0-5 when 3—0; 
patently our precise expression does so, and is substantially 
closer to Dagnall’s realizations than are Lewis’s approxi- 
mations. 

These results constitute part of the doctoral dissertation 
of one of us (R. B.N.) at the Duke University Mathe- 
matics Department, from which T.W. is on leave of 
absence. The computations were performed on the 
IBM-350/40 at OMS, Geneva. 


' Lewis, T., J. Roy. Statist. Soe., 
* Winster,, C. B., 


B, 28, 476 (1961). 
J. Roy. Statiat. Soe., B, 21, 1 (1959). 


Search for Pulsating Radio Sources in the Declination Range 


-44°< § < + 90° 


by 
T. W. COLE 
J. D. H. PILKINGTON 


Mullard Radio Astronomy Observatory, 
Cavendish Laboratory, 
University of Cambridge 


THe survey at 81-5 MHz which led to the discovery of 
pulsating radio sources at Cambridge!:* included declina- 
tions in the range —08°<8<44°. The antenna will 
operate at higher declinations, although with reduced 
sensitivity, and more recent observations have extended 
the search area to ô= + 90°. 

The receiver system was the same as that used previ- 
ously, slowly varying components of the receiver output 
being removed before recording by a high pass filter 
cutting off at 0-1 Hz. A receiver time constant of 0-05 
s was adopted and the recorder had a time constant of 
(2s. The receiver bandwidth (Av) was 1 MHz. 

Possible pulsating sources were provisionally distin- 
guished from normal sources exhibiting interplanetary 
scintillation by visual inspection of the records, and 
observations of these were made using a fast chart speed 
and a recording time constant of about 0-C6 s; observa- 
tions were also made with another receiver of bandwidth 
025 MHz. 

The survey may be limited either by the noise level 
which varies from about 05x102 W m Hza at §= 44° 
to double this value at ô= 90°, or by too large a dispersion 
in the received pulses. If dispersion (dv/dt) is such that 
the time for the signal to sweep through the receiver 
band is greater than the pulse period then the pulses are 
distinguished only if the pulse to pulse amplitude variation 
is large; thus sources will only eee for 


Pz (> 2 4y 
Av 


For an assumed interstellar electron density of 0-1 em~ 


Two further pulsating radio sources have been discovered by 
Cambridge radio astronomers. 


and a bandwidth of 1 MHz, sources similar to CP 1919 
would be detectable withm 500 pe while sources like 
CP 0959 would be detectable within 150 pe. 

The eomplete range 44° <8< 90° was surveyed on at 
least six different occasions in order to allow a reasonable 
chance of detecting sources. the intensity cf which may 
vary from day to day. The total observing time for each 
beam area was thus at least 30 min. Further observations 
using tne high speed recorder were then made of 98 


suspected pulsating sources. Of these, two were 
recognized as genuine and more recent observations 


have confirmed that another, HP 1506 
present. 

The positions and radiation characteristics of the new 
pulsating sources, including an improved value of right 
ascension and a measurement of dispersion of HP 1506, 
are shown m Table 1. The source CP 0808 appears to be 
the strengest source yet found and is similar in most. 
respects to CP 1919. The seurces CP 0328 and HP 1506 
are of interest because their periods fall midway between 
that of ZP 0950 and the remamiung four; if dispersion is a 
reliable indicator CP 0328 is also the most distant pul- 
sating source yet detected. The mean flux densities 
quoted are little more than estimates in view of the con- 
siderable intensity variations of the sourees. The 
frequency sweep rate was determined by observations 
with an added delay cable in one interferometer arm; 
these aiso revealed frequency structure in both CP 0328 
and HP 1506. The aera from the three sources are 
illustrated in Figs. 1 and 2. Autocorrelation and pulse 
height analysis of the source CP 0808 give no evidence 


(ref. 3), 
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Fig. 1. Series of pulses of (2) CP 0808 with a 1 MHz bandwidth and (b) CP 0828 with 1 MHz and 250 kHz bandwidths. 
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Big. 2 aj Simultaneous records of CP 0328 with a 250 kHz bandwidth on the lower trace; 1-0 MHz on the middle trace; and 1 MHz 
with 660 metres delay cable on the upper trace. (b) The similar recording of HP 1506 with 1 s markers on the bottom trace, 
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Pale 3 
CP 0808 CP 0328 HP 1506 
a (1950-0) OBR 08" 505430: 08h 285 52+ 15s 15b07m 4084308 
| 6 (1950-0) 75° 10° +30" 55° + 1° BBE +1" (3) 
1 6 pe 140° 145° 90° 
| be + 34° 0° + 53° 
Fe (5) 129223 071446 0-7897 (3) 
source CP 0808 have been made using a total power 


} me 
+ 0-00003 + 0-00010 + 08-0061 

! 

receiver with a bandwidth of 30 kHz at 81-5 MHz. Dis- 

EFON persion across the band is about 5 ms for this source, and 

PAN a receiver time constant of 6 ms was used. The receiver 

output was displayed on a cathode ray oscilloscope, the 
H 
i 


Mean fux 
W m Hz PS 0-2 0-3 
Integrated electron 


Aad 
_ density pe em- 10+1 1B+1-5 LoS +10 
Distance pe 10G Tso 150 
for periodicities other than that of the fundamental. 
. The pulse height variation of CP 0328 appears similar 
í to CP 1133. 


to 


Observations of the shape of individual pulses from the 


aw 


(—22) one so 6-306 3-6 +025 4:16 £0-25 

sweep of which was synchronized to the pulse repetition 

period, and the trace was photographed on continuously 
i 


moving film. The pulses are predominantly double with 
g & separation between components of about 60 ms; either 
| 
4 A 
i 
10 Nature, 217, 709 (1968). 
* Pilkington, J. D. H., Hewish, A., Bell, S. J., and Cole, T. W., Nature, 218, 


component may be present independently of the other 
i 126 (1968), 


and its amplitude may vary widely from pulse to pulse. 
total period during which signals may occur is about 
Fig. 3. Ten consecutive pulses of the source CP 0808 with a time resolu- * Intern, Astro, Union Circular, July 1968. 


100 ms, which is rather longer than the pulse durations 
previously reported‘ and may indicate that this source is 
physically larger than the original four. Ten consecutive 
pulses of CP 0808 observed with this system are shown 


in Fig. 3. 
With a total of seven sources statistical investigations 
9 are of low significance but there is as yet no indication 
i 


that the sources are concentrated towards the galactic 
equator. This implies that the sources are within the 
galactic distribution of ionized hydrogen and that the 
distances derived by assuming n=l] em are not 
appreciably underestimated. 

We thank Dr A. Hewish for helpful discussions and 
CSIRO and ICI for support. 


Received July 30, 1968. 
‘ Hewish, A., Bell, S, J., Pilkington, J. D. H., Scott, P. F., and Collins, R. A., 


or 


There is often structure within the components. The 
tion of about 8 ms. t Lyne, A. G., and Rickett, B. L, Nature, 218, 326 1968). 


New Pulsating Radio Source 


by 


3. R. HUGUENIN 
J. H. TAYLOR 


L. E. GOAD Harvard radio astronomers have discovered a new pulsating radio 


A ie OREN source with a pulse repetition period of 0-73968 + 0-00002 s. 


A. K. RODMAN 


Harvard College Observatory, 
Cambridge, 
Massachusetts 


A NEW pulsating radio source has been discovered during new source lies at the position —&(1950) = 15h 06m + 2m, 
the first phase of a systematic search for such objects 6(1950)= + 55° 30’ = 40, has a heliocentric pulse-repetition 
carried out with the 300 foot transit telescope at the US period of 0-73968 + 0-00002 s, and is similar in many 
National Radio Astronomy Observatory (NRAQ), The respects to the four pulsars discovered earlier this year by 
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= Hewish et al.) and Pilkington ef al.2. We suggest that 

<= the source be called HP 1506, for Harvard pulsating source 

at right ascension 15h 06m, to conform with the nomencla- 
ture used for the Cambridge pulsars. 

The survey was carried out at a frequency of 110 MHz 
during the period June 15 to July 11, 1968. The 300 foot 
antenna was driven back and forth in declination at a rate 
of 2-5 arc degrees min=!, so as to trace out a zigzag pattern 
across the sky. The widths of the declination strips 
scanned were chosen so that the adjacent end points of 
the zigzag were separated by approximately one half- 
power beamwidth, or 2°. Thus, for example, the entire 

c declination strip + 45° to + 60° could be obser ved in one 

ie day; any given location inside this strip was within the 
wio. main beam of the antenna for approximately one minute 
i each day. 


HP 1506 
NO MHz 


JUNE 15, [968 





Flux density (10"* W mt He ) 









5 JUNE 18,1968 
rig woul NS | NA 
0 O14 0-2 O3 M4 0-5 0-6 0-7 
Time (s) 
cae 1. Average pulses observed from HP 1506 on June 15, 16 and 18, 


ie -< 1988. The pulses are broadened by the effects of receiver bandwidth and 
ie time constant. 


‘The survey receiver had a bandwidth of 0-3 MHz, and 
s output was sampled and recorded on magnetic tape 
once every 10 ms. A search for periodic signals in the 
receiver output was made with a digital computer. The 
-search programme was most sensitive to periods in the 
range 0-16 to 2-5 s, although strong signals with periods 
-an octave or so outside this range would also have been 










detected. Less than 10 per cent of the data taken. d 
the survey have so far been analysed. S 
Signals from HP 1506 were found in the comput 
analysis of the first day’s data, and again in the da 
recorded on June 16 and 18. Fig. 1 is a plot of the averag 
pulses recorded on these three days. 
obtained by cross-correlating appr oximately 40 s of data 
with a train of uniform pulses spaced by © 7397 9, a fi 
very close to the correct pulse repetition per odd. 
average pulses shown in Fig. 1 are broadened considerably 
by the effects of receiver bandwidth and time constant. 
and do not represent the intrinsic pulse width or shape. 

More detailed observations of the source were made 
later with six receivers operating simultaneously, each 
having a bandwidth of 0-1 MHz and an effective integra- 
tion time of 1-6 ms. The six receivers were tuned m pairs 
to three different frequencies in the range 110 to 116 MHz, 
and the pairs were connected to orthogonally polarized 
feed antennae. Preliminary results from these data show 
(a) that the pulses from H P 1506 are intrinsically about 
20 ms in width; (b) that the signals have considerable 
linear polarization; and (c) that the frequency drift rate, 
presumably due to dispersion in the interstellar medium, 
is —8-0+0-2 MHz s- at 110 MHz. The latter figure 
corresponds to an integrated electron density along the 
path of propagation of JN, d/=20-0+0-5 em” pe. This 
value is greater than the corresponding values found 
for the four Cambridge pulsars, and may be indicative of 
a greater distance. 

The intensity of the pulses from HP 1506 ia comparable 
with those from CP 0834 and CP 1133, which are the 
weaker of the four Cambridge pulsars at frequencies near 
100 MHz. The strongest pulses we have recorded from HP 
1506 have an energy of about 15x 10°¢ J m* Hat at 
110 MHz, and an average pulse has an energy smaller by 
approximately a factor of 30. 

After the first observations with the 300 foot transit 
telescope, an improved period and position were obtained 
by observing the source for several hours at a time with 
the NRAO 140 foot telescope. The latter observations 
were made at frequencies of 111, 234, eer" 405 and 614) 
MHz during the period July ll to July iI The pulse 
dispersion derived from observations near 110 MHz was 
substantiated by the observations at higher frequencies. 

This work was supported by the US National Science 
Foundation and by the US National Aeronautics and Space 
Administration. We are grateful for the use of the facili- 
ties at the US National Radio Astronomy Observatory, 
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= Pulsation Periods of Rotating White Dwarf Models 
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Tus recent discovery}? of rapidly pulsating radio sources 
has renewed interest in the adiabatic oscillations of white 
< dwarfs. While we believe that, for various reasons*-4, the 
pulsars are not connected with pulsating white dw arfs, 
there is a certain intrinsic interest in the minimam oscilla- 
tion period for an ordinary star, and in this work we will 


For rapidly rotating white dwarfs, one fundamental axisymmetric 
mode may have a period of pulsation lower than 0-25 s. 


discuss the effect of rotation on the lowest modes of 
pulsation. 

The periods of radial pulsation for completely degener- 
ate, non-rotating white dwarfs obeying the Chandrasekhar 
equation of state> were first obtained by Sauverier- 
Goffin’, and were later corrected by Schatzman’ for a 


Each curve was 
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Table 1, 
J = 1-925 (48) 
P 
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AXISYMMETRIC PULSATION PERIODS OF EN IFORMLY ROTATING WHITE DWARFS FOR GIVEX ANGULAR MOMENTUM AND CENTRAL DENSITY * 
J = 3-850 (48) 
P 


P= 7-700 (48) 


Be aa R Py Qe R Pz 2 g Pz, 
{g em) TW; {s) {s) (g cm-°} Ti WF] (s) (s} ig em-*) Ti! (8) (8) 
7-25 (8) 3:7 (~5) 2-84 0-43 7-19 (8) 1-3 (~ 4) 2-84 0-98 8-88 (8) 5-8 (~ 4) 2-85 0-95 
1-10 (8) 40 (~5)3 2-60 0-7€ 1-09 (9) 16 (—4) 2-60 O77 &47 (8) 6-0 (~~ 4) 2-7: 0-86 
1-83 (9) 4-4(—5) 2-35 0-60 1:80 (9) 18 (-4) 2-36 0-60 1-05 (9) 6-3 (~4) 2-61 0-78 
3-50 (9) 5-2 (-5) 2-10 0°43 3-41 (9) 2-1 (~4) 2-16 0-44 1-32 (9) 6-6 (~4) 2-49 0-70 
3°85 (9) 5-3 {= 5) 2-08 0-41 5:10 (9) 2-3 (—4) 1-97 0°36 1-70 (93 6-9 (—~4) 2-36 0-62 
4°25 (9) 55 (5) 2-03 0-39 5-70 (9) 2:4 {— 4) 1-93 0-34 2-25 (9) 7-4 (—-4) 2-9. 0-54 
4°72 (9) 5-6 (-5) 2°00 0-37 6-42 (9) 2-4 (~4) 1-90 0-32 3-11 (0) Oid) 2-10 0-46 
5:27 (9) 48 (-5) 1-07 0-36 726 (9) 2-5 (—~4) 1-87 0-30 4-50 (9) 8-8 (—-4) 1-97 0-38 
§92 (9) 6-0 (~5) 1-04 0-34 &-28 (9) 2-6 (—4) 1-84 0-28 6-95 (0) 9-9 (~4) 1-83 0-31 


* The calculations are for we=2. For other values of ue the Ps should be multiplied by (2/4 p t. 


minor numerical error. In the range of central densities 
where these models represent actual white dwarfs, the 
fundamental period of radial pulsation is always longer 
than 3s. For more massive models, the equation of state 
has to be modified in order to include inverse beta decay*-' 
and general relativistic effects". Using the Harrison- 
Wakano-—Wheeler equation of state!?, Meltzer and Thorne™ 
found that a non-rotating white dwarf cannot oscillate 
in the fundamental mode with a period less than 8 s. 
According to Faulkner and Gribbin’, however, this result 
is due to an erroneous specification of the adiabatic 
exponent. When the Salpeter equation of state? and 
general relativity corrections are included in the treat- 
ment, the fundamental pulsation period for a white dwarf 
can be as low as 1-5 s (refs. 14 and 15). The fact that such 
models cannot oscillate in their fundamental mode with a 
period as short as the 0-25 s repetition rate found in CP 
0950 (ref. 2) has led various authors™-!* to suggest that, 
if pulsating stars are associated with ‘‘pulsars’’, we must 
be observing an excited overtone oscillation. 

We will now show that, when rotation is taken into 
account, there exists a fundamental axisymmetric mode 
characterized by a period which can be as low as 0-25 s. 
The effects of rotation are manifold: (i) radial symmetry 
of the configuration is destroyed, so that all modes have 
some latitude dependence, (ii) the degeneracy in the 
frequency spectrum is removed and (iii) various physicall y 
distinct modes are coupled. This last property is particu- 
larly interesting. Indeed, rotation couples the two lowest 
modes which, in the limit of hydrostatic equilibrium, are 
independent, that is, the fundamental radial mode and 
the lowest axisymmetric Kelvin mode!?}8, The theoretical 
expressions which were obtained by us in ref. 18 and 
which were solved numerically, are not very illuminati ng. 
The general effect of slow rotation on the two lowest 
axisymmetric modes can, however, be seen in the following 
approximate formulae 





WIF, 523 a 
? o (99 a ay ae © ON oe a 
oad aa a l ta goa) W 1) 
and 
ef a oe 
BO ee aw (2) 


Here o, y, T, W and J denote, respectively, the frequency 
of pulsation, the pressure weighted average of the adiabatic 
exponent, the kinetic energy, the potential energy and the 
moment of inertia of the rotating configuration. « and 6 
are two positive constants of order unity! 2°, For larger 
rotation, both depend on the adiabatic exponent and 
neither is purely radial. In very dense white dwarfs 7 
tends toward 4/3. Thus the rotational correction term in 
equation (1) can become significant even if T/|/W|<1. 
There is an additional, negative, correction to of due to 
general relativity. It has been shown, in the absence of 
rotation, that relativistic effects initiate a dynamical 
instability for central densities of the order of 2-3 x 10 
g em~* (ref. 11). Because we are here considering models 
well below this limit and because, on the other hand. 
rotation is known to inhibit such an instability?!, we will 
ignore the general relativistic correction. Finally, let us 
note that a vibrating “spheroidal” white dwarf will radiate 


gravitational waves. This may be considered a minor 
additional dissipative process. 

Models of rotating white dwarfs obeying the Chandrasek- 
har equation of state have been constructed by James? 
and Ostriker et al.*3*4, As shown by James, uniform 
rotation permits models only for a limited range of total 
angular momenta and masses: moreover, the upper mass, 
above which no equilibrium is possible, is not very much 
increased by a solid body rotation. No such restrictions 
exist when differential rotation is allowed, Our 
present models were constructed according to the itera- 
tive method devised by Ostriker and Mark*. Approxi- 
mate periods of the axisymmetric pulsations were 
computed by means of the second-order virial equations 
described in detail by us'*. Table l summarizes computa- 
tions made for uniformly rotating white dwarf models. 
In Table 2 we list the periods for differentially rotating 
white dwarfs of 2-26 Me. For the latter models, the 
angular velocity of rotation is assumed to depend only 
on the distance from the axis of rotation; the angular 
momentum distribution is that of a uniformly rotating, 
homogeneous spheroid. In both cases, magnetic fields 
and dissipative effects were neglected. Having used the 
Chandrasekhar equaticn of state, we restricted ourselves 
to a range of central densities for which inverse beta-decay 
and general relativity are not yet very important. In 
both tables, the ratio T/|W lis also given, for it provides an 
important clue concerning the stability of the models?*, 
An integer in parentheses indicates the power of ten by 
which the corresponding entry should be multiplied. 
The central density pe, the total angular momentum J 
and the two fundamental axisymmetric periods (Pp and 
Pz) are given in ¢.g.s. units. In all our computations, 
Ye, the atomic mass per unit electron, was taken equal to 
two. 


Table 2. AXISYMMETRIC PULSATION PERIODS OF NON-UNIFORMLY ROTATING 
WHITE DWARFS, IN A SEQUENCE OF FIXED MASS AND DECREASING ANGULAR 


MOMEN'TUM* 
(M=226 M n) 

Oe J TÍ FI Pp Pg 
GBE {R} 30s (50) 0-133 2-00 O77 
8-08 (8) 2-89 (50) 130 1-79 Oy 
1-26 (9) 2-60 (50) 9127 1-58 0-57 
1:81 (9) 2-50 (60) 0-124 1°38 {}-48 
2°71 (9) 2-31 (40) 0-121 1-18 0-40 
4-23 (9) 2°12 (50) 0-119 0-99 0-32 
6-97 (9) 1-92 (69) 117 180 25 
1-22 (10) 1-73 (59) 415 0-63 0:19 


* The caleulations are for pue = 2. 
multiplied by (2/n,.y", 


For other values of ze the Ps should he 


It is apparent from Tebles 1 and 2 that, as is well 


periods. From Fig. 1, comparing the various periods for 
different total angular momenta, we note that a uniform 
rotation does not greatly reduce the periods. The reason 
hes in the fact that, for a constant angular velocity, a 
white dwarf model is not able to sustain a very large 
kinetic energy T, when compared with the potential energy 
W. Even for T/|/W|~ 10-5, however, Pz may be as low 
as 0-3 s. This last figure can be reduced still further, 
if one constructs models very close to the limit beyond 
which equilibrium is no longer possible. As shown by 
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Fig. 1. Pulsation periods of uniformly rotating white dwarfs. The 
curves labelled a, b and e correspond, respectively, to J = 385 (43), 
2-31 (49) and 3-85 (49). The zonal period Pz is not shown because the 


effect of rotation is too small to be apparent on this scale. 


James”, all uniformly rotating white dwarfs are secularly 
stable. The situation is very different for non-uniformly 
rotating white dwarfs above the Chandrasekhar critical 
mass. Differential rotation allows much larger values of 
T/|W| and has, consequently, a much larger effect on the 
periods. For ge < 10 g em~, the zonal period may be as 
low as 0-25 s. It is worth noting that, for a given mass 
(not density), rotation increases the periods. This can 
easily be understood from equations (1) and (2), for large 
rotation considerably reduces the potential energy and 
increases the moment of inertia. Finally, let us note that 









all models given in Table 2 are secularly and or i 
stable (in the Poincaré sense; our unpublished wor 

To sum up, a rotational motion couples the two kk 
axisymmetric modes of pulsation of a white dwarf oF 
the Chandrasekhar equation of state. Neither of thes 
modes is purely radial, and one of them may have a period — 
as low as 0-25 s for a central density less than 10 g em™, 
Very recently, Durney et al.2* presented caleulations 
indicating that the PR modes are differentially rotating 
stars: they also oscillate with a period as short as 0-4 s 
for a central density of the order of 10". | 

This work was supported, in part, by grants from the 
US Air Force Office of Scientific Research and the US 
National Science Foundation. 
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7 - Future of the Population of North-east Scotland: 


a Statistical Study 


o by 
< DAVID J. HALL 


$ ‘Department of Mental Health, 
University of Aberdeen 


ESTIMATIONS of future population trends have many uses. 
Apart from a purely scientific or academic interest, tech- 
niques are necessary for the investigation of the outcome 
of proposed policies concerning population. The principal 
applications are in the fields of demography and political 
and economic planning, but there is a growing interest in 
the application of such estimations to health service 
planning especially where regional or national plans are 
envisaged such as the British health service. 

In most areas of the world populations are increasing 
rapidly and contain a high proportion of young people. 
In these areas official campaigns aimed at population 
control—chiefly through encouragement of the use of 
efficient contraception—seek to limit the total size and to 
maintain a balance between active and dependent mem- 
bers of the community. The abilitv and effectiveness of 


Methods and results are presented of a study of the past and future 
of the population of the north-east of Scotland. 





such methods in achieving these aims have recently been 
questioned’. 

This study was undertaken to provide information for 
the planning committee of the North-East Seoftish 
Regional Hospital Board in its consideration of future 
requirements for psychiatric services in the region, The 
object was to determine a family of projections for the 
existing population of the area covered by the regional 
board in order that the magnitude of the effects of levels 
of fertility and migration at present, and any changes in 
these levels may be more fully evaluated. 

The area under consideration has a population of just 
under half a million and comprises the city of Aberdeen, 
the counties of Aberdeen, Banff, Kincardine, Moray and 
the island counties of Orkney and Zetland. The region 
is unusual in having a population that is declining and — 
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ageing. Furthermore, despite high net rate of emigration, 
its medical and welfare services have been forthright in 
advocating and adopting population control practices. 
Indeed, tubal hgation was first offered to women in 
certain categories in the late 1930s (ref. 3). By determin- 
ing the values of the parameters which govern population 
size—fertility, death and migration—-and applying them 
within a mathematical model of population development, 
a projection of its future size and structure is obtamed. 
By altermg the values of the parameters to simulate 
changes in the determinants of size—-such as the migration 
rate—the future development of the same starting 
population in these different conditions can be studied. 


Present Structure of the Population 


At the 1961 census the region had a population of 
479,530 or 9-3 per cent of the total population of Scotland. 
The city of Aberdeen accounted for 38-7 per cent of the 
regional population and about 9-8 per cent of the popula- 
tion of the four large cities in Scotland. The regionally 
indigenous proportion was 85 per cent, and a further 9 per 
cent was born elsewhere in Scotland. In addition to the 
city of Aberdeen, there were thirty burghs with a popula- 
tion over one thousand, of which three, Fraserburgh and 
Peterhead ın Aberdeenshire and Elgin in Morayshire, 
were over ten thousand. If all thirty burghs and the city 
are regarded as urban, the total urban proportion of the 
population was 62 per cent; a hundred vears before, the 
whole regional urban population was only 36 per cent. 

The density of the population also varied. For the region 
as a whole there were 109 persons/square mile; for the 
mainland part, excluding the city, there were 74, and for 
the Orkney and Shetland Islands there were 39 persons/ 
square mile. 

A study of the sex and age distribution of the regional 
population showed that in common with most population 
groups, overall, there were more females than males, and 
also in all age groups except those aged 0-14 years. This 
youngest age group contained a quarter of the total 
population, there were 12 per cent to 13 per cent in each 
iQ year age group up to age 54; 23 per cent were aged 
55 and over. In comparison with the population of 
Scotland, the regional population was slightly older in 
beth sexes. 


Changes in the Population, 1801-196! 


In the 160 years from 1801 the population of Scotland 
increased by 222 per cent while that of the region in- 
creased by only 185 per cent. In the middle 50 vears of 
this period the Scottish population increased by 55 per 
cent and that of the region by 21 per cent, but in the 
past 50 years Scotland’s population increased by 9 per 
cent whereas that of the region fell by nearly 7 per cent. 
Thus the proportion of the Scottish population formed by 
the region fell from 16 per cent in 1801 to 9-3 per cent 
in 1961. 

In common with the population of the United Kingdom, 
the regional population has been ageing. In 1961, 15-5 per 
cent were over 60 compared with 14 per cent in 1951 and 
ll per cent in 1931. The ratio of economically active 
persons to dependants has consequently been decreasing. 

Although the regional population was at a peak in 
1911, that of Aberdeen City has continued to merease, 
although at a much lower rate in the past 50 years than 
in the previous hundred. In 1801 the city formed only 
10 per cent of the regional population, and by 1911, 
35 per cent. In contrast, the population of the rest of the 
mainland declined by 12 per cent in the 50 years after 
1911, and the population of the Orkney and Shetland 
Islands fell by 43 per cent im the hundred years up to 
1961. The rate of decline in the islands is also increasing: 
it was 6-6 per cent in the 20 vears before 1951 and 10 per 
cent in the 10 years after that date. 

These demographic changes in the region illustrate well 
the phenomenon of depopulation, which is one of its 
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major characteristics‘. Depopulation began at the peri- 
phery of the island groups and only twenty-six of the 
ninety Orkney Islands and nineteen of the ninety Shetland 
Islands are now inhabited, many only by lighthouse 
keepers and nature wardens. In spite of the overall 
decrease in population, the population of Shetland’s 
single urban area increased by 29 per cent in the first half 
of the twentieth century. Similar but less marked changes 
have occurred in the mainland part. of the region. 

Rural depopulation consists of a migration from extreme 
isolation in the upper glens to relative isolation in the 
lower glens, from the lower glens to villages, from villages 
to towns, from the towns to the city, and from the islands 
to the mainland. Regional depopulation has also been 
increasing as workers and their families move towards the 
Glasgow--Edinburgh industrial belt and farther south to 
England, and has particularly affected skilled workers. 
Depopulation affects chiefly the younger age groups and 
may largely account for the weighting towards the higher 
end of the age range in the region as compared with Seot- 
land. Despite these changes the regional population is 
undoubtedly relatively static in size and composition in 
comparison with most other parts of the United Kingdom. 
This feature, coupled with the remarkably high indigenous 
proportion, the relative isolation from the rest of Scot- 
land, and perhaps the unique origins of the population 
in history and pre-history has contributed to the maim- 
tenance of the close kinship ties in communities through- 
out the region. For example, Hsiey et al. showed that, 
at the time of their first pregnancy, 89 per cent of Aber- 
deen-born women had mothers living in the city—indeed, 
34 per cent were living in their mother’s homes. Five 
vears after the first pregnancy, 22 per cent visited, or 
were visited by, their mother at least five times a week 
and a further 40 per cent at least. once a week. 

In summary, the north-east region may be regarded 
as having an isolated, indigenous, stable but slowly 
declinng, slowly urbanizing population of close-knit 
family and kinship structure, long and idiosyncratic 
tradition, and unique origins. 


Computing Projections 

Because of the differences In mortality, emigration and 
fertility between town and country, two entirely separate 
projections were computed, one for the city of Aberdeen 
and one for the remainder of the north-east region, 
namely, the counties of Aberdeenshire, Banff, Kincardine- 
shire, Moray, Orkney and Zetland. Each projection was 
carried out by identical methods using data specifie to the 
area under consideration. 

There are only two ways of leaving a given population: 
by death or by emigration; similarly there are only two 
ways of entering it: by birth or by immigration. During a 
period of time the individuals who constitute the popula- 
tion will change and those who rernain will become older. 
The population is composed of groups of individuals wha, 
over the course of the hfe evele, increase and decrease in 
numbers and in the ratio between the sexes. It is the 
estimation of these constituent elements as well as their 
sum which is necessary to the construction of a projection 
of future strueture which in turn is of practical value in 
planning. 

The rates at which various factors, such as the death 
rate or the net rate of migration, influence the changes in 
numbers which occur can be calculated from past 
experience of the population. On the assumption that 
these rates are relatively mvariant over the projection 
period, their appheation to the existing population will 
vield the subsequent population. The detail with which 
the age and sex structure of the subsequent population 
ean be specified depends on the detail in which the various 
rates ean be obtained. 

Ten age groups for each sex were chosen for which 


reports as follows: 0-4, 5-14, 15-24, 25-34, 35-44, 45-54, 
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55-64, 65-74, 75-84, 85 and over®. The projection was 
calculated for intervals of 10 years so that all but the 
first and last age groups—after subtraction of deaths and 
emigrants—became the next oldest group in the sub- 
sequent projection year. 

All the rates and ratios used in the calculation remained 
unchanged throughout the projection. Thus no allowance 
was made for the possibility of these rates changing in 
the course of the projection. Births during each interval 
of 10 years were calculated as the product of the fertility 
ratio (live births/woman aged 15 to 44) and the number 
of women aged 15 to 44. Deaths in each age group were 
calculated using age specific death rates. Net migration — 
emigration minus immigration-——was calculated using age 
specific net migration rates. The mathematics of the 
method are detailed in the appendix. The base population 
from which the projection was calculated was that re- 
ported from the 1961 census’. 

One year death rates specific to each age-sex group 
were calculated by taking the mean number of deaths/year 
for the years 1961 to 1965 and dividing by the census 
population for 1961. The alternative approach of con- 
structing the mean of annual rates was avoided because 
existing estimates of the population in the years other 
than the census year were less reliable than using the 
figures for the census year as their estimate. 

The 5 year fertility ratio was the ratio of the births in 
the five years 1961 to 1965, to the female 1961 census popu- 
lation aged 15 to 44. Alternative estimates of the fertility 
ratio were caleulated by dividing the births in the years 
1960 to 1964 by the Registrar General's mid-year estimate 
of the female population aged 15 to 44 in 1960 and again 
using the births in the years 1959 to 1963 and the popula- 
tion in 1959. Compared with the values reported from 
the 1961 census of the females aged 15 to 44, the Registrar 
General’s estimates for the two previous years were too 
high. When these were corrected the three values of the 
fertility ratio accorded closely. 

The sex ratio, the number of boys born divided by the 
number of girls born, determined as 1-06062, was the mean 
value of the years 1959 to 1965 for the whole of Scotland. 
The value for the whole country was used in preference 
to the observed values for the two projection areas 
because it was thought to be a better estimate of these 
values by reason of the very much larger number of 
observations on which it was based. In the estimates for 
Scotland the Registrar General used the value of 1-06 
(ref. 8). Examples of actual mean values for the 5 years 
1961 to 1965 were: for Aberdeen City, 1-06084; for 
Aberdeen County, 1-05893: and for Moray County, 1-0610. 

Net rates of migration were unobtainable from any 
official source so that it was necessary to use the projection 
itself, projecting from one census to the next with zero net 
migration rates and subtracting the later census figure 
from the projected value to obtain the number of emi- 
grants. This exercise was first carried out using the 1961 
census as starting date and projecting to the 1966 
census’. The rates thus derived were unreasonable, how- 
ever, varying wildly from one age group to the next and 
between the sexes within an age group. The cause of the 
difficulty was the sample nature of the 1966 census. 
A value in the census of 20,000 which was the order of 
magnitude of a 10 year age group was ten times the 
enumerated value of 2,000, which had a standard error 
of 4/2000=45. The 95 per cent confidence interval to 
contain the correct population value was (2,000 + 2 x 45) x 
10 or 20,900 to 19,100. The relative sampling error 


2x 45 
( 3 000” 4:5 per cent } was of a greater order of magnitude 


than the net migration rates that were being estimated. 
The 1966 sample census therefore could not be used for 
this purpose. The exercise was repeated using the 1951 
full census as base and projecting to 1961 (ref. 7). The 
results were wholly reasonable and were used in the sub- 
sequent projections proper. The 1951 to 1961 projection 





was carried out with data valid for the period 1961 to 
1965 as described. Following a general trend in national 
and local death rates and fertility ratios, it can be assumed 
that these rates were both very slightly higher in the 
period 1951 to 1961 than between 1961 and 1965. Con- 
sequently the estimates of net migration rates obtained 
were very slightly too high. The size of the error was too 
small to have had any important effect on the projections. 





Parameters for the Projections 

The 1961 population is shown by the sex and age 
groups for each of the two areas under consideration in 
Table 1. This table also shows the 10 year death rates, 
that is, the proportion of persons in each age group 
who could be expected to die within 10 years, and the net 
rate of migration during the 10 years. The city population 
of 185,390 persons had an overall ratio of 100 males to 
117 females. The ratio decreased steadily from 100 males 
to 96 females in the age group 0 to 4, to 100 males to 240 
females in the age group 85 and over. The only deviation 
from this steady decline was in the age group 15 to 24 
where the ratio was 100 males to 120 females. Linear 
interpolation between the two adjacent age groups gave & 
value of around 100 males to 103 females. This deviation 
is explained by net emigration of males and net im- 
migration of females in the preceding age groups, for 
the rates for each ten year age group apply over the 10 
vears until they become the next age group. 


Table 1. POPULATION OF NORTH-EAST REGION IN 1961. TEN YEAR DEATH 
AND NET MIGRATION RATES 
Males 
Population Ten year 
Age City Country Death rate Migration rate* 
No. Per No. Per City Country City Country 
cent cent 
O—4 7,837 92 12,745 8-9 O-O191 0-0204 OOZES POTET 
5-14 15,283 179 26,082 182 00052 0-0093 0:1190 2246 
15-24 11,412 13-4 19,879 139 00093 0-0134 PHAI (P2159 
25-34 11,261 132 18,206 12-7 00190 60-0192 705 P1070 
35—44 10,999 129 17671 123 00493 0-0437 O-O218 0080 
45-54 11,567 136 18,295 1283 06-1454 O-1168 ~0-0082 O-O244 
55-64 9,599 11-2 15,212 10-6 03403 0-2767 -00132 — P9288 
65-74 5,060 59 9,598 6-7 0-6085 05532 -G0318 ~ 00089 
75-84 2,034 2-4 4,564 32 8097 08739 -O-0145 -0032 
85 and 303 Q4 784 05 09867 09591 {} 0 
over 
Total 85,355 100-1 142,866 99-8 == me mee ve 
Females 
Population Ten year 
Age City Country Death rate Migration rete” 
No. Per No. Per City Country City Country 
vent cent 
0-4 7.483 75 12,067 8-3 OOD127 00143 0206 0-0896 
5-14 14,668 147 24,718 183 00029 0-0040 ~0-O708 2249 
15-24 13,693 137 19,194 12-7 60-0054 060-0063 01667 01652 
25-34 12,427 12:4 18,462 12-2 0-0131 0-0125 OO736 04005 
35-44 12,510 12:5 18,461 122 00308 00308 OL99 O0642 
45-54 13,619 13-6 19,475 129 00789 0-0750 ~O-O018 0447 
55-64 12,541 125 17,559 11:6 02007 060-1854 — 00130 1078 
65-74 8,315 83 12,846 8-5 04560 03975 ~—O-0050 00594 
75-84 4,046 4-0 7,018 4-6 08205 O-7852 — 00097 ~-- O128 
85 and 728 O-7 1,479 1-0 08-9844 0-9233 i} 0 


over 
Total 100,085 99-9 151,274 1000 — ma sr na 
* Emigration is positive and immigration negative. 


The country population of 294,140 persons had an over- 
all ratio of 100 males to 106 females—a considerably lower 
ratio than that of the city. There was a monotonic change 
from 100 males to 95 females in the age group 0 to 4, to 100 
males to 194 females in the age group 85 and over. For 
each age group the ratio was lower in the city than in the 
country. 

Differences in the age distributions between the city 
and country populations were slight although there was a 
small excess of elderly persons in the country at the 
expense of the middle-aged. Comparison of the age specifie 
death rates in the city and country revealed a similar 
pattern for both males and females although, except for 
the very young, the differences in the rates were much 
smaller among females than among males. Over the three 
youngest age groups the death rate for the city was about 
three-quarters of that for the country. Death rates for 
both sexes aged 25 to 34 and for females aged 35 to 44. 
were similar. For older age groups the city death rate 
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was always higher than the country rate, reaching a 
maximum relative difference in the 45 to 54 age group 
for males and in the 65 to 74 age group for females. 

The general feature of the net migration rates was that 
they were comparatively high in the 0 to 4 age group, 
reached their peak in one of the two subsequent age groups, 
and then declined steadily, being reversed to become a low 
level of net immigration in the elderly. For both males 
and females the country rate was higher than the city 
rate. There were three exceptions to these generalizations. 
(1) Among city males aged 15 to 24 emigration was about 
half the expected value. This could be explained by a 
high rate of immigration of young men from the country 
to the city at this age. (2) For a similar reason there was 
a small net immigration of city females aged 5 to 14. 
(3) From the overall trend the net rate of emigration for 
country females aged 55 to 64 was much higher than 
expected. A possible explanation is that these women, 
many of whom will have been widowed, tended to move 
in order to have better facilities in the city, or to be 
nearer their grown-up children living in the city. 

The annual fertility ratios for Aberdeen City, the 
north-east counties and Scotland were all evaluated for 
the years 1959 to 1965. The pattern was the same for 
each year with the Aberdeen City value lowest, followed 
by the county value, followed closely by the Scottish 
value. The means of the ratios for the seven years were 
0-0823, 0-0950 and 0-0967 respectively. 


Findings of the Projection 


formed with the best available data at present; (ii) a 


Table 2. OF THE NORTH-EAST REGION POPULATION, 


NUMBERS OF PERSONS 


FIVE PROJECTIONS 
1961-2061: 


City 
Year Current Zero net Double net Low High 
estimate migration migration fertility fertility 
1961 185,390 185,390 185,390 185,390 185,300 
1981 179,682 201,550 159,460 177,167 187,308 
2021 164,214 246,464 104,826 154,967 194,072 
2061 150,949 207,681 70,277 134,649 208,531 
Country 
Year Current Zero net Double net Low High 
estimate migration migration fertility fertility 
1961 204,140 294,140 204,140 294,140 294,140 
1981 249,219 330,051 182,576 239,541 252,445 
2021 169,207 453,754 53,367 145,049 177,764 
2061 115,883 634,484 15,333 85,240 127,608 


The total males and females for the base year 1961 and 
projected numbers for the years 1981, 2021, 2061 are 
shown in Table 2. It will be seen that (i) under the stated 
conditions and with the parameters of the current estimate, 
the city population would decrease to 81 per cent of its 
1961 value over one hundred years and the country to 
39 per cent. (ii) Should emigration cease, both the popula- 
tions would increase in size by one and a half times and 
two times, respectively. (iii) If emigration doubled both 
city and country would very rapidly lose population. 
(iv) A decrease in fertility would reduce the ‘current 
estimate” projection by a further 10 per cent of the 1961 
value in both cases. The decrease in the fertility ratio, 
ö year rate, from 0-48 to 0-42 in the country was, however, 
greater than the drop from 0-42 to 0-40 in the city. (v) The 
projection involving a rise in fertility was the only one 
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in which city and country populations moved in opposite 
directions. The city, with a rise in fertility from 0-42 to 
the country level of 0-48 would increase in population over 
one hundred years by one-eighth. The country, with a 
rise from 0-48 to 0-56, would decrease to 43 per cent of 
the 1961 population. 


Age Distribution 


Lae 


In addition to the features of the results 
for males in the “current estimate” the females aged 45 
to 64 decreased more markedly from 26-1 per cent to 
22-7 per cent. In the “zero net migration” projection 
females up to age 44 increased by 3-7 per cent, those aged 
45 to 64 decreased correspondingly and there was no 
change in the proportion of aged. With “double net 
migration” the influx of young females from country to 
city alluded to previously would cause females aged 15 to 
24 to increase their share of the total; with this exception 
there would be a decrease in the proportion for all age 
groups up to age 64, With “high fertility” all ages up to 
34 would increase their share with consequent decrease in 
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Fig. 1. North-east Scotland. Population of Aberdeen City by age 

groups. Percentage distribution in 1961 and from five projections in 

2061. a, 1961 value, b, currentestimate: ¢, zero net migration; d, double 
net migration: e, low fertilitv; f, high fertility. 
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Fig. 2. North-east Scotland. Population of north-east counties by 
age groups. Percentage distribution in 1961 and from five projections 
in 2061. a-f, Same as Fig. 1. 


succeeding ages up to 74. For “low fertility” the increase 
in the proportion of aged females was the same as that 
of the males, and the decrease in girls under age 15 was 
not as great as in the males. 

In the country projections (Fig. 2) the markedly in- 
creased proportion of elderly people in each of the city 

“eurrent estimate’, “double net migration” and “low 
fertility” calculations occurred also. In addition the 
“double net migration” and “low fertility” projections 
for the country showed large changes in their age dis- 
tributions. Males aged 55 and over would increase from 
21-1 per cent to 35-2 per cent in the former and to 28-1 per 
cent in the latter with consequent decreases in the under 
55 age range. 

The “zero net migration” country projection was the 
only one where the proportion of elderly decreased, the 
proportion of males aged 45 and over dropping from 
33-9 per cent to 29-8 per cent. Correspondingly the pro- 
portions for age groups under 45 increased, with the 
exception of youths aged 5-14. The projection of females 
was qualitatively the same as that of the males but the 
changes were smaller. The “high fertility” projection was 
similar to the “current estimate” but with less marked 
changes. 

In summary, taking the current estimate” as reference, 
the “low fertility” and “double net migration” projections 
would result in an increasing proportion of aged persons 
with a correspondingly lower proportion of younger people, 
whereas the “high fertility’ and “zero net migration” 
projections would yield a decreasing proportion of elderly. 

The existing (1961) distribution lay somewhere between 
the “high fertility” and “zero net migration” distributions. 
This broad overall picture held true for each of the four 
location—sex projections. The spread or divergence of the 
proportion from a median proportion was greater for the 
north-east counties than for the city of “Aberdeen and 
was slightly greater for males than for females. The age 
h Sheh, the prope: changed from higher to lower 


pee palate he: ‘current Saaie "as ee for both 
city and country males, the bounding projections of zero 
and double net migration converged at approximately age 
52 and the inner projections of high and low fertility 
crossed at approximately 37. The corresponding pairs of 
ages for city females were 54 and 34, and for country 


females 46 and 38. 
Sex Distribution 
Only three different estimates of the outcome of the 


sex-ratio over the age groups could be derived from these 
projections. Because of the nature of the method, changes 






in fertility had no effect on the sex ratio. The t 
estimates obtained were the “current estimate” wt 
in terms of the sex ratio was equivalent to both the hig 
and low fertility projections, the “zero net migration’ 
and the “double net migration” projections. 

The general result was that at low ages the sex ratio 
was just over 50 per cent males and this percentage 
decreased with increasing age. The special characteristics 
of the region would impose themselves on this pattern. 
= the ee the eee net rate o ape ation. of yoong men 


a 


After ¢ a Hundred years the ` nce anumia : gave 46 1 
per cent for this value, “zero net migration. ‘ gave the 

value for this age group of 51 per cent. “Double net 
migration” would have, of course, a severe effect and the 
value would fall to 40-9 per cent. Comparison with the 
1961 values shows that for all parameters for all age groups, 
bar the 15 to 24 year olds and the oldest age groups, the 
percentage of males would rise; the rank “order for the 
different projections, highest percentage of males to lowest, 
was “zero net migration”, “current estimate”, “double 
net migration” and 196] values. 

For the country the “zero net migration” projection 
again yielded the expected standard decline. Up to age 
55 the “current estimate’ and 1961 values ran closely 
together at up to 5 per cent below the zero net moa 
tion” level. At age 55 and above, the higher net immigr: 
tion of males led to a rise in the percentage of males in 
the “current estimate’. The “double net migration” 
projection, of course, emphasized this effect and the pro- 
portion of males at ages 70 and 80 rose to over 60 per cent. 


Prospects for the Future 

The history of the population of north-east Scotland 
over the past 160 years is one of growth and decline, 
Although the peak for the region as a whole was in 1911. 
peripheral depopulation had been taking place for 50 
vears. The Orkney and Shetland Islands reached their 
peak in 1861, Moray County in 1881 and the remaining 
eounties in 1891. The city of Aberdeen has continued to 
grow slowly until the present day, but may now also have 
passed its highest population (Fig. 3). The loss of popula- 
tion has clearly been caused chiefly by emigration, though 
in recent years low fertility, particularly in the city, has 
probably accentuated the effects. 

In attempting to estimate the future direction of the 
regional population these historical features, as well as the 
purely statistical projections derived from recent data, 
and the current economic, social and political scene, must 
be taken into account. The limiting members of the family 
of projections presented in this report are almost certainly 
too wide and the actual trend may be expected to He 
relatively close to the current estimate. The value of 
pres elie: a range of possible trends is two-fold. First, it 
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emphasizes the conditional nature of statistical projections 
and places the burden of decision on the user rather than 
on the investigator. Second, it elucidates the effects of 
the quantifiable factors and so helps the user to evaluate 
the credibility of possible trends in the light of fuller 
information. 

The kinds of question which must. be asked in arriving 
at a practical range of values for the future population 
are whether, in present economic circumstances, the 
emigration pattern of the past 60 years is likely to con- 
tinue or increase or decrease, whether the cultural mores 
on family size and obstetric policy on family limitation are 
likely to change, and whether any political action is 
envisaged which might materially affect the current trend, 
such as introduction of heavily manned industry. There 
is little doubt that even modest changes in emigration 
rates could markedly change the present course, whereas 
encouragement of high fertility would do little to slow 
the overall decline (unless the increase is very large as in 
the male city high fertility projection). Emigration is a 
process which feeds on itself, for it removes relatively 
more of the economically active and fertile and reduces 
the attractiveness of a community by lessening economic 
and cultural opportunity. The eventual outcome is ageing 
of the population and stagnation of its economic and 
social circumstances. Although the ‘‘current estimate” 
does not imply a radical change of this sort so much as a 
continuing rapid increase in the urban proportion, an 
increase in emigration of more than a quarter might 
drastically disturb the economic and social balance of the 
region as a whole. 

This study was undertaken as part of the research 
programme at the Research Unit with the Department of 
Mental Health. I thank members of the unit for their help. 


A ppendiz: Statistical Method Used for the Population Projections 
The basic equation for the projection was 
Piz,, ftip = Pi, f} {1 — di — ef} 
Where Pi, j was the population in age group i, for projection vear j 
t=2,...,8. j=0, 10, 20,... 
di was the 10 year death rate for age group i, i=1,..., 10. 
ei was the 10 year net migration rate for age group 7,i=1,..., 10, 
It should be noted that, as the first age group 0-4 had only a 5 year span, 
half that of the other groups, special considerations had effect thus 
Pay jew = Py, 1G ~d =g) + Bj + (1-d,-e) x (—di— ed) 
Pas jar = $B (1 ~ dy — eg) 
where Bj was the number of live births in the 10 year interval j to j + 10 
dy, €a Were composite death and net migration rates which converted the 
births, which occur continuously throughout the interval, into the 
0-4 cohort. This process is detailed below. 


dy, ef were 5 year, that is, half interval, death and net migration rates 
for the 0-4 age group. They were required for those births, born 
in the first half interval, which first apveared in the 5-14 cohort. 


NATURE, VOL. 219, AUGUST 10. 1968 


Similarly the last age group, 85 years and over, had a special consideration 
with effect as 


Pis dean z Pry, I ~ dy m hya) + Pajil — do ~ Eg) 


that is, the last age group aged into itself as well as receiving the complement 
from the penultimate group. 


Calculation of 10 year death rates Let the 1 year death rates for males 
aged 15-24 be r, and r, respectively. We wish to derive the 10 year death 
rate for males aged 14-24. The proportion of the 15-24 starting cohort 
remaining after 1 year will be 1~r,, they will then be aged 16-25. The 1 year 
death rate for this group was not known explicitly, for calculations of these 
rates from available data was not possible. It can be closely approximated, 
however, The 16-25 group lies nine-tenths in the 15-24 range and one-tenth 
in the 25-34 range, hence interpolating linearly the 1 vear rate for the 16-95 
group is ior: + yor, The extension of this procedure for each 1 year step is 
straightforward, The final result, the proportion of the 15~24 starting cohort 
reaching 25-34, waa thus given by (I —7,) 1 ~sr,- P rs) UV fhr, Sarg). - 
(l-vsr,-<.r,). The 10 year rate for 15-24 was then unity minus this value. 
Only the 10 year death rates were calculated in this manner: 10 year 
migration rates were evaluated directly as described in the text. 
Estimates of the death rate of birthe The individual age groups were con- 
sidered as cohorts and their attrition over the years was studied. In the 
first case births, because they occur continuously throughout the interval 
between projection dates, cannot be treated as a cohort. They were first 
generated as the 0-4 cohort which consisted of all births born over the pre- 
vious 5 years who were still alive at the end of this period. This cohort either 
appeared directly as the 0-4 age group if the births were in the second half 
of the projection interval, or, if the births were in the first half of the interval, 
they were subject to the further attrition of the 5 vear death and migration 
rates of the 0-4 echort and appeared in the projection within the 5-14 age 
group. The births in the second half of the projection interval can be arranged 
into five annual groups; those born 4 to 5 years before the next projection 
date; those born 3 to 4 years before the next projection date, ete. The 
“4 to 5 year” group will be completely exposed to the death rates of the 
first, second, third and foarth years of life and in varying extents to the rate 
for the fifth year, A first approximation to their exposure to this rate which 
was deemed sufficient for this study is to subject all of them to half of it. 
Thus the overall death rate for the “4 to 5 year” group was given by 
L-(1—r,;) A ere) A 7a) 1 ~1,) A rs), where r,,..., 7, are the respective 
1 year rates for the first, ..., fifth year of life. In like manner the “3 to 4 
year” group has the rate 1 -(1—r,) (1-9) 1 —7,) (1 — $ra. The other groups, 
apart from the 0-1 year group. have rates simila:ty defined. The rate for 
the “0-1 year” group is just r, This value was chosen rather than irp 
because the feature of infant mortalit; is that around 80 per cent of deaths 
occur in the first 2 months of life and 70 per cent of these in the first week. 
Because all but a very small proportion of the births in the interval are subject 
to this high mortality any error caused by assuming that all births are subject 
to it is very small indeed. The imprecision that exists is towards having a 
slightly too high death rate. 
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fission products that eventually fall out on the Earth’s 


surface. Most of these nuclides decay rapidly and are not 
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Estimations of the amount of strontium-90 on the Earth’s surface 
indicate that maximum fallout occurred late in 1966. Of the 13 MCi 
recorded at the beginning of 1967, 82 per cent of this was in the 
northern hemisphere. 


measurable after a few years. Strontium-90 has a relatively 
long half-life (28 yr) and persists in the environment along 
with caesium-137. The strontium isotope is important in 
biological systems for it enters the food chain and is 
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Fig. 1. Global soil sampling sites, 1955-67. 


finally deposited in the skeleton. Assessment of the dose 
commitment of strontium-90 for the world’s population 
involves a determination of the accumulated deposit on 
the Earth’s surface and the global distribution of this 
product of nuclear testing. The cumulative deposit can 
be determined either by extended measurements of the 
rate of fallout, or by radiochemical separation of the 
radioactivity in soil. Soil analysis is preferable for a 
determination of the total fallout of strontium-90 because 
soil can be considered a primary collector. It is less 
valuable as a means of direct estimation of the stron- 
tium-90 hazard because it is difficult to determine the 
relative importance of the uptake of strontium-90 by 
plants from the soil, and its retention in leaves. 

Since 1955 soil has been sampled at carefully selected 
sites around the world as part of a programme supported 
by the Division of Biology and Medicine, US Atomic 
Energy Commission. The sampling phase of this pro- 
gramme was carried out by personnel of the Soil Survey 
Laboratory, Soil Conservation Service, US Department of 
Agriculture. Samples were analysed at the Health and 
Safety Laboratory (HASL), US Atomic Energy Com- 
mission, and the Soil Survey Laboratory, Soil Conservation 
Service. A total of 140 undisturbed sites were selected 
for soil sampling based on criteria which were designed 
to measure the total strontium-90 deposit at each location. 

Fig. 1 shows the locations of these sampling sites during 
the past 12 yr. We tried to cover important geographical! 
areas, and include sites which represented climatological 
extremes. Not all of these sites were sampled systematic- 
ally or regularly. The sites were level, grass covered areas, 
away from trees and buildings, where the soil and vege- 
tative cover provided sufficient permeability to retain 
precipitation. A series of soil depth profiles was taken 
throughout the sampling programme to find out how 
deep fallout strontium-90 penetrates. The latest of these 
studies conducted in October 1966 on Cape Cod, Massa- 
chusetts, showed that the upper 20 em of this vegetated 
sandy soil contained more than 97 per cent of the total 
amount of strontinm-90 measured to a depth of 50 em 
(ref. 1). Because most soils which were sampled had 
higher base exchange capacities than had Cape Cod soil, 
we found that in sampling to a depth of 20-25 em we 
 eolleeted essentially all of the strontium-90 that had 
© fallen out and penetrated below the surface. Each sample 

represented an area of 620 to 1,240 em? and consisted of 
ten to twenty cores, about 30 cm apart. 


Fallout strontium-90 was extracted from the soil by 
leaching with hydrochloric acid after treatment with 
sodium hydroxide. This procedure gives values equivalent 
to those obtained by complete dissolution by fusion’. 
The sodium hydroxide partially degrades the clay 
minerals, silica and organie matter. This allows equi- 
libration of soil strontium-90 with added strontium-35 
which is used to determine the chemical recovery of 
strontium. The hydrochloric acid dissolves any strontium 
carbonate present and flocculates the soil so that it can 
be filtered. To ensure analvtieal reliability, each soil 
sample was analysed at least twice. Additional analyses 
were performed when the difference between duplicates 
was greater than 10 per cent of the mean. Analytical 
accuracy was checked periodically on aliquots of two 
reference soils which had been analysed for strontium-90 
by a number of laboratories in the United States and 
Europe. 
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At six geographical locations representing extreme 
climatological differences, two sites having the same 
mean annual precipitation and ranging from 3-10 km 
from one another were sampled on a number of occasions. 
The results shown in Table 1 for 1963 to 1967 show that 
variability in sampling is not greater than variability im 
analysis. 

Analyses of soils collected from 1955 to 1967 at mdi- 
vidual sites have been reported elsewhere**. The 
increases in deposition which were determined for sites o 
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Fig. 3. Isolines of cumulative strontium-90 deposition, mCi/km*, based on analyses of solls collected in 1965-67. 


where soil samples were collected during both 1965 ene 
1966 averaged close to 2 mC 

(ref. 6). In terms of the errors in SEPE and anal ysis 
this difference was too small to measure at a single site. 
The difference was evidence that the cumulative strontium- 
90 deposit was approaching a maximum. Because data 
from the HASL monthly fallout sampling network showed 
that from mid-1966 the rate of fallout of strontium-90 
was less than the radioactive decay of the cumulative 
deposit’, latest estimates of global strontium-90 deposition 
were based on analyses of soils collected from 1965 to 1967. 

The ear distribution of strontium-90 is shown 
in Fig. 2. The smooth curve is drawn through average 
soil values for each 10° band of latitude weighed for 
precipitation amount. Each soil value was divided by 
the mean annual precipitation recorded for the site, and 
then multiphed by the average annual rainfall in the 
latitude band as reported by M ler’, By simply averaging 
the soil values for each latitude band we found, quahta- 
tively, the same latitudinal profile. Heaviest fallout was 
in the northern hemisphere with the peak between 30° 
and 60° N. latitude. Deposition was lowest in the 
polar and equatorial regions with a small rise between 30° 
and 50° S. latitude. The southern hemisphere peak was 
about one-fifth of that of the northern hemisphere. This 
global distribution pattern for strontium-90 is similar to 
observations that we made in other years’. 

To determine the global deposit we plotted the soil 
values for 1965 to 1967 on a world map, and drew isolines 
as shown in Fig. 3. In doing this we assumed that fallout 
over large ocean bodies is similar to that over land despite 
some oat measurements whieh tend to mdicate 
higher rates of fallout over the oceans’. 


Table 1. COMPARISON OF STRONTIUM-90 IN SOILS AT NEARBY SITES 
Distance ; 
Location between Site mC} strontium-90/am? 
sites (km) 1963 1964 1965 1966 1967 
Alaska, Barrow 8 l SB] 46 15i 
2 10-2 «14-4 «14-9 
Japan, Tokyo 8 1 49- üQ 61-0 
re 52-0 71-0 
Singapore 5 t 4:8 87 
2 45 5-4 
Brazil, Belem 10 H i4-4 
2 14-6 
Rhodesia, Salisbury 3 1 3-7 58 
2 a5 ST 
South Africa, Durban 5 1 9-9 15-9 
2 RG 14:7 


By graphical 


integration we found that the cumulative deposit of 
strontium-90 in the northern hemisphere is 10-7 MCi and 
in the southern hemisphere 2-3 MCi, making a total of 
13 MGi. About 4:5 times more strontium-90 is on the 
ground in the northern hemisphere than in the southern 
hemisphere. 
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amount at sites on the island of Oahu ¢ @ band the Pacific Northwest (< 


Precipitation 18 an important process for scavenging 
tropospheric nuclear debris’. Fallout within certain 
localized areas is predictable when the amount of pre- 
cipitation is directly proportional to the cumulative 
deposit. By way of illustrati LOIL Fig. 4 shows the relation 
between the mean annual precipitation and strontium-90 
in the soil at four sites on the island of Oahu, Hawal, 
and at eight sites in the Pacific Northwest of the conter- 
minous United States and Canada. The relation here 
seems to be linear as described for the Olympic Peninsula, 
Ww ashington, where rainfall at each site originated from 
the same air mass™®. A linear relation r arely holds for 
larger area. Extrapolation over a 10° latitude band, for 
example, based on measurements of the cumulative 
deposit and amount of precipitation at available sites, 
does not necessarily give a more accurate value for the 
band deposit than a simple averaging of the measured 
fallout at each site. Many other factors contribute to the 
global distribution pattern; the latitude and altitude of 
debris injection, season of the year and local meteoro- 
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Isolines of cumulative strontium-90 deposition in the continental United States, mCi/km?, based on analyses of soils 


collected in 1985-67. 


logical conditions all influence the amount of strontium-90 
that is deposited within a specific latitude band. 

The variability in deposition of strontium-90 is most 
obvious within the United States, which has the greatest 
density of soil sampling sites. Areas of high and low fall- 
out persisted from year to year in the manner shown by 
the isoline contours in Fig. 5. Heavier fallout/unit of 
mean annual precipitation occurs m the western mountain 
areas and the northern Great Plains. Lowest fallout of 
strontium-90 is in the amd south-west regions where 
deposition during dry periods represents much of the 
fallout. No single factor can explain the relatively high 
deposition in the Great Plains as compared with areas of 
higher annual rainfall. The fact that precipitation clouds 
frequently extend above the tropopause during spring 
thunderstorms over the Great Plains and may offer strato- 
spheric debris a direct access to the ground may account 
in part for these high regional deposits’. There is also a 
prominent deposition gradient just to the east of the 
Great Salt Lake. It was previously thought that local 
fallout from the Nevada Test Site was a contributing 
factor, but the rates of deposition at sites nearest the lake 
have not dimmished since atmospheric testing ceased in 
Nevada. Storebo theorized that the air over Salt Lake 
City which had previously passed over large desert areas 
would contain large amounts of dust". This dust, acting 
as nuclei or colleetors of fallout aerosol, would then be 
responsible for the higher fallout rates. 

To test this hypothesis, an undisturbed dust sample 
was collected within a covered enclosure located adjacent 
to the Utah salt flats. An analysis showed that there was 
less than the equivalent 1 mCi of strontium-90/km?, 
which discounted the possibility that high sou values 
near the lake resulted from resuspension from the salt 
flats and re-deposition at the sampling sites. Apparently 
the mechanisms are more complicated and warrant a 
more thorough study. 

Our estimate of 13 MCi of strontium-90 now distributed 
over the surface of the Earth is, of course, somewhat less 
than the total amount deposited because the strontium-90 


~ that has fallen out has undergone radioactive decay. 


Table 2 shows the accountable strontium-90 in the 
stratosphere and troposphere and the local and global 
deposits as of January 1967. The total accountable 
strontium-90, 15-5 MCi, when compared with the pro- 


duction estimate of 17-2 MCi, is deficient by 1-7 MCI 
This relatively small difference probably reflects an error 
in the production estimate or the global deposit rather 
than an unaccounted for reservoir of strontium-90 (ref. F2). 
Some fraction of the 18 MCi of strontium-90 which we 
estimate is now distributed over the Earth’s surface will 
eventually become available to biological systems. Any 
assessment of internal dose, however, must involve a 
knowledge of the specific processes and conditions under 
which strontium-90 is transferred from its source through 
the food chain to man. 


Table 2. STRONTIOM-90 INVENTORY, JANUARY 1067 
MCI strontinm-9 
Stratosphere* 8 
Troposphere* 4 
Local deposit* 2-1 
(slobal deposit Lot 
Total accountable 15-5 
Total expected * 17-2 
tnventory deficiency mm UF 


* Decay corrected data from ref. 12. 


We thank M. Feiner and M. Kleinman for analysing. 
the soil samples which were sent to the Health and Safety — 
Laboratory. We also thank those friends and collaborators — 
outside the United States who aided in sampling and 
shipping the soils and in gathering meteorologieal data, 
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Factor Fraction required for the Synthesis of 


Bacteriophage Q?-RNA 


by 
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LILLIAN EOYANG 
J. T. AUGUST 


Department of Molecular Biology, 
Albert Einstein College of Medicine, 
Yeshiva University 


thought. 


In early reports concerning the RNA-dependent RNA 
polymerase induced in Æ. coli by the RNA phage QB, we 
noted that a factor fraction was required for maxima! 
activity in the reaction directed by Q8-RNA (refs. 1- 3). 
The requirement for this fraction was first discovered 
during purification of the Q8-RNA polymerase from 
extracts of E. coli Q13 infected with QS phage. 

As described previously, the enzyme purification pro- 
cedure involved rupture of the cells with alumina, liquid 
polymer phase fractionation, precipitation with am- 
monium sulphate, chromatography on DEAE-cellulose, 
and hydroxyl-apatite chromatography®. Material which 
eluted before the enzyme in both the DEAE and hydrox yl- 
apatite procedures provided a significant stimulation of 
nucleotide incorporation when added with the enz yme 
fraction to the reaction mixture. These factor fractions 
did not contain RNA polymerase activity or substitute 
for Q8-RNA in the reaction, and they could not be re- 
placed by spermine, spermidine, putrescine, albumin, 
‘Dextran 500’, polyethylene glycol (‘Carbowax 6000') or 
glycerol. In subsequent enzyme purification procedures, 
involving “Sephadex G-100° gel filtration and glycerol 
gradient zone sedimentation', all enzyme fractions were 
assayed in the presence of the pooled DEAE and hydroxyl- 
apatite factor fraction. As can be seen in Fig. 1, a pro- 
gressive increase in factor dependence accompanied en- 
zyme purification, and the purest preparation (glycerol 
gradient fraction) was completely inactive in the absence 
of factor, The enzyme protein in this fraction seemed to 
be at least 90 per cent pure by several criteria, including 
analytical sedimentation velocity studies (unpublished 
results of L. E. and J. T. A.). 

Factor activity was detected in extracts of uninfected 
cells in a quantity apparently equal to that present in 
infected bacteria, and the behaviour of the factor fractions 
from both sources was similar during purification pro- 
cedures, 

At what step in the synthesis of Q8-RNA is the factor 
required, and is it functionally related to the RNA or 
to the enzyme in the reaction ? Extensive studies of the 
formation of an enzyme-~RNA complex indicated that 
factor is not required for what is presumably the first step 
in the reaction. As will be reported elsewhere (un- 
published results of K. Hori and J. T. A.). the factor 
fraction did not affect either the kinetics or extent of 
formation of the enzyme~-RNA complex, and there 
seemed to be one enzyme binding site as well as a pre- 
ferential affinity for QB-RNA, either in the presence or 
absence of factor. The next stage in the reaction which 
was given particular attention was that of synthesis 
during the first 1-2 min of incubation. During this period, 
when the RNA product was predominantly Q8 minus 


A factor fraction essential for the in vitro synthesis of RNA bacterio- 
phage Q8-RNA has been isolated from both infected and uninfected 
E. coli. This indicates that the contribution of the last bacterium to 
the replication of Q8-RNA is more extensive than was earlier 


and J. T. A.) no synthesis was detected in the absence 
of the factor fraction. In a representative experi- 
ment, 0-2 mumoles of AMP (equivalent to about 0-6 
mumoles total nucleotides of the minus strand) were 
incorporated in the first minute of incubation, whereas 
there was no detectable incorporation of AMP (less than 
0-01 mumoles) in the absence of either the factor fraction. 
QE-RNA, or enzyme. In contrast to the factor require- 
ment for synthesis directed by Q8-RNA, this agent had 
no effect in reactions using other types of RNA as tem- 
plate. 

As previously noted by Hori et al., all synthetic pol v- 


100 


out 


AMP incorporation (per cent) 





0-5 1-0 1d 


Factor iE} 


Fig. 1. Factor dependence of different fractions in the purification of 
the QS-RNA polymerase. Each enzyme fraction was tested in the 
standard assay with the factor fraction added as indicated: (C) 0-8 U 
ofenzyme of the DEAE fraction: (A), 1-2 v of hydroxy! apatite fraction ; 
(A), 1-0 0 of G-100 fraction; ¢@), 1-0 v of glycerol gradient fraction. 
The specific activities (mamoles GMP incorporated/mg protein/20 min} 
of these fractions were 80, 440, 3,200 and 4,600, respectively. The 
factor fraction was the pooled DEAE and hydroxyl apatite fractions 
prepared as previously described? except that extraction by chloroform— 
isoamyl-alcohol was omitted. The reaction mixture (0-25 mL) con- 
tained 100 mM fris~HCl beffer, pH 7-5, 10 mM MgCl, 4 mM 2-merea pto- 
ethanol, 0S mM each of GTP, UTP, CTP and CATP GO e pmd 
mole), and 0-3 upemoles QS-RNA, in addition to enzyme and factor. 
After incubation for 20 min at 37°C, the reaction was terminated and 
the acid insoluble material collected and washed on membrane filters, 
as described previously. A unit (0) of enzymie is that amount catalysing 
the incorporation of 1 memole GMP in 20 niin in this reaction mixture 
with an excess of factor. A factor unit is that amount required for 
incorporation of 100 gyumoles AMP during incubation for 1 min in the 
same reaction mixture containing 1 aumole OS-RNA and 7-10 u of 
QA-RNA polymerase, 
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AMP incorporation (my moles) 
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3-0 6-0 a) 
Factor (E) 


Fig. 2. Incorporation of nucleotide was assayed as described in Fig. 1 

except that incubation at 37° C was for 2 min, the reaction mixtures 

containing 1-5 memoles QA-RNA and 15 CA) or 3-7 U (A) of QS-RNA 
polymerase. 


mers containing cytidylate as one of the bases were 
effective as template, provided GTP was present as one 
of the substrates: in no case was the factor fraction 
required in these reactions’. In addition, as will be 
described elsewhere, the agent was not required in reac- 
tions directed by the complementary minus strand (un- 
published results of G. Kuo and J.T. A.) or a small 
RNA fragment isolated from Æ. coli (unpublished results 
of A. K. Banerjee, U. Rensing and J.T. A.). The fact 
that the factor fraction was required only with Q6-RNA 
as template suggests that this agont does not react directly 
with the enzyme, but is in some way related to the role 
of Q8-RNA. This was supported by studies of the require- 
ment for the factor fraction when the concentration of 
enzyme and RNA were varied independently. 


O lü h) 


0-16 À 


AMP incorporation (my moles} 


Factor (t) 


Fig, 3. Incorporation of nucleotide was assayed as deseribed in Fig. 1 

except that incubation at 37° C was for 1 min, the reaction mixtures 

containing 0-6 aumoles (A) or 15 uamoles (A; @) of QS-RNA and 

7-3 © QA-RNA polymerase. ar e results were obtained after incubation 
for 2 min. 


type of replicative structure. 










Fig. 2 shows the factor requirement at two deve 
enzyme. In this experiment RNA was held constant at 
saturating level and the reaction was limited by enzym 
and the factor fraction. The reaction mixtures were- 
incubated for only 2 min in order to emphasize the 
reaction oceurring with the initial template, and to avoid 
the involvement of intermediate RNA structures as 
templates, 

In repeated experiments it was found that saturation 
of the reaction by the factor fraction was apparently 
unrelated to the concentration of enzyme. The same type 
of experiment was carried out with different levels of 
RNA at a constant amount of enzyme. In these 
conditions, the rate of incorporation was dependent on 
the concentration of the factor fraction and RNA (Fig. 3). 
In this case, a relationship seemed to exist between RNA 
and the faetor fraction: as the concentration of RNA 
was increased, a greater concentration of factor was 
required for maximum Incorporation. 

An important consideration when this factor fraction 
had been discovered was whether it contained an enzyme 
subunit or a second polymerase enzyme. Neither of these 
possibilities was supported by the subsequent experi- 
ments. Beyond the fact that two fractions were required 
for replication of Q8-RNA, there was no evidence that the 
factor is an enzyme subunit. No physical association 
between the enzyme and the components of the factor 
fraction was detected and the quantity of factor required 
in the reaction was independent of enzyme concentration. 
Moreover, no polymerase activity was detected im the 
factor fraction. 











models involving one or two polymerase enzymes, 
QS-RNA, and the complementary minus strand m some 
A tentative suggestion is 
that factor is directly involved with Q6-RNA to promote 
some step in the reaction occurring after the association 
of enzyme and Q8-RNA but before nucleotide polymeriza- 
tion. There are several possibilities: for example, the 
factor fraction may effect a necessary change m RNA 
structure or be required together with RNA for an event 
leading to the initiation of synthesis. 

Eikhom and Spiegelman® and Eikhorn et al.’ deseribed 
the dissociation of the Q§-replicase into a heavy and light 
component by successive centrifugation in sucrose 
gradients. Some properties of these components were 
very similar to those observed with the enzyme system 
studied in this laboratory. The heavy component, cor- 
responding to our Q8-RNA polymerase, was found only 
in infected cells, catalysed the synthesis of polvguanylate 
with a polycytidylate template and was mactive with 
Q8-RNA without the addition of the second component, 
The light component was found in uninfected as well 
as infected cells, as was our factor component. Whereas 
it was concluded that the active replicase was a complex 
of the ight and heavy components, we have no evidence, 
however, for such a relationship of factor to the Q6-KNA 
polymerase. Furthermore, factor supplied from this 
laboratory was reported to be inactive in ther 
system’. 

So far the chemical structure of the factor or factors 
is unknown. Studies in progress suggest that there 
are two components or separate subunits, one approxpn- 
ately 70,000 daltons and heat stable, another of about 
40,000 daltons and heat labile (unpublished results of 
L. Shapiro, and M. T. F. de F. and J. T. A.) The 
finding that these factor components are present in 
uninfected cells indicates that the contribution of the 
host bacterium to the repheation of Q8-RNA is more 
extensive than was previously imagined. Moreover, it 
may be suggested that these sane factors may be involved 
in bacterial nucleic acid synthesis as well. 
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Reconnaissance and Chemistry of the Lakes and Bogs 


of the Galapagos Islands 


by 
PAUL A. COLINVAUX 


Faculty of Population and 
Environmental Biology, 
Ohio State University 


A series of such basins near shore lines 
contains saline waters obviously acquired direct] y from 
the sea. Lakes and bogs at higher elevations are dependent 
on rainfall. Scanty records! suggest that this varies very 
much from year to year but that the annual pattern is 
rainfall between January and March followed by a 9 
month dry season. There are no permanent streams on 
the islands but there are permanent and semi-permanent 
lakes and bogs, all occupying closed basins. All the known 
basins are shown in Fig. 1. The principal parameters of 
the lakes of the archipelago are listed in Table 1. 


Freshwater Lakes 


Two high altitude craters contain permanent fresh- 
water lakes—El Junco on San Cristobal (Chatham) and 
the caldera of the great volcano of Fernandina (Nar- 
borough). El Junco lies in the uncharted highlands on 
San Cristobal (Fig. 1C) occupying what is presumably an 
explosion crater or maare. This origin for the crater is 
supported by a potassium argon age of 4+0-5x 108 yr 
(date estimated by Isotopes, Ine., Westwood, New J ersey ) 
for a boulder from the crater rim, an age greater than any 
so far reported from the archipelago? and suggesting a 
rock blown from the explosion vent without melting. The 
lake (Fig. 2) covers most of the floor of the crater with 
6 m of water, a level set by a low point in the crater rim 
which acts as an overflow. The lake lies in the stratus 
clouds which envelop the south facing highlands of the 
major islands during the long dry season, and is apparent] y 
fed from their continual drizzle. My collection of Utricu- 
laria from the edge of the lake provides the first record 
of the family Lentibulariaceae from the archipelago. 

My longest core from the centre of El Junco found 
15-35 m of sediment, which apparently represents a long 
stretch of time, for a sample from 2:8 m has a radiocarbon 
age of about 8,000 yr (ref. 4). Coarse banding in the top 
3m of organic sediment suggests a history of slowly 
fluctuating lake level. The lower 12 m of inorganic 
sediment may well extend this record through a significant 
portion of Pleistocene time. 


In the summer of 1966 Dr Colinvaux led an expedition to the 
Galapagos Islands with the aim of constructing an environmental 
history of the archipelago from the evidence in lacustrine deposits. 
This article describes the first results on the lakes and their chemistry. 


The central voleanic crater of Fernandina has a floor of 
cooled lava lying at an altitude of about 770 m (Pig. 3). 
This altitude would bring the crater floor into the stratus 
clouds were it not that the erater is overshadowed by its 
550 m 


own steep walls rising above the crater floor. 
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Fig. 1. Sketch map of Galapagos Archipelago showing lakes (black) 

and wetter areas (stippled). The positions of the Fernandina erater 

lakes are indicated on the main map. Insets show the lakes near Tagus 

Cove on Isabela (A), on the west end of Santiago (B), on San Cristobal 

iC) and Genovesa (D). The contours at the summit of San Cristobal (C) 

were sketched from the rim of El Junco, this being the first published 
map of this part of the interior of the island. 
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Fig. 2. Panorama of El Junco lake on San Cristobal, July 11, 1966. 


the left of the figure. 


The diameter is about 280 m., ' 
On the left in the water are the rubber rafts which we 


Scrub to the right is tree ferns growing among boulders, 


The overflow channel can be seen near 


used. 


Table i. PARAMETERS OF GALAPAGOS LAKES 


Secchi Maxi- Strati- 
Eleva- Maxi- Maxi- disk mum fied in 
tion mum mum trans- sediment July- 
(m) width depth parency thickness August 
(m) (mi) (m) (m) 1986 
Fernandina inner 
crater 920 200 15 (0-25) ND + 
Fernandina outer 
lake 920 1,700 ND ND (0) ND 
El Junto 700 290 ü 2:5 15-35 - 
Genovesa crater +0 450 30 2-5 70 + 
Beagle crater +0 (2,000) 15 1-0 015 - 
Tagus crater (10) 450 10 Oh 0-02 - 
Santiago crater No. 1 +0 25 0-5 ND (4-0) ND 
Santiago salt mine +0) (400) (2) ND ND ND 
Santiago lagoon 1 +0 (100) Ors ND 1-5 ND 
Santiago lagoon 2 +0 (100) 05 ND 1d ND 
Santiago lagoon 3 +0 (100) (0-5) ND ND ND 
Santiago lagoon 4 +0) (100) (0-5) ND ND ND 


All measurements in metres. Many of the measurements were made by 
quick estimate under considerable logistic handicaps and must be considered 
approximations. The interiors of the islands have not yet been accurately 
mapped or surveyed and so cartographers or air photographs cannot be 
used. The most doubtful parameters are placed in parentheses. ND, No data, 
For sites, see Fig. 1. 


Nevertheless. the large basin contained by these walls, 
slightly eliptical and 4 km long, contains two freshwater 
lakes. The outer lake is a shallow sheet of water overlying 
the freshly cooled lava plug of the crater. It has fluctuated 
recently. From at least 1905 (ref. 5) to 1955 (ref. 6) the 
lake occupied most of the crater. Afterwards the lake 
completely dried up, but Charles Darwin Station records 
show that it re-established by 1964, and a steady growth 
to the 1966 state of occupying about one-third of the 
crater (Fig. 3). The volcano is still active so that it is 
likely that the lake was drained by fissuring of the basin 
rather than as a result of changed climatic balance. The 
inner lake, more than 15m deep, occupies a secondary 
tufa cone within the main crater. The water of this lake 
was green and turbid, suggesting that it was highly 
productive. These Fernandina lakes are too young to be 
of interest to the climatic historian, but the study of their 
youthful biota should provide insight into the process of 
colonization of lakes in remote equatorial sites, and they 
serve as a focus for perhaps the only virgin communities 
of the indigenous Galapagos fauna left. There have been 


no introductions of animals by man. The crater supports 
a teeming population of land iguanas (Conolophus sub- 
cristatus), particularly on the tufa cone round the inner 
lake, and apparently representatives of all the principal 
indigenous vertebrate taxa except the tortoises’. I col- 
lected thirty species of vascular plants from the central 
tufa cone. 

There is apparently only one other basin in the highlands 
of the whole archipelago large enough to be called a lake— 
the small overspill basin of the hot springs on the voleano 
Alcedo, the middle peak on Isabela (Albermarle), opposite 
Santiago. I did not visit this lake. A photograph in the 
collection at the Charles Darwin Station shows a small 
round lake with bushes standing out of the water, a 
circumstance suggesting no great age or permanence. 


Ponds and Bogs 


There are ponds and bogs in the forest zone and high- 
lands of Santa Cruz (Indefatigable). The ponds, some of 
them ephemeral, occupy what are apparently primary 
depressions in the lava flows, and are from about 10 to 
30 m across, although the largest marshy depression seen 
could hold a stretch of water some hundred metres long 
after heavy rains. In August 1966 none held more than 
1 m of water over about 1 m of sediment. Lava boulders 
penetrated the sediment body in places. The ponds were 
partially or totally covered with the floating water fern, 
Azolla sp. The ponds are used as wallows by the tortoises 
and were probably important to the economy of the 
larger tortoise population of the past. They lie at an 
elevation of about 500m, which brings them into the 
stratus cloud layer, the drizzle from which presumably 
supplies them with water. 

Close to 700 m on Santa Cruz, still in the stratus cloud 
zone, but above the forest in the fern, sedge and grass 
uplands, depressions of impeded drainage hold Sphagnum 
bogs. The appearance of the fresh green bogs, set in cold 
swirling mists, would seem quite familiar to a resident of 
the bog regions of northern Europe. The largest and 
thickest bogs occupy craters spread along the island 
divide. One of these, in what was apparently an explosion 





Fig. 3. 


central tufa cone was an island. 


Panorama of the caldera of Fernandina taken from the eastern edge of the crater rim at a height of about 1,800 m, August 5, 1966. 
The crater walls are about 770 m high, and the panorama spans about 4 km. 
The crater and its rim supports a rich and entirely virgin fauna, particularly a thriving population of the land 


The outer lake once covered the whole crater floor so that the 


iguana Conolophus subcristatus, 
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Fig. 4. Portion of the Genovesa crater lake. The crater walls are 

about 70 m high, and the shear planes left by the collapse are evident, 

Bushes at the bottom are mangroves (Rhizophora mangle). The lake 
bottom shelves steeply to a floor at 30 m, 


crater, 1s a dome of raised peat 100 m in diameter and 5 m 
thick in the middle. A radiocarbon determination by 
Isotopes, Inc., of Westwood, New Jersey, on material 
from the bottom of this bog gave its age as only 1,460 +95 
yr BP (I-2426), suggesting that these equatorial bogs 
grow very quickly. The dated sample, however, was an 
amalgam of a number of small samples brought to the 
surface with a Hiller sampler, a procedure which may have 
resulted in contamination with material from above. My 
party investigated small ponds and bogs only on Santa 
Cruz but residents and other visitors to the islands have 
reported similar basins on southern Isabela and Floreana 
(Charles). Such basins may also be present in Santiago 
(James). 


Saline Lakes 

The remaining Galapagos lakes of significant size are 
saline lakes close to the sea. The most interesting is the 
lake on Genovesa (Tower) which occupies the magnificent 
collapse crater near the centre of the island (Figs. 1D 
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and 4). Although twice as salty as seawater, the lake 
supports sea weeds of the genera Ulva and E nteromor pha, 
earid shrimps and coccolithophorids, but apparently no 
fish. The 7 m of sediment in the lake have been shown by 
radiocarbon to span some 5,000-6,000 yr (ref. 4). The 
complexly banded deposits, including discrete hands of 
pure silica and aragonite as well as organic layers*, suggest 
a history of periodic and severally different dramatic 
events. It is possible that the state of the lake system is 
influenced by the annually fluctuating input of bird guano 
from the extensive population of breeding boobies (Sula 
sp.) and frigate birds (Fregata sp.) of the crater walls. 

Beagle crater on Isabela (Albemarle, Fig. 1A) is prob- 
ably the lake described by Darwin*, and from which he 
hoped to drink in vain. Tt occupies an open crater some 
2 km across, the broken side of whieh is dammed by a 
fresh lava flow. A pond separated from the main lake by 
no more than 3 m of sandy beach was apparently tidal, 
suggesting some connexion to the sea. Salinity of the lake 
is, however, about twice that of seawater. The apparent 
youth of the basin is confirmed by our finding only 20 em 
of sandy deposit in the deepest part of the lake (15 m). 

A few kilometres from Beagle crater at the head of 
Tagus Cove lies another, smaller but more interesting, 
crater lake (Fig. 14). This lake, referred to here as Tagus 
crater, is separated from the cove by a rim of lava only 
about 100m thick, but yet there can be no connexion 
with the sea because its surface is now some 10 or more 
metres above sea level (Fig. 5). When visited ir August 
1966 the lake was teeming with brine shrimps (Artemia 
sp.) and their netonectid predators. There were crystalline 
salt deposits in the shallows. The principal basin of the 
lake, under 10 m of water, was latticed with a pattern of 
crystal ridges. The openings of the “lattice” were about 
| m across, and the ridges of salt crystals were about 
10 em high (Fig. 6). Between the ndges flat rock was 
covered by about a centimetre of green jelly-like deposit. 
The lattice pattern suggests cooling cracks in an original 
lava plug, cracks which have become foci for the growth 
of salt crystals. 

On the west end of Santiago volcanic cones up to 300 m 
high (Figs. 1B and 7) contain ephemera! saline lakes. One 
has been mined commercially for salt”. Crater No. 1 has 
about 4 m of organie deposits, and crater No. 2 has an 
essentially sandy floor. Four lagoons along the coast show 
a range of salinity reflected in markedly different biota. 
About 1 m of banded deposit underlies 1-5 m of water. 
Similar small lagoons are present on other islands. 

Despite intensive searching, we found fish in no lake 
other than Beagle crater. where a species of Nystaema is 





Fig. 5. 
(left). 
the rim of the crater forming the lake. 


The Iske clearly lies well above sea level. 
It is suggested that tidal waves channelled up 


Sill separating Tagus crater lake (right) from the sea at the head of Tagus Cove 


The sill is apparently the low side of 


Tagus Cove have surged over the sill to flush out the water of the crater lake. 
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Table 3. SALINITIES OF GALAPAGOS LARES COMPARED WITH DATA FOR NORMAL SEAWATER (RECALCULATED FROM HARVEY) 
Milliequivalents (per cent) a Total salinity 
Na K Meg Ca Cl CO, 50, Lepm Dry salt (O/a) 
Seawater 77°3 L7 LT? 3-3 90-0 OF 93 1,213 35 
Beagle crater 78:0 1-5 17-0 35 90-4 Od 9-2 1,697 i 
Genovesa 78-0 15 17-0 3°3 10-5 0-3 t2 1,735 52 
Santiago lagoon 4 78-0 LÄ 17-0 32 90-6 uz 9-2 2,902 SS 
Santiago lagoon 3 TAQ EF 17-3 3-0 90-8 0-3 et 2 O40 xT 
Santiago lagoon 2 8O-6 LE iv 0-6 93°38 OE 6-8 8,238 23% 
mantiago salt mine 83-0 0-9 9-0 td 973 Ül 2G 9,173 260 
Tagus crater 73-0 G S-G 17-0 95-4 0-1 4-5 2,609 SO 
Inlet to Santiago crater 0-0 2°0 13-0 50 89-0 1-4 ag 556 17 
No. 1 | f | 
Fernandina inner crater TEO 2 X- 16-0 14-0 64) aO-G 104 35 
Pernandina outer crater TO =o 12-8 ro 12-0 10-0 Teo x0 ao 
Ef Junco 67-0 55 16-5 11-6 83-3 12-3 4-3 O42 0-02 


Salinities are expressed as mequiv. per cent of principal anions and cations; i 
Grenovesa sample is from the surface. 


residue on evaporation at 180° C in parts per thousand, 


Water Chemistry 

Samples were taken from most Galapagos lakes in 
polyethylene bottles and were sealed with epoxy resin in 
the field. Chemical analyses were performed about 1 yr 
later at the US Geological Survey, Water Resources 
Division Laboratory at Columbus, Ohio. Results are 
given in Table 2. In Table 3 the salinities are expressed 
as mequiv. per cent of the major ions as suggested by 
Hutchinson’? and compared with that of normal sea- 
water. 

The Genovesa and Beagle crater waters, with salinities 
of just over 50°/,,, and Santiago lagoons 3 and 4, with 
salinities of 85 and 87°/,,, are essentially concentrated 
but ionically unaltered seawater. Santiago lagoon 2, 
with a salinity of 230°/)5, has less calcium and sulphate 
than seawater, showing that these ions have been pre- 
cipitated, probably as gypsum. The Santiago salt mine, 
with a salinity of 260°/,9, can be taken as the end stage 
in this concentration series, a stage showing a selective 
loss of magnesium and potassium as well as of calcium. 

The water of Tagus crater has an interestingly aberrant 
ionic composition. The salinity of this water is only 
80°/oo and yet the water has proportionally much more 
calcium than seawater or stronger brines. The only anion 
to show a proportional increase is chloride, there being 
very little carbonate and a relative loss of sulphate such 
as should be expected in much stronger brines. Only 
trace amounts of bromide, iodide and phosphate were 
found, and the difference between estimated anions and 
cations was only 8 e.p.m., showing that all other ions can 
only be present in trace amounts. It is apparent that 
Tagus crater has been enriched with calcium chloride. 
Apart from the highly unlikely event of old calcium 
chloride deposits being dissolved by inlet waters, this 
enrichment can be explained by the following flushing out 
hypothesis. We start with a basin filled with normal sea- 
water. Evaporation then proceeds until calcium salts such 
as gypsum and calcite begin to precipitate. At this point 
the strong brine in the crater is replaced, or partially 
replaced, with fresh seawater. Caleium ions then leave 
the crystalline deposit causing the lake water to be en- 
riched with calcium. One or more partial flushings out 
of the crater, each separated by a period of evaporation 
and redeposition of calcium salts, should explain the 
present chemical composition of the water of Tagus 
crater. The site of the lake (Figs. 14 and 5) shows that 
the flushing out hypothesis is realistic. Wave surges, such 
as tidal waves started by eruptions on Fernandina 6 km 
across the Canal Bolivar, would be funnelled up Tagus 
Cove and aimed at the low sill separating Tagus crater 
from the sea. A test of this hypothesis should come 
from examination of the salt crystals on the floor of the 
lake, Unfortunately, the specimens we collected have 
been lost, but the cove is a favourite anchorage for oceano- 
graphic ships so that a report on the erystals need not be 
long delayed. 

An inlet trickle entering the boggy deposit in Santiago 
crater No. 1 has a salinity of only 17°/,, and goats were 


as the sum of these seven jens in equivalents per million; and as 
The Fernandina sample is that of 1966. 


seen to drink from it. The ionie composition shows it to 
be essentially diluted seawater. Apparently the island has 
a water table in which salt and freshwater are mixed. 

The anionie composition of Fernandina waters, particu- 
larly the high sulphate, accords with their voleanic 
setting. The percentage composition of the cations, 
however, is not very dissimilar to that of seawater, the 
only significant difference being in the ratio of magnesium 
to caleium. The replacement of chloride by sulphate as 
the principal anion suggests that this comparability of 
the cations with seawater is coincidental. The inner lake 
is more saline than the outer lake, which may be a result 
of concentration during its longer life. 

The El Junco water is an exceedingly dilute salt sohu- 
tion, being, for example, much more dilute than Lake 
Baikal, The percentage composition of the water, how- 
ever, 18 reminiscent of that of seawater, with sodium 
chloride being the principal solute. For sodium to make 
up 67 per cent of the cations and chloride 83 per cent of 
the anions of freshwater is quite unusual!?.. The oceanic 
site of the lake perhaps explains this, suggesting that the 
local rain contains sea salt. The activities of birds may 
also be important. We witnessed a continual procession 
of frigate birds {Fregata magnificus) soaring up the moun- 
tain side on thermals from the distant sea then plunging 
into the water of the lake, presumably drinking. Much 
sea salt could be transferred in this way during the lake’s 
probable life span of several tens of thousands of years. 

Seasonal studies will no doubt eventually reveal more 
interesting problems in this series of lakes ranging from 
almost distilled water to saturated brine. Studies of the 
chemistry and fossils of the suite of lake cores may well 
produce the climatic record of the edge of the Pacific dry 
zone so desired by meteorclogy?. 

David Greegor, William Horn, Curt MeGinnis and Erno 
Bonebakker made up the membership of the expedition, 
Mr Greegor was in charge of the work on San tiago. The 
Ecuadorian Navy shipped the expedition to and from the 
islands. The British Embassy in Quito and Consulate in 
Guayaquil rendered much assistance. The project was 
aided by the Charles Darwin Foundation for the Galapagos 
Islands and is financed by grants from the US National 
Science Foundation. 


Received June 27, 1968, 


* Palmer, C. E., and Pyle, R. L., in The Galapagos (edit. by Bowman, R., L), 
Chap. 12 (Univ. Californla, Berkeley, 1966). 

* Williams, H., in The Galapagos (edit, by Bowman, R. L), Chap. 8 (Univ. 
California, Berkeley, 1966). 

* Cox, A., and Dalrymple, G. B., Nature, 209, 776 (4 N66), 

*Colinvaux, F. A, Proe, Symp. Pavewimnol., Tihany, Hungary, 1967 in 
the press), 

* Slevin, J. R., Gee. Papers Calif. Acad. Sei., No, XXV (19513, 

* Elbl-Eibesfeldt, I, Galapagos (MacGibbon and Kee, London, 1960), 

* Kibl-Eibestfelit, I. UNESCO Mission Rep., No. 8 (1958). 

* Darwin, C., Journal of Researches, 458 (Colburn, London, 1889). 

* Darwin, C., Journal of Researches, 459 (Colburn, London, 1839}, 

+ Hutchinson, G. E., Treatise on Limnology, 1 ( Wiley, New York, 1957). 

© Kozhov, M., Lake Baikal and ils Life (Junk, Hague, 1963). 

a | ye as G. E., Treatise on Limnology, 1, 555 (Wiley, New York, 
1957). 

' Harvey, H. W., Chemistry and Fertility of Sea Water ( Cambridge, 1057), 


















NATURE, VOL. 219, AUGUST 10, 1968 


LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 


Jets in Quasi-stellar Objects 


McCrea! has raised the interesting possibility that the 
line spectrum from quasi-stellar objects could arise from 
a jet aimed toward the observer. McCrea states that this 
sort of model avoids the intergalactic absorption of 
Lyman « from 3C9 predicted by Gunn and Peterson? if 
the density of neutral intergalactic hydrogen at z=2 1s 


of the order of 10-12 cm~ or more. Here I shall point out 


that this model still leads to difficulties with Lyman « 
absorption of the type predicted by Gunn and Peterson. 
If the jet that is supposed to emit the spectral lines 
approaches the observer so that an observer in the line 
of sight but near the quasi-stellar object sees the lines 
with a special relativistic blue-shift AA/As = 2s. 2< 0, then 
the local cosmological red-shift ze must exceed the observed 
red-shift according to the law (1+z)=(1+2,) (1 +z). As 
stated by McCrea, the light emitted from the jet in 
Lyman « will be at too high a frequency to be absorbed 
by the nearby gas, which is at larger red-shift. But there 
is ample opportunity for the light to be absorbed by gas 
closer to us along the line of sight. Moving from the 
quasi-stellar object toward the Earth along this line, the 
cosmological red-shift varies from the value zę >z to zero. 
Thus, in some intermediate region, the narrow intergalactic 
absorption line must sweep across the emission line. If 
the density of neutral hydrogen in this region exceeds 
about 10-18 em-*, the caleulation of Gunn and Peterson 
shows that the entire line would be absorbed. This contra- 
dicts the observation that all quasi-stellar objects with 
suitable red-shifts show Lyman g emission. Thus the gas 
would have to be highly ionized, or confined to galactic 
clusters. On the other hand, in an unpublished work I 
have considered the opposite case, where it is assumed 
that negligible special-relativistic motion occurs in the 
source. In this case, the hypothesized absorbing region 
would be near the quasi-stellar object and would be 


sufficiently ionized by the quasi-stellar object to raise the 


extremely low limit of Gunn and Peterson to ~ 1077 
atoms emè. 
Prrer D. NOERDLINGER 


<- Department of Physics and Astronomy, 


-o Umversity of Towa. 
Received June 25, 1968. 


* McCrea, W. H., Nature, 218, 257 (1968). 
2Gunn, J. E., and Peterson, B. A., Astrophys. J., 142, 1633 (1965). 


Distances, Space Distribution and 
Luminosity Function of 


© Quasi-stellar Objects 


THE question of the distances of quasi-stellar objects may 
_ be dealt with on the basis of the following statistical 
+ consideration. Consider a multitude of objects of some 
sort, distributed according to Poisson’s law in an infinite 
- space. The mean density of these objects is D. There is 
~ an observer, whose position is chosen randomly, and the 
objects have been enumerated in order of increasing dist- 
ance from this observer. The distance of the kth object 








from the observer is denoted by rr. Designating the v 
of the sphere of radius ry by Vx it can be shown east 
that the mean value of Vx is equal to | 


F, z (1) 
Each of the values 
k | 
Dp a 2) 
k V, { 


can be considered as “density determined by means of 
the xth object”. It can be shown that the dispersion of 
Dy, decreases when k increases. The values of Dy de- 
termined using the distances of several neighbours can 
serve as different approximations to the mean density D. 

If we are to apply equation (2) to the actual case, and 
to determine the density from a group of objects contamed 
in some sphere, we must be sure that no object: is omitted, 
or our enumeration will be erroneous and the application 
of equation (2) will give a value D much different from 
the real value. Of course, instead of the whole sphere we 
can limit ourselves to a part of the sphere confined within 
a solid angle œ. Then when computing values of Vy we 
must take this into account. If a sample of the objects 
with a specific value of absolute magnitude M is considered 
and if this sample is limited by some apparent magnitude 
m, then the radius of the quoted sphere is an increasing 
function of the distance modulus m-M. 

Now, assuming that red-shifts are cosmological, let us 
divide the quasi-stellar objects (QSOs) into groups, cor- 
responding to different intervals of absolute magnitude, 
and try to determine the space densities for each specific 
group from the distances of its members listed in order of 
increasing distances. Then the agreement between the 
different determinations of the density may be considered 
as evidence of the cosmological nature of the red-shift. 
Indeed, if the red-shifts are not cosmological, there is no 


reason to expect the different values of the function De 


for the variable z, which describes the red-shift and which 
is then independent of distance, to coincide approximately. 
The list published recently by Schmidt’, of thirty-three 
QSOs from the revised 3C catalogue, was used for such a 
statistical test. This sample of QSOs is held to be cornplete 
up to log f(2500)= —30-0, where /(2500) is the flux 
density at 2500 A. These objects were divided by Schmidt. 
into four intervals of absolute intensity. Assuming qg- 
+1, H,=100 km s-t! Mpe and, using Schmidt’s cor- 
responding data, I have calculated the values of De for 
all objects included in the four intervals. Volumes m 
co-moving coordinates were calculated by the formula 
given by Roeder and McVittie*. This takes into account 
the fact that the unobscured area covered by the revised 
3C catalogue is 43 per cent of the celestial sphere. The 
results are shown in Table 1. The mean values of the 
density for each group are given under the correspondmg 
sections of Table 1. (It should be noted that the results 
do not depend strongly on the assumed value of ge.) 
Table 1 shows that the individual determinations of Dy 
in each group are in rather good agreement. There are 
only two objects for which D, differs strongly from the ~ 
remainder of the corresponding group. The large deviation 


derived from 3C 273 is obviously quite natural for the — ne 
nearest object. The second object, 3C 207, the last one im = 


the fourth group, may be too distant for it is outside the 
volume containing the other objects of the faintest group. 
These two objects were omitted when I went on to caleu- 
late the mean values of the space densities of QSOs of 
different intrinsic luminosities. Because the values of Dy 
in each group coincide well with each other, we may con- 
clude that quasi-stellar objects are actually at cosmo- 
logical distances. 

On the other hand, the data in Table 1 show that the 
distribution of quasi-stellar objects is rather uniform. 
Of course, this statement refers only to distances cor- 
responding to Z< 2. 

















596 


The total density of the four groups together is 
5°6 + 0-7 x 10-* Mpe. On the other hand, it is seen from 
Table 1 that all objects in the intrinsic luminosity range 
considered are known at red-shifts up to z= 0-425. Apply- 
ing the same procedure to the eight obiects within the 
volume corresponding to this red-shift without restric- 
tion on their intrinsic luminosity, we obtain D = 5-7 + 0-9 x 
10- Mpe~*. The agreement between these two determina- 
tions of the integral density is evidence of the rehability 
of the method, as both determinations relate to somewhat 
different volumes. The solution by the least squares 
method gives the luminosity function of the quasi-stellar 
objects in the form 


log D(M) = (0-21+0-11)M + const (3) 


The results obtained by appl ying the same method to 
the six groups of QSOs of different radio luminosities are 
presented in Table 2, The agreement between the in- 
dividual determinations of density in this case is somewhat 
less than in Table 1. In two of the intervals of radio 
luminosities there is some increase of density with distance. 
Furthermore, the total density of all the groups in this 





responding to the optical luminosities, for the calculation 
of the radio luminosities is connected with a procedure 
using the spectral index æ. Values of index « are, how- 
ever, possibly affected by self absorption and therefore 
the procedure itself raises some doubts. For this reason 
the QSOs in each of the groups considered may not be 


objects of the same actual luminosities. On the other 











Table 1. NUMBER OF QSOS IN 10” Mpe? DETERMINED FROM THE RED-SHIFTS OF INDIVIDUAL OBJECTS IN EACH OPTICAL LUMINOSITY INTERVAL. (2500) 1s 
THE ABSOLUTE FLUX DENSITY at 2500 A 
Log F(2500) = 23-8 
3C 273 175 454-3 208 203 432 197 9 
2 158 0-768 0-360 1-439 1-534 1-805 1:952 2-012 
Dz 8:05 0-47 0-58 0-35 +41 0-40 1-42 0-47 
Dy = 0-44 40-07. 
Log F(2500) = 23-4 
ae? 249-1 Bol 334 345 263 380 286 309-1 336 245 287 186 208 
z 0-311 0371 0555 594 0-643 0-691 0-848 0:905 @-927 1:029 1-055 1-063 1109 
Pg 1-51 2-03 1-30 1-52 1-64 1-71 1-39 1-43 4-54 145 1°53 1-65 1-67 
“De = 157 + 0-18, 
‘Log F(2500) = 23-0 
3C 48 147 254 138 196 288-1 204 
2 0-367 0-545 0-734 0-759 0-871 0-961 1412 
Dy 1-04 0-90 0-82 0-96 0:95 0-97 0-90 
Dy = 0-93 + 0-07. 
Log F(2500) = 22-6 
3E 323-1] 2771 215 47 207 
z 0-284 0-320 4i 0-425 0-883 
Dr 2°25 2-83 2-43 3-02 1-46 


Table 2. 


Dz = 263 + 0-36, 


NUMBER OF Q808 IN 10° Mpe? DETERMINED FROM THE RED-SHIFTS OF INDIVIDUAL OBJECTS IN EACH RADIO LUMINOSITY INTERVAL. F(500) IS THE 
ABSOLUTE FLUX DENSITY aT 500 MHz 


Loy F(5G0) = 28-2 


3C 298 9 3C 147 380 196 205 432 191 
z 1439 2012 z 0-545 0-691 0-871 1-534 PROS 1-952 
Dy 0-09 012 Di 0-45 0-57 0-64 0-33 0-34 0-36 
“Dy = 010 + 0-02, Dk = 0-45 + 0-13. 
Log F(500) = 27-8 
3C 4g 25,4 138 175 286 4543 309-1 338 245 287 186 208 204 
z 0-367 0-734 0-759 0-768 0848 0-860 0-905 0-927 1-029 1:055 1-063 1-109 1112 
Dr 1-04 0-51 0-72 0-94 1-00 1-16 1-25 37 1-30 1-39 V5 154 1-67 
Dk= 1184034. 
Log F(500) = 27-4 
3E AT 345 263 207 288-1 
z 0-425 0-594 0-643 0-683 0-961 
De O75 0°76 0-98 117 O81 
De = 6-90 4 0°78, 
Log F(500) = 27-0 Log F(500) = 26-3 
3C 273 351 215 334 3C 328-1 2491 2771 
z 0-158 0-371 0-411 0-555 z 0-264 0311 0-320 
Dy 8-05 2-05 2-43 LFA Dy 2-95 3-08 4-24 


— c} ~ ¥ K 
Dg= 2-07 + P35. 


"De= 317 + 1-0, 





ie objects may be explained in the following way. 
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Table 3, NUMBER OF Q50s IN 10° Mpe? DETERMINED FROM THE OBJECTS WITH SMALLEST RED-SHIFTS GIVEN BY BARBIERI, BATTISTIXI x 
(DECLINATION > — 5°) 


Object Ten 38¢273 0736 1217 PHL 3C PHL 3C 
256 +01 +02 1093 323-1 1194 249-1 
Z O131 O158 O19) 0240 #361 0264 029% 0-311 
Dk 132 161l 16-9 112 WS IBS ALT 122 


Dee 12-7 41-6, 


nevertheless accept that the relative values of density 
are not systematically much affected and may calculate 
the radio luminosity function of QSOs. This is obtained 
in the form 


log D( M) = (0-27 + 0-05). + const (4) 


if my suggestion of the effect of spurious values of the 
spectral indices is wrong, then the merease of the density 
with red-shift is much slower than was obtained by 
Schmidt. 

The disagreement between Schmidt's results and mine 
on the uniformity of the space distribution of quasi-stellar 
Suppose 
V is the volume cor responding to the red- shift of a given 
QSO and V m is the volume corresponding to the maximum 
red-shift at which the given object would be a member of 
the sample considered, limited by fixed radio or optical 
magnitude. Schmidt's method for testing the uniformity 
of the space distribution of QSOs consists in studying the 
distribution of values V/V, for the sample of QSOs 
considered. For the case of a uniform distribution in 
space of QSOs the values V/Vm must be distributed 
uniformly between 0 and 1. This method, though perfect. 
in principle, is very sensitive to possible errors in the 
determination of the absolute luminosities of individual 
objects. Indeed, the absolute luminosities are used for 
calculation of Vm while the values of V are calculated 
from the red-shifts only without using the absolute 
luminosities. Thus a small underestimate of the absolute 
luminosities is sufficient to shift the ratios V/V m toward 1. 
In the method applied in this report, the absolute lumino- 
sities are used only for dividing the sample into groups 
of different luminosities. The systematic errors of Jumino- 
sities may not affect the data obtained concerning the 
space density and the distribution of quasi-stellar objects. 
They may only shift the luminosity intervals. 

The objects with smallest red-shifts from the catalogue 
of Barbieri, Battistini and Nasi? were used to estimate 
the space density of all QSOs without any restriction on 
their apparent magnitudes. To do this, objects with 
declination exceeding ~ 5° were selected. The values of 
the space density as well as the mean value determined 
from eighteen objects with z<0-5 are shown in Table 3. 
The values determined from ob jects with larger red-shifts 
decrease systematically. This is obviously caused by the 
incompleteness of our knowledge of QSOs at larger 
distances. 

Strictly speaking, my arguments prove only that the 
distances of QSOs are proportional to the distances 
derived from red-shifts on the assumption of their cosmo- 
logical nature, but say nothing about the coefficient of 
proportionality. Here, however, the continuity argument 
provided by N-galaxies*, 3C 371 and 3C 390-3, makes 
certain that the value of this coefficient is very near to one. 
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Index of Solar Radio Burst Activity 
at 107 cm 


Ir is now well established that the solar radio emission 
consists of (a) a basic component from the undisturbed 
Sun remaining constant for a considerable time; {b) a 
slowly varying component emitted from active centres on 
the solar surface showing a slow day to day variation im 
intensity; and (c) a rapidly varying component of short 
duration known as “bursts”. These bursts are closely 
correlated to flares and other centres of activity on the 
solar surface and are observed for a very wide range of 
frequencies covering centimetre and decimetre as well as 
metre wave bands. Although spectral studies have given 
much information about the mechanism of generation of 
radio bursts in the solar atmosphere at metre wavelengths, 
contributions from spot frequency observations are still 
regarded as valuable, particularly at microwave fre- 
quencies where bursts are of much simpler character and 
wider band-width. Furthermore, radio bursts im this 
frequency range are also accompanied by the enhanced 
emission of X-rays and ultraviolet rays of the electro- 
magnetic spectrum and particles of different. energies the 
various influences of which on the Earth are now well 
known. The significant role of microwave radio bursts im 
solar and geophysical studies can thus be appreciated and 
has led to the evaluation of an index of radio burst 
activity at 10-7 em which, it is hoped, would supplement 
other indices of solar activity that already exist. 


The parameter chosen for the index i the excess 
energy emitted from the Sun durmg a radio burst. At a 


particular frequency this is measured from that part of 
the radiation which is m excess of the steady flux before 
the start. of the radio event. ‘The excess energy, expressed 
in units of 10° J m Hz, can be evaluated either frora 
the original records by methods of graphical mtegration 
or, more conveniently, from the published data by multi- 


plying together the mean value of the flux for each burst. 0 


and its duration. The sum of this quantity at a par- 
ticular frequency for all the events observed during a day 
normalized by the daily period of observation gives the 
value of the index for that day and for that frequency. 
Thus the index of radio burst activity is given by 


where ọm is the mean flux m 1042x We? Hz- for each 
burst and D is the corresponding duration im seconds 
while T is the total period of observation per day in hours, 
the summation being carried over all the events observed 
during T hours. The index so defined for a particular 
frequency thus measures the excess energy ermitted by 
the Sun per hour in the form of radio bursts. It therefore 
corresponds to the HAO flare index Jy which is a measure 
of the energy emitted each hour by the Sun in 4, during 
flares! and hence to the more improved form J; computed 
by Sawyer?. 

In addition to the burst index, a second quantity 
termed the “burst incidence” has also been considered for 
the sake of comparison. At a particular frequency ib is 
defined simply as the number of bursts observed per hour 
and is given by 
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where N» is the total number of radio bursts recorded | 


during the patrol period of T hours. It thus corresponds 
to the “flare incidence” in optical observations. 

The radio burst at any frequency observed mostly at 
one station alone provides only half a day of observation 
in contrast to flares where the patrol period is of the 
order of 24 hours UT. Because this half day observation 
is fairly continuous except for a few minutes of gap for 
calibration purposes, which ean be neglected, the “actual” 
and “effective” patrol times are almost the same and 
neither I, nor B: needs any correction which is, of course, 
necessary In optical cases’. 

The period chosen for the investigation was March 
1961 to December 1967, for which the 10-7 em records of 
the National Research Council of Canada provide a 
consistent set of mierowave data with limited interruption 
in. observation. Furthermore, the mean flux of bursts 
- has been published since March 1961 only. But in few 
_.¢ases where the mean flux was not available, for some 


cooo unknown reason, the original records were consulted and 
the energy excess estimated therefrom. 
events selected for the evaluation of Is and B; include all 


The types of 


those published in Ottawa Monthly Listings except, for 


o obvious reasons, fluctuation, spike, rise only, fall only and 


absorption. The mtroduction of another recorder at Pen- 


pp 
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ticton since 1964 has not only increased the reliability of 
the data, but has extended the observing period by 3 more 
hours, and has also filled up even the few minutes of gaps 
for calibration by mutual adjustments of the calibration 
time at Ottawa and Penticton. 

The two quantities, I, and Ba, have been calculated for 
each day of the period mentioned. The monthly mean 
values of both the burst index and the burst incidence 
are shown in Fig. 1, which also includes the corresponding 
values of the HAO flare index Jz. The other flare index 
I; could not be utilized here for these are not available for 
periods later than 1961 {personal communication from 
C. B. Sawyer). The general correspondence between the 
three quantities is at once evident. 

To find the relation of Jp and B; with other indices of 
solar activity, correlation coefficients have been determ- 
ined separately between each of these (I, and Bọ and 
sunspot numbers, Ca plage and the flare indices I; 
and Iz. These are shown in Table 1. 

It is interesting to find that the correlation of both 
sunspot and Ca plage is much better with the burst. 
incidence than that with the burst index. So far as the 
flare index is concerned, HAO index Ja, which is, of 
course, regarded as provisional only, is rather equally 
correlated to both. With J;, however, as expected, the 
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Fig. 1. Monthly mean values of the HAO flare index I, the burst index [4 and the burst incidence Bi, 
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Table 1, CORRELATION COEFFICIENT OF BURST INDEX AND BURST INCIDENCE 
WITH OTHER INDICES OF SOLAR ACTIVITY 


Other indices Period “riterion Correlation coefficient for 
of solar activity studied chosen Burst index Burst incidence 
Sunspot number Mar. 1961 to Monthly 

(Re) Dec. 1967 mean 0-4975 0-8155 
Ca plage (AxD Mar. age to Monthly 

Dec. 1967 mean 0-5378 0:7856 

Flare index Mar. 1961 to Monthly stdin 

(ff) Dec. 1967 mean 0-6704 06-6822 
Flare index Mar. 1961 to Ten day 

(7) Dec, 1961 mean 00-8946 7275 


correlation coefficient is higher for the burst index than 
that for the burst incidence, although it is admitted that 
this has been evaluated with data collected during 10 
months. Table 1 also shows that J, has maximum cor- 
relation with Jy; among all other indices of solar activity 
while the correlation with other indices is more or less 
uniform in the case of B;. It thus seems that the quantity, 
burst incidence, is rather an index of the active centres 
on the solar surface while the burst index itself is a 
measure of the activities occurring therein. 

Obviously, for daily activities on the Sun the index 
would be more accurate if it were calculated from 24 h 
observation data. But this requires the same frequency 
to be observed from, at least, two or three stations well 
separated from each other with identical equipments. 
When averaged over a month, however, the values can 
definitely be used as a measure of solar activity over a 
wide field of studies. 

In conclusion, it can be said that the definition of the 
index, objective as it is, enables it to be determined 
throughout the entire band of the radio frequency spec- 
trum and its evaluation at a number of other frequencies at 
centimetre, decimetre and metre wavelengths seems to be 
worthwhile. It is quite logical to examine how the index 
values at these frequencies, representing different regions 
of the solar atmosphere, compare with each other as also 
with other solar and geophysical indices. Such studies are 
in progress and will be reported later. 

I thank Mrs G. A. Harvey for reading the manuscript 
critically. 
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Decrease in the Intensity of Hydrogen 
Lines in the Solar Chromosphere 


Rouset? has recently tried to explain the decreasing 
intensities of the high Balmer and Paschen lines in 
the solar atmosphere with his theory for the hydrogen 
atom which includes a complete screened Coulomb 
potential. Rouse’s theory takes into account the fact 
that the volume occupied by a hydrogen atom (and thus 
the maximum possible value of the principal quantum 
number n) is limited by the presence of nearby atoms. 
He has cited observations of the highest lines visible in 
the photosphere and chromosphere and statements by 
Ivanov-Kholodnyi and Nikol’skii? that “in prominence and 
ehromospheric spectra, it has been found that near the 
series limit the lines do not merge because of their broaden- 
ing and convergence, but mstead they disappear because 
of a rapid fall in intensity” and “the problem of the drop 
in line intensity toward the series limit has not been 
solved so far”. The parts of the quoted statements 
relating to the chromosphere are ultimately based on the 
1952 eclipse data of Athay et al.4. Although the theory 








of Rouse concerning the limiting value of # is ce 
expected to apply to the chromosphere, my pury 
is to question whether present chromospheric observat 
confirm the theoretical limit on n and whether the v 
tion of the high chr omospheric hydrogen lines is anomalous. 

Rouse’s eopapured maximum level n*, where n**= 
O-59r—/dy, 4rr/3 = N71, and N: is the number density of 
atoms and cons. is 31 for a density which he has assigned 
to a height of about 600 km in the chromosphere. Two 
recent models*:* with considerably different temperatures 
but with approximately the same hydrogen density give a 
value for the density which is an order of magnitude 
a than Rouse’s value at 600 km. The new values are 

Nie Nye 4 x 10% emè and n* a 45. 

The highest reported lines in the eed a are 
from levels n=37 in the Balmer series?’ and n=40 in 
the Paschen series’. Blends in the ale series and 
water vapour absorption in the Paschen series combined 
with the normal expected decrease of intensity with 
quantum number make identification and intensity 
measurements of lines higher than n= 31 very difficult. 
There have thus been no photometric observations of . 
lines higher than = 31, with the exception of Paschen-32> - 
at the 1962 eclipse®*, and it is impossible unambiguously — 
to identify lines higher than Balmer-31 and Paschen-32 
on the 1962 spectrograms. Because the theory of Rouse 
yields values of n* which are somewhat larger than the 
highest series members observed (although the difference 
is not great if Mitchell’s Paschen observation’ is valid), 
the observations cannot be described as confirming 
Rouse’s theory even though they do not contradict it. 

The sensitivity of instruments used for eclipse observing 
has been such that one would expect lines with n> 1 
to be difficult or impossible to detect simply because of 
their weakness based on an extrapolation of the observa- 
tions for n<30. For n<30 the decrease with n of the 
inferred emission coefficients in the chromosphere agrees 
well with the normal expected variation for isolated 
hydrogen atoms®. It is possible that there are deviations 
greater than the observational errors, but if they are real 
they are in the opposite direction from those expected 
from a density effect. The deviations are such that the 
higher lines (with larger n) are fainter at greater heights 
relative to the lower lines; self-absorption in the Balmer 
lines in the low chromosphere seems to explain the devia- 
tions, The variation of the observed chromospheric 
hydrogen lines originating from high energy levels is not 
therefore anomalous, in contrast to the statement by 
Ivanov-Kholodnyi and Nikol’skii. 
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Drifting and Rifting: A Comment 
on the Tertiary Rotation of Africa 


GIRDLER has presented palacomagnetic evidence for a 
clockwise rotation of Africa in the Tertiary’. Such a 
rotation may have occurred, but it cannot be deduced 
from the results he used. He gives nine sets of palaeo- 
magnetic results from the Tertiary of Africa and shows. 
that eight of them exhibit clockwise rotations of between- 
0° and 16°. The conclusion that Africa itself has suffere 














Table 1 


Code Kock type Declination, D° Reference 
A Kenya trachyte IZ+7 4 
BR Olduvai basalt 5l 5 
C Olduvai trachyandesite 359 +3 B 
D Nairobi basalts 350 +5 3,7 
E Rungwe lavas 16 +16 4 
F Kerichwa tuffs +l 4 
fi Basalts and phonalites 7413 4 
# Tarkana lavas 2:+3 3 
Fi Ethiopian lavas 2t 8 


a clockwise rotation cannot, however, be drawn until 
the errors and uncertainties associated with each de- 
termination are known. 

In discussing the rotation, Girdler uses the palaeo- 
declination or azimuth of Nairobi. This quantity can be 
obtained from the original authors’ data, for it is virtually 
identical with the declination of the mean palaeomagnetic 
direction of the rock unit concerned. In most. cases the 
original data also include the circle of confidence («,5) 
of the mean direction. Where this is not given. it ean 
usually be caleulated from the data. If the mean direction 
and the circle of confidence are known, it is a simple 
matter to find whether the direction is significantly dif- 
ferent from that predicted by the geocentric axial dipole 
hypothesis, and thus to find whether or not the results 
imply movement of some sort. When rotation alone is 
being considered, Irving and Tarling? have pointed out 
that the relevant quantities are the declination (D) and 
its error, which is given by q, sec I, where I is the in- 
chnation. 

Proceeding in this way, I have constructed Table } 
(corresponding to Gurdler’s Table 1) showing the declina- 
tion and its error for each of the nine Tertiary results, 
The data used are taken either direct from the original 
authors or from calculations based on the original data 
made by Raja et al.°. In several cases, where unit weight 
was assigned to samples rather than to sites or flows, the 
error is probably underestimated. 

Tt ean be seen that in only four of the nine cases does 
the declination differ significantly from true north (D = 0), 
and the evidence for a significant rotation depends on 
these cases alone. This approach, using the statistical 
properties of the palaeomagnetic data, is always useful, 
but it would be wrong to regard it as complete. For it is 
also necessary to enquire whether the sampling is such as 
to average out secular variation. Only when this condition 
is satisfied can a “rotation’’ be regarded as established, 
and even then one may prefer to interpret it as a movement 
of the palaeo-pole rather than as a continental rotation. 

In this case it is probable that only three of the rock 
formations (D. H and I) have been sampled adequately. 
Of those showing significant rotations, the Kenya trachyte 
(4) is represented by four flows, the Olduvai basalt (B) 
by only one flow and the Rungwe lavas (Æ) by three 
flows. The Kerichwa tuffs (F) seem to have been sampled 
at only two sites. In none of these cases can it be assumed 
that secular variation has been averaged out. Indeed, it is 
more likely that the deviations from true north shown here 
are directly due to the effects of secular variation. 

The difficulty is that most of the results available for 
the Tertiary of Africa are those given by Nairn‘ in a 
paper which does not pretend to be more than a prelimin- 
ary survey of the field. 

More detailed work was initiated some years ago at 
this laboratory, and a large body of data collected by 
Dr A. E. Mussett, Mr P. K. 8. Raja and Mr T. A. Reilly 
is now being prepared for publication. A total of 168 
sites covering a time from the Upper Miocene to the 
present was sampled in East Africa. It is believed that 
the number and spread of sites are such as to eliminate the 
disturbing effects of secular variation, and the results 
should therefore provide a more substantial base for 
conclusions about continental movements than do the 
figures available. Full details of these new results will 
be published elsewhere, but preliminary caleulations sug- 
gest that there has been no significant movement of the 





NATURE, VOL. 219. AUGUST 10, 1968 


palacomagnetic pole relative to Africa for the past 
7x 108 yr. 

Finally, it is worth noting that McElhinny et al.* have 
prepared a review of all palaeomagnetic results from 
Africa. The review presents a slightly different polar 
wander path fer the Phanerozoic of Africa based on more 
extensive work than that summarized by Girdler. 
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Drifting and Rifting of Africa 


THE purpose of my recent article? was to bring together 
various geophysical data relating to the development 
and evolution of the East African rift system. I do not 
deduce a clockwise rotation of Africa from palaeomagnetic 
data alone as Brock presumes in the previous com- 
munication. All I say is “. . . there is some suggestion 
of a change in direction of rotation of Africa ... consistent 
with the interpretation of the magnetic anomalies over 
the Red Sea...” and the question mark in Fig. 5 empha- 
sizes this. I also discussed the difficulty of separating 
polar wander from continental movement. 

I am fully aware of the limitations given by Brock, but 
it was obviously impossible to make a critical appraisal 
of each set of palaeomagnetie data in an article of this 
kind. Of course one should examine each set of data as 
Brock suggests, but one should also inquire why it is that 
eight of the nine azimuths for the Tertiarv are of the same 
sign (declination east of north} whereas all the azimuths 
for rocks of age 110 to 250x 10° yr are of opposite sign 
(declination west of north). Brock states that eight of 
the nine sets of palaeomagnetic results exhibit clockwise 
rotations of between 0° and 16°, but this is not my deduc- 
tion. The point is that since 110x108 yr ago Africa 
rotated anticlockwise and, because eight of the nine results 
have declination east of north, the possibility exists that 
Africa rotated anticlockwise to a point beyond the present 
north azimuth (D=0) for Nairobi (Fig. 5). Some time 
during the Tertiary or Quaternary or both, therefore, 
there might have been a subsequent clockwise rotation 
for Africa to reach its present. orientation. 

It must be remembered that all this assumes that 
continental movement is more important than polar 
wander for the interpretation of virtual magnetic poles. 
Regarding this, it should be noted that further palaeo- 
magnetic results? for late Tertiary and Quaternary rocks 
from South Arabia give westerly azimuths contrasting 
with the easterly azimuths for African rocks and thus 
suggesting that continental movement is the more im- 
portant. This may not be so, but the interpretation is 
seemingly consistent with the interpretation of other 
geophysical data for the Red Sea and Gulf of Aden. 
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: Synchrotron Spectra associated 
<- with Hard Electron Spectra 


_ Andrew and Purton' have found that the radio emission 
from Sco X-1 is consistent with the synehrotron model 
proposed for this extar by Manley’. 

Because the X-ray and optical portions of the spectrum 
of Sco X-1 are known to vary with regard to both ampli- 
tude and spectral shape (colour)*-4, it is likely that some 
such behaviour can also be found m the RF region of 
the spectrum. To facilitate the interpretation of relevant 
data which may be obtained in the future, we present the 
calculated synchrotron spectra generated by a variety of 
hard electron spectra; that is, power law distributions 
with exponents lying between zero and unity. It is 
obvious that elementary conservation laws require that 
such electron spectra do not extend to indefinitely high 
energies and they must therefore have a high energy 
eutoff. 

Consider then an electron energy distribution 
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where y is the electron energy in units of m,c?; Ym is the 
high energy cutoff in the electron spectrum; and N, is a 
normalizing constant. The power P(w), emitted in the 
increment of angular frequency de, is found to be® 
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where A=e’wy/ne, w=o/wg, z= 22/3y?2, and wy =eH/ 
mce”, H bemg the magnetic field and the other symbols 
Aa having their customary meaning. The second form of 

<- equation (1) is obtained by changing order of integration. 
On adding and subtracting 
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within the braces, there results the more symmetric 
expression 
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-It is readily verified that for Yn s>1, the second integral 
n the braces is negligible in comparison with the first 
integral; henceforth, it will be dropped from further 
<i consideration. Now let 





Then we have 
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This expression appears singular for the electron energy. 
distribution with an index « = 1/3 (refs. 5 and 6). There 
is no good physical reason for this singularity and 
closer inspection no such singularity is found. Thus, 
letting « = 1/3 + s, substituting into equation (4), and. 
passing to the lit s ~- 0, we obtam = 
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where ẹ{s) is the logarithmic derivative of the T-f unction. ie 
Fig. 1 shows the function J for several values of a ineludin E 
x= 1/3, illustrating the smooth transition from above to ce 
below this ‘‘eritical’’ index. It is noted that apart froma 
possible scale factor, at high frequencies the shape of the = 
spectra is independent of the power law index. It follows. 
that sporadic changes in the electron energy distribution = 
(varying N, and «) in which the high energy cutoff tm Rea 
remains fixed will give rise only to amplitude chang es 
the high frequency region; on the other hand, 
frequencies, both amplitude and colour changes will 

Attention is drawn to the departures of the sp 
functions from the simple power laws obtained i 
more commonly studied cases of soft speetra (a > 
(ref. 5). As equation (4) shows, the familiar f 
I> œ>- emerges only for very small frequentie 8 
x> ġ. | 

This work was supported in part by contract 
AFOSR and NASA. It is based in part on 
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omical Society held in June 1967. I thank Y. Treve 
for help with computational difficulties. 
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Flute Marks and Flute Separation 


 Fuurre marks abound as moulds in rocks attributed to 
turbidity current action?! and are not uncommon in beds 
>o assigned a fluviatile origin’. It was early recognized that 
. flute marks are caused by the eroding action of currents 
of water on cohesive mud beds. Much later it was found 
experimentally’ that the growth of flutes depended in 
some way on eddying motions in the current of fluid 
~ acting on the bed, although no clear idea emerged at the 
tame as to the physical character of these eddies nor as to 
how they were involved in the bed erosion. 
In the past year or two it has come to be suspected by 
two independent workers*~* that the character and growth 
<o of flute marks are dependent specifically on processes of 
flow separation and re-attachment. For the shape of 
flute marks is such as would promote flow separation, and 
there are certain physical properties of separated flows 
consistent with the growth of flutes by differential erosion 
of mud beds. 
I describe here the results of recent experiments that 
give strong support for the first time to this new idea of 
> the character and growth of flute marks. I have shown 
that the marks are coupled with separated flows, and that 
the marks will grow on a mud bed in regions of flow 
< separation, apparently as a consequence of the processes 
. of separation and re-attachment. 
O Briefly and simply, we mean by flow separation’ the 
fact that the boundary layer of a stream of viscous fluid 
=~ will detach itself from the physical boundary of the flow 
~ where there is an abrupt enough expansion of the flow or 
-where the pressure gradient is sufficiently adverse. De- 
tachment of the boundary layer from the physical bound- 
ary, and its subsequent re-attachment at some point 
downstream, means that a free shear layer comes to exist 
_ within the body of the flow. The free shear layer divides 
<; off the external stream from a captive region of recirculat- 
“ing flow known as a separation bubble. 
. Any hypothesis of the growth of flute marks, including 
the one discussed here, must be consistent with two 
major deductions about the marks. The first of these, 
-based on the grain size and sedimentary structures of the 
` host deposit, is that the marks can only be generated by a 
turbulent flow of substantial power and therefore large 
Reynolds number relative to the mark. The second 
deduction, founded on the shape and occurrence of the 
“marks themselves, is that a flute will grow only in the 
-< course of operation of a physical process which leads to a 
larger rate of erosion from within the confines of the mark 
-- than from the bed round about the mark. Thus the 
_ marks grow by differential erosion of the mud bed. This 
simple and apparently obvious point is the nub of the 
“problem, yet its implications have so far been overlooked. 
The following is, very briefly, the connexion proposed 
‘between the growth of a flute mark on a mud bed and the 
processes of flow separation and re-attachment. — It is 
thought that a mark commences to grow at some chance 
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irregularity existing on a bed acted on by a powerful 
turbulent current. Promoted by the irregularity, flow 
separation occurs at the site of the irregularity. We are 
justified by experimental findings’ in supposing that the 
free shear layer which forms a part of the separated 
flow is unstable and breaks down into spatially growing, 
periodic vortices into which the vorticity is concentrated. 
The vortices themselves eventually undergo an unstable 
decay into random turbulence. The new turbulence 
elements, together with the pseudo-turbulence repre- 
sented by the undecayec parts of the vortices, are con- 
vected along the free shear layer and finally caused to 
impinge on the bed in the neighbourhood of the re- 
attachment point. But, because of the instability of the 
free shear layer, the flow in the neighbourhood of the re- 
attachment pomt is marked by larger turbulent stresses 
than is the region of boundary layer flow that surrounds 
the local separated region®. Now, as experience teaches 
that the rate of erosion of a cohesive mud bed by a 
turbulent flow increases with ascending magnitude of the 
applied turbulent stresses’, it follows that the rate of 
erosion from within the region of separated flow will be 
greater than the rate over the surrounding region of 
boundary layer flow. Thus the mark will arise and go on 
growing by differential erosion, as long as the flow persists 
and either the initial irregularity remains or the growing 
mark retains a shape permitting flow separation. 

An interesting but limited analogy can be drawn 
between the postulated enhancement of the rate of erosion 
of a cohesive mud bed by flow separation and the known 
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Fig. 1. Features of experimental separated flow associated with a 
rigid model of a flute mark. a, Longitudinal profile of the mark and 
position of the separation streamline in the plane of symmetry of the 
flow. b, Skin-friction lines mapped on the surface of the mark and on 
the surrounding flat bed. e, Principal regions of the separated flow and 
the flow on the bed surrounding the mark: I, skin-friction lines bending 
towards plane of symmetry; TL, skin-friction lines bending away from 
plane of symmetry; III, proximal part of separation bubble; IV, distal 
portion of separation bubble; V, re-attached flow. d, Inferred pattern 
of flow on a transverse profile across the wings of the mark. See text 
for experimental conditions. 
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augmentation of the rate of loss of heat or mass in 
separated flows’. 

An experiment was made to test the inference that a 
flute mark is associated with a separated flow. An 
artificial mark of relative dimensions comparing with 
natural marks was made from plaster of Paris. The 
artificial mark was bilaterally symmetrical with a length 
of 19-3 em, a maximum breadth across the wings of 16-3 
em, and a maximum depth of 1-8 em. To ascertain the 
pattern of flow that might be induced at a large Reynolds 
number, the mark was exposed in a flume to a turbulent 
stream of water of mean depth 15-4 cm and mean velocity 
48:4 em/s. The Reynolds number of the flow is 74.000 
based on flow depth and 8,700 based on the maximum 
depth of the mark. The pattern of time-average skin- 
friction lines on the surface of the mark was visualized by 
a method already described'', while the pattern of motion 
in the body of the flow was ascertained using dye injected 
from a hypodermic needle. 

Traverses with the dye thread showed conclusively 
that the experimental mark contained a large, recirculat- 
ing separation bubble whose U-shaped axis of rotation 
conformed in shape in plan with the rim of the mark. 
The separation streamline in the plane of symmetry 
parallel to flow was estimated to lie as in Fig. la. An 
analysis of the pattern of skin-friction lines mapped within 
the mark and over the surrounding bed showed that the 
separation bubble had a complex structure (Fig. 1b). The 
line of re-attachment is also U-shaped (Fig. 1b) and con- 
forms with the inferred axis of rotation of the bubble and 
with the rim of the mark. In the proximal part of the 
bubble, the skin-friction lines are reflexed, indicating 
that the streamlines for this part are substantially closed 
loops? (Fig. 1b and c). In the two portions of the distal 





Fig. 2. Plaster of Paris mould of experimental flute marks made by 

the action of a turbulent stream of water on a bed of cohesive mud. 

The width of the bed shown is 24 cm and the flow is from bottom to 
top. See text for experimental conditions. 
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part of the bubble, however, one portion lying against 
each wing of the mark (Fig. 1b and c), the skim-friction 
lines are inflected, showing that the streamlines are cork- 
screw shaped'*, Thus fluid particles from the external 
stream pass into the upstream end of each distal portion 
of the bubble, then travel along the bubble on spiralling 
paths, and finally are ejected into the external stream 
somewhere downstream from the mark. In that part of 
the bubble with looped streamlines, however, fluid particles 
can recirculate indefinitely. 

Inspection of the pattern of skin-friction lines on the 
bed upstream of and laterally away from the mark 
revealed two distinct regions of flow (Fig. 1b and ec). The 
lines upstream from the proximal part of the bubble all 
bend inwards near the rim of the mark towards the plane 
of symmetry of the flow (region I). This is consistent with 
the observation that the surface of separation dividing 
off the proximal part of the bubble does not rise higher 
than the rim of the mark. But the skin-friction lines lying 
upstream from the distal portions of the bubble all bend 
outwards near the rim of the mark (region II) and away 
from the plane of symmetry of the flow (Fig. 1 and e). 
This finding agrees with the observation that the distal 
portions of the bubble escape as corkscrew vortices into 
the external stream beyond the downstream limits of the 
mark. The two observations together denote that the 
surfaces of separation dividing off the distal portions of 
the bubble stand proud above the rim of the mark (Fig. ld). 

After some trials, a second experiment was made to 
see if flute marks, in conjunction with separated flows, 
could be generated on an initially smooth bed of cohesive 
mud by the action of a sufficiently powerful, plain turbu- 
lent flow of water. The experimental mud bed, about 5 em 
thick, was made by allowing a concentrated suspenmon 
of china clay (median fall diameter 4u) to settle m the 
flume for several days. The bed was then acted on for 
about 14 min by a turbulent flow of mean depth 7:2 cm 
and mean flow velocity 59-8 cm/s. The Reynolds number 
for the experiment is 39,000 based on flow depth. 

In the short period of the run, the bed changed from 
being flat and almost smooth to deeply sculptured (Fig. 2}- 
The larger and more important markings shown in Fig. 
are heel shaped hollows the rounded ends of which point 
upstream. These sharp-rimmed markings vary between Z 
and 10 em in length, between 4 and 8 cm in maximum 
width across the wings, and between 0-3 and 1-2 em in 
maximum depth. Many of the markings approach bilateral 
symmetry. Each marking is deepest, and the sides of 
steepest slope, at the rounded upstream end. Downstream 
the marking becomes shallower and finally merges with 
the surrounding bed. In shape, size and orientation 
relative to flow, the markings closely resemble the com- 
moner flute marks described from the geological record". 
In terms of the minor features present on their surfaces, 
the experimental marks closely resemble some types of 
transverse scour mark which grade morphologically into 
flute marks, 

A comparison of bed elevations measured at the start 
and end of the run showed that the growth of the markings 
had involved the differential erosion of the initially flat 
mud bed. The rate of erosion at the points of lowest 
elevation on the markings was estimated to have been 
between 1-5 and 2-5 times as large as the rate at the up- 
stream rims. By traversing the dye thread in the flow, 
and by watching the clouds of suspension liberated from 
the bed, it was ascertained that from an early stage of 
growth the markings each held captive a se parated flow 
comparable in size with the marking. It appeared from 
these observations that the point of re-attachment of the 
separated flow was located close to where the floor of the 
marking attained its lowest elevation. In this same region 
the most intense bed erosion was observed. The eddies 
convected down the free shear layer were seen to blast, 
pucker and scour the bed in an irregular but highly 
effective manner, so that relatively large pieces of soft 








"as to warrant more detailed work on similar lines. 
z= is m progress to obtain data on the local properties of 
“the flows associated with flute marks and other bodies 
<o promoting separation, on the factors controlling the 
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mud were torn off to be whirled away by the flow and 
further broken down into clay flakes. The minor features 
preserved on the markings recorded this local, uneven 
action of the eddies. These markings were closely exam- 
ined on the mould of the bed made at the end of the run 
(Fig. 2). The markings proved to have directional signi- 
ficance, and their patterns gave further proof that a 
separated flow had existed in each heel shaped hollow. 
The patterns also suggested that the separated flows con- 
tained some regions with corkscrew streamlines and 
others with streamlines in closed loops. Regions of these 
kinds were discussed in connexion with Fig. 1. 

Experiments have been made the results of which 
‘strongly support the idea that the character and growth of 
flute marks are dependent on processes of flow separation 
and re-attachment. A rigid model of a flute generated a 
separated flow the proximal part of which had streamlines 
in closed loops but the the distal portions of which were 
marked by corkscrew shaped streamlines. Markings that 
closely resembled natural flutes were generated on a bed 
of cohesive mud by the action of a powerful turbulent 
stream of water. The markings were found to be associ- 
_ ated with captive separated flows and appeared to grow 
_ through the vigorous action of turbulent eddies arising 
“as a consequence of the separation. 

This initial qualitative test of the hypothesis connecting 
flute marks with flow separation is sufficiently promising 
Work 


erosion rate of mud beds, and on the possible role in the 
generation of flutes of suspended sand-size grains. 
I thank Dr P. D. Richardson for his interest in this 
work and for fruitful discussions. 
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: Source of Aromatic Affinity to 
“Sephadex’ Dextran Gels 


SHORTLY after the development of dextran gels as packing 
material for size separation of solutes by gel chromato- 
graphy (gel filteation)', the sorption properties for low 
molecular weight aromatic substances were observed?. In 


of which exploited the side effects of gel chromatography 
for actual separation problems*, no interpretation was 
given for these rather strong interactions. Aromatic 
and heterocyclic substances are sometimes retarded during 
charcoal, cellulose, silica, alumina oxide and polyacryl- 
amide”, but the effects are much less pronounced than in 
the case of ‘Sephadex’ dextran gels. The sorption proper- 
ties of ‘Sephadex’ gels should be divided into two classes: 
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(2) the “mass action” and {b) special “binding” forces 
between solutes with m-electrons and the ‘Sephadex’ 
matrix. It is the nature of this specific binding that we 
wish to describe. 

It is well known that retardation is stronger with tighter 
gels (‘Sephadex G-25', ‘G-15° or ‘G-10'). A possible 
reason is that retardation could occur in proportion to the 
amount of dextran matrix in the swollen gel. To make 
exact measurements, the elution volumes (effluent volume 
between application of the sample and its maximum in 
the eluate) of glucose (aa unretarded standard substance) 
and phenol (as representative for an aromatic solute) were 
compared, using different types of ‘Sephadex’ (Deutsche 
Pharmacia GmbH, Frankfurt am Main) and ‘Bio-Gel’ 
(Bio-Rad GmbH, Miinchen). The quotient of the elution 
volume of phenol {F p) over the elution volume of glucose 
(Vs) should equal unity if no adsorption takes place 
in the gel bed. The deviation of the “normal” behaviour 
(FP p/ Fg — 1) divided by the weight fraction of dry polymer 
in the gel bed (w) resulted in a figure (AN = affinity 
number), which is a quantitative criterion of the specific 
interaction between the solute and the polymer. 


_ Falga] 


a 


AN 


AN increases in the order of ‘Sephadex G-25', ‘G-15° and 
‘G-10° (see Table 1) and it reaches a high value with 
‘LH-20°. The ‘Sephadex’ gels of low density, ‘G-75’ and 
‘G-200", exhibit rather constant values, which suggests 
that the structure of the denser gels is somewhat different 
from that of the looser ones. Much more epichlorohydrine 
is used for the crosslinking of ‘G-15’ and ‘G-10" as com- 
pared with the other types (personal communication 
from B. Gelotte). Chemically it results in more ether 
linkages (I) between the carbohydrate chains or at least 
in a higher degree of substitution by hydroxy—ether 
groupings (TT}. 


Dextran—O-—-CH,—-CH(OH )--CH,----O-—-Dextran 
(I) 
Dextran-—-O-—CH,—-CH(OH )---CH,---OH 
(IT) | 


The most effective etherification is performed when 
‘LH-20° is prepared from ‘G-25' by hydroxy-alkylation. 
Consequently ‘LH-20° has the highest. affinity number. 
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Fig. 1. Dialysis apparatus, built up from ‘Perspex’; distances in mm. M, 

Membrane (Kalle ‘Cellophan’}; UY, LEB<Uvieord’ with attached 

recorder; P, peristaltic pump for cirenlating (50 ml/h) the contents of 
eaamber H. 
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The. belief that the ether groupings cause aromatic 
adsorption is strongly supported by the experiments with 
‘Bio-Gel’ included in Table 1. In this case AN has roughly 
the same (constant) value over the entire range of tight 
and locse gels. In polyacrylamide gels the chemical 
structure is not drastically altered by increasing cross- 
linking as is the case with the dextran gels. The material 
consists only of polyacrylamide regardless of its degree 
of crosslinking. This fact is reflected in a constant AN. 
(Values between | and 2 seem to represent the unspecific 
‘mass action” between polymers of each kind and aromatic 
solutes as mentioned here.) 


CHROMATOGRAPHY OF PHENOL AND GLUCOSE ON COLUMNS OF 
VARIOUS GEL MATERIALS 


Table 1. 


Vp-t Fpi Ve-1 iX 
Gel type Fg w* Ra 

‘Sephadex G-200’ 0-05 0-03 17 
‘G-75’ 0-16 0-08 2-0 
CRF 0-3 0-20 15 

‘G15’ 2-0 0:33 6-07 
‘G10’ 4+2 0-50 &-4 
‘LH-20° 2-9 0-25 11-6 
‘Bio-Gel  P-100 0-05 0-045 ti 
P-30’ 0-07 0-07 1-0 
P- 0°37 0-26 1-4 


The size of gel beds was between 1 x 50 cm and 2-5 x 90 em. As eluant 0-2 
per cent ammonium hydrogen carbonate (pH 7-2) was used in a rate of 2-5 
miLjem@/h. Samples of phenol (0:1 mg/ml.) and glucose (1 mg/ml.) were 
applied in the eluant (2 per cent of the bed volume). In the eluate phenol was 
assayed by its ultraviolet absorption (LE.B-‘Uvicord’) and glucose was detec- 
ted by the anthrone method in the same run. 

* According to the manufacturers’ liferature. 

+ 6 M urea as eluant decreases the value to 3-6, but 4 M KSCN allows it to 
increase ta 8-4. 


In a second experiment to test the hypothesis of absorp- 
tion by ether groupage, chambers A and B of the dialysis 
apparatus (Fig. 1) were filled with 25 ml. of water, and 
16 mg of phenol was added at zero time. Over 5 h the 
concentration of phenol reached equilibrium in both 
chambers as continuously measured by the ultraviolet 
absorption in chamber B (line a in Fig. 2). If the dextran 
itself had an affinity for the phenol, the presence of dextran 
in chamber A alone should affect the equilibration 
process. But the diffusion is represented by the identical 
curve a when either 10 or 20 per cent dextran (molecular 
weight 110,000, Deutsche Pharmacia GmbH, Frankfurt, 
dialysed before use) was present in the upper compart- 
ment. No interaction could be found in this system, but 
5 per cent or 20 per cent polyethylene glycol (molecular 
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Fig. 2. Dialysis kinetics of phenol (16 mg!25 mi.) from chamber A inte #B 
as measured by the extinction E (ealeulated from transmission) in com- 
partment B, which contains 25 ml. of water in all cases, Chamber 4 was 
filed with water, 5 per cent and 20 per cent dextran solution (Hne a) or 
with 5 per cent and 20 per cent PEG (ines ó and e respectively). A contro! 
experiment with 5 per cent PEG in both chambers resulted in line g as 
expected, (The beams in lines a and b are representing the experimental 
error of the entire measurements, } 










weight 40,000, Serva Entwicklungslabar,.. 
dialysed before use) strongly retarded ph 
upper chamber (lines b and c in Fig. 2). This p 
an ether structure; the more ether the upper. 
contains, the higher is the affinity of solution A for 
phenol. The fact that phenol is not retarded by dissoly 
dextran but by polyethylene glycol agrees well with | 
conclusions drawn from our chromatographic data, 

Further evidence for the belief that the ether groupings 
in ‘Sephadex’ gels interact with aromatic substances is 
given by the experiment with ‘Sephadex LH-20°, swollen 
in mono-ethyl-bis-ethylene-glycol {1 g, dry 1-5 mis 
after swelling 4-0 ml.). Cyclohexane (1 mg/@-l mi.) as 
well as phenol (0-5 mg/0-1 ml.) were eluted from such a gel. 
bed (0-34 x 20-5 em=7-5 ml.) after 7-1 ml. in the same 
solvent. The glycol ether did not retard the phenol. It 
is of interest that water in the column is considerably 
retarded (Ve=8-7 ml.), as assayed by the R4 differential 
refractometer (Waters MeS-technik GmbH, Frankfurt) 
used in these experiments. 

Urea or potassium thiocyanate is said to reduce the 
retardation of aromatic substances on ‘Sephadex @-25' |. 
(ref. 4). In our experiments (Table 1) only urea was able 
to reduce the affinity number of ‘Sephadex G-15’, thio- o> 
cyanate had the opposite effect. Another experim 
shows that it is impossible to saturate some binding sites... 
in the gel matrix: ‘Sephadex G-25 (1x90 em=74 mh) ~ 
was equilibrated with 2 per cent ammonium hydrogen 
carbonate, pH 7-5, containing 0-0 g, 1-78 g and 17-8 g 
phenol/l. respectively. The elution volume (81 ml.) of 
tyrosine (5 mg/ml]. sample solution) was unaffected by the 
additive. (The tyrosine was detected in the eluate by its 
ninhydrin colour.) 
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Catalysis by Haemin of some 
Molybdenum (VI) Oxidations 


We report a novel series of oxidations by molybdenum 
(VI) in acid solution, catalysed by trace amounts of bio- 
logically important ferrie complexes. These systems 
extend our knowledge of the catalytic action of haem > 
centres in redox processes and, because of the remarkable > 
specificity involved, may help to investigate isopolyanion 
equilibria, Catalysts inclide haemin (ferric protopor- 
phyrin IX), catalase, methaernoglobin and metmyogiobin, 
although free haemin may be the active catalytic species. os 
in each case because the proteins are degraded: in acid 
medium. Reducing substrates include iodide and euprous, 
ferrous and thiosulphate ions. None of these species is 
oxidized at a significant rate in the absence of catalyst. 
The reduced molybdenum species is deep blue and is 
probably the molybdenum blue readily formed im the 
absence of catalyst by the action of powerful reducing 
agents on molybdenum (VI). 

Kinetic and spectrophotometric studies have revealed 
that catalytic oxidation depends m a remarkable manner 
on reaction conditions. We have examined the rate of 
oxidation of iodide in terms of the rate of change of optie 
density at 600 my. and have determined this rate 
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(See continuous lines in Figs. 1 and 2. Nominal pH values 
have been calculated directly from sulphuric acid concen- 
trations.) Acid solutions of molybdenum (VI) contain 

_- various polymolybdate species depending on pH and total 
molybdate concentration, but the precise nature of these 
‘Species is not well understood. The presence of maxima 
in Figs. 1 and 2 (continuous lines) indicates that the 
. oxidation reaction is selectively dependent on the concen- 
tration of particular molybdate species. The relative 
-sharpness of these maxima suggests that only one poly- 

molybdate species is involved in oxidation. The molyb- 

date system can be represented as a condensation series 
o involving polymolybdate anions 





+H+t + H+ 
(MoYija == (MoV), == (MoV), 
-H+ — H+ 


where a, b, c represent the number of molybdenum atoms 
- per polyanion and c>b>a (charges and stoichiometry 
are excluded). Clearly the active species in catalytic 
oxidation is an intermediate such as (MoV1),,. 
. These ideas are supported by experiments on haemin— 
molybdate mixtures in the absence of reducing substrates. 
Such solutions are bright yellow in certain conditions. 
In Figs. 1 and 2 we have shown (broken lines) the depend- 
-ence of the optical density of haemin-molybdate mixtures 
{at 430 mu and constant haemin concentration) on pH 
and total molybdate concentration. The parallelism of the 
-curves in both figures with maxima at identical concentra- 
tions is immediately obvious. These data suggest that the 
yellow species may be the true oxidizing agent. and that 
eatalytic oxidation occurs by a bimolecular reaction 
of this yellow species with substrate. We have also 
> «demonstrated the reversibility of the formation of the 
yellow species by addition of alkali and excess acid and 
molybdate. We suggest that this yellow species is a 
heaemin—polymolybdate complex in which the haemin has 
selectively bound with a particular polymolybdate anion, 
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Fig, 1. Dependence of complex formation and rate of catalytic oxida- 
tion on pH. — A—, Rate of change in optical density per min at 600 mu. 
iHaemin concentration ~ 10-7 M, total molybdate concentration = 0-013 
M, iodide concentration = 0-04 M, path length=4 cm, ambient tem- 
perature =20° 0.) -- O--, Optical density at 480 mz of haemin- 
molybdate mixtures. (Haemin concentration ~10-* M, total molyb- 
date concentration = 6-02 M, path ft Ai em, ambient temperature 
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function of pH and total molybdate concentration. 
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Fig.2. Dependence of complex formation and rate of catalytic oxidation 
on total molybdate concentration. -—~A-~, Rate of change in optical 
density per min at 600 mu. (Haemin concentration ~10-7 M, pH =1, 
iodide concentration = 0-04 M, path length=4 cm, ambient temperature 
x20° €C.) -- O -- , Optical density at 430 mz of haemin~molybdate 
mixtures. (Haemin concentration ~10-* M, pH = 1, path length=4 em, 
ambient temperature «20° C.) 


thereby increasing the oxidizing power of the molybdenum 
(VI) in some as yet undefined manner. We are looking 
into this further. 

These reactions may help to elucidate the requirements 
for complex formation by the prosthetic group of the 
haemoproteins, and also to clarify certain problems of 
polymolybdate chemistry in acid solution. This catalytic 
oxidation may be of preparative use and we are currently 
screening possible reducing agents. 
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BIOLOGICAL SCIENCES 


Models for Haem—Haem Interaction 


Hoarp et al. have put forward the hypothesis that there 
are differences between the structure of the haem group 
in low-spin and high-spin haem compounds!. In high- 
spin metmyoglobin the iron atom is not coplanar with the 
haem group’, and X-ray analysis at atomic resolution of 
one other high-spin porphyrin compound suggests that 
this may be a general structural feature of such com- 
pounds’. Hoard et al. suggested that in low-spm haem 
compounds the iron atorn and haem plane would be more 
nearly coplanar than in high-spin compounds! The 
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recent determination of the structure of low-spin cyanide 
metmyoglobin is in accord with this suggestion (my 
unpublished work). 

Hoard and others have also suggested that the two 
postulated. structures of the haem group, dependent on 
whether the iron atom is in a low or high-spin state, may 
form the basis of the molecular mechanism of the haem— 
haem interaction which is displayed by haemoglobm in 
its combination with oxygen**. Hoard’s hypothesis is 
that because the oxygenation of high-spin deoxy haemo- 
globin to low-spin oxyhaemoglobin involves a change in the 
spin state of the iron atom, a non-trivial change in the 
structure of the haem group is expected to oceur; this 
change in haem structure could cause a conformational 
change of the subunit, and it is postulated that this 
informational change extends to a subunit—subunit con- 
tact?. This hypothesis is, however, difficult to reconcile 
with other observations for the reasons discussed here. 

It has been known for some time that the structure of 
deoxyhaemoglobin is different from that of oxyhaemo- 
globin; furthermore, these two forms of the protein have 
different quaternary structures®*. The structural differ- 
ences are large, and cause the molecules of the two forms 
of haemoglobin to crystallize in different space groups’*. 
These two structures will be referred to as the T form 
(corresponding to the deoxyhaemoglobin structure) and 
the R form (corresponding to the oxyhaemoglobin 
structure) of the protein. The spin state and protein 
conformation of several liganded forms of haemoglobin 
are given in Table 1. 


Table 1 

Protein Coordina- Charge 
Compound Spin state* confor- tion No.of on iron 

mation iron atom atom 

Deoxyhaemoglobin High T 5 + + 

Oxyhaemoglobin Low R 6 ++ 
Acid methaemoglobin High R 6 + ob + 

Azide methaemoglobin Predominantly 

low 6 +++ 

Carbon monoxyhaemoglobin Low R 6 + + 
Fluoride methaemoglobin High (R) 6 + ++ 


The protein conformation is given in ref. 15, unless it is putin parentheses: 
the protein conformation of fluoride methaemoglobin has been kindly made 
available to me by Dr M. F. Perutz. 


* Ref. 14. 


Cooperative effects are observed in the equilibria 
between deoxyhaemoglobin and oxyhaemoglobin’, and 
between deoxyhaemoglobin and methaemoglobin”. In 
both these cases there is known to be a similar large 
structural change of the protein; however, in the latter 
case the equilibrium is between two high-spin forms of 
the protein. Thus Hoard’s suggestion, as it was originally 
put forward, can only account for the cooperative effects 
observed in the oxygenation of haemoglobin, and yet 
similar changes in protein structure are observed in both 
equilibria. Furthermore, high-spin methaemoglobin and 
predominantly low-spin azide methaemoglobin have 
basically the same protein structure (Table 1). Thus this 
large change in protein structure, which has always been 
observed when cooperative effects have been detected, is 
quite unrelated to the spin state of the compound. 
Hoard’s suggestion can only be reconciled with these 
observations by ad hoc hypotheses, and would only be 
interesting if no other simpler hypothesis were forth- 
coming. 

The iron atoms of deoxyhaemoglobin and deoxymyo- 
globin are believed to be 5-coordinated". Table 1 shows 
that all listed haemoglobins with a 6-coordinated iron 
atom exist in the R state, and that deoxyhaemoglobin 
alone, the iron atom of which is 5-coordinated, is in the 
T state. This suggests the very simple hypothesis that 
the molecular factors responsible for causing all these 
6-coordinated forms of haemoglobin to exist in the R 
state are essentially the same, and that it is the presence 
of the sixth ligand which causes the structural change 
from the T to the R state in the oxygenation and oxidation 
of deoxyhaemoglobin. More detailed hypotheses are 











possible, of which the following two are pa 
simple. The first is that there could be so 
hindrance in deoxyhaemoglobin to the occupi 
six coordination site of the iron atom by a lgan 
thus occupation of this site would favour a st 
rearrangement of the subunit; the second that the ii 
all of which possess the ability to form a hydrogen bond 
to, for example, the distal histidine, can only do so when 
the protein is in the R state. Both hypotheses iroply that 
all 6-coordinated compounds of haemoglobin should 
exist in the R form of the protein. 

Finally, these discussions are relevant to some con- 
clusions reached by Ogawa and McConnell*, who pre- 
sented evidence which they believed to be meonsistent 
with the allosterie model, An account of their experi- 
ments is given in ref. 12, and I shall only consider s 
erucial assumption used by these authors in the mter- 
pretation of their results. They observed a change in the 
electron spin resonance spectrum of a free radical attached 
to cysteine 893 on the oxygenation of deoxyhaemo- 
globin. They assumed that this spectral change was 
caused by the same conformational change as that -~ 
responsible for haem—haem interaction; they also pre- eee 
sented evidence that this conformational change was _ 
correlated with the change in spin state of the iron atom. 

I believe that the change in spin state and the conforma. 
tional changes at cysteine $93 are not necessarily related 
to the mechanism of haem-haem interaction. 
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Gonville and Caius College, Cambridge, for financial 
support. 
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RNA and Protein Synthesis; 
Prerequisites of Red Light-induced 
Gibberellin Synthesis 


Ir has been shown that the synthesis of mRNA and 
protein is a prerequisite for phytochrome-mediated syn- 
thesis of anthocyanin!?, and that irradiation of plant 
tissue with red light stimulates the production of several 
enzymes?*. We recently demonstrated that red light 
irradiation of segments from etiolated barley leaves would 
quickly induce the synthesis of gibberellin-like substances’. 
Subsequently we have investigated the possibility that 
this red light-induced gibberellin synthesis requires th 
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formation of enzymes and RNA before ASSAY 
ed production of the gibberellins them- CONTROL 

We have made use of actinomycin D, £ 9 
chloramphenicol, cycloheximide and st | GAs yg fI. 
chlorpropham isopropyl N(3-chloro- a a, 70 
phenyl) carbamate (CIPC). Actino- ES 
mycin D inhibits the synthesis of RNA 2 chs 
op the DNA template*?. Chloram- F3 
phenicol is an inhibitor of protein syn- g © o o 
thesis? and is known to be particularly S2 R | R 
effective im chloroplasts*-", Cyclo- E bhai I dork 
heximide blocks both DNA and RNA Zi POR 
biosynthesis?®!3, CIPC is a herbicide a 
and will inhibit both protein synthesis Ce ee er rig i Sia as ata ce 

0 01 1 10 100 0 O41 1 10 


m segments of seedling plants!4, and 
the phytochrome mediated germination 
of seeds, 

Batches (2 g) of etiolated barley leaf 
segments were infiltrated, in darkness‘, 
with one of the following solutions: water, actinomycin 
D (10 mg/l.), chloramphenicol (100 mg/l.), CIPC (1,000 
mg/l.), or eyeloheximide (100 mg/l). Each batch was 
washed with 1 1. of distilled water, and then irradiated 
with red light‘ for 35 min. They were then left in darkness 
for 10 min and finally extracted for gibberellins*. Extracts 
were assayed for gibberellin activity by the barley endo- 
sperm assay. 

Another series of batches of segments received identical 
treatment except that they were not illuminated, but 
were kept in darkness for 45 min before extraction. 

A third group was treated in the same way except that 
the segments were not illuminated and the final extracts 
were taken up, not in buffer, but in gibberellic aeid 
(0-0005 mg/l.). This was a precaution against contamina- 
tion of the extracts by any of the inhibitors which might 
have been extracted from the treated tissue along with 
the gibberellins. It was thought that these inhibitors 
might reduce the response of the assay to the gibberellins. 
Later work, not described here, has shown that neither 
chloramphenicol nor actinomycin D (concentrations of 
both ranging from 0-1 to 100 mg/l.) affected the assay 
when added to the endosperm together with the gibberellic 
acid (see also Varner”). The effects of eyeloheximide and 
CIPC have not been tested. 

The effects of the four inhibitors on the levels of gibber- 
ellin-hke substances are shown in Fig. 1. Gibberellin 
activity was present in the extracts from the leaf segments 
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Fig. 3, Efect of chloramphenieo! and actinomycin D on red light-induced gibberellin 


synthesis in ctiolated harley leaf segments, 


which had been infiltrated with water and then irradiated 
with red light (unshaded histogram, No. 13). Little or no 
activity was found in the dark controls (black histogram, 
No. 14). That the inhibitors had no effect on the bioassay 
can be seen by comparing the shaded histograms (for 


data shown in Fig. 2 could be used as 


č o evidence in support of the idea that in 
these barley leaves gibberellin synthesis, 
G A3 l * l 


or the synthesis of some enzyme respons- 
wg fi ible for gibberellin production, occurs 
Os it the chloroplasts. In this context 
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within a few minutes of the onset of red light treat- 
= ment, . 
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Binding of Plutonium and 
Americium to Bone Glycoproteins 


THE observation that plutonium, americium and yttrium 
are localized in bone at sites which show histological 
evidence of the presence of mucosubstances! has prompted 
the study of the glycoproteins of bone? and of their metal 
binding properties*®. Four carbohydrate-containing pro- 
tein fractions have been isolated; bone sialoprotein 
(BSP), a chondroitin sulphate—protein fraction and two 
glycoprotein-containing fractions designated Gl and G2 
(ref. 2). The chondroitin sulphate~protein fraction has 
recently been separated into three components’. Collagen 
is also extracted during the separation procedures?. 

A study of the metal binding properties of BSP (ref. 3) 
showed that yttrium bound to the protein more strongly 
than calcium. Yttrium also bound more strongly to bone 
chondroitin sulphate-protein and to synthetic polymers 
such as poly-L-glutamate and poly-L-aspartate, but only 
weakly to serum albumin and ribonuclease. From these 
data and from the stoichiometry of the reaction it was 
concluded? that the strong binding of yttrium, and prob- 
ably thorium’, was due to the high density of carboxy! 
groups in BSP. 

We have used gel filtration to compare the binding o 
plutonium and americium to bone proteins with the 
binding of these metals to certain other proteins. Solutions 
of °°Pu (IV) and Am (IIT) nitrates were filtered through 
filters with pores of diameter 10 my to remove polymeric 
material®, and added to 0-5 mg of protein in a total 
volume of 1-0 em’ of 0-15 M KCI, 0-01 M tris-HCI pH 75 
buffer so that the protein : metal ratios were respectively 
l:l and 10:1 for plutonium and for americium. The 
mixtures were allowed to stand for 20 min and were then 
applied to 70 cmx1i em bore columns of ‘Sephadex 
G-50' or ‘G-25°, and eluted with the KCl-tris buffer. The 
distribution of protein in successive 3 cm? fractions was 
assessed by measuring the optical density at 230 mu. 
The recovery of ®*Pu and HAm in the fractions was 
measured by counting 1 em? aliquots in a liquid scintilla- 






tion counter using emulsion scintillant, 10 em? 7 
NE 214 (Nuclear Enterprises (GB), Ltd)/Te 
(Union Carbide UK, Ltd) contaming 0-05 per cent 
In the absence of protein the recoveries of plutentuny : 
americium were small and were neghgible at the elution — 
volumes corresponding to those of the proteins. 

The results (Table 1) are expressed as the percentage of 
the °Pu or Am recovered in the protein-contaming 
fractions. The results show that plutonum binds strongly 
to both BSP and the chondroitin sulphate-fraction of bone 
and that in these experimental conditions the binding 
of these two substances is much greater than to any of 
the other proteins examined. Similarly, americium binds 
fairly strongly to BSP but less strongly to the ehondroitm 
sulphate—-protem fraction. The lower percentage recov 
eries of americium in the BSP and chondroitin sulphate- 
protein fractions as compared with plutonium, together 
with the higher protein: americium ratio, suggest that. 
by these two proteins. 

Where comparable data are available the results shown 
in Table 1 reflect the known stabilities of phatonium-- 
protein complexes. Thus it is known that in serum, both 
in vivo and in vitra, plutonium binds predominantly to 
transferrin but only shghtly to albumin®-*, and diffusion 
studies showed that plutonium bound to collagen only 
very weakly ifatall®. Similarly, the observations of strong 


presented here for both plutonium and americium. The 
degree of binding of plutonium to y-globulins which has 
been observed in these studies is greater than might have 
been expected from the serum binding data, for im serum 
the y-globulins do not bind plutonium to any great. 
extents. In all the studies deseribed here, hawever, the 
protems were exposed briefly to dilute acid so that it is 
possible that some structural damage to the proteins may 
occur which could lead to an alteration im the metal! 
binding properties. 


Table 1. 
Protein 
Bovine y globulin 


BINDING GF PLUTONIUM AND AMERICIOM TO PROTEINS 
Supplier 


Koech- Light 
Laboratories, Ltd 


Pinion 
13-8 + 51 


Amerigigp 
PS + 


Human transferrin A.B. Kabi 270 t å ayy + ei 

Human serum A.B, Kabi 2 + 0A it + G7 
abumin 

Ovalbumin (chicken)  Keoch-Light IRG 4 oF 46 + 24 

Laboratories. Ltd 

Bovine chyme- Seravac, Lid 7 fi od} 
trypsinogen A 

Sperm whale Serayvac, Ltd 16 + Th OO} 
myoglobin 

Bovine ribonuclease Seravac, Ltd 494 O48 QFE 

{‘ytochrome ¢ Sigma Chemical Co., dis PRR ERSE] 
fhorse) Lid 

Bone sialoprotein Dr G. M. Herring pied 4122 S00 + 2°5 
fbovine) 

Chondroitin sulphate- Dr G. M. Herring TEG * 14-4 z 
protein (bovine) 

Collagen Dr G. M. Herring Jem + pü aes 

Protein : metal ratio | Oe i 


Percentage recoveries of metal associated with protein following gel 
filtration. 
Means + standard deviation or individual results. 





The results obtamed with americium support previcus 
observations which suggest that the stabilities of ameri- 
cium-protem complexes are generally much less than 
those of the corresponding plutonium complexes, Je is 
interesting to note that americium is only weakly bound 
by the chondroitin sulphate-protein fraction whereas 
yttrium was found to bind strongly to this fraection®, 
Evidently the protein moiety is responsible for this 
binding, for protein-free chondroitin sulphate binds 
yttrium only weakly?! 

The data presented here show clearly that both 
plutonium and americium are bound more strongly by 








BSP and the chondroitin sulphate-protein of bone than 
by any of the other proteins studied. at 
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collagen, or to transferrin which is the protein which 
transports plutonium and probably americium in the 
blood’~*. In addition, we have carried out similar studies 
with the Gl and G2 glycoprotein fractions which suggest 
that they contain substances which bind plutonium as 
strongly as BSP and the bone chondroitin sulphate- 
protem fraction. 

The hypothesis that glycoproteins are involved in the 
localization of plutonium, americium and yttrium at 
certain sites in bone was. based originally on autoradio- 
graphic and histological evidence!, and subsequently 
supported by an in vitro study of the binding of yttrium 
to BSP (ref. 3). The results reported here provide direct, 
although qualitative, evidence that in vitro plutonium 
and americium bind strongly to bone glycoproteins. 
Plutonium appears to be bound more strongly than 
americium by these glycoproteins and the possible sig- 
nificance of this in relation to the greater carcinogenicity 
of "Pu as compared with Am has been discussed!. 

We thank Dr G. M. Herring for bone glycoproteins and 
Mr Richard Savage for his help. We also thank Professor 
L. F. Lamerton for constant encouragement and the 
United Kingdom Atomic Energy Authority for financial 
support. 
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Control of Membrane Permeability 
to Potassium in Red Blood Cells 


Sopium and potassium concentrations in human red cells 
are controlled by the sodium pump, and if passive leaks 
exceed rates of active transport cells undergo colloid 
osmotic haemolysis. Because the sodium pump has a 
maximum rate!:?, passive permeability is also involved in 
regulating ionic composition. Is passive permeability, 
like active transport, related to the metabolic state of 
the cell ? 

Human red cells and ghosts have been incubated with 
02 mM iodoacetate and 20 mM fluoride to see if leaks of 
sodium and potassium are affected. Comparisons have 
been made between energy-rich and energy-poor cells 
from 3 weeks old blood stored in the cold. Potassium loss 
with 1odoacetate was increased six-fold by adding 0-2 mM 
calcium to Ringer solution, whereas sodium gain was the 
same. Values for net losses and unidirectional potassium 
influx show that calcium markedly raised passive potas- 
sium efflux but did not affect potassium influx. Similar 
changes in ionic content were found with fluoride, when 
pyruvate prevented potassium loss**. Pyruvate was, 
however, ineffective without additional metabolite. Other 
utilizable energy sources (inosine or adenosine) were 
needed, which suggests that pyruvate might act through 
increasing ATP production. Trapping ATP in red cell 
ghosts prevented potassium loss otherwise found with 
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0-2 mM calcium and iodoacetate or fluoride. At this 
calcium concentration, sodium permeability was not 
raised. Pyruvate had no effect in ghosts. 

One explanation is that the inhibitors directly increased 
membrane permeability’~*, but it is difficult to explain 
fully the influence of metabolism. Another view is that 
an increase in concentration of ionic calcium in cells raised 
permeability to potassium. There is an implied mech- 
anism for red cells to keep out calcium and an outwardly 
directed calcium pump has been demonstrated’’. Failure 
of this pump in cells metabolically depleted would allow 
a net entry of calcium. Sodium permeability also seems 
to be increased both with® and without inhibitors (unpub- 
lished results of myself and P. J. Romero Ruiz) as the 
calcium concentration is raised. This suggests a graded 
response~--first of permeability to potassium, then to both 
potassium and sodium. Metabolism supplies energy for a 
calcium pump and therefore appears to be indirectly 
involved in maintaining a low permeability to sodium 
and potassium, so that passive leaks can be made good 
by active transport. 

R. Wairram 
Laboratory of General Physiology, 
University of Leicester. 
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Ultrasonic Irradiation of Reduced 
Wool releases | -7S, 35S and 20S 
Protein Fractions 


Mvcu information about the configuration of the protein 
chains, and the mutual position of the components, in 
muscle! and connective tissue? has come from physical 
chemical measurements of dissolved protein components 
from these tissues. It is essential, if the structure of the 
intact tissue is to be inferred from the structure of the 
protein components in solution, that these components 
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Fig. 1. Determination of Sp for three fractions produced by ultra- 


Top line, Sh w= 7S; centre line, 
Siww= 3-58; bottom line, 30,2 = 205. Concentrations were determined 
with s Zeiss interferometer assuming dn/de = 1-86, 


sonic irradiation of reduced wool. 
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l should not be denatured and their three-dimensionai 
structure should not be altered during extraction from 


< the tissue into solution. 


Tt is difficult to extract protein from wool unless di- 
sulphide crosslinks are first broken. Wool can be treated 
= for several hours with a reducing solution at pH 10-0: a 
small amount of protein dissolves, some disulphide cross- 
links are reduced, but X-ray diffraction? and deuterium 
exchange experiments‘ still show the presence of protein 
chains in the «-helical configuration. At least part of the 
original wool structure therefore remains intact after the 
treatment. We have examined a component dissolved 
from reduced wool by limited proteolysis with trypsin 
(ref. 5 and private communication from R. E. Yarwood). 
Here we describe protein fragments released from reduced 
wool by ultrasonic irradiation. 

Low power ultrasonic irradiation of a solution of 
tropocollagen molecules, for example, impairs the ability 
of the molecules to aggregate specifically longitudinally 
and laterally. At slightly higher power the tropocollagen 
molecules break near the centre, and a homogeneous 
preparation of half molecules is the result. The nalf 
molecules are not broken into quarters however long 
irradiation is continued at the same power. If the power 
of irradiation is again slightly increased, quarter molecules 
are produced. In these experiments, the solutions were 
surrounded by ice during the irradiation, and there was 
no evidence of denaturation®:’. Thus ultrasonic irradia- 
tion of a fibrous protein can give rise to a homogeneous 
preparation of undenatured fragments of the original 
molecule. Similarly, ultrasonic irradiation shears DNA 
without denaturing the double helix’. 

Samples (0-5 g) of purified merino wool were reduced 
for 48h at 20° C in 0-1 M disodium hydrogen phosphate, 
0-1 M thioglycollie acid, pH adjusted to 10-0. The reduced 
wool, in 5 ml. of the reducing solution in a vessel sur- 
rounded by water at 20°C, was irradiated by a Dawe 
Soniprobe at power setting 5 for 30 min. The temperature 
rose to between 40° C and 50°C. After sonication, large 
debris was removed by centrifugation at 1,250g for 5 min. 
The analytical ultracentrifuge revealed three fractions. 
Their sedimentation coefficients were measured at 20° C 
at several concentrations and, in Fig. 1, 1/5 is plotted 
against concentration. The values of Shw were 1-75, 
3:58 and 20S. Fig. 2 shows typical schlieren patterns. 
(Mr P. L. Holmes provided an Algol programme to 
compute S values by a least squares method.) 

We are attempting to separate these fractions on a 
preparative scale. The 1-78 fraction is reminiscent of high 
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a b 


Fig. 2. Analytical ultracentrifugation of proteins released from re- 

duced wool by ultrasonic irradiation. Spinco Model E, 59,780 r.p.m., 

20° C, bar angle 60°, sedimentation left to right. a, 70 min after reaching 

speed: left-hand peak, 17S and 3-59 material not yet resolved; right- 

hand peak, 205 material. b, 210 min after reaching speed: 1-75 and 

3-58 material resolved into two peaks: 20S material sedimented ta 
the bottom of the cell. 










sulphur proteins with similar sedimentation t 
which can be dissolved from wool by reducing so! 
The 3-55 material may be similar to the low i 
a-helical protein released by limited trypsiniatic 
reduced wool®, sedimentation coefficient 3-18. The 
mentation coefficient of a protein depends on its 





sha 
and so on, as well as on molecular weight, but the 205 — 
fraction may be compared, for example, with the molecule 
of RNA polymerase?! from HE. colt, an approximately 
spherical molecule, 120 A in diameter, molecular weight 
900,000, sedimentation coefficient 218. We hope that =n 
structural studies of these proteins in solution will show > 
that the protein chains are in specifie configurations, and 

give information about the arrangement of protem chains 

in the wool fibre. 

This work was supported by the International Wool 
Secretariat, the Wool Textile Research Council and the 
Science Research Council, 
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University of Leeds. 
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Presence of Deoxycompounds in 
Irradiated Carbohydrates 


THE products of radiolysis of carbohydrates have been 
studied in great detail': deoxycompounds have heen 
found only by Kochetkov et al.* and only as radiolysis 
products of «-methylglucose. My results indicate that 
deoxycompounds are also formed when unsubstituted 
mono and disaccharides, starch and cellulose powder are 
irradiated. Treatment with periodic acid converts 
deoxyecompounds to malondialdehyde*, which can be 
determined with 2-methylindol*. This reagent gives a 
deep red colour with malondialdehyde, with a sharp 
absorption maximum at 555 nm. 

For qualitative tests, 1 per cent solutions of D{ + )- 
glucose, pD(—)-fructose (0-055 M), p(+)-xylose, Li+) 
arabinose, D( + )-ribose (0-067 M), p(+ )-sucrose (0-029 M), 
solid potato starch and cellulose powder were irradiated 
under nitrogen with a dose of 5 Mrads. Deoxycompounds 
were determined’, and positive results were obtained with 
all compounds except fructose. Quantitative determina- 
tions were carried out with glucose, sucrose, potato starch 
and cellulose, also irradiated under nitrogen. More than 
one deoxycompound may be formed on irradiation of 
these materials, but 2-deoxyglucose was used as reference 
standard in each case. This was dissolved in | per cent 
(0-055 M) glucose solution for comparison with irradiated 
glucose, in 1 per cent (0-029 M) sucrose solution for com- 
parison with irradiated sucrose, and in water for compari- 
son with irradiated starch or cellulose. Almost identical 
results were obtained after irradiation with either “Co. 
gamma-rays or 10 MeV electrons produced by a linear 
accelerator. = 
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Fig. 1. Dose dependence of the formation of deoxveompounds, ex pressed 

as moles of 2-deoxyglucose/mi, for the 1 per cent glucose and 1 per cent 

sucrose solutions, and as pmoles of 2-deoxyglucose/g for potato starch 

and cellulose powder, A. deer ; a glucose; C, cellulose; D, potato 
starch. 


Fig. 1 shows a good correlation between irradiation dose 
and the amount of deoxycompounds formed from each 
of the four carbohydrates. Assuming that the only 
deoxycompound formed was 2-deoxyglucose. an initial 
G value of 0-19 can be calculated for the irradiation of the 
glucose and 0-75 for the irradiation of the sucrose solution. 
Tf, for the irradiation of the solid materials, the additional 
assumption is made that no side reactions occur which 
interfere with the formation of maiondialdehyde from the 
deoxycompounds, initial G values of 9-05 for potato starch 
and 0-14 for cellulose powder can be calculated. 

Attempts to identify compounds in irradiated ribose 
solution were made using thin layer chromatography’, 
and the H1iO,-thiobarbituric acid test as described by 
Anderson®. After development with a number of different 
solvent systems, two spots were observed, one of them 
having Rp values identical with 2-deoxyribose. 

Satisfactory analytical methods for the identification 
of irradiated foods are still lacking’, so the occurrence of 
deoxycompounds in irradiated carbohydrate foods is 
interesting. When the periodate-methylindole reaction 
was applied to various samples of wheat, flour, a yellow 
colour was obtained with unirradiated samples and a red 
colour (absorption maximum at 555 nm) with irradiated 
samples. The colour intensity correlated well with the 
irradiation dose. Without prior periodate treatment, the 
irradiated wheat: did not give a positive methylindole 
reaction, which indicates that irradiation produced 
deoxycompounds rather than malondialdehyde. 
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Proteins of Cervical Mucus 

CERTAIN changes in the physical properties of the cervical 
mucus are essential for the passage of sperms at the time 
of ovulation. These changes are under hormonal control; 
oestrogens cause the mucus to be thin and clear whereas 
progestational agents render it thick, opaque, viscid and 
impenetrable to sperms’. The biochemical phenomena 
underlying these physical changes are not clear, but it 
is probable that quantitative or qualitative alterations 
m the glycoproteins and the smaller protein fractions are 
involved. The data on the changes in the protein com- 
position of the cervical mucus during the menstrual 
cycle, however, are scanty and conflicting. Moghissi and 
Neuhaus? have demonstrated changes in the protein 
fractions at the time of ovulation but these are inconsis- 
tent with the patterns described by Herve eż al.4. These 
findings in turn differ, in spite of similar microimmuno- 
electrophoretic techniques being used from those of 
Schumacher et al. and from Trnka et al.*, who failed ta 
demonstrate precipitable protein in non-pregnant mucus. 

It is possible that the variable results have been a 
consequence of the failure to work with a preparation of 
the mucus which had been homogeneously dispersed in 
a soluble vehicle. We report here a technique which 
satisfactorily “‘solubilizes” the mucus, enabling subsequent 
reproducible dise electrophoresis to be carried out. 

A known quantity (about 50 mg) of mucus was well 
teased out in, and made up to 0-5 mil. of, a 45 per cent 
solution of ‘Ficoll’ (Pharmacia, Sweden) in electrophoretic 
buffer contained in a small tapering container such as 
an autoanalyser cup. The contents were thoroughly 
mixed by a mechanical vibrator several times in half an 
hour. To the resultant suspension 0-1 ml. of dimethyl 
sulphoxide is added and the mixing is repeated several 
times, as before, during the next 30 min. This procedure 
results in a free flowing, faintly opalescent homogeneous 
fluid which can easily be handled in a micropipette and 
which can be applied uniformly to the origin of an electro- 
phoretic system. 

‘Ficoll is inert and it has been used chiefly in the 
isolation of living cells or subcellular fractions and in 
tissue culture. Dimethyl sulphoxide is an extensively 
used solvent and has been shown to be non-toxie to living 
cells?-§. It therefore seems reasonable to conclude that 
these agents do not produce protein artefacts. 

To ensure intersample comparability the protein con- 
tent was estimated by the method of Lowry et al.'. 
Similar quantities of protein (range 100 ug-200 ug) were 
applied to a Shandon (London) dise electrophoretic 
system based on the technique described by Ornstein 
and Davis! comprised of a 7 per cent polvacrylamide 
running gel and a 4 per cent spacer gel in a continuous 
tris/alyeine buffer system, pH 9-5 (ref. 12). 

The preliminary results indicate that there are differ- 
ences in the protein content of specimens of mucus under 
different hormonal influences as shown in Table 1. 


Table 1. PROTEIN CONTENT 


(ug/me of wet mucus) 
No. of samples 


Mean Range analysed 
Mid-evele mucus 35 10-6: & 
Secretory phase mucus . 53°5 35°8-73-5 6 
Chioruidinghe  aGeiate: tenes . . 
mid-cycle mucus 16-1 Te 4-B4G s 
Protein was estimated by the method of Lowry et al, +, 
These differences m protein content are probably greater 


than can be accounted for by the higher water content at 
midcycle**. These variations in protein content in associa- 
tion with the changmg physical properties of cervical 
mucus In varying endocrine situations suggest that the 
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Fig. 1. 


opaque tenacious progestational mucus will not change 
it to a thin, clear oestrogenic mucus, through which 
sperms can readily pass. 

In addition to the quantitative differences in the 
protein content, there are qualitative differences in the 
protein bands at the various stages of the menstrual 
cycle (Fig. 1). These protein bands have been allowed 
to diffuse from a split gel into an agar plate, and some of 
these bands have been identified against specific antisera 
(Fig. 2). Albumin is the dominant protein throughout 
the menstrual cycle. In mid-cycle its concentration is at 
its minimum, when it is only protein which can be demon- 
strated by this technique. Occasionally pre-albumin has 
been found. ‘Transferrin, §8-globulins and immuno- 





Fig. 2. a, Mid-cycle 


Immunodiffusion against anti-human serum. 
cervical mucus: b, prowestational cervical mucus, 


Albumin 
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b. mid-cycle mucus; e, secretory phase cervical mucus. Top, polyacrylamide gel, 
stained 1 per cent amido-black. Bottom, transmission densitometric tracing. 


globulins have been demonstrated in progestat ional mucus. 
The distribution and incidence in the menstrual eyele of 
these bands should become apparent from studies of 
serial specimens of mucus. 

The chief contraceptive action of continuous low 
dosage chlormadine acetate in women has been shown to 
be associated with changes in the physical properties of 
cervical mucus in mid cycle. At this time the technique 
described here has recorded a significant increase in the 
total protein concentration of the mucus which appears 
to be chiefly due to albumin. It seems probable that these 
techniques could be valuable in the assessment of pro- 
gestational effects on the cervical mucus. 

One of us (M. E.) is in receipt of a fellowship from the 
Royal College of Obstetricians and Gynaecologists. The 
photographs were produced by Miss P. Turnbull of the 
Department of Medical Photography, Charing Cross 
Hospital Medical School. . 
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Isolation, Structure and Synthesis of 
Ovine and Bovine Gastrins 


ANDERSON et al. were the first to report the presence 
of gastrin-like activity in erude extracts made from the 
pyloric mucosa of ovine and bovine abomasums; a small 
amount of similar activity was also detected in fundic 
mucosa of both species. We now describe the isolation of 
gastrins from ovine and bovine mucosa, and show that the 
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enzymatic and chemical degradation, and by detailed 
comparison with synthetic peptides. For example, Pap-I 
(Glu,,Gly,Pro,Trp,Valj was assigned thé tentative struc- 
ture indicated from its amino-acid composition and. by 
analogy with the formation of a similar hexapeptide (con- 
taining leucine in place of valine) from human gastrin‘, 
It was indistinguishable on electrophoresis and thin layer 
chromatography in three solvent systems from the 
synthetic hexapeptide [Glu.Gly.Pro.Trp.Val.Glu. The 
dimethyl ester was likewise indistinguishable on thin- 
layer chromatography from the synthetic diester. Further 
degradation of Pap-I with carboxypeptidase yielded 
glutamic acid and valine and a residual peptide indistin- 


r m ee v ~ : > 
guishable from synthetic [Glu.Gly.Pro.Trp (but different 


R 

[Gin.Gi y-Pro.Trp. Val.Glu.Glu.Glu.Glu PNE ee y. Prp.Met.Asp. Phe NH 8 (1) 
R 

[Glac y.Pro. Trp. Met.Glu.Gla.Glu.Glha P y. Trp.Met.Asp.Phe.NH, (IT) 
R 

[Gina y.Pro. Trp. Lew.Glu.Glu.Glu.Glu.Gha Ala.Tyr.Gly ‘Trp Mot .Asp. Phe.NH, (ITI) 


In this work, only pyloric mucosa was taken for extrac- 
tion, and the method of isolation of the gastrin peptides 
was the same as that previously described for hog antral 
mucosa’, No difficulty was experienced with bovine 
mucosa; two peptides (C.I and C.II) were isolated in 
approximate proportions of C.I:C.I1I=1:2 and the 
total recovery from 5-6 kg of mucosa (41 antra) was 
approximately 3 mg. This is very small compared with 
the total amount of porcine gastrin which is usually 
obtained from a similar weight of hog antral mucosa 
(approximately 10 mg). In the case of sheep mucosa, 
great difficulty was encountered in the isolation, chiefly 
by reason of the presence of a large amount of unidentified 
brown pigment of acidic nature which was adsorbed on 
the Sephadex and aminoethylcellulose columns, necessita- 
ting repeated passage of active fractions on fresh columns 
in order to obtain pigment-free material. The principal 
gastrin peptide (S.IT) present was identified as the sgul- 
: phated form (see below) and the yield of this was approxi- 
. mately 5 mg from 3 kg of mucosa (300 antra). A second 
peptide (S.I) was present in very small amount, probably 
no more than about one-tenth of the first. 

All the gastrins were tested for their action on gastric 
and pancreatic seeretion and gastrointestinal motility in 
conscious dogs. They showed activity apparently identical 
in form and degree with those already desecribed* for the 


ci porcine hormones. 


The amino-acid sequences were determined by amino- 
acid analysis and by cleavage with papain and subtilisin? 
(Fig. 1). Peptide fragments were identified by further 


1 2 3 4 5 &6 7 8 9 


10 41 142 


from [Gla.Pro.Gly.Trp). The single valine residue in ovine 
and bovine gastrin was therefore located at position 5, 
where porcine and human gastrins also differ from one 
another. E 

Similar procedures were used for the identification of 
other peptide fragments. In the case of the central 
heptapeptide, Pap-II, however, no chromatographie or 
electrophoretic method was found for distinguishing 
between the isomeric synthetic peptides Glu,.Ala,.Tyr.Gly, 
and Glu,.Ala.Glu.Ala.Tyr.Gly. The desulphated natural 
peptide was eventually identified with the former by 
further degradation by papain at pH 4-6 (compare ref, 7), 
Cleavage occurred between residues 9 and 10, and the 
patterns of products obtained from the natural peptide 
and synthetic Glu;.Ala,.Tyr.Gly were identical, and were 
quite different from that from the isomeric peptide. The 
location of the second alanine residue at position 10 was 
also confirmed by hydrazinolysis of the subtilisin peptide, 
Sub-If, 

All the results were consistent with the amino-acid 
sequences (I, R==H and SO,H) for both ovine and bovine 
gastrins. The heptadecapeptide amide (I, R==H) was 
synthesized by the stepwise route illustrated in Fig. 2. 
This is similar to a scheme recently used for the 
synthesis of human gastrin’, except that in our case 
residues 2 and 3 were added as an intact dipeptide unit. 
The product was homogeneous on paper electrophoresis 
and thin-layer chromatography. had the appropriate 
amino-acid composition and was fully active in stimulat- 
ing gastric secretion in the conscious dog. Its identity 


43 14 15 16 49 


Calu.ciy.pro.Trp.Val.Glu.Glu.Glu.Glu.Ala.Ala.Tyr (SO, H).Gly.Trp.Met.Asp.Phe.NH, 
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Fig. 1. Degradation of ovine and bovine gastrins II by papain and subtiisin. 
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with natural bovine gastrin I was established by “‘finger- 
printing” methods (compare ref. 5) using the enzymes 
‘subtilisin and thermolysin. The [Ala®,Glu!°]-analogue of 
(I, R==H) was also synthesized and was clearly differentia- 
ted from bovine gastrin by the fingerprinting process. 


K. L. AGARWAL 
J. BEACHAM 

P. H. BENTLEY 
R. A. GREGORY 
G. W. KENNER 

R. C. SHEPPARD 
HILDA J. TRACY 


Robert Robinson Laboratories and 
Physiological Laboratory. 
University of Liverpool. 


Received April 25; revised June 11, 1968. 


1 Anderson, W. R., Fletcher, T. L., McAlexander, R. A., Pitts, C, Ta, Cohen 
R. L., and Harkins, H. N., J. Dairy Seience, 44, 2218 (1961), 

* Anderson, W. R., Fletcher, T. L., Pitts, C. L., and Harkins, H. N., Nature: 
193, 1286 (1962). 

* Gregory, H., Hardy, P. M., Jones, D. S., Kenner, G. W., and Sheppard, 
R. C., Nature, 204, 931 (1964). 

‘ Bentley, P., Kenner, G, W., and Sheppard, R. C., Nature, 209, 583 (1966). 

= Beacham, J., Bentley, P. H., Kenner, G. W., MacLeod, J. K., Mendive, 
J. J., and Sheppard, R. C., J. Chem. Soe, (€), 2520 (1967). 

t Gregory, R. A., and Tracy, Hilda J., Gut, 5, 103 (1964), 

? Hill, R. L., and Schwartz, H. C., Nature, 184, 641 (1959). 

® Morley, J. S, J. Chem. Soe. (C), 2410 (1967). 


















Lactose Intolerance 


A RECENT report! of suggested lactose intolerance in a 
group of Asian students, and the conclusion drawn from 
this that the inclusion in food aid programmes of milk 
and milk products may not be the best method of helping 
nderdeveloped Asian countries, must be a matter of 
onsiderable concern to nutritionists and others associated 
with the promotion of dairy products. | 

= J do not intend to criticize the investigation itself; it 
establishes what it set out to show—that a selected group 
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that lactase is present in the digestive systems 


infants irrespective of their race or environment. If this 
were not the case they would be unable to survive 











human milk, and this would apply particularly to- 
developed areas where human milk is virtually the o 
suitable food available for young infants. ee 
After weaning there is almost no source of lactose im | 
the diet in many underdeveloped areas, and, on analogy ee 
with other enzymes of similar origin, lactase synthesis is | 
almost certainly markedly repressed. Again, on analog 
with other systems, lactase synthesis should be re-in 
when lactose is introduced. into the diet, but the pr N 
would not be expected to be an immediate one and, during = 
the re-induction period, particularly with the ingestion of — me 
very large quantities of lactose, some evidence of lactose — 
intolerance might be exhibited. ee 
To establish whether or not lactose intolerance is more. = 
common in certain racial groups than in others, some o = 
investigation of the re-induction of lactase synt S818 
would seem to be necessary, with the intake of lactose — 
being gradually increased over a reasonable period of 
time. To be meaningful in terms of the place of milk and _ 
milk products in aid schemes, the daily intake of lactose 
should also be restricted to that present in, say, 0°5 to 
1 pint of liquid milk, and the emphasis should be on the 
reactions of children rather than of adults, for most food 
aid schemes are directed towards improving the health. 
of children. 
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Due consideration must also be given to the fact that 
during the past 20 or more years milk and milk products 
have been increasingly introduced into the diets of children 
and to some extent of adults in a number of Asian and 
other countries where it is now suggested there is a 
high incidence of lactose intolerance. To quote but one 
example, the New Zealand Whole-milk Biscuit, which 
contains all milk constituents in the same proportions as 
are present m whole milk, has been used extensively in 
forty or more areas representative of the chief racial 
groups among which malnutrition exists. Most recipients 
have been school children and, in general, the distribution 
has been under close medical supervision. In all cases the 
anticipated improvement in general health and well-being 
has been noted, and at no stage have any adverse effects 
or symptoms indicative of any degree of lactose intolerance 
been reported. From evidence of this type it can onl y be 
concluded that lactose intolerance is a rare condition 
which must be seen against the background of malutri- 
tion which disrupts the lives of perhaps two-thirds of the 
world’s population; the number of children who might 
react unfavourably to any whole milk product must. be 
negligible in relation to the millions who will benefit. 


W. A. MCGILLIVRAY 
New Zealand Dairy Research Institute, 
Palmerston North, New Zealand. 
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Structure of DL-Serine Phosphate 
Monohydrate: an Intermediate 
Phosphate Bonding System exhibiting 
Very Short Hydrogen Bonds 


SERINE phosphate is one of the most widespread of amino- 
acid phosphates found in living systems. The phospho- 
proteins, casein (from milk) and vitellin (from egg yolk), 
contain large amounts of serine phosphate. The phospho- 
diester of serine, phosphatidylserine, is an important 
phospholipid found in cell membranes. Thus serine is 
probably the only amino-acid found incorporated both 
in the membrane lipids and membrane proteins. The 
suggestion has been made that this versatility of serine is 
a result of its 8-hydroxyamine structure, which appears 
to be a common structural feature of the major phospho- 
lipids and sphingolipids'. Furthermore, it has been found 


that the 8-hydroxyamine chain, N ~C-C-O, assumes a 
gauche conformation in crystal structures. This structure 
determination was undertaken as part of a series of studies 
on the structures of biological phosphates. The results of 
this work show that pL-serine phosphate is also in the 
gauche conformation. An outstanding feature of this 
structure is the presence of two very short hydrogen bonds 
between symmetry-related phosphate groups. 

Serine phosphate forms colourless crystals when erystal- 
lized from aqueous solution. The following cell constants 
were measured on a Picker four-circle automatic diffracto- 
meter: a= 18-478 + 0-006, 6=8-327+ 0-002, e= 12-3004 
0-004 A, and 8=120-724+0-015°. The observed density 
of 1-668 g/ee (by flotation) is in good agreement with the 
density of 1-661 g/ce caleulated, assuming eight formula 
units of serine phosphate monohydrate per unit cell. 
Systematic absences determined from initial precession 
and Weissenberg photographs gave a choice between two 
possible monoclinic space groups, Ce (noncentric) and 
C2/e (centric). The latter was chosen and verified by the 
structure determination. In all, 1,475 reflexions out to 
a 20 value of 134° were scanned using the Picker dif- 
fractometer; 1,097 of these reflexions were significantly 
above background and were used in the structure 
analysis. 
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The phosphorus position was readily determined from 
the Harker sections. The structure was solved by succes- 
sive Fourier syntheses, phased first with phosphorus and 
then with the phosphate group. The atomic parameters 
were refined by full-matrix least-squares, allowing for 
anisotropic vibrations. The final diserepancy factor be- 
tween the observed and calculated structure factors is 
0-03. The estimated standard deviations in the bonds 
are P-O=0-0019, C-N(O,C)=0-0036 and H-N(O,C) = 
0-03 A. A detailed report on this work will be made 
elsewhere. 

Like all amino-acids in the solid state, pL-serine phos- 


phate exists as a zwitterion, -HO,POCH,CH(N H,)COOH. 
The quaternization of the amino group, however, is 
affected by one of the phosphate protons rather than the 
carboxyl proton as in amino-acids. The carbonyl C=O 


bond and the C-NH, bond are in the syn configuration, 
Fig. 1. The carboxyl group is twisted out of the C(3)-~- 
C(2)-N plane by 15° and out of the C(3)-C(2)-C() plane 
by —73°. This nonplanaritvy appears to be a general 
phenomenon of both unsubstituted? and «-substituted® 


aliphatic carboxylic aeids. 





Fig. 1. Conformation of pL-serine phosphate as viewed down the H 
axis, showing the very short hydrogen bonds between the phosphate 
groups related by the centre of symmetry and the diad axis. The half 
hydrogen atoms on 0(3) and O(4) are also indicated. The water 
molecule, not shown in the figure, lies over the carbon atom C2}. 


phosphate* and pw-serine®, indicating that this is the 
preferred conformation in serine and its derivatives, 
although, on steric grounds, the gauche—gauche conforma- 
tion is the least favourable of the three possible staggered 
conformations (gauche-gauche, gauche—trans and trans- 
trans) around the C(1)-C(2) bond. Interestingly, u,-threon- 
ine® displays the gauche-trans conformation. 

The most interesting feature of the structure is the 
presence of two very short hydrogen bonds between the 
phosphate groups related by the inversion centre and the 
diad axis. The pair of centre-related oxygen atoms are 
2-506 A apart, while the pair of diad-related oxygen 


* The torsion angle gay of the syatem A--X-Y-B is defined as the relative 
position of A and B across the bend XY. The angle is considered positive 
when measured clockwise from A to B, and negative when measured counter- 
clockwise. 
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aa atoms are 2-498 Å apart. A single hydrogen is located 


‘between each pair of equivalent oxygens. If the protons 


= are involved in symmetrical (single minimum in the 


_ potential function describing the hydrogen bond) hydrogen 
bonds, then they will be located on the symmetry elements 
half-way between the oxygens’. If they were statistically 
bonded, there would be an equal probability (double 
minimum in the potential function) that they would be 
attached to either of the two oxygens involved in the 
hydrogen bond*. That the latter occurs in this structure 
was unambiguously established by difference Fourier 
maps and by refinement of the positions of the half 
hydrogen atoms located on either side of the symmetry 
elements. The P-O bond distances involving the very 
short hydrogen bonds are P--O(3) = 1-530 A and P-O(4)= 
1-522 A, giving an average value of 1-526 A. These values 
are intermediate in character to the P=O and P-OH 
bonds found in other phosphate monoester anions’, whose 
values of 1-492 A and 1-557 A, respectively, give an aver- 
age value of 1:525 A. The presence of the half hydrogen 
atoms on each of the oxygen atoms involved in the very 
short hydrogen bonds is responsible for the mtermediate 
DL-Serine 
phosphate therefore represents the first known case of an 
intermediate phosphate bonding scheme in a mono- 
anionic monoesterphosphate (RHPO,-). 

This work was supported by grants from the American 
Caneer Society and the National Institutes of Health, 
US Public Health Service. 

E. F. Purkey 
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Rain as a Source of Vitamin B,, 


A vast literature on cobalamines in natural waters has 
accumulated since bioassays were developed?-*. About 
70 per cent of all species of freshwater and marine plank- 
tonic algae require some form of vitamin B,, more often 
than any other metabolite, a factor which has led to the 
recognition of the potential influence of this vitamin 
on the composition of the phytoplankton community*-*. 
Several reports have substantiated the assumption that 
vitamin B, is important in this respect*-*. Important 
sources of vitamin B,, are in situ bacterial activity, soil 
runoff and clay-absorbed B,, (refs. 7-138). 

I report here another, perhaps significant, source of 
vitamin B,,—rainfall. This discovery stemmed from the 
observation that a species of Chlamydomonas repeatedly 
dominated the phytoplankton of a small experimental 
pond after the spring rains“, and that a significant 
inerease in soluble B,, in this pond correlated consistently 
with these specific rains. 

N Soluble vitamin B,, was determined by bioassay with 
. Euglena gracilis Z strain’. Sterile aliquots of rainwater 
- filtered through a ‘Millipore GS’ filter (0-2 u pores) were 
inoculated with B,.-free Huglena assay medium, pre- 
sterilized in an autoclave which had been scoured with 
ethanol—essential to prevent the media taking up signi- 






Table 1. RESULTS OF VITAMIN By, BIOASSAYS OF DIFPEREST BAI 
COLLECTIONS 


Concentration Caleisted” 


Date Rainfall of Bae . Byer 
(cm) (pgiml.} {pg} 
April 25, 1967 0-786 20-0 152 
June 21, 1967 31d 0-25 {}-78 
June 27, 1967 1-60 20-0 is Bat} 
July 12, 1967 0-05 Negligible Negligible 


October 15, 1967 | 477 


October 16, 1967; Negligible 


Negligible 


January 29, 1968 ` STT Xogtigihle Newliothic 
January 30, 1968 | 29 Negligible Negligible 
March 18, 1968 30 TE dd 
April 17, 1968* O11 a-8 $3 


* Collected in 95 per cent ethanol. 


ficant amounts of cobalamine-like substances apparently 
derived from media containing B,.. 

Cells were counted with a haemacytometer and a 
Coulter counter (model B). Rain was collected at my 
suburban house in open stainless steel containers placed 
between one and several metres above the ground, away 
from overhanging vegetation. The total organie carbon 
of ‘Millipore’ filtrates was determined”. Aconitic acid 
and bisulphite were used to extract particle-bound By, 
before bioassay’*. 

In nine rainwater collections taken during 13 months, 
the content of vitamin B,, ranged from negligible to 


There is no direct evidence that airborne dust is the source 
of cobalamine-like substances. Several attempts to extract 
and demonstrate B,, in particles from rainwater and in. 
samples of air dust collected 10-100 m above the ground. 
have been unsuccessful. 

The ecological significance of rainfall bearing v amin 
Ba and perhaps other metabolites, too, may be consider- 
able. If vitamin B,, in aquatic ecosystems can be so 
limiting as to influence species composition and primary 
then rains containing this vitamin may 
A hypo- 


sources such as runoff. 
I thank the Center for the Biology of Natural Systems 
for supporting these studies; W. Hagger of St Lows 
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City Air Pollution Control Board for filter dust samples; 
R. Hang and D. E. Wuerch of the US Environmental 
Science Services Administration for meteorological data; 
and Kay Williams for technical assistance. 
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Coital Frequency, Delayed Fertilization, 
and Outcome of Pregnancy 


GERMAN has hypothesized a relationship between fre- 
quency of coitus and the occurrence of delayed fertilization 
leading to various defects in the foetus!. We present here 
further necessary specifications for his theory, with some 
data relevant to the truth of the theory. 

To see the implications of the theory, it is necessary to 
make some very precise assumptions. We 
assume that: (1) all sperm are fertile for 
exactly 48 h and 1 s, (2) all eggs are fertile 
for exactly 48 h less 1 s, (3) all eggs are 
deteriorated after 24 h; (4) if a fertile 
egg and a fertile sperm are in the reproduc- 
tive tract at the same time, fertilization 3 7 
always takes place. 

With these assumptions we can answer 
the question, “at various coital frequencies 9 | 
what proportion of fertilizations will be a 
fertilizations of deteriorated eggs?’ This 
event will occur only when a sperm is 
delivered to the tract after the egg is 24 h 
old, but before it is 48 h old. Fig. 1 shows Ps ae 
all the possible patterns for coital intervals 
of from 1-6 days. It can be seen that for | 
intervals of 1, 2 and 3 days, no deteriorated 
fertilizations will occur. For 4 day inter- | 
vals, one in four fertilizations will be 
deteriorated. But for imtervals longer 
than 4 days, one in four fertilizations will 
be deteriorated, regardless of the interval. 
Furthermore, our four assumptions can 
be altered in duration or changed in prob- 


Coital interval (days} 
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sporadic intercourse is random in the ovulation eycle, there 
is no reason why it should differ in the probability of 
deteriorated fertilization from regular intercourse at the 
same average frequency. 

Using the assumptions made, which are close to 
those contained in German’s article, it can be seen that 
the “critical”? point occurs between a coita] interval of 
3 days, where there are no deteriorated fertilizations, 
and 4 days, where there are one-fourth deteriorated 
fertilizations. If one postulates a decline in frequency 
with age, then the increase in deteriorated fertilizations 
occurs because a larger and larger proportion of each sue- 
cessive age group will have dropped below the “critical” 
frequency. 

German directs the chief thrust of his argument toward 
a possible relationship between mongolism and coital 
frequency, associated with advancing age, but hypo- 
thesizes more general possible pathology. It might be 
supposed therefore that decreased coital frequency is 
related to increased prematurity and perinatal mortality, 
also associated with advancing maternal age. 

We can now offer some data on the effect of sexual 
frequency on prematurity and perinatal mortality rates, 
obtained from a probability sample of approximately 
350 Negro males whose wives had recently given birth. 
The sample was stratified to over-represent rare events, 
and the observations weighted by reciprocals of sampling 
ratios. Instead of asking for average coital frequency, 
which asks for a rather complicated calculation on the 
part of the respondent, we asked, “Did you have inter- 
ourse today ? Yesterday ? The day before yesterday ? 
The day before that?" Respondents were classified on 
the basis of the number of yes answers. It was assumed 
that the days before the interview were not biased for 
the whole sample, and that therefore this technique 
should serve to break the group down into relatively 
active and relatively inactive categories. In this way of 
assessing frequency, the “‘eritical’’ interval is exceeded at 
more than 3 days. Those reporting 0 and 1 are therefore 
presumed to be a group loaded with persons who are 
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ability level, or given frequency distribu- -oe 
tions, and essentially the same result is fo 
obtained. At a coital interval of about 
3 days or less, no deteriorated fertilizations 
occur. Above that critical level a constant 
proportion will be deteriorated, regardless 
of the length of the interval. 

zerman considers that sporadic inter- 
course would produce more deteriorated 
fertilizations than regular intercourse. If 


Fig. 1. 
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Coital interval and age of ovum at fertilization under certain assumptions. 
x , Fertilization; straight line, viable sperm in tract: wavy line, day during which 


fertilization of over-ripe ovum occurs. 
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Table 1. PREGNANCY OUTCOME RATES BY COFTAL FREQUENCY OF MALES 
Prematurity KORTE ; 
rate* N for Perinatal mor- N for 

Í {per 100 live denomi- f tality ratet (per denomi- 
births} nators 1,000 live births) nator 

0 0 22-8 96 

j 11-6 207 

2 I 18-4 163 

3 2 

3 20-6 f 23 3 203 at} 

4 4 


* Number of births under 2,500 g/100 live births. i 
+ Number of foetal deaths and deaths less than 1 day old/1,000 live births. 
¢ Difference significant at 0-01 level (t= 2-525, two-tailed). 


Table 2. MEAN COITAL FREQUENCY OF MALES BY OUTCOME OF WIFE'S LAST 


BIRTH 
Group Fintercourse/4 days S.D. N 
Perinatals 1-15 1-190 27 
Survivors 0-99 0-819 318 
Prematures Diy 0-913 44 
Matures 0-96 0-815 276 


Ñ, perinatals not different from X survivors (f, = 0-9378). 
X, prematures not different from Y matures (f = 1-5838). 
(Cases weighted by reciprocals of sampling fractions.) 


exceeding the critical interval and which therefore should 
have elevated rates. The birth outcome variables used 
were prematurity rate per hundred live births, and peri- 
natal mortality rate (foetal deaths + 1-day deaths)/1,000 
live births. Table 1 presents the outcome rates by fre- 
quency of coitus. The prematurity rates of those with 
highest frequency (3 and 4) were significantly higher than 
those of the lower frequencies (0, 1, and 2), (é test, P< 
0-01 [2-tailed]). The perinatal mortality rate shows no 
relationship to coital frequency. These results do not in 
any way correspond with what would be expected from 
the theory presented in this communication. 

Table 2 shows mean coital frequencies by birth outcome 
eategory. No significant differences in coital frequency 
emerge between outcome categories, but in each case the 
unfavourable outcome shows the higher frequency. 

It is known that frequency of intercourse 1s inversely 
related to age, and that age of woman (and therefore 
presumably age of her husband) is directly related to 
perinatal mortality and prematurity. It was therefore 
not probable that interrelationships between age and 
frequency, and age and outcome would weaken the 
relationship between frequency and outcome. Multiple 
regression analysis of age and frequency against outcome 
showed that age significantly predicted perinatal mortality 
and prematurity independent of frequency, and that 
coital frequency made no significant contribution to 
prediction of either outcome whether or not the prediction 
was adjusted for the relationship of age to outcome. 

We conclude from this analysis that the data we have 
are not consistent with the theory that lower frequency 
of intercourse is related to either prematurity or perinatal 
mortality. That coital frequency may be related to other 
pathological pregnancy outcomes still remains possible. 

J. RICHARD Upry 
University of North Carolina, 
Chapel Hill. 
North Carolina. 
Received May 16, 1968. 
1 German, J., Nature, 2, 516 (1968). 


Circadian Oscillation in Rat Liver 
Tryptophan Pyrrolase and its Analysis 
by Substrate and Hormone Induction 


SEVERAL circadian rhythms of hepatic enzymes have been 
reported’-*, but it has not been possible to analyse the 
mechanism which determines the oscillation of enzyme 
activities, even though various factors——-such as enzyme 
synthesis, rate of degradation, action of mhibitors, in- 






activation by steric alterations, and so on-~hay 
considered’. Rapoport et al.) have published a sti 
mouse liver tryptophan pyrrolase and its possible co 
tion with both substrate and corticosteroid osecill 
They found this enzyme activity rhythm to be cortito- 
steroid-dependent, but could not detect an obvious 
relation between maxima of substrate, hormone, and 
enzyme activity. This report tries to identify the con- 
trolling factors for increase and decrease in rat liver 
tryptophan pyrrolase activity during a diurnal period. 

Male Sprague-Dawley rats, 4-6 months old and weigh- 
ing 260-360 g, were kept under a light-dark cycle of 
12:12 h. At eight different times of day, three to five 
rats were killed and the livers were excised and homo- 
genized in a cold solution of 0-14 M KC! eon taining 
0-0025 N NaOH. The homogenates were centrifuged at 
20,0009 for 20 min in a Christ Omikron centrifuge. 
Enzyme assays (modification of the method described by 
Feigelson and Greengard*) were carried out in a water- 
bath shaker at 38°C. Each incubation tube contamed 
1-0 ml. of supernatant, 1-4 ml. of potassium phosphate 
buffer 0-2 M, pH 7-0, 0-3 ml. of L-tryptophan 0-03 M, and 
water to a final volume of 3-0 ml. After 30 min of incuba- 
tion, a sample of 1-0 ml. was removed from each tube and 
deproteinized with a five-fold volume of 1 per cent borie 
acid in ethanol. These first samples served as controls; 
using this method the lag-phase of tryptophan pyrrolase 
activity is eliminated*. After a further 30 or 60 min, a 
second sample was removed and deproteinized in the same 
way. The shorter incubation period was used only after 
tryptophan injection. This is justified, because prelimin- 
ary studies gave a linear curve for the formation of 
kynurenine between 30 and 120 min of incubation in the 
conditions described. The formation of kynurenime was 
estimated by reading the optical density at 365 nm against 
water as the blank in a Zeiss spectrophotometer, 
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Fig. 1. Circadian pattern of tryptophan pyrrolase activity. a, Um- 
injected rats; b, rats 4 h after control injection, e, rats 4 h after 
tryptophan injection. Ordinates: enzyme activity in KM kynurenine/z 
liver/h, (Left lower ordinate for uninjected, right ordinate for contra . 
injected, left upper ordinate for tryptophan-injected rats.) Abseciss 

time in hours. Vertical lines indicate the standard deviation, — 
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Fig. 2. Circadian pattern of tryptophan pyrrolase activity 4 h after 

injection of hydrocortisone hydrogensuccinate, a, Without injections; 

b, injections of 2-5 mg hormone per 100 gof body weight; e, 10 mg per 

100 g; d, 20 my per 100 g. Standard de Viation, abscissa and ordinates 

asin Fig. 1. (Left lower ordinate for curve a and b, right ordinate for 
curve r, left upper ordinate for curve d.) 


All injections were given intraperitoneall y 4 h before 
killing the rats. For substrate induction., 1-8 ml. of a 
5 per cent suspension of L-tryptophan in 0-9 per cent 
NaCl solution was administered per 100 g body weight’. 
Hormone induction was carried out with three different 
dloses of hydrocortisone hydrogensuccinate, 2-5 mg (ref. 8), 
l0 mg, and 20 mg/100 g body weight, using hormone 
suspensions in 0-9 per cent NaCl. Corresponding volumes 
of 0-9 per cent NaCl solution were injected as controls. 

The tryptophan pyrrolase activity in unin jected rats 
is at a minimum in the hours after the onset. of light and 
at a maximum during the dark period; control rats show 
somewhat higher activity. Rats treated with tryptophan. 
however, apart from noticeably higher activity, show a 
curve of a completely different shape; the high maximum 
coineides with that part of the normal rat curve which 
represents the increase in enzyme activity. Because 
administration of tryptophan has no effect on enz yme 
synthesis itself, but rather stabilizes the enzyme and 
thus lowers the degradation rate®:!®, this way of substrate 
induction may enable the time of enzyme synthesis to be 
estimated. If this assumption is correct, very high activity 
might be expected when the rate of enzyme synthesis is 
high. For, in addition to the enzyme protein present at 
the time of injection, the quantity of enzyme synthesized 
during the period from the time of injection to the time 
the rat is killed is stabilized as well. While the rate of 
svnthesis is low, however, or when no enzyme protein is 
formed, the activity should not much exceed that of rats 
without injection, because little or no enzyme can be 
stabilized apart from that already present at the time of 
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injection. The maximum tryptophan-induced activity 
occurs just at the time when normal rat enzyme activity 
is increasing, so we conclude that this increase is the result 
of de novo synthesis of tryptophan pyrrolase. 

A further marked difference between normal and trypto- 
phan-treated rats appears at the end of the dark period. 
During this time, the tryptophan pyrrolase activity of 
uninjected rats is lowered to one-third of the maximum 
values, whereas rats treated with tryptophan show no 
such decrease. If this diminution of activity were a result 
of inactivation by loss of the coenzyme, or of allosteric 
inhibition, we would find at least a partial decrease in the 
activity induced by tryptophan. Because this is not the 
case, we prefer the conelusion that the normal decrease 
depends on a degradation mechanism which can be 
compensated for by the stabilizing substrate, tryptophan. 

If the circadian increase of tryptophan pyrrolase activi ty 
is a result of de novo synthesis, we must next discover how 
synthesis is controlled during the diurnal oscillation. 
Hydrocortisone stimulates the synthesis of this enzyme? t0, 
so if the hormone is given in a high enough concentration 
it might be expected to yield maximal synthesis at any 
time of day. A lower concentration, however, might 
induce different rates of synthesis depending on the 
quantity of inhibitors of synthesis present. Repressors 
in particular could affect the reactivity to the hormone. 
If hormone induction results in maximal stimulation, the 
curve, at a higher level, will be nearl y parallel to the 
curve obtained from non-mjected rats. because the 
indueed activity is superimposed on that alread y present 
at imjection time. 

Fig. 2 shows three curves of tryptophan pyrrolase 
activity after application of hydrocortisone. which differ 
in the concentration of the hormone. In the u pper curve 
(2d) with the highest concentration of hormone, maximum 
values appear during the dark period and minimum values 
in the morning. Because the tryptophan pyrrolase activity 
curve of untreated rats (2a) shows a similar pattern of 
rhythmicity, the upper curve presumably represents 
maximal stimulation of enzyme synthesis at near! y any 
time of day. In contrast to this, the other curves (2b, ¢) 
lack a distinct maximum in the dark period. We therefore 
conclude that the reactivity to hydrocortisone is reduced 
during this time. This is more evident in Fig. 3. in which 
the differences between the eurves of hormone-in jected 
and uninjected animals are plotted. In eurve (b) and (c) 
maximum values appear in the first hours after the onset 
of light, that is, the reactivity to the hormone is relativel y 
high at that time. From 1800 h to 2400 h. however, even 
the large dose of 10 mg of hydrocortisone h ydrogensuc- 
emate/100 g body weight does not induce a noticeably 
higher enzyme activity in comparison with curve (b) 
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(2-5 5 mg/100 g); we therefore assume minimum reactivity 
in this case. Only the very high dose of 20 mg/100 g is 
able to induce maximal synthesis at this time. The de- 
creasing values at the end of the light period do not 
depend on any minor reactivity, but rather on the pro- 
cedure of subtraction: from the induced enzyme quantity. 
measured 4 h after injection, that quantity synthesized 
within the same period in untreated rats is also subtracted. 

Summarizing our results, we propose the following time 
course of tryptophan pyrrolase activity during the diurnal 
oscillation: from 0900 h to 1800 h, activity is increasing 
by de novo synthesis. Then, having reached a maximum 
value, synthesis is inhibited, for example, by repressors. 
When no more tryptophan pyrrolase, or very little, is 
synthesized, the enzyme protein is mainly subjected to 
degradation. Activity therefore decreases from 2400 h 
to 0900 h, until synthesis is initiated again. 

This work was supported by the Deutsche Forschungs- 
gemeinschaft. 
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Daily Circadian Rhythm in Rats to 
D-Amphetamine Sulphate: Effect of 
Blinding and Continuous 
Illumination on the Rhythm 


SEVERAL daily drug-susceptibiity rhythms have been 
reported in rodents!-!*. This report demonstrates the 
daily pattern in susceptibility to D-amphetamine sulphate 
as measured by percentage of mortality for normal rats 
housed in a light-dark (LD) environment, for rats main- 
tained in continuous ilumimation (LL) and for blinded 
rats kept in continuous darkness (DD). 

Adult Sprague-Dawley rats averaging 280 g were used. 
Before every experiment animals were kept in rigidly 
standardized environmental conditions'?-4. The method 
of recording motor activity of the colony (Fig. 1) using 
a microphone has been published’. 

The data shown in Figs. | and 2 represent experiments 
carried out on different days within a period of one month 
(August-September). In all experiments the same animal 
handler was used, and great care was taken not to excite 
the animals. On the first experimental day, rats were 
used from the colony that had been maintained on an LD 
eycle with a photoperiod extending from 0600 h to 
Starting at 0800 h and ending at 0600 h the 


at bi-hourly intervals from the standardized room and 
‘taken to a room across the ball. Each animal was injected 
- intraperitoneally with 26 mg/kg of p-amphetamine 
< sulphate. The number of deaths for each bi-hourly group 
was recorded, and the percentage of deaths determined. 
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Fig. 2, Comparison of the 24 h mortality patterns between aniuais 

maintained under an artificial light-dark cycle (photoperiod 0600. bo 

1860) with blinded rats and with rats subjected to cantinnets Hhomnina- 
tion. 


The room where the imjections were made was kept at 
the same temperature as the colony room. Onge injected 
the animals were returned to their cages and placed in 
side room where they were subjected to the same lightin 
conditions and temperature that prevailed in the colons 
room. The lowest mean mortality rate of 6-6 per cent 
occurred at 0600 h, the highest was 77:6 per cent at 0300 h 
(Fig. 1). Fig. I also shows the results of a second exy 
ment done several days later using twenty compara! 
animals at each of four time e Even Tiii t 
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the animals normally would be sleeping. 3 
In the blinded animals (bilateral enucleation 4 weeks 


gine. 





before experiment) the rhythm persisted (Pig. 2), but 
it was modified somewhat by a phase shift when compared 
with the LD colony. Twelve animals per time point were 
used. 

Statistical analyses were made of both rhythms in the 
LD and eee animals ns n ing ee chi- pane tes 
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hours having the highest and lowest mortality with the 
overall 24-hour mean. In all cases statistical significance 
was evident (P < 0-01). 

In animals maintained in LL there was a marked differ- 
ence in response to a 26 mg/kg dose of amphetamine 
when compared with LD and blinded animals. This 
dosage did not cause the characteristic tremor, or severity 
of reaction seen in LD or blinded rats. The injected LL 
animals (twelve/time point) were very nervous and showed 
some piloerection, but generally the characteristic tail- 
biting and dirty appearance of their coats were absent. 
No clear susceptibility rhythm could be detected with 
this dosage. Although there was about a 20 per cent 
mortality at 1300 h (Fig. 2), such results could not be 
reproduced consistently in subsequent experiments. 
In experiments where the dosage was increased, but 
sampling was done at only one time point, the resistance 
to amphetamine in LL animals still could be detected. 
For example, when ten LL animals and ten blinded 
animals were injected with 45 mg/kg at 1300 only, there 
was 100 per cent mortality m the blinded animals and 
only 30 per cent in the LL animals. The original LL 
experiment and the subsequent single point tests all 
indicated that these animals developed a resistance to 
amphetamine when subjected to continuous light. In 
December an experiment, not shown graphically, was 
carried out using a dose of 50 mg/kg on animals that had 
been subjected to LL for 4 weeks. The procedures were 
identical to those used in the August and September 
experiments, with twelve animals at each bi-hourly time 
pomt over the 24 h period. In this experiment there were 
three peaks of 100 per cent mortality occurring at 1300 h, 
2100 h and 0100 h. Two troughs of 50 per cent mortality 
were seen at 0900 h and 1500 h, and a third low point 
of 65 per cent mortality occurred at 2300 h. 

The absence of the colony eyes in LL animals might 
be attributed to “free-running”; this phenomenon des- 
eribed by Aschoff: and others implies that the average 
rhythm for any measured function which characterizes 
a colony results from synchronization of individuals 
within a population. The light-dark cycle may serve as 
the synchronizer. In the absence of the synchronizer 
_as in LL the natural frequency of the circadian rhythm 
of each rat is no longer precisely 24 h and a gradual loss 
of synchrony may result among individuals in the 
eolony with the net result being the damping or even 
loss of the colony rhythm. Another possibility is that the 
rhythms of individual LL rats become completely arrhyth- 
mic. The motor activity rhythm (Fig. 1) characterizing 


-.. LD animals was not present in LL animals. Free- -running 


might have caused the slight phase shift already described 
_ for drug susceptibility rhythm of blinded rats; however, 
‘there must have been a high degree of social synchroniza- 
tion among the rats to account for the rhythm we do find. 
We cannot explain the increased resistance to ampheta- 
mine associated with subjecting animals to constant light. 
It has been reported that rats kept in LU have a much 
higher level of plasma corticosterone than animals kept 


A m LD or m constant darkness (but not blinded in this 


casei’), 

Variation in responsiveness to drugs along a 24 h 
time scale recently has been documented for man and a 
review of the literature has appeared”. 

Drug susceptibility rhythms may have important 
implications: (1) they question the validity of evaluating 
toxicity of a given drug by the so-called lethal dose,, 
(L..D..,) method without reference both to the time of day 
and details of the synchronizing light-dark cycle as well 
as other standardization used’; (2) the rhythm may 
be utilized by investigators interested in the mechanisms 
of drug action; for example, if studies are made at hours 
of peak susceptibility the results may be far more reward- 
ing or significant than similar studies conducted during 
the hours of least susceptibility or vice versa; (3) the 
chnician may find that identical doses of short acting 
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drugs are more effective when administered at one time 
of day than another. From the present studies we cannot 
be sure that the effects reported are anything more than a 
consequence of amphetamine interacting with the base- 
line activity levels of the rats. Because the rat is a com- 
posite of many physiological rhythms, however, it is 
quite likely that the phase relationships of the internal 
timing between several of these physiological rhythms 
are in reality responsible for the variation in resistance’. 

This investigation was supported by a grant from the 
US Public Health Service. 
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Emissivity of Human Skin in the 
Waveband between 2u and óu 


THE emissivity of human skin (à) in the range 2u to 6u 
has recently assumed considerable importance because of 
the increasing medical use of infrared scanners to measure 
skin temperature (t). Several commercially available 
scanners utilize indium antimonide detectors which are 
sensitive in the range 2u to 5-4u. Such machines measure 
the energy (Q) radiated by the skin and, being calibrated 
against a standard black body, changes in Q are repre- 
sented as variations in skin temperature. Dreyfus! has 
shown that Q is related to £ by an equation of the form, 


Q = ke(djin (1) 
where k is a constant, and where the index n depends on 
A as 

n~ 5A max/ A 
Amax being the wavelength corresponding to the maximum 
in the emission curve. The importance of variations in 


emissivity can be seen by differentiating equation (1) fer 
constant Q. We obtain 


dQ = 0 = kne(nyin—1 At + kin Ae(2) 
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which simplifies to give for At 


ne) a 


For a skin temperature of 27° C (¢=300° K), n is about 
12-5. It follows from equation (2) that if ¢(4) were to 
vary by as much as 5 per cent over the skin surface, this 
would be interpreted by the scanner as a temperature 
variation of about 1°C. A fairly accurate knowledge of 
e(A) is thus necessary, for hot spots with temperature 
elevations of only 2° C are considered to be of clinical 
significance. 

Various values for skin emissivity have been reported 
so far. According to Hardy and Muschenheim? the mag- 
nitude of ¢(\) approximates closely to a true black body 
(e= 1) in the range out to 14u. In contrast, Elam, Goodwin 
and Lloyd Williams’ obtained results which they inter- 
preted as showing that ¢() varies rapidly from zero at 
lu to 1:0 between 2-54 and 3-5u and then levels off at 
0-8 between 4u and 55u. More recently, measurements 
by Watmough and Olivert, made using an Aga scanner, 
suggest that for wavelengths between 2u and 54u the 
average in vivo emissivity ¢(A) lies within the range 
0-98 <e(4)< 1. This communication re-examines the ques- 
tion of skin emissivity and in particular the data of 
Elam et al. 

The experimental method of Elam et al. consisted 
essentially of measuring the transmittance (T) of post- 
mortem epidermis sandwiched between sapphire plates 
for monochromatic radiation of wavelength (4) between 
lu and 64%. With these values of T and values of reflexion 
coefficient R as determined by Derksen, Monahan and 
Lawes®, ¢(4) was calculated as a function of à from the 
equation 


e(a) = aa (3) 


According to Hardy, Hammel and Murgatroyd’, trans- 
mittance is defined as 


T = 7/11 — R) (4) 


where + is the fractional intensity of the radiation after 
transmission through the epidermis and where R refers 
to the reflexion coefficient of the same epidermis specimen. 

Although the derivation of equation (3) is not given by 
Elam et al., it seems probable that these authors have 
supposed that the magnitude of ¢() for skin can be 
equated with the energy absorbed b0) in the epidermis 
layer. In this case it is then possible to argue that for 
radiation of unit intensity incident on the epidermis ef) 
is given by 


e(A) = BA) = 1- R~ + (5) 
Substitution from equation (4) gives 


e(d) = b) = (1 — R) — T (1 — R) 
= {1 — R) (1 — T) (6) 


instead of equation (3). The fact that Elam et al. find T 
zero between 2-5u and 3-5u shows only that the sample 
thickness exceeded the penetration depth (8) for this 
range of wavelengths and does not necessarily imply a 
value of unity for the emissivity as given in their curve. 
_ Because R is greater than zero for the range 2u to Gu 
`. (ref. 2), equation (6) indicates that (à) must also be less 
than unity whatever the value of T. 

Hardy and Muschenheim’ have measured 8 in the infra- 
_ red for specimens composed of skin and subcutaneous 
tissue. They report the transmission of appreciable 
energy even at depths of 25 mm from the outermost 
surface. The implication is that radiation from the body 
must emanate not only from the external surface, but 
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Fig. 1. W. Points taken from reflexion data of Derksen, Monahan 


and Lawes’, referring to measurements on skin surface of inner forearm. 
©. A, Points taken from reflexion data of Hardy and Muschenheim*. 
The measurements were made on living human skin, the circles referring 
to Negro skin and the triangles to white skin. ~--~, The emissivity 
measurements of Elam ef ait, obtained using equation (33, 


also partly from the underlying layers. It would seem 
therefore that to obtain emissivity values comparable 
with those applying i vivo automatically requires that 
samples be chosen for which the transmittance is zero. 
The complexity of measuring and interpreting reflexion 
and transmission coefficients obtained for thin specimens 
in terms of emissivity of skin in vivo is emphasized by the 
work of Hardy, Hammel and Murgatroyd*, who have 
shown that the reflexion coefficient for epidermis is a 
function of thickness. The situation in vive is further 
complicated by the effects of blood cireulation. In this 
case the temperature of the skin also changes with depth. 

For a thick sample it appears from equation (3) that 
e(A) is given by (1— R). Fig. 1 shows values of 1-~R 
plotted against %. The reflexion data are taken from the 
work of Hardy? and Derksen, Monahan and Lawes’. Both 
sets of R values are derived from in vivo measurements. 
The reflexion data of Hardy, Hammel and Murgatroyd 
which extend out to 2-7u are not shown for technical 
reasons in Fig. 1, but their values of R (R~ 0-04) between 
1-8u and 27u for white skin are nevertheless in good 
agreement with the data shown. Fig. I indicates that 
e(A) is not less than about 0-95 for the range of wave- 
lengths 2-5u relevant to the thermal scanning technique. 
It can be seen that, unlike the variation ealeulated by 
Elam et al., (4) tends monotonically to zero at h~ bu. 
The situation is complicated by the back seattering of 
radiation from beneath the surface of the skin. It is not 
certain therefore that when a collimated monochromatic 
beam is incident on a skin surface the equation 
e(a)=(1—F#) holds exactly. Nevertheless, it should be a 
reasonable approximation for, as Hardy et al. have shown, 
a skin specimen of thickness 0-43 mm reflects only 4 per 
cent less than a 1-6 mm specimen (= 2-61). 

Watmough and Oliver found ¢(4) 20-98. This latter 
value is weighted by the sensitivity of the indium-anti- 
monide detector which has a maximum at A~5u, thus 
probably accounting for the slightly higher limit obtained 
for (2). Because the radiation detected emanates not 
only from the skin surface but also frorn underlying layers, 
the measurement relates to an effective temperature 
possibly different from that measured by conventional 
thermometry at the surface. Thus, for the measurement 
of this effective skin temperature at normal incidence by 
means of thermal scanning systems, it is permissible to 
take ¢(2) as unity, provided that an absolute error of 
about 1° C can be tolerated. The measurement of eih} 
at various anatomical sites, previously reported, suggests 
that apparent variations in skin temperature resulting 
solely from emissivity changes can also be neglected 
provided that values of Aż are required to an accuracy: 
no better than about +05°C. Tt seems unlikely that 
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pathological changes will lead to lower values of e(ì), 
but such a possibility cannot be ruled out at present. 
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Skeletal Deposition and Toxicity of 
Methacycline 

THE first investigation! of the 
tetracyclines was published by 
investigations by fluorescence 


skeletal] deposition ol 
André m 1956. Later 
microscopy showed that 
the tetracyclines are fixed to mineralizing tissues in associa- 
tion with the ossification process*-', endochondral calecifi- 
eation®-* and the mineralization of enamel and dentine®-!", 
Even in fairly small doses the tetracyclines have a noxious 
effect on the mineralization process®:!!.!2, 

The skeletal deposition of methacycline (‘Rondomycin’, 
supplied by Roerig AB, Sweden) has not been thoroughly 
investigated. This tetracycline has been claimed to have 
no toxic effect on the mineralization process in therapeutic 
or even larger doses', which is remarkable, for its chemical 
structure and properties are similar to those of the other 
tetracyclines. We have therefore investigated the skeletal 
deposition and the toxic effect of methacycline on mineral- 
izing tissues. 

Methaecycline (20 mg/kg body weight, 10 mg in 1 ml. 
of sterile water) was given intravenously to thirty-six 
white rabbits about 40 days old. The animals were 
killed by an overdose of ‘Nembutal’ after intervals of 1 
min (two animals) and 10 min (two animals), 12 h (two 
animals) and 24 h (thirty animals). The proximal growth 
region of the tibia and the distal growth region of the 
radius and the ulna were fixed and dehydrated in absolute 
ethyl aleohol for about 24 h, after which the unbedded 
preparations were sectioned manually and mounted. The 
deposition of methacycline in the sections was examined 
by fluorescence microscopy”'*. 

As little as 1 min after the injection, fluorescing metha- 
cycline was observed in different parts of the growth 
region, as follows. (1) A large amount of methacycline 
had been deposited, both epiphyseally and diaphyseally, 
in the cartilage matrix in association with endochondral 
calcification. (2) In the diaphysis and bony epiphysis 
the fluorophore appeared in varying concentrations in 
association with the ossification (3) The peri- 
chondral ossification process bound large amounts of 
methacyeline. (4) Distinct fluorescence was seen on 
surfaces undergoing lacunar resorption. (5) Diffuse and 
weak fluorescence was often seen in older bony tissue 
and in superficial parts of the periosteum, perichondrium 
and joint cartilage. This deposition was probably post- 
vital. 

The containing 
high concentrations of methacycline was golden-yellow and 
with low concentrations green-vellow. The fluorescence 
was slightly less intense and slightly more yellow than that 
following injection of a corresponding dose of oxytetra- 
eveline as judged by qualitative examination under the 
fluorescence microscope. 


} MOCceSS., 


fluorescence of tissues 


mineralizing 
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Fig. 1. Deformed metaphyseal trabeculae and tongue of curtilage cells in, 
and epiphyseal to, the fluorescent band in the distal ulna ( « 43) 
The site of deposition ol methacyeline within the 


diaphyseal growth region in association with endochondral 
calcification immediately after injection corresponded to 
the zone of cartilage undergoing calcification. The fluores- 
cent band was about 80-120u wide and extended at most 
about 40u into the metaphysis. The rest of the band was 
situated in the metaphyseal part of the growth plate. 

After 12 h the fluorescent band, 120-200u wide, 
seen further in the metaphysis and had lost contact with 
the growth plate. This indicated that the deposition had 
decreased and stopped within 12 h after myection. 

After a further 12 h the fluorescent band was situated 
further in the metaphysis, because the growth plate was 
continually migrating towards the epiphysis. 

An intravenous injection of 20 mg of methacycline/kg 
bi dy weight pri duced more or less deformed cartilaginous 
metaphyseal trabeculae both in, and epiphyseal to, the 
fluorescent band. The pathological changes were found 
12 and 24 h after injection but not 1 and 10 min after 
injection. The changes were similar to those found after 
corresponding doses of oxytetracycline, but less COLDIMNOTL, 
less extensive and less severe. 

In the proximal tibia the pathological changes occurred 
in sixteen out of thirty animals killed 24 h after injection 
of methacyeline. Eleven animals showed severe bending 
of the trabeculae and in the rest the metaphyseal trabe- 
culae were less deformed. 

Twenty-five out of thirty rabbits signs of 
toxicity in the distal radius, although pathological changes 
were usually confined to small areas of the growth region. 
These changes than in the proximal 
tibia. 

In the distal ulna, where growth was faster than in the 
other regions, all thirty animals showed signs of toxicity. 
In nine of the animals, pathological changes were pro- 


Was 


showed 


were less severe 
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Severe bending of metaphyseal trabeculae in the flu escent 
| ‘distal ulna i 140), 


nounced, with bent and broken trabeculae and a tongue of 


cartilage cells extending from the growth plate into the 
metaphysis (Fig. 1). In seven animals, the trabeculae were 
bent and broken; in the rest, the trabeculae were onl, 
curved (Fig. 2). 

This investigation has indicated that methacyeline is 
deposited in mineralizing tissues in the same Way 
other tetracyclines. 
fluorophore is 


as the 
The concentration of the deposited 
probably lower when 
used, for the intensity of fluorescence 
though the fluorescent band localized in 
physis some hours after the injection 
broader than after corre sponding closes of oxytetracy cline® 
The reason for this might be that methacycline has a 
greater affinity for proteins than other 
tetracyclines!*, In doses of 20 mg/kg body weight given 
with the 
normal calcification process and produces pathological 
changes in the same way as the other tetracyclines, but 
The dose 


however, he 


methacycline is 

lower 

the 
somewhat 


Was even 
mets- 


was 


sorum 


intravenously, methacvcline also interferes 


used in 
compared 


methacycline is probably less toxic. 
this investigation should not. 


directly with those used in the clinic. 
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Growth Hormone in the Normal Human 
Pharyngeal Pituitary Gland 


THE pharyngeal pituitary gland is a small embryological 
remnant constantly present in man in the submucosa of 
the nasopharynx'*. [n patients ıt is lormed oil 
undifferentiated 

in others there is adi nohypophysi al dil 


Some 
squamous or epithelial cells Inaci 
vated” type)’, 
ferentiation (‘‘activated”’ type)’ 
patterns are muxed*, The ‘activated”’ 
described as having abundant chromophobie cells, 


and in a few the two 
type ıs usually 
occa 
sional acidophil cells and very few basophil cells'*, but 
MeGrath* has reported that basophil cells can be the 
“activated glands It 
gland 


most conspicuous cells in some 
has been suggested that the pharyngeal pituitary 
IS capable of playing a compensatory part im pituitary 
function**, since adenohypophyseal differentiation is said 
to be more prominent in the pharyngeal pituitary gland 
after sellar pituitary gland ablation®-*-*, but there is no 
evidence of hyperplasia of these pharyngeal pituitary 
glands’. We have localization of 
human growth hormone (HGH) antigen in the pharyngeal 
pituitary gland with the indirect immunofluorescence (IF) 


now investigated the 


technique. 

The pharyngeal pituitary 
sections of the nasopharyngeal mucosa of fourteen patients 
children and twelve adults) 
endocrine disease. In adult 
activated’ and in the others it was 


gland Was identified in} 


(TWO without ey idence OÍ 


$ 


patients | was an 
si ris 


two 
“activated 
paraffin sections were cut from all blocks containing the 
pharyngeal pituitary gland. After dewaxing, some of 
these sections were treated anti-HGH 

and others with non-immune goat serum and both 

were stained with fluorescein conjugated rabbit anti-goat 


With goat serum 


JTOUDS 


[g serum: sections of normal adult humai adenohypi 
Thi 


heity of the sera had been demonstrated Orevious 


physis were used as controls. Immunological Speci 
ly in 

studies on parathn sections ot norma! human adi nohy po 
After photography of 
were re-stained with the periodic 
(PAS)/orange G method. The results arı 


cells, Mosti 


physis*:®, positive 


acid Nehifi 


Table l. 


sections 


now’ il 


HGH-containing cells were distributed randomly in seven 
of the “activated” glands: this specine staming was 
restricted to the cytoplasm and it was invariably much 
less intense than that seen in the control sections of adult 
human adenohypophysis. Virtually all HGH-containing 
cells in the five of these seven pharyngeal pituitary glands 
successfully re-stained with PAS orange C had acid phil C 
cytoplasm—some were classical acidophils and others weri 
smaller and more weakly staining—but there were somi 


cells of both types that did not contain the antige 
HGH -containing acidophils were indistinguishable mo) 
phologically from those lacking this antigen. In the other 
five “activated” glands, HGH-containing cells were not 
identified, although numerous chromophobes and occa- 
sional small weakly staining acidophils were identified in 


with the PAS 


other sections that had heen stained onl 


rt 
Phe 


nasopharynx 


orange G technique. “inactivated” glands and othe 
structures inthe 
Mucous glands, stroma, vessels and nerves 


tain the HGH antigen. 


such as epithelium, 


did not eco 





626 


Table 1. 


f 
Type of gland Age Sex No. of gec- 
tions studied 
“Activated” 2 days F ga 
1 yr M 12 
32 yr M 10 
4i yr F 12 
43 yr F 10 
39 yr M 12t 
64 vr M 12 
66 yr F 104 
72 yr F 26 
73 yr F 12 
79 yr M 127 
87 yr F St 
“Inactivated” ËL vr M 19 
83 yr F 16 
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CYTOLOGICAL LOCALIZATION OF HGH-CONTAINING CELLS EN THE HUMAN PHARYNGEAL PITUITARY GLAND WITH THE IMMUNOFLUORESCENCE TECHNIQUE 





Findings in sections stained with anti-HGH serum sa Ea 
ene PG H-containing celisa————----—-—-.__ --—-HGH-negative cells—, 
Acidophil Chromophebe Unknown Acidophil Chromophobe 
7 0 Q 0 + + 
2 84 i 7> Ü + + 
($ ao - Raced ashe O BE m = 
3 12 0 1s 3 + + 
0 ait a a at iia 
4 GQ {} 16 5 ae 
60 60 9 ($ 18 + + 
0 aka OO a OSA aa T 
ü pann A E S ds nan iai. 
suits a 0 Ü 
-— me 0) 0 


* Because of technical difficulty, histological classification of these HG H-containing ceils was not posie, 
t In other sections, humerous chromophobes and occasional small weakly staining acidophils were seen 


+ + Numerous, but not counted, 


Until very recently the only evidence that had been 
presented for the potential endocrine function of the 
pharyngeal pituitary gland was its histological structure: 
Hachmeister’ has claimed that ACTH is present in certam 
basophils known as R cells. McGrath" has reported that 
pooled pharyngeal pituitary glands contain significant 
amounts of prolactin and HGH as measured by the pigeon 
crop mucro-method and radioimmunoassay respectively. 
We have now demonstrated HGH in acidophils. It is not 
yet known whether pharyngeal pituitary glands are syn- 
thesizing adenohypophyseal hormones or selectively re- 
moving them from the circulation. It is, however, obvious 
from our work that the localization of HGH in the 
pharyngeal pituitary gland (sometimes only a proportion 
of the acidophils contain the antigen) is different from that 
previously seen in the adult human adenohypophysis 
(HGH present in and restricted to virtually all acidophils®) 
and in the 18 week human foetal adenohypophysis (HGH 
present in virtually all acidophils and a proportion of 
chromophobes?*), 

This work was supported by a grant to Professor A. R. 
Currie from the British Empire Cancer Campaign and a 
student vacation grant to J. L. MeP. from the Wellcome 
Foundation. We thank G. Milne and A. Willox for tech- 
nical assistance and J. Dunbar and J. Watt for assistance 
in collection of tissue. 
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Effects of Previous X-irradiation on 
the Cellular Response of Nervous 
Tissue to Injury 


THe mechanism of the delayed necrosis that follows 
irradiation of nervous tissue is still little understood?. 
Adult nervous tissue is insensitive to X-irradiation 
compared with other tissues? Hopewell and Wright 
showed that the capacity of cells in the rat cerebral 
cortex to react to injury caused by freezing was impaired 


if the brain had previously been locally irradiated. It 
was not elear which cells were involved, for in such an 
injury not only astrocytes, but probably microglia, meso- 
dermal and meningeal elements as well as capillary endo- 
thelial cells would also take part in the response. A 
similar post-irradiation effect occurs in rat peripheral! 
nerves’. Changes in nuclear population were studied 
after sciatic nerve crush. 

Following doses of 200 and 500 rads, a reduction of the 
nuclear population was evident 7 days after sciatic nerve 
crush, but recovery to within normal limits was found 
after 14 days (Table 1). After 1,000 rads, cell populations 
were smaller than usual at 7 days and there was only 
slight recovery by 14 days. After 2,000 rads, there was a 
negligible increase in cells during the second 7 day period, 
while the decrease in population “duri ng the first 7 days was 
only slightly smaller than after 1, 000 rads. The dose of 
radiation that was sufficient seriously to impair the 
subsequent capacity of the resting nerve cells to respond 
to crushing was 1-2 krads, and this effect was not dimin- 
ished when the interval between irradiation and nerve 
crush was as much as 6 months. 


Table 1, NUCLEAR POPULATIONS (NUCLEVUNIT VOL.) 8D. OF RAT SCLATIC 


NERVES AT 7 AND 14 DAYS AFTER NE ARVE “ORE SH 


7 days 14 days 
Unirradiated 685-5 + 36-6 (3) 1,3756 + 1849 (6) 
200 rads 597-3 (2) 1,4034 (2) 
500 rads 530-4 (2) 1,220-9 (2) 
1,000 rads DBT: 7 + 27-4 (6) 700-6 + 4i-1 (6) 
2,000 rads 456-0 + 26-0 (3) 584-5 + 33-6 (3) 
Irradiation 3 weeks before nerve crush. Number of animals in brackets. 
(Population of nerve before crush 247-4 + 42 7 (8). } 


A quantitative histological method based on rapid 
perfusion-fixation has been developed for studying the 
mitotic rates around a needle wound in the brain®. This 
method has been used to extend the observations of Hope- 
well and Wright®. Essentially, the method consists of 
systematically scanning stained histological sections, 
10u thick, in a radial direetion from the edge of a wound 
ade with a Bashford transplantation needle (2-4 mm 
exterior diameter) pushed vertically into the rat brain. 
With an oil immersion x 100 objective and a square 
Ehrheh ocular, cells in mitosis are recorded sequentially 
over a radial distance of 1.200. from the edge of the 
wound. The mean mitotic rates for every zone 200u 
wide are calculated at different distances from the edge 
of the wound. Preliminary studies showed that the peak 
mitotic rate adjacent to the edge of the wound occurred 
3-4 days after the injury whereas in zones further away 
the peak rate occurred after 2-3 days. On the third day 
when the post-irradiation studies were made, 75 per cent 
of the mitotic cells at the edge of the wound and elsewhere 
were small mononuclear cells, being haematogenous cells, 
microglia and vascular endothelial cells, while 25 per cent 
were identified on morphological grounds as astrocytes. 

Albino rats (230-250 g) were irradiated under chloral 
anaesthesia in a lateral direction over the head alone: 
220 kV, 15 MA, copper (0-5 mm thick) and aluminium 
(1 mm thick} added filtration, field source distance 
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Vig. 1, Mean mitotic rates in each 200x wide zone from the edge of a 

needle wound made in rat brain three days earlier. Number of unirra- 

diated animals, 5; irradiated animals, 500 rads, 2; 1,000 rads, 2: 2,060 
rads, 3. x, No X-rays; A, 500rads: @, 1.000 rads; ©, 2,000 rads. 


made in the right cerebral hemisphere and the animals 
were killed by intracardiac perfusion of formol- 
acetic acid fixative 3 days later. When the mitotic 
rates were determined (Fig. 1) after 500 rads, the distribu- 
tion and numbers of mitoses were very similar to those 
in unirradiated rats. After 2,000 rads, however, there 
was a similar reduction in mitotic activity at the wound 
edge and in the surrounding brain parenchyma, and this 
was accompanied by a severe suppression of the cell 
increase that usually oceurs, particularly at the edge of 
the wound and to a lesser extent at distances away from 
this. This observation is of particular interest because 
Konigsmark and Sidman* have suggested that most cells 
at the edge of a needle wound in the mouse brain come 
from the blood. After 1,000 rads, there is still a substan- 
tial reduction of the mitotic rate at the edge of the wound, 
which is a reflexion of the paucity of reacting cells there. 
In contrast to the results after both larger and smaller 
doses of irradiation, however, the mitotic rates in regions 
removed from the edge of the wound were substantially 
increased. Seventy-five per cent of the cells in these areas 
were astrocytes, and only 25 per cent were microglia; 
there was a complete reversal of the normal proportions 
of dividing cells. Most of these cells showed evidence of 
radiation damage in the form of fragmented chromosomes, 
and intermitotic astrocytes with multiple nuclei and other 
abnormalities were numerous. This anomalous response 
in regions distant from the edge of the wound was prob- 
ably compensatory for inadequate proliferation of both 
phagocytic and vascular endothelial cells at the edge of 
the wound and the consequent failure to restore the 
status quo between blood and brain after injury. 

Animals kept for 6 days after wounding of the brain 
usually show almost complete filling of the cavity with cells. 
After 500 rads, healing was almost normal, but after 1,000 
and 2,000 rads, progressively less cellular healing had taken 
place and many abnormal intermitotic nuclei were seen 
after both doses. 

_ It appears that doses below 1,000 rads given to resting 
issue cause sufficiently little damage to leave the pro- 
iferative capacity of both peripheral and central nervous 
issue adequate to respond to injury and produce a satis- 
actory repair process. From 1,000 to 2,000 rads, and 
probably upwards, the numbers of cells capable of 
- responding are too small. Nervous tissue behaves in the 
















same way as liver after radiation’! and the lower i 
of radiation that give rise to delayed necrosis in man 


of the same order as these®:}9, , 
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Relative Effects of Nutritional Deficit 
and Deprivation Period on Rate of 
Electrical Self-stimulation of 

Lateral Hypothalamus 


Ix the electrical self-stimulation procedure, food depriva- 
tion will increase the rate of lever pressing if the stimulat- 
ing electrodes are located in or near the “feeding area” 
of the lateral hypcthalamus!. The known functions of 


this region suggest at least two ways in which this effect 


might be brought about. 

First, it has been suggested that the lateral hypothala- 
mus is subject to a braking effect exerted by a rapidly 
acting “satiety” mechanism in the hypothalamic ventro- 
medial nucleus*?. Because the satiety centre is active 
only after the ingestion of food, a period of enforced food 
deprivation, by allowing time for activity in the ventro- 
medial nucleus to subside, would excite the lateral hypo- 
thalamus by a process of disinhibition, and in this way 
lead to increased rates of self-stimulation. 

A recent investigation of the hypothalamic regulation 
of hoarding behaviour, however, has suggested that the 
ventromedial nucleus does not act on the lateral hypo- 
thalamus as a whole, but only on those of its efferent 
pathways that subserve feeding’. According to this view, 
changes in lateral hypothalamic activity would oceuwr 
only as a result of long-term changes in the body's overall 
nutritional status, signalled to the hypothalamus by an 
appropriate chemoreceptive system. Thus food depriva- 
tion, by inducing metabolic changes, would excite the 
lateral hypothalamus directly. If this view is correct, it 
should be possible to show that activity in the lateral 
hypothalamic feeding centre, measured by the rat’s rate 
of responding for electrical stimulation, is more closely 
related to loss of body weight than to the number of hours 
since the animal had last fed. We report a test of this 
prediction. 

Eight male hooded rats with lateral hypothalamic 
electrodes underwent preliminary tests for feeding behav- 
iour in response to continuous low-intensity stimulation 
through their electrodes. Four rats showed rehable 


stimulus-bound feeding, and subsequent histological 
examination at the completion of the experiment 


showed their electrodes to be located in the median fore- 
brain bundle, immediately lateral to the columns of the 
fornix. Four rats failed to eat in response to stimulation, 
because of small differences in the location of their elec- 
trodes, and these were assigned to a control group. 
Self-stimulation testing took place while subjects were 
maintained on one of two different feeding schedules. 
























628 


All subjects were tested on both schedules, but half of 
each group were given schedule A first, and the other half 
schedule B. In schedule A, subjects were tested on 12 
successive days, alternately satiated and 23 h hungry. 
Schedule B lasted 18 days: subjects were tested on 3 
days while satiated, on 6 consecutive days while 23 h 
hungry, and again for 3 days while satiated; in addition, 
3 unscored days were interpolated after each change of 
diet to allow body weights to stabilize. 

Thus in both schedules, subjects were tested on 6 days 
while satiated, and on 6 days after being deprived of 
food for 23 h. But on schedule B the experimental design 
led to a 10-3 per cent loss of body weight, indicating a 
moderate degree of calorie deficit, whereas on schedule A 
the mean weight loss on deprivation days was only 4-8 
per cent, much of which could be accounted for merely 
by the absence of food from the gastrointestinal tract. 
Mean body weights during the satiation conditions were 
427-4 and 426-9 g on schedules A and B, respectively. 

Each testing session consisted of four 3 min bouts of 
self-stimulation at four different current intensities 
separated by 10 uA steps, and given in a descending order 
of magnitude. The current strengths were selected to 
straddle a value which was just above the threshold 
current for self-stimulation, because responding at 
relatively low intensities is usually the most sensitive to 
the effects of food deprivation’. The reinforcing stimuli 
were given only after every third response, so as to avoid 
the disruptive effects of overstimulation. 

The results summarized in Fig. 1 show that for the 
experimental group, 23 h of food deprivation caused a 
marked rise in the rate of responding at near-threshold 
stimulus intensities. This finding agrees with previous 
reports'*. The increments in response rate were more 
than doubled, however (t= 2-4, d.f.=3, P < 0-05), when the 
same period of deprivation was accompanied by a 10-3 
per cent loss of body weight (schedule B). This effect 
cannot be ascribed to the enhanced level of general 
activity that ordinarily accompanies a fall in body weight’, 
because loss of body weight had little or no effect on the 
scores of the control group. Nor can it be ascribed to a 


disinhibitory action by the ventromedial nucleus: in 
nearly a 


both conditions of deprivation, full day had 


+150 


+100 


Change in response rate after 23 h deprivation 





+50 
a 
-~ 30 
4) 30 20 10 
Current intensity (uA above threshold) 
Fig. 1. Changes in rate of self-stimulation produced by 23 h deprivation 


schedules in eating and non-eating groups. Changes are expressed asa 

percentage of the mean reaponse rates recorded during satiation at each 

af the four current intensities administered. Eaters: ©, schedule A: 
©, schedule B. Controls: A, schedule A; A, schedule B. 





NATURE. VOL. 219, AUGUST 10. 1968 


passed since subjects had last fed, and post-ingestional 
factors activating the ventromedial nucleus would have 
fallen to equally negligible levels under both schedules. 

The results indicate that the level of activity in the 
lateral hypothalamus can vary independently of that in 
the ventromedial nucleus, and this conclusion has an 
important bearing on the problem of the “‘non-biological”’ 
drives, including general activity, play and exploration. 
Although these activities appear to be strongly influenced 
by underlying biological needs such as dehydration and 
nutritional depletion. and by hormonal factors®-*, they 
do not necessarily reflect changes in thirst. hunger or 
sexual drive®:?. This paradox can now be largely accounted 
for; for the present findings show that the regulation 
of the drive activities of the lateral hypothalamus need 
not in all eases depend on the ventromedial nucleus, but 
may be achieved by the lateral hypothalamus itself, 
acting in direct response to the underlying physiological 
state. Thus the positive but imperfect correlation which 
exists, for example, between manifest hunger and certain 
of the non-biological drives is readily explained by the 
hypothesis that both categories of behaviour are energized 
by the lateral hypothalamus, with the former category 
being intermittently subject to ventromedial inhibition 
and the latter not. This hypothesis has recently received 
support in its application to the “hoarding instinct” of 
the rat’. 
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Metabolites of *H-Oestradiol-1I78 in 
the Cerebrospinal Fluid of the 
Rhesus Monkey 


THE ependyma lining the third ventricle, particularly in 
the hypothalamus, shows regional differences in structure’. 
Followmg optical and eleetron microscopic examination 
of “atypical” ependymal cells in the third ventricle, it 
was suggested that some of them secrete into the cerebro- 
spinal fwd (CSF) while others have a sensory function®, 
These observations have led to the hypothesis that the 
CSE acts as a vehicle for chemical information in inte- 
grating the hvpothalamo-hypophysial system®. 

In the rhesus monkey the third ventricle in a restricted 
area of the anterior tuber cinereum is lined by tanycyte 
ependyma. These ependymal cells are distinguished by 
long processes extending towards the pars tuberalis. The 
processes make synaptoid contacts with blood vessels 
and some of them also make direct synaptoid contacts 
with cells of the pars tuberalis!. The ventricular surface 
of this ependyma has bulbous projections which vary in 
size in relation to the menstrual cycle. The regression 
of these bulbous projections after ovariectomy can be 
reversed by administration of oestradiol’. 

Preliminary studies made on rhesus monkeys treated 
with labelled oestradiol showed that radioactivity was 
present in the CSF and blood plasma, and autoradio- 
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graphs of the hypothalamus showed a 
stronger concentration of silver grains in the 
region of the tanycyte ependyma than else- 
where in the brain. Possibly the tanycyte 
ependyma, which links the third ventricle 
to the pars tuberalis, may act as a receptor 
for circulating oestrogens and therefore may 
be involved in the hypothalamic regulation 
of anterior pituitary function‘. 


In the absence of any information about 2 
the occurrence of specific oestrogens in the [7 
CSF of the rhesus monkey, further studies my 
were made to determine whether oestradiol ~~ 
and oestrone could be detected in the CSF z 
of monkeys treated with radioactive oestra- ~< 


diol. This communication summarizes the 
results of the investigation. 

Six adult animals were ovariectomized | 
month before use. Each animal was in- 
jected with 5 mCi of 6,7-2H-oestradiol in 
l ml. of arachis oil (specific activity: 258 
mCi/mmole for animals 1 and 2, and 30,200 
mCi/mmole for animals 3 to 6). The animals 
were anaesthetized by an intravenous in- 
jection of sodium pentobarbitone, and 
samples of blood and CSF were withdrawn 
respectively from the saphenous vein and 
cisterna magna at the time intervals given 
in Table 1. Duplicate samples (0-1 ml.) 
of plasma and CSF were added to “Triton X-100° (0-5 mal.) 
and xylene-based scintillator (5 ml.), and the solutions 
were counted in a Packard ‘Tri-Carb’ scintillation counter. 
Table 1 shows the time course of the concentration of *H 
in plasma of the six monkeys. The general pattern is one 
in which the radioactivity reaches a maximum by 1-2 h, 
and then falls by 3-4 h. If the results from experiment 5 
are excluded, then the radioactivity in CSF was 52+ 
2-2 per cent of that in plasma. In animal 5, the levels of 
tritium were found to be very high for CSF withdrawn 
1 and 2 h after injection, but by 4 h the concentration of 
tritium had decreased to a value commensurate with 
those of the other monkeys. 


Fig. 1. 


Table 1. TIME COURSE OF THE DISTRIBUTION OF RADIOACTIVITY IN THE 
PLASMA AND CEREBROSPINAL FLUID (CSF} OF MONKEYS INJECTED WITH 
TRITIATED OESTRADIOL 


Time Ch) 
el gets 


. Time (h) 
Anje pn BEAN ai Pa e Ga e SEN a ee Reeve es 


mal 0-25 05 O75 1 2 3 025 05 0-75 1 2 3 4 
No. dp.m./ml. pasma {x 10°) 7H-CSF/H-plasma x 100 

1 48 79 106 102 110 97 37 43 5&1 5S0 39 4l 

2 223 280 353 316 196 90 33 28 4-9 6-6 

3 329 312 158 4-4 4-2 T-O 
4 365 387 235 97 43 2-6 
D 107 121 174 345 67 54 
6 208 208 119 10-4 7-6 4°5 


Further studies were undertaken on material taken 
4 h after injection. Pilot experiments (three plasma 
samples and one CSF sample) showed that the radio- 
activity could be extracted from the biological fluids 
(diluted with water, saturated with ammonium sulphate 
and adjusted to pH 1) with ether-ethanol (3:1, 3 x 1 vol.). 
On partition of the extracted material between ether and 
water, respectively 62 per cent and 36 per cent of the 
radioactivity from plasma and CSF could be recovered 
in the organic layer. The radioactivity remaining in the 
aqueous solutions could be recovered by acid treatment 
(15 per cent v/v HCl under reflux for 1 h) followed by 
ether extraction. 

-  Bulked samples of plasma and CSF from animals 3 to 6 
- were used to identify the labelled steroids. To minimize 
decomposition, unlabelled oestrone and oestradiol (50 ug 
~-@ach) were added before the total steroid metabolites 
_ were hydrolysed with 15 per cent v/v HCI under reflux 
for 1 h. The hydrolysed material was then fractionated 
by the method of Brown® up to the point at which the 
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Distribution of radioactivity in a thin-layer chromatogram (silica gel 6: 


1) of acid hydrolysed material from plasma and USF of 


were added as markers. 


metabolites were extracted from petrol-benzene solution 
(1:1) with 1-6 per cent sodium hydroxide solution. The 
proportion of radioactivity recovered in the alkali extract, 
(corresponding to Brown's oestrone—oestradiol fraction) 
was 83 per cent for plasma and 61 per cent for CSF 
material. The identification of the oestrogens m these 
two fractions was achieved by adding 4C -oestrone and 
4-“C-oestradiol, and then chromatographing the material 
in two thin layer systems (silica gel G solvents: (1) 
chloroform—ethyl] acetate 9:1; (11) eyelohexane—ethy! 
acetate 1:1) and on paper (system B, of Bush’). The 
contributions of tritium and carbon-14 in the eluates 
from the chromatograms were caleulated. The peaks due 
to tritiated metabolites and those of the carbon-14 
markers coincided in all three chromatographic systems 
(for example, see Fig. 1), and established the presence of 
both oestrone and oestradiol in plasma and CSF. 

This finding of oestrone and oestradiol in CSF, together 
with earlier reports of the detection of progesterone’. 
insulin? and gonadotrophins’, would be in accord with the 
view that the CSF may act as a vehicle for chemical 
information in integrating the hypothalamo-hypophysial 
system. The question of non-haemal routes in neuro- 
endocrine integration therefore merits more detailed 
consideration. 

This work was supported by a grant to Sir Solly 
Zuckerman from the Ford Foundation. We thank 
Miss 8. Smith for technical assistance. 
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Anti-cariogenic Effect of Minerals in 
Food and Water 


STUDIES based on the discovery that significant numbers 
of new Navy recruits from contiguous counties of the 
north-west area in the state of Ohio have never experienced 
chmically detectable caries attack have indicated that 
constituents of food and water may provide increased 
protection against tooth decay. Examination of the results 
of spectrographic analyses of water from the north-west 
Ohio area revealed that, cormpared with the content of 
finished water supphes of the seven largest cities of Ohio 
reported by Durfor and Becker', it contained statistically 
significantly greater quantities of boron, lithium, molyb- 
denum, strontium, titanium and vanadium. In an 
attempt to determine whether these mineral differences 
are related to the observation with respect to dental 
caries, a preliminary experiment was designed to assess 
the influence of four different diets on the caries experi- 
ence of rats. 

Diets were as follows. (1) A basic cariogenic diet (referred 
to as CD 30) of 63-8 per cent sucrose, 30-0 per cent vitamin- 
free casein, 2-2 per cent vitamin fortification mixture, 
2-0 per cent HMW salt mixture and 2-0 per cent corn oil. 
Drinking water was triple distilled. (2) CD 30 plus I per 
cent by weight of the ash of green beans cooked in triple 
distilled water. Drinking water was triple distilled. (3) 
CD 30 plus 1 per cent by weight of the ash of green beans 
cooked in triple distilled water with 1-5 p.p.m. of fluoride 
as sodium fluoride. The drinking water was triple distilled 
with 1:5 p.p.m. of fluoride. (4) CD 30 plus 1 per cent of the 
ash of green beans cooked in water from north-west Ohio. 
The drinking water was also from north-west Ohio. 

In every case the green beans used were an aliquot of 
the same batch of frozen beans purchased from one store 
and they were cooked according to the instructions given 
on the package. The level of fluoride (1:5 p.p.m.) used 
was chosen because this was the concentration of fluoride 
found in the water from north-west Ohio. The Ohio 
water was taken from the household well of the family of 
one of the caries free Navy recruits and the analysis of 
this water revealed that it contained concentrations of 
minerals which were of the same order of magnitude that 
was found in the case of thirty-five water supplies of 
other caries free recruits from the same area with the 
exception of titanium and vanadium. Because of the 
high content of total dissolved solids, these elements 
could not. be quantitated below 20 ug/l. 

Five groups, each of four litter-mate male weanling 
Sprague-Dawley rats, 21 days old with an average initial 
weight of 36-6 g, were given four treatments randomized 
within each litter. Animals were weighed at weekly 
intervals and their food and water consumptions were 
recorded. They were housed individually m hang- 
ing stainless steel cages with a mesh floor; food was 
supplied freely in graduated all-glass drinking tubes 
which could be read to 0-5 ml. The temperature ranged 
from 20° to 24° C and relative humidity from 30 per cent 
to 40 per cent throughout the experiment. 


Table 1. AVERAGE INITIAL BODY WEIGHT, FOOD AND WATER CONSUMPTION 


OF ANIMALS ON EACH TREATMENT 


Average Average Average diet Average water g of food/g 

Diet body weight gain/ consumption/ consumption/ increase in 

weight (g) day (g) day (2) day (mi) body weight 
1 36-6 5-71 12-59 18-6 2:20 
2 37 5-82 13-18 19-6 2-26 
3 36-5 40 12-30 18-0 2-24 
4 35-9 6-24 14-24 18-1 2-28 


The animals were killed after 28 days; mandibles were 
dissected out and cleaned of soft tissue. Dental caries 
was evaluated using the method of Keyes?, which includes 
staining of lesions and sectioning of all molars. 

Table 1 shows the average initial body weight, average 
weight gain per day and average diet and water consump- 
tion per day. It is clear that the animals receiving diet 
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4 gained the most weight and consumed the most food, 
although there was no difference between all four diets 
in the amount of food required to cause an increase of 
l g in body weight. 


Table 2. AVERAGE NUMBER AND SEYERITY OF SULCAL LESIONS 


Average No. of Severity 
Diet suleal lesions Enamel De dentine Dm De 
l IIR 17-5 10-5 RQ DR 
2 PS 14-0 7-8 36 0-6 
í 10-4 14-6 B-4 4°23 0-2 
4 $35 11-3 3-8 1-0 0-G 


Table 2 shows the average caries experience for the 
animals on each diet in terms of the number of suleal 
lesions, severity in enamel and severity at three progressive 
stages in the dentine. Statistical analysis revealed that 
the CD 30 diet with the ash of green beans cooked in Ohio 
water gave significantly fewer sulcal lesions which were 
significantly less severe in enamel, through the dentine- 
enamel junction (Ds) and at a moderate distance in the 
dentine (Dm) than the CD 30 with the ash of beans cooked 
in either distilled water or distilled water contaming 
L5 ppan. fluonde. Both the latter treatments were 
significantly better than CD 30 alone for all categories 
mentioned. Although statistical significance could not 
be established for the scores at an extreme penetration 
in the dentine (Dz) where results became somewhat more 
variable, the trend established for the other cases persisted. 


Table 3. PERCENTAGE REDUCTION IN CARLES LEVELS COMPARED WITH LEVELS 
EXPERIENCED USING CD 30 


. No. of Severity 
Diet suleal lesions Enamel Ds Dm Dx 
4 as 3h 63 87 160 
2 ors 14 a 25 as 50 


Table 3 shows the percentage reduction m the number 
of lesions and severity for the animals receiving each 
treatment compared with those which received CD 30 
alone. It is concluded that: (l) the bean ash reduced 
the number and severity of carious lesions; (2) 1-5 p.p.m. 
of fluoride in water was not sufficient of itself to reduce 
caries over and above the reduction attributed to the 
bean ash; (3) the mineral content of Ohio water had an 
anti-cariogenic effect as measured by the number and 
severity of lesions. 


Table 4. CONCENTRATION OF TRACE ELEMENTS IN DIET (#G/G) AND IN 
NORTH-WEST OHIO WATER (eG/L.) 
Diet Water from 

1 2 3 4 north-west Ohio 
B 3 7 z 7 450 
Mo (Bas t22 120 1-54 OS 
Sr il 16 15 ag 18,000 
F 1:23 L27 1-50 1:50 1,510 
P 4,200 4,800 4.800 4,600 Oc) 


Information is available which sheds some light on the 
explanation for the results found. Table 4 shows the 
concentrations of boron, molybdenum, strontium, fluorine 
and phospherus in the total diet and in the north-west 
Ohio water. The ash of beans regardless of the cooking 
method increases the concentration of many trace 
elements in the total diet, thus making it difficult to 
evaluate which elements are related to the reduction in 
caries. But, in relation to the additional reduction in 
caries levels attributed to the Ohio water, when the ash 
of beans cooked in Ohio water is compared with those 
cooked in distilled water or distilled water with 1:5 p.p.m. 
of fluoride, it is clear that there was an increase m the 
concentrations of molybdenum and strontium. The fact 
that these elements were transferred to the bean from the 
Ohio water during cooking was verified by analysis of 
water samples taken before and after cooking. These 
elements were present in very substantial concentrations 
in the drinking water, thus adding to daily intake. Work 
which establishes the anti-cariogenic effect of molybdenum 
either alone or in interaction with fluorine was discussed by 
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_Jenkins?. It has been suggested that strontium is also anti- 
cariogenic*~*, Although the concentration of boron in the 
bean ash was not altered by cooking in the Ohio water, a 
substantial amount was provided by the drmking water 
alone. Some indication of its anti-cariogenic effect has 
been given by Shaw and Griffiths’. The direct reading 
electric are spectrometer used to analyse the diets was not 
programmed for lithium so that no results are quoted for 
this element. Spectrographic analysis of water samples 
taken before and after cooking, however, showed that 
the concentration of lithium in the water decreased from 
25 ug/l. to less than 11 ug/l. during cooking, suggesting 
that it was taken up by the bean. In all, of the twenty-six 
elements specifically sought in this way, only lithium, 
molybdenum and strontium were apparently absorbed 
by the bean and the remaining twenty-three were lost from 
the bean to the cooking water in varying concentrations. 
Chemical analyses of both cooked beans and the cooking 
water showed that the waters containing fluoride yield 
approximately one third of their fluoride to the bean. 

“Tt is clear from the results in Table 4 that, although 
phosphate is recognized for its anti-cariogenie action in 
rats®, it is not the reason for the extra reduction in caries 
associated with the Ohio water. 

It should be understood that although 1-5 p.p.m. of 
fluoride in water was ineffective in reducing caries in the 
rat, it is not implied that this concentration is ineffective 
in humans. McClure has suggested that a minimum of 
10 p.p.m. of fluoride is necessary to demonstrate reduced 
caries in rat molars’, 

It is recognized that. a systemic influence of the elements 
is possible in the case of third molars. In view, however, 
of the fact that treatment commenced at the twenty-first 
day of age while third molars commence eruption from the 
thirtieth day onwards in the strain used, and considering 
the presence of mineral reservoirs in the animals, it is not 
considered that this experiment could efficiently estimate 
systemic effects. With regard to the number of carious 
lesions in third molars there was no difference between the 
three diets which received a bean ash supplement. 

It was not anticipated that reductions of the magnitude 
reported would be observed in a post-weaning experiment 
considering the short period of time used, the extremely 
caries susceptible colony of rats and the highly cariogenic 
diet. This raises the possibility that additional protection 
may be obtained if the minerals of water were available 
pre-natally as well as post-natally. 

It is noteworthy that animals which ate the greatest 
amount had the greatest sugar intake, gained in weight 
the most and still developed the least number of and least 
severe carious lesions, and that none of the waters con- 
tributed any phosphate. 

It seems likely that water could play an important 
anti-cariogenic part, either by its effect m drinking or in 
cooking, in relation to the concentration of caries free 
Navy recruits in north-west Ohio. 


F. L. Loser 
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Storage and Release of a Sex 
Pheromone by the Queensland 
Fruit Fly, Dacus tryoni 
(Diptera: Trypetidae) 

Dacus tryoni (Frogg.) mates at dusk. During courtship, 
males stridulate by drawing their wings across a pair of 
combs formed from large bristles on the third abdominal 
tergite. 





This produces a high pitched buzz, audible to the 
human ear, which is considered to be a mating call. H 
has now been demonstrated that the male also produces 
a sex pheromone which is released at the same time as 
stridulation. This discovery is particularly interesting, 
for it not only provides a further example of a species in 
which the male produces a sex pheromone, but also is the 
only known case in which a sex pheromone is stored in a 
special reservoir before release, This communication 
briefly describes some of the experimental work which has 
been carried out with the pheromone. 

The pheromone is secreted by a gland complex which 
develops from the posterior ventral wall of the rectum. 
In mature males this consists of a secretory sac and a 
ventral reservoir in which the pheromone is stored before 
release (Fig. 1). When flies are reared at 25° C, the 
secretory sac appears in the 5 day old pupa as an out- 
pushing from the left posterior ventral surface of the 
rectum. At this stage the sac epithelium is not differen- 
tiated, but before the fly emerges it becomes typical seere- 
tory epithelium and its surface area is increased by folding. 
The reservoir appears as a swelling of the rectal wall 
before emergence. In the adult it is initially lined with 
secretory epithelium but, as the fly becomes sexually 
mature, much of the secretory epithelium breaks down 
and the reservoir takes on a storage function, The 
pheromone is released through the anus by muscular 
contraction of the reservoir and rectum. 

Sexually receptive females respond to extracts of the 
gland presented to them on disks of filter paper. They 
congregate in the area where the pheromone is present 
and characteristically probe the filter paper with their 
ovipositors. A similar behavioural pattern occurs in 
the Mediterranean fruit fly Ceratitis capitata Wied. when 
the females are sexually excited but unable to copulate’. 
It is likely that the pheromone acts both as an attractant 
and an excitant while the sound produced during stridula- 
tion assists in the precise location of the male. Females 
become responsive only when their ovaries are mature, 
and become unresponsive again after they have mated. 
When sexually mature virgin females are kept in a 
natural day-night regime, and are presented with the 
pheromone at intervals throughout the day, they respond 
maximally at dusk, Experiments in which the females 
were presented with the pheromone in light-dark regimes 
with artificially controlled dusks demonstrated that 
the timing of the response is controlled by a circadian 
rhythm. 

Dacus tryoni and other members of the genus, such as 
D. dorsalis, D. oleae and D. cucurbitae, are important pests 
of commercially grown fruit, and synthetic lures related to 


Reservoir 
CONLBIBING 
pheromone 





Rectal papillae oS mm 
Fig. 1. The rectum of a sexually mature male D. tryoni showing the 


gland complex in which the pheromone is produced and stared. 
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anisylacetone have been widely used in the control of 
these species. They are very attractive to male flies which 
feed on the lure, but it is uncertain why they possess this 
biological activity. The present study indicates that 
there may be a relationship between these lures and the 
pheromone. The males are also attracted to the phero- 
mone which they feed on as they do with the male lure, 
while virgin females of D. tryoni respond to the most 
potent of the lures, 4-(p-acetoxyphenyl)2-butanone. at 
dusk in essentially the same way as they respond to the 
pheromone. Feron? found that siglure, sec-butyl-6- 
methyl-3-cyclohexene-l-carboxylate, evoked the same 
sexual behaviour patterns in C. capitata as the male 
pheromone produced by that species. He suggested that 
the males are attracted to the lure because it triggers off 
the neural mechanism, common to both sexes, which 
controls sexual behaviour. 

Alternatively the pheromone may play a specific part 
in the sexual behaviour of males. There are very few 
observations of mating of D. tryoni in the field, but there 
is some evidence that males congregate together when 
stridulating. One of the factors controlling this may 
be the pheromone. If so, it is possible that the synthetic 
lures are structurally related to one of the components 
of the male pheromone. 

This research was supported in part by a grant from the 
Rural Credits Development Fund of the Reserve Bank of 
Australia. 
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Observation of an Encounter 
between Birds and Floating Oil 


ALTHOUGH oi pollution has been a growing hazard to water 
birds for half a century’, little information is available 
about how it occurs. Curry-Lindahl? has remarked that 
in the Baltie flocks of long-tailed duck, Clangula hyemalis, 
“very often swoop down just on the patches of oil where 
the deep sea roll is less heavy; consequently these oil spots 
serve as veritable death traps”, whereas Casement? has 
reported that where Manx shearwaters, Puffinus puffinus, 
were flying up the Bosphorus the passage of a patch of 
oil “caused birds to rise a few feet as flocks passed over it 
and then swoop down again to within a few feet of the sea”. 
Otherwise widely repeated suggestions that birds positively 
seek out oil, because it makes the water calm, or resembles 
food, or tide-rips or shoaling fish associated with the 
presence of food, seem to be based chiefly on speculation. 
There has therefore been a need for critical observations 
of how birds actually do behave when they encounter oil. 

On the fine, calm morning of May 18, 1968, I was 
watching breeding seabirds from the top of the 150 feet 
westward facing cliffs of St Bee’s Head in north-west 
England when at about 08.00 h I saw a small coasting vessel 
leave a trail of oil on the water. The oil gradually drifted 
ashore before a light north-west wind as it dispersed. The 
first birds to swim into the oil while it still formed a 
dense band about 5-10 feet thick were a single and then 
three guillemots, Uria aalge. They took no notice of the 
oil until they touched it, whereupon they immediately 
dived, the first surfacing at an angle of about 45° to the 
left of its original course beyond the oil, and the others at 
an angle of about 135° to the left of their course on the 
near side. They then dived again, and I lost the first 
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bird unless it was one seen preening well out to sea some 
time later. The others, however, continued in the same 
direction, surfaced well clear of the oil, and then settled 
down to clean themselves. At the same time first a 
herring gull, Larus argentatus, and then a kittiwake, Rissa 
tridactyla, which also swam into the oil, rose and flew away, 
while birds of all three species flying about above the oil 
took no notice of it whatsoever, except that one guillemot 
dipped low over it, perhaps by chance, without. settling. 
Later, as the oil began to disperse, other gulls and 
guillemots swam around smaller patches, and then when 
it was redueed to a thin film swam straight through it, 
although most birds which came into contact with the 
oil still started to preen soon afterwards despite the fact 
that none seen at any stage became noticeably soiled. 

It seems that these birds took little notice of oil on the 
water unless it was thick and they came into direct contact 
with it, when they took avoiding action. They tried to 
swim around small patches, and gulls, which are primarily 
aerial species, reacted to larger patches by flying, but 
guillemots, which are primarily aquatic, dived, in directions 
apparently selected at random. Although diving is 
likely to be a highly successful reaction to predators or 
small patches of oil, it probably has entirely disastrous 
results when the birds encounter larger areas of pollution, 
and will doubtless help te explain such phenomena as the 
death of large numbers of guillemots in the Torrey Canyon 
disaster at a time when the even more numerous local 
gulls escaped almost unharmed‘, 

I thank Dr A. Nelson-Smith of the Field Studies Council 
Oil Pollution Research Unit and the University of Swan- 
sea, and Mr R. J.C. Kennedy, who has been carrying out a 
literature survey for the Advisory Committee on Oil 
Pollution of the Sea at the University of Newcastle upon 
Tyne, for assistance in a search for a previous description 
of this phenomenon. 
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On the Identity of the 
Fur Seals of Australia 


APART from stragglers from the Antarctic and subantarctic 
regions, the only pinnipeds normally found on the Aus- 
tralian coasts are hair seals or sealions (Neophoca) and fur 
seals (Arctocephalus}. There is no doubt about the identity 
of the single species of sealion (N. cinerea), but there has 
been no settled opinion about the number of species of 
Arctocephalus. 

The three Australasian species of Arctocephalus that 
have been described are A. doriferus Wood Jones 1925 
(ref. 1), A. tasmanicus Scott and Lord 1926 (ref. 2) and 
A. forsteri (Lesson 1828) (ref. 3), the latter known as the 
New Zealand fur seal from its main concentration. 
Whether all three species should be recognized, or which 
ifany is distinct, are questions which have been answered 
in different ways by different authors, but it has always 
been said that there could be no definite decision until 
more specimens had been collected and examined. 

During 1967 I had the opportunity of studying the 
pinniped material in the museums in Adelaide, Melbourne, 
Perth and Sydney, and also of collecting specimens from 
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the Recherche Archipelage, western Australia, from the 
South Nepture Islands, south Australia, and from Seal 
Rocks, Victoria. From all the specimens thus available 
it became evident that there are two kinds of fur seal 
along the southern Australian coast—a smaller one and 
a larger one. The smaller one is to be found certainly 
on Eclipse Island and Recherche Archipelago. western 
Australia, and on the South Neptune Islands and Four 
Hummocks, south Australia. The main distribution of 
the larger animal includes such well reeognized sites as 
Lady Julia Percy Island, Seal Rocks off Phillip Island, 
Victoria, the Tasmanian coasts and Montague Island. 
New South Wales. 

Comparison of the skulls of the large and small animals 
shows that this difference is unconnected with age or sex. 
While adult male skulls of the smaller animal may reach 
a condylobasal length of up to about 246 mm, skulls of 
this length from males of the larger animals are definitely 
immature and, when adult, reach a condylobasal length 
of up to about 304 mm. In the size, shape and detail of 
the skull and teeth, skulls of the smaller Australian animal 
come within the range of variation of those of the New 
Zealand fur seal A. forsteri and must be taken as belonging 
to this species. The occurrence of this animal in breeding 
colonies, away from what is normally considered to be its 
typical range, is thus noteworthy. It was suggested 
more than 40 years ago that the fur seals present in 
Australia were A. forsteri and A. doriferus’, but the 
deseription of A. tasmanicus in the following year? made 
for subsequent. confusion. 

Many recent authors, while suggesting or recognizing 
two kinds of fur seals, use A. doriferus for the smaller one 
and A. tasmanicus for the larger one. From the synonymy 
that Wood Jones' gives in the paper in which he names 
A. doriferus, and also from the drawing of a skull in a 
subsequent paper’, it is obvious that he was using A. 
doriferus for the large fur seal of Victorian, Tasmanian 
and New South Wales coasts, but probably saw only 
immature skulls, whereas Scott and Lord based A. tasmani- 
cus on adult skulls. Thus A. tasmanicus should now be 
included in the synonymy of A. doriferus, and the two fur 
seals present in Australia recognized as A. forsteri and A. 
doriferus. A more extensive paper on this subject, 
dealing in greater detail with the skulls, is in preparation. 


Jupira E. Kine 
Department of Zoology, 
British Museum (Natural History). 
Cromwell Road, 
London. 
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Zooidal Dimorphism in the 
Polyzoan Hippopodinella 
adpressa (Busk) 


THe phenomenon of sexual polymorphism of zooids in 
cheilostomatous polyzoa is well known but not wide- 
spread, and so far only a few families are known to contain 
species whose zooids are modified according to their 
sexual condition. The occurrence of sexual polymorphism 
of zooids has been reviewed by Hyman!. 

In some species, notably Hippothoa hyalina (Linnaeus) 
and H. bougainvillei (d’Orbigny), there are male and female 
zooids and feeding autozooids. Male zooids have reduced 
non-feeding polypides with a small number of tentacles. 
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Fig. 1. A, Hippepedineila adpressa, two zooids. Autotouid with feeding 


crown (left); male zooid with eight modified tentacles (right). A, Mature 
spermatozoon from neck region. 


Female zooids have greatly aborted polvpides with no 
tentacles. Each of these zooids is distinct from the other 
because of skeletal and opercular characters?}*. 

Observations on live colonies of the cheidoporinid 
Hippopodinella adpressa (Busk) from Leigh, New Zealand, 
revealed that there were two zooidal types in the colonies. 
First, there were typical feeding autozooids with lopho- 
phores of fifteen or sixteen tentacles. Second, there were 
zoolds with a reduced number of tentacles (four short and 
four long) and aborted guts. What would be the pharyn- 
geal region, if the gut were functional, was packed with 
mature spermatozoa indicating the true nature of these 
zooids. 

There are some unique features of the zooidal dimorph- 
ism of H. adpressa. (1) Although the polypides of male 
and non-male zooids are different, the zooecia are not. 
Thus it is impossible to distinguish between the two 
zooidal types on skeletal (including opercular) features 
alone. Past descriptions of H. adpressa have been based 
on expedition material and live specimens have evidently 
not been observed before. 

(2) The tentacle crown of the male polypides consists of 
four long and four short tentacles (Fig. 1). The signifi- 
eance of this arrangement is unknown. The male polypides 
of Hippothoa bougainvillei have a perfectly symmetrical 
crown of four small tentacles. 

Male zooids were first discovered in late November 
1967, and were subsequently observed during the following 
5 months before the recording of these observations. The 
male zooids are conspicuous by the length of their ten- 
tacles and their attitude. The tentacles are unciliated and 
are not usually spread out as far as those of an auto- 
zooidal tentacle crown and the “lophophoral’ base 
constantly tilts, rocking the whole crown about from side 
to side. 

Silén* has found that for certain anascan polyzoans the 
tentacles of autozooids may serve as ducts for sperm 
release. The tentacles of the male polypides were watched 
on several occasions for spermatozoa in the tentacle 
lumina, but these were not seen. Aggregations of mature 
spermatozoa (Fig. 1), however, were obvious ut most 
individuals. There are no special female zooids, eggs being 
produced by autozooids. 

The fact that male zooecia are identical to the auto- 
zooecia may be explained by the degeneration of male 
characters at the end of the breeding season and subse- 
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not yet been confirmed, The reverse of this situation is 
known for H. bougainvillei*> in which autozooids mav 
regenerate as male zooids. l 

Sexual dimorphism of polypides without corresponding 
modification of the zooecia probably occurs in other 
species, but this cannot be verified without a more wide- 
spread study of living material. 

D. P. GORDON 

Leigh Marine Research Laboratory, 
University of Auckland, 
Leigh. New Zealand. 
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Smaller Coelamate Groups (Metiraw- 


Identification and Interpretation of 
Growth Rings in the Secondary Dental 
Cementum of Ovis aries L. 


GROWTH rings in the secondary dental cementum of 
certain wild mammalian species permit the estimation of 
age, and in certain cases the sex and season of death for 
individual animals’. 

The determination of mortality frequencies for the 
mandibles and limb bones of domestic and wild species 
recovered from prehistoric settlement sites is relevant to 
the study of economic prehistory. So far, mortality fre- 
quencies have been based on the sequence of tooth 
eruption and replacement, and the age of epiphysial 
closure in modern specimens?. These methods are un- 
satisfactory, because so many variable factors influence 
the ages at which tooth eruption and epiphysial closure 
occur”. 

Two samples of ovine mandibles were therefore studied, 
in order to isolate and interpret such growth rings for a 
domesticated species. The first sample comes from fifteen 
ewes of known breed and age at death, raised at the 
Ruakura Animal Research Centre, New Zealand. The 





Fig. 1. Transverse section through the lower first molar of a 5 yr 7 month 

old ewe. Dark layers (x ) represent summer deposition, White livers 

(©) denote lines of retarded deposition during winter, Seale: total 
thickness of cementum, 100x. 
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Fig. 2. Transverse section through the first molar of an Iron Age sheep 

from Barley, The dark layers (x) are thought to represent summer 

deposition, and the white layers (©) winter deposition, Seale: total 
thickness of cementum, 30. 


second consists of prehistoric specimens from the late 
Iron Age settlement of Barley, England'. 

Both sections illustrated were cut in a transverse plane 
at the base of the crown. Several authors have noted 
that the best results for wild species are obtained through 
an examination of regions of maximum cementum 
deposition, such as the root tip®. This situation does not 
obtain for ovine teeth, because of the local cementocyte 
concentrations and the convoluted and hyperplasie nature 
of the cementum in the areas in question. 

Major and minor rings were observed in both the 
secondary cementum and secondary dentine of the modern 
ovine teeth (Fig. 1). They were clearest when viewed in 
phase contrast conditions. Cementum was selected for 
further consideration, because it is continually apposed 
on the outside of the tooth, and the laminations are more 
consistent in size than those in the dentine. 

Stages in the sexual cycle are prominent among poten- 
tial factors causing ring formation®. The known occur- 
rence of these events in individual animals, however, does 
not correlate with the number of observed rings in their 
teeth. It has been suggested that body condition is the 
proximal factor and diet the ultimate factor in ring 
formation’. The results reported here oppose this hypo- 
thesis, because the animals in question were provided 
with ample winter fodder (personal communication from 
R. Inkster). Yet there was restricted food intake in 
winter even when fodder was available at summer levels. 
Thus food restriction in the winter appears to be a relevant 
feature in the annual biological cycle of sheep, a situation 
suggesting that an internal metabolic factor based on a 
photoperiodic response is the causative factor involved. 

The function of secondary cementum lies in attaching 
teeth to periodontal membrane. Because teeth move 
microscopically throughout life, secondary cementum 
must be continually apposed in order to re-attach the 
fibres of the periodontal membrane. The reduced tooth 
use during winter as a consequence of a smaller food 
intake may therefore account for the formation of the 
major bands. This interpretation is compatible with the 
formation of minor bands during other stress periods of 
shorter duration, such as pregnancy or the breeding 
season’, 

It therefore seems that the most acceptable inter- 
pretation for the successive layers in the cementum is 
that the thin white band of primary cementum located 
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next to the granular layer of Tomes was deposited before 
there was any exposure to functional stress. The first 
dark band represents secondary cementum laid down when 
the tooth first became subject to wear. Because the lower 
first molar is initially subject to such stress during the 
spring or early summer after birth, the dark band is held 
to represent summer deposition. The first summer band 
is often thicker and more speckled in appearance than 
are subsequent bands, and may well refleet deposition 
before sexual maturity. After that the alternating light 
and dark bands represent successive winters and summers. 
In each case, the number of major rings found correlates 
with the known age of the animal in question. 

It can be argued that cementum rings may not have 


survived in prehistorie specimens, and so ovine teeth 
from the South British Tron Age site of Barley were 


examined. Standard sectioning techniques were used, 
and eementum rings were observed (Fig. 2). 

Preliminary studies suggest that rings are present in 
the dental cementum of domestic bovines and suids, as 
well as sheep. These results have a number of implications 
for research into prehistory. For hunting communities, 
changing hunting techniques and seasonal activities may 
be analysed. In the case of societies practising stock 
rearing, specific aims and methods of animal husbandry, 
such as a selective autumn stock slaughter in anticipation 
of a winter fodder shortage, may be considered. The 
economic exploitation of the herd may also be inferred 
from mortality frequencies, for wool, meat and milk pro- 
duction demands specific patterns of herd structure, 

As Higgs has noted’, the age distribution of death 
among hunted animals can be expected to differ from 
that among domestie stock. Accurate mortality fre- 
quencies determined by counting cementum rings may 
well allow consideration of stages in the process of 
domestication. 

A. Saxon 
Anthropology Department, 
Dartmouth College, 
New Hampshire. 
C. F. W. HicHam 
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New Zealand. 
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Heat of Combustion in the Biomass 
of the Alga Scenedesmus quadricauda 
during its Ontogenetic Cycle 


MEASUREMENT of the heat of combustion in the cell 
biomass of photosynthesizing micro-organisms makes it 
possible to quantify the energy fixed in the course of their 
growth, and has already been carried out to determine the 
efficiency of photosynthesis in algal cultures'-!. So far 
such a method has not been used to study the processes of 
growth and development of algae in cultures, evidently for 
lack of a suitable and accurate calorimeter. 

The combustion semimicrocalorimeter (Fig. 1) was 
developed’ and has been used to determine the calori- 
metric values in the biomass of algae*. It works with an 
accuracy of + 0-1 per cent when algal material is burnt. 
We have used it to evaluate changes of calorimetric values 
in the biomass of Scenedesmus quadricauda (Turp.) Bréb. 





strain Greifswald/15 during the ontogenetic 63 
synchronous cultures, and to determine the infe 
temperature on the quality of the biomass. a 

To obtain our experimental data we always made three ` 
parallel determinations. Cultures of various 
densities were synchronized by the method of Komárek et 
al. The algae were cultivated in a cuvette 8 em wide in 
20 1. of suspension. A two sided illumination was used to 
supply the surface of the suspension with 35 W/m? of 
photosynthetic active radiation and the light intensity 
was measured by a phytoactinometer*. The temperature 
was maintained at 26° C. The densities of the cultures 
varied between 0-39 and 1:87 ¢ of dry weight/l This 
corresponded in a given layer of suspension to linear 
growth. The cultures were stirred by air (10 L/min) with 
3 vol. per cent of CO, during illumination. The lengths 
of the light periods were changed according to the light 
regime (culture density) from 28 to 36 h. The degree of 
synchronization, which was evaluated objectively by the 
use of information theory’, reached I 43-192 bits in 
individual cultures. The algal biomass obtained was 
dried in a vacuum at 40° C, compacted into tablets and 
weighed. The heat of combustion was determined by 
Bartošová and Koniéek’s method. The results refer to 
1 g of dry weight (without ash). 

Values for heat of combustion (g) changed from 5,700 to 
6,060 calories/g of dry weight in our experiments with 
Scenedesmus quadricauda. This range may vary in indivi- 
dual life cycles depending on the culture conditions, but 
the course of the changes during the life eyele is analogous 
in all conditions. The heat of combustion decreases 
slightly in the first third of a life cycle; in the second third 
it decreases intensely by 4 per cent, and at the time of the 
formation of autospores in the mother cells it again 
increases (Fig. 2). The autospores (voung coenobia) have 
the highest energetic content (5,980-6,060 calories; free 
cell walls were not separated from the mass combusted). 
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Fig. 1. Scheme of the calorimeter: (1) calorimetric container with water: 
{2} bomb; (3) resistance thermometer; (4) stirring machine: (5) heating: 
(6) thermostat cap; (7) resistance bridge eo; (8) pr s-armplifier: (ome 
motor of the stirring machine; (10) thermostated jacket: (LD shitting — 

flange; (12) rubber packing: {13} insulating support. 
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Pig. 2. Example of the course of changes in the energetic content 
(calories) and ash (per cent) in the biomass of the strain Greifswald/15 of 
Scenedesmus quadricauda in a synchronous culture, compared with the 


average length of the coenobia (1) during one eyele, 


Changes of the heat of combustion of the biomass of 
algae during one life cycle are probably connected with a 
higher energy consumption during differentiation of auto- 
spores and metabolism of lipids. Lipid content decreases 
in synchronized cultures of Chlorella ellipsoidea! and 
Chlorella pyrenoidosa* at approximately the same stage 
in development as decrease of the combustion heat takes 
place in our strain, that is, in the last third of the cycle. 

Heat of combustion values depend on the conditions 
of cultivation. The effects of light and darkness* and 
nutrition’? on energy content of the biomass of non- 
synchronized cultures of Scenedesmus quadricauda have 
been studied. To find the effect of temperature, we used 2 1. 
culture vessels? with light of intensity 40 W/m? falling on 
the surface of the suspension which they contained. The 
culture was adapted to the experimental conditions. The 
minimum ash content and the lowest caloric value (without 
ash) were found at a temperature of 30° C, that is, at the 
highest temperature optimum of biomass production?! t5, 
Light intensity was not further enhanced. The optimal dry 
weight production (D, dw : dé) in g/m*/h and the greatest 
efficiency of photosynthesis (yn) (at the illumination used) 
were determined at 25° C. 


Table 1. HEAT OF COMBUSTION (g) IN THE BIOMASS OF Scenedesmus quadri- 


cauda IN RELATION TO THE CULTIVATION TEMPERATURE (t) 


g (calories/z D dw paw, 
f Ash (as % of dry weight) dt “Hua n 
dry weight) withoutash  (g/m*/h) (kealories/m*/h}  (%) 
20° C 5-36 6,203-3 0-897 5-266 15-5 
25° C 3°72 8,1677 0-987 5-742 16°9 
30° C 2°86 6,023-1 0-916 5-360 15-8 
34° € 3°87 6,5995 0-857 5437 16-0 


The efficiency (7) is calculated from g with ash. 


The data we have given (including those in Table 1) 
show that the changes in the energy content are connected 
with the ontogenetic development of algal cells, and that 
the determination of the heat of combustion of autotrophic 
micro-organisms makes it possible to follow energy 
changes in the course of growth and development in 
relation to the conditions of cultivation. i 

We thank Dr Jan Simmer and Dr Ivan Netlik for 
valuable discussion, Dr Milan Smíšek for his advice and 
Mr Zdenék Bureš for technical assistance. 
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Trebon. 


Received May 6, 1968, 


NATURE, VOL. 219, AUGUST 10, 1968 


* Kok, B., Acta Bot, Néert., 1, 445 (1952). 

* Aach, H. G., Arek., Mikrobiol., 17, 213 (1952), 

* Wassink, E. C., Kok, B., and van Oorschot, J. L. P., in Algal Culture fram 
Laboratory to Pilot Plant (edit. by Burlew), 55 (1953). 

* Geoghegan, M. J., in Algai Culture from Laboratory to Pilot Plant (edit. by 
Burlew), 182 (1952). 

* Koníček, J., Dissertation, Faculty of Natural Sciences, Charles University, 
Praha (1964). 

* Bartošová, E., and Koníček, J., Photosynthetiea, 1, 13 (1967). 

E eee J., Ružička, J., and Simmer, J., Biologia Plant. (Praha) (in the 
press). 

* Kubin, 5., Academia Praha (in the press). 

* Komárek, J., and Simmer. J., Biologia Plant. (Praha), 7, 409 (1965). 

‘© Hase, E., Morimura. Y., and Tamiya, H., Areh, Biochem. Biophys., 69, 
149 (1957). 

H Otsuka, H., and Morimura, Y.. Plant Cell Physiol. 7, 663 (19686). 

= Ruppel, H. G., Flora, 152, 113 (1962). 

1* Nechutová, H., and Tiehy, V., Aljological Studies, 2 (in the press). 

1 Komárek, J., and Ružička, J., Studies in Phycology tin the press). 

> Ružička, J.. and Simmer. J., Algological Studies, 1 (in the press). 


Isolation of Strains with Increased 
Penicillin Yield after Hybridization 
in Aspergillus nidulans 


THE choice of the imperfect mould Penicillium chryso- 
genum to produce penicillin on an industrial scale! 
restricted a genetical approach to increasing penicillin 
yield, and only methods involving mutation and selection 
could be used because of the absence of sexuality. Later, 
the discovery of parasexuality? and its demonstration in 
Penicillium chrysogenum * led to several investigations®-§, 
but none indicated that this genetical recombination 
process could readily be exploited to produce strains of 
use to industry. 

About the time that penicillin began to be made com- 
mercially on a large scale, several fungi were examined 
for antibiotic activity and strains of Aspergillus nidulans 
were among those found to yield penicillin-like sub- 
stances*-"!. This mould has since been the subject of 
comprehensive genetical investigations which have utilized 
both its sexual and parasexual cycles!?-!4. It therefore 
seems a suitable organism in which to study the geneties 
of penicillin production if it were confirmed that the 
antibiotic activity of certain strains was a consequence 
of their vielding penicillin. 

Jinks and his associates at the University of Birmingham 
have been studying natural variability among wild-type 
strains of Aspergillus nidulans and kindly made available 
to us one hundred of these isolated from various localities 
in Great Britain (refs. 15-17 and personal communication 
from J. L. Jinks). We also obtained the wild-type strain 
NREL 194, and two other strains, b7-1 and MSF (see 
later), through the courtesy of Mr E. C. Forbes, of the 
University of Glasgow; NRRL 194 was the original 
parent from which mutants have been derived and used 
in extensive studies of the geneties of Aspergillus 
nidulans, Strain NREL 194 and most of the Birming- 
ham strains showed antibacterial activity against a strain 
of Bacillus subtilis sensitive to penicillin, the former giving 
a titre equivalent to 6 U/ml. of penicillin and the most 
active of the latter, titres of 20 U/ml. (ref. 18). Genetically 
labelled derivatives of NRRL 194 and of two Birmingham 
strains (Nos. 118 and 138) with titres of 20 u/ml. were 
used in the studies. After strain 118 had been treated 
with ultraviolet light a mutant requiring riboflavine 
(r2b-02) was isolated; on further treatment with ultra- 
violet light, two spore colour mutants, strain 118/3 with 
white conidia (776-02 wht-015) and strain 118/4 with 
yellow conidia (rié-02 yel-09) were obtained. Similarly, 
from strain 138 a derivative, 138/4, with white conidia and 
requiring methionme (whi-06 met-05) was produced, after 
two successive ultraviolet treatments. The biotin requiring 
mutant (bt-1) from Glasgow (see earlier) was derived 
from NERL 194 and gave a titre equivalent to 6 U/ml. 
of penicillin; after ultraviolet treatment a mutant (h7-1 
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pen-01) was isolated yielding 20 u/ml. (ref. 18). Strain 
MSF (ref. 19), another derivative of NRRL 194, has 
genetic markers on all eight chromosomes; it was crossed 
with bi-1 pen-Ol, and a recombinant with the following 
genotype was isolated: su-] ad-20 (suppressed adenine 
requirement); y-1 (yellow conidia); ad-20 (adenine require- 
ment); pyro-4 (pyridoxm requirement); fac-A303 (fluoro- 
acetate resistance); pen-Ol (increased penicillin titre). 
The latter strain (designated GD), NRRL 194, the 
Birmingham strains and their derivatives, 118, 118/3, 
118/4, 138 and 138/4, were examined to identify the 
nature of the antibiotic they produced. Methods of analysis 
included chromatography and electrophoresis and in no 
case could the antibiotic be differentiated from peni- 
edhin!§, 


DISTRIBUTION OF PENICILLIN YIELDS AMONG 300 SINGLE ASCOSPORE 
EACH OF THE CROSSES SHOWN 


Table 1. 
ISOLATES FROM SINGLE CLEISTOTHECIA IN 


BELOW 
Penicillin 
titre 
Parent strains Known genotype it/ml.) 
Birmingham derivative, 118/3 rib-02 whi-O15 20 
Birmingham derivative, 118/4 rib-O2 yel-O09 20 
Birmingham derivative, 138/4 wehi-G6 met-05 20 
Glasgow derivative, GD su- ad-20 y-1 ad-20: pyro-4; 20 
Fac-A303: pen-O1 
No. of isolates in titre groups: 
titre (U/ml.) 
{ross 0 01 Total 


arene rate manne ne > 


4-9 9-9 299 30-0 
Isolates from 1i8/4x 118/44 0 0 16 32 72 85 1 0 200 
sejfed cleis- 138 x 138 ü p 4 67 RA 39 Q 0 200 
tothecia GD»« GD 0 of} 0 5 43 341 lH i} 200 
Green recom- 118/4 x 138/4 3 3 78 90 12 7 o5 2 200 
binanta 118/3 x GD I R i T4 0615 12 3 0 200 
from hybrid 138/4x GD 0 4 60 £68 32 28 g I 200 


tleistothecia 


Outcrosses were made between strains as shown in 
Table I to observe whether there was any recombination 
of genes concerned with penicillin productivity. Strains 
NRRL 194, 118 and 188 were all from different hetero- 
karyon compatible groups!*-!?, but crossed cleistothecia 
were produced when conidia from derivatives of any two 
were mix-plated and grown on agar medium?’. As con- 
trols, the parents used in these crosses were selfed; strain 
138/4 had lost the ability to produce cleistothecia so that 
its parent, strain 138, was therefore selfed instead (Table 
1). In each case, ascospores from a single cleistothecium 
were plated at suitable dilutions on complete medium 
(CM) agar'*; the hybrid nature of cleistothecia, used from 
outecrosses, was previously confirmed by the observation 
of white, yellow and green conidia after streaking asco- 
spore samples on CM agar'*. Two hundred green conidiated 
single colonies were isolated from each outeross and 200 
single colonies from each selfed strain. 

In every case the titre variation found between recom- 
binant progeny of outcrosses was greater than between 
progeny from selfed strains. The increased variation could 
not be ascribed to a variable distribution of cytoplasmic 
factors because it has already been shown in Aspergillus 
nidulans that penicillin productivity is under nuclear 
control’. The results therefore suggested that parents 
in the outerosses had different genes responsible for 
mereasing penicillin titre and that these could recombine 
in the progeny; unfavourably, as evidenced by the isolation 
of recombinants with no detectable activity, or favour- 
ably, as indicated by the isolation of high vielding recom- 
binants. From the eross involving 118/4 and 138/4, 
recombinants with titres of 31 and 38 u/ml. were obtained 
and from that between strains 138/4 and GD a recom- 
binant with a titre of 39 U/ml. was isolated. In no case 
could the antibiotic produced by any of these three 
isolates be distinguished from penicillin after appropriate 
analytical tests’. The gene pen-01 responsible for in- 
creased penicillin titre was recessive in the heterozygous 
diploid conditi m and has been assigned by us to chromo- 
some VIIT using the technique involving the induction of 
haploidization in a heterozygous diploid by p-fluoro- 
phenylalanine?® **. Crosses are in progress in an attempt 







to position this gene with respect to other loci on chr 
some VIII. | 
This work demonstrates that breeding for increased 

penicillin yield is possible through genetic recombination — 
processes and also that a genetic analysis of antibiotic 
production can now be performed. 

G. Hort 
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Phage—Receptor Relationship 
Reminiscent of the Vi Il System 


Taylor and Taylor'-* have demonstrated a previously 
unrecognized type of phage-receptor relationship, remm- 
iscent of the effeet of influenza virus on erythrocytes. 

They found that formalinized erythrocytes coated with 
Vi-specific polysaccharide could adsorb large quantities 
{10"! infective units/yg of Vi-polysaccharide) of Vi-phage 
IT in the cold-——that is, at 0° C. At 37° C, however, coro- 
plete elution of the phages occurred from the coated red 
cells without loss of infectivity. Vi-polysaccharide treated 
at 37° C with Vi-phage IT lost its phage binding activity 
together with all its O-acety]l and most N-acetyl groups. 
Chemical re-acetylation restored the activity. 

Many A-specific polysaccharides have been isolated 
from capsular strains of Escherichia coli and their structures 
elueidated’'*. Te has also been known for some time?! 
that there are phages capable of lysing such encapsulated 
strains of E. colt, and that some of them {capsule or 
K-phages) do not affect the spontaneous acapsular (K-) 
mutants of the host organisms!*, as Vi-phage II does 
not affect the W form of Salmonella typhi. Thus it seerns 
possible that capsular polysaccharides might function as 
similar “receptor substrates” for E., coli K-phages and 
that the great variety of easily obtainable®?* 1 poly- 
saccharides involved would allow a more general study 
of the biological and chemical aspects of this phenomenon. 
The results presented here indeed indicate a “Vi type” 
receptor activity of A42(4)-specific acidic polysaccharide 
from E. coli A295b (K42 test strain: 08:K42(4):H~-) for 
a bacteriophage termed E. coli K-phage 42. 

kK -phage 42 was isolated from Copenhagen sewage: it 
lyses strain A295b, and Table | summarizes some char- 
acteristics of this phage-host system. The techniques 
given by Adamsi! and Kauffmann!’ were used, Beef 
broth was used as a medium. 

The data in Table I show that A-phage 42 is adsorbed —_. 
to and lyses the O-inagglutinable K+ (eapsular) form of — 
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Fig. 1, Adsorption of E. coli K-phage 42 (in 1 ml. of chemically defined 

medium) to formalinized erythrocytes (0-05 ml. of packed cells), modified 

with 100 ug of A-specific, acidic polysaccharide (PS) from host strain 

E.coli A2956 (K42 test strain: 08: K42(4): H-). Phage titres of erythro- 

cyte supernatants are given. The “zero” values were obtained with 

unmodified cells. Adsorptions carried out at 0° C { O— 0), 18° C (@— @), 
and 87° © (A-~A). 


the host, whereas the spontaneous, O-agglutinable K- 
(acapsular) mutants are not affected and appear as phage- 
resistant variants (resistant colonies were easily freed of 
K-phage on subculture). 

The host range of A-phage 42 was tested with another 
twenty-three capsular strains of FE. coli (twelve test 
strains for K(A), seven for A(B), and four for K(L) 
antigens) and with ten Klebsiella strains (test strains for 
K-antigens 1-10). All strains were found resistant to 
10" plaque forming units (PFU) with the exception of 
the K29(4) test strain, the relative efficiency of plating 
(EOP) for 442/429 being 1-2 x 108. 

One other strain of E. coli with the A42 antigen was 
available—A139 (08:4 42(4):H4)—-which, in addition to 
possessing the flagellar antigen, also differed in fermenta- 
tion characteristics from A295b. K-phage 42 plated on 
both strains with roughly the same efficiency and was 
adsorbed to and lysed the capsular but not the acapsular 
form of A139. 

The receptor activity of A42 polysaccharide for K-phage 
42 was then estimated by the technique of Tayler and 
Taylor’. The capsular polysaccharide (PS) was obtained 


Table 1. SOME CHARACTERISTICS OF THE SYSTEM E. coli A295b (K42 TEST 


STRAIN: O8:.K42(4):4-)}-—E. coli K-PHaGE 42 
Diatacter of plaque 0-5-2 mm, no halo 
08 agglutination titre* of host cuitures, K*-form, forma- 
lin-killed or heated to 100° for ih. 
08 agglutination titre of host cultures, A--form, killod 
with formalin 


< 26 


5,120 


l , K*-form 
Relat. EOP of phage on ~~~ ——~ Of host > 40?! 
K--form 
08 agglutination titre of phage-resistant mutants of. 
encapsulated host t 5,120 


Rate of adsorption of phage to living enlture of host 
(K*-form) at 87° ©. 


Rate of adsorption of phage to living culture of host 
(K~-form) at 37° ©. < 10t ml/min 


Latent period 16 min 

Average burst size 305 
* Titre of anti-O8 rabbit serum with boiled culture of 08 test strain: 25,120. 
+ All resistant colonies were smooth and yielded stable broth cultures. 


32 x 10 mi /imin 
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from strain A295b by the phenol—water procedure and 
subsequent precipitation with ‘Cetavlon’?. Formalinized 
sheep erythrocytes were modified and the modification 
checked by haemagglutination with K42 antiserum, 
obtained by exhaustive absorption’? of an 4295b anti- 
serum with living culture of a K- mutant of the same 
strain. K-phage 42 was propagated in its host in a 
chemically defined medium and concentrated by ultra- 
centrifugation. The results of phage adsorption by 
modified red cells are given in Figs. 1 and 2. 

Fig. 1 shows the rate of adsorption of A-phage 42 to 
erythrocytes modified with 100 ug of PS. Whereas at 0° C 
73 per cent of the prU is adsorbed within 2 min, no ad- 
sorption takes place at 37° C. Evidently, within the range 
covered, the higher the temperature and the longer the 
time, the less phage is adsorbed. That this is the result, 
not of a lack of adsorption in the first place, but rather of 
a re-elution of adsorbed phage is shown in Fig. 2. Erythro- 
cytes, modified with increasing amounts of PS, were used 
to adsorb phage under optimum conditions (2-3 min at 
07 C). After sedimentation of the phage-covered red cells 
and removal of the supernatant, the erythrocytes were 
stirred with fresh medium for 1 h at 37° C. Essentially 
all the plaque forming activity adsorbed to the cells at 
0° could thus be eluted again. Fig. 2 also demonstrates a 
linear relationship between PFU adsorbed and the amount 
of PS used fer modification. 

In four experiments, using titres of 6-5-13« 10", an 
average of 2-6 x 10° prU were adsorbed/ug of acidic poly- 
saccharide—after 2 min at 0° C and within the linear 
range. 

Figs. I and 2 also show that contact for up to I h of 
K-phage 42 with A42 specific polysaccharide at 37° C 
does not cause a detectable inactivation of phage at the 
ratios of PFU to ug PS used; a very small fraction of the 
virus, however, is inactivated. This can be shown using 
lower ratios of PFU to ug PS and longer incubation times. 
Thus 96 per cent (25 per cent) of 2-5 x 10! prv/ml. are 
inactivated by 1 ug (0-1 ug) of PS/ml after 18 h at 37° C. 
It is interesting to note that Vi-specifie PS also in- 
activates Vi-phage II, though evidently much less!* (in 
terms of pru/ug PS) than :t adsorbs'. 

The sugar composition and most details of the linkage 
of K42 specific polysaccharide from EH. coli A295b have 
been worked out by Jann and co-workers’. They 
found that the polysaccharide consists of p-galactose 
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Fig.2. Adsorption and re-elation of E. coli K-phage 42 (1 mil. of suspen- 
sion in chemically defined medium) to and from formalinized erythro- 
cytes (0-1 mi. of packed cells}, modified with increasing amounts of 
K-specific, acidie polysaccharide (PS) from host strain K. coli A295. 
The adsorption mixtures were agitated for 2-3 min at 6° © and the 
erythrocyte supernatants titrated { C-D). The sedimented red cells were 
taken up in i ml. of fresh medium and agitated for 1 hat 37° C€., After 
centrifugation, the eluted phages were titrated in the supernatant 
(@-—@), Thesum of phage non-adsorbed and phage eluted is also given 


(A~A) 
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(1-+3) p-galacturonic acid (1->2) L-fucose repeating units, 
possibly cross-linked by galacturonic acid ester linkages?® 
and containing 3-5 per cent of O-acetyl groups. In the 
non-capsulated forms of the strain no such polysaccharide 
was found. 

I thank Drs F. and I. Ørskov and E. Kjems at Statens 
Seruminstitut, Copenhagen, for their mterest in this 
work, and Drs K and B. Jann at the Max-Planck-Institut 
far Immunbiologie, Freiburg, Germany, for the samples 
of K42 specific polysaccharide from E. coli A2956. I am 
in receipt of a Max-Planck fellowship. 
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Failure to demonstrate a 
Relationship between Scrapie and 
Production of Interferon in Mice 


THE nature of the scrapie agent remains obscure. It shows 
an unusual resistance to heat! and ultraviolet radiation’, 
and cannot be inactivated by treatment with lipid 
solvents? or formalin‘. It resists treatment with proteases 
and nucleases':*. Its size is quite small and has been 
estimated to be 27 my by cellulose nitrate membrane 
filtration’, and 7 mu by X-ray target size determination®. 
No neutralizing antibody against scrapie has been detected 
in animals with the disease, nor could any antibodies be 
induced in rabbits injected with large quantities of 
scrapie-containing material’. Yet scrapie is considered an 
infectious agent, and it has been placed in the category of 
slow viruses because of its prolonged incubation period 
(1—2 yr in sheep; 4-6 months in mice). 

Neurotropie viruses are known to induce interferon in 
the brains of infected animals*-*, but certain chronic viral 
infections, such as that with cytomegalovirus, have been 
shown to suppress interferon response to superinfection”, 

Our study was designed to determine whether scrapie 
induced interferon in mice and whether it suppressed its 
production when the animals were superinfected with 
neurotropic viruses. 

Four week old male ZOR mice were inoculated intra- 
cerebrally with approximately 3,000 ZD;, of a 10 per cent 
suspension of mouse brain infected with scrapie. Mice in 
groups of five were killed at intervals of 1, 2 and 3 months 






after inoculation; one group was killed 4 month: 
inoculation, when signs of scrapie first developed. Pe 
sets of mice were superinfect ed by intracerebral inje 4 
of West Nile virus and the Pitman-Moore strain of rabies 
virus, respectively, at intervals of 1, 2 and 3 months, and 
were killed 5 days after the challenge infection. Serapie- 
free mice, inoculated intracerebrally with saline solution, 
served as controls. Brains were remov ed unna a 


saline sohatie ion A PBS) to ei a 10 per cent ‘suspension. 
The homogenates were clarified by centrifugation at 
1,200 r.p.m. for 10 min. Aliquots of all supernatants were 
saved for infectivity tests, and the remaming mapemaa 
was dialysed for 24h against an isotonic solution of pH 2, 
at 4° C. The pH was then readjusted to 7 by dialysis for 
24 h at 4° C against PBS. 

Titration of interferon was carried out im primary 
mouse embryo fibroblasts. Monolayers of these cells were 
exposed to the brain homogenates in dilutions from 1; 10 
to 1: 10° for 18 h at 37° C; they were then washed with 
PBS and infected with 100 plaque-forming units (rrU) of 
vesicular stomatitis virus for I h. Finally, they were 
covered with agar, and after incubation for 48 h at 37° C 
were stained with neutral red. Titres are expressed as 
reciprocals of the dilutions that produced 50 per cent re- 
duction in plaques. All specimens were stored at -- 70° C 
and titrated simultaneously. 

Infectivity tests were carried out in L cells for West 
Nile virus (titres expressed in terms of 7CD,,), and in 
mice for rabies virus (titres expressed in terms of LD 4,4). 
No interferon was detected m any brains of serapie- 
infected mice that were not challenged with either of the 
two viruses which we used for supermfection. 

All of the superinfected mice produced interferon at 1, 
2 and 3 months after the moculation of scrapie. T he 
interferon titres were 100,000 in the groups inoculated 
with West Nile virus and 10,000 in the groups moculated 
with rabies virus. Titres were identical in control, serapie- 
free mice that received intracerebral injection of the 
challenge viruses (Table 2). 

Table 1. INFECTIVITY TEST 


Infectivity of brain 1 week after 
intracutaneous superinfection with 
West Nile virus 


Months after intracutaneous 
inoculation with serapie, 


003 x 10°" LD,, {TCD 4) Rabies CLD.) 
i 107-8 1-4 
2 30°. Le 
3 Ly Not done 
Time after intracutaneous 
inoculation with saline 
solution 
l 1 193-8 
2 105-5 1 
3 107-* wot done 


Table 2. 


Months after intra- 
cutaneous inocniation 
with scrapie, Not 


INTERFERON TITRES IN SCRAPIE MICH 


Interferon (reciprocal of diintion 
giving 50 per cent plaque reduction) 
1 week after superinfection with 


0-03 x 10°* LD Dee superinfected West Nile virus Rabies 
1 < 10 100,000 10,000 
2 <10 106,000 16, 000 
3 <10 166,000 16,000 
4:5 < 10 Not done Not done 
Months after intra- 
cutaneous inoculation 
with saline 
1 <10 100.000 42,08) 
2 <10 100,000 10,000 
3 < 19 100,000 10,000) 
4°5 < 10 Not done Not done 


Infectivity titres (summarized m Table 1) of West Nile 
and rabies virus were identical in all groups. 

Our results reveal no association between scrapie m 
mice and production of interferon. Serapie per se does 
not appear to induce synthesis of mterferon, nor does it 
seem able to prevent synthesis of interferon when the 
appropriate stimulus is provided. Thus scrapie differs in > 
vet another respect from the known neurotropic viruses. 
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The important question which must now be asked is 
whether interferon, either provided exogenously or in- 
duced in the animals, would protect them against infection 
with scrapie. Further studies are now in progress in our 
attempt to answer this question. 
MICHAEL Katz 
HILARY Koprowski 
Wistar Institute of Anatomy and Biology, 
Philadelphia, Pennsylvania. 
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Restriction of Bacteriophage 
Multiplication by Resistance 
Determinants in Salmonellae 


RESTRICTION of phage multiplication by transferable 
resistance factors (R factors), or by the transfer factors 
responsible for their mobility, has been recognized for 
some years in Escherichia coli K12 (=K12) and in salmon- 
ellaet-7. Although this restriction prevents multiplication 
of the affected phages, they are usually adsorbed, and 
the barrier to their multiplication is intracellular. Their 
deoxyribonucleic acid enters the cell and may undergo 
degradation’. The restriction can be overcome by host- 
induced modificationt®>®8, or by host-range mutation of 
the phages’. 

Changes in phage sensitivity (phage type) resulting 
from infection with transfer factors have been described in 
Salmonella typhimurium, S. paratyphi B and 8. typhi’. 
It was suggested that, because the multiplicity of typing 
phages available for these organisms enabled the phage 
restriction pattern to be defined with precision, it might 
be possible to classify transfer factors by their phage 
restricting effects in a range of salmonellae, such as 
the three serotypes already mentioned’. It was pointed 
out, however, that recombination between a determinant 
for tetracycline resistance (7) and the A transfer factor®, 
to form the T-A resistance factor, reduced the phage 
restricting effect of A in £. typhi in a specific way, although 
the restriction produced by T-A in S, typhimurium and 
5. paratyphi B remained the same as that of A in its 
original form’. Possible modification of the phage re- 
stricting properties of transfer factors by their association 
with resistance determinants should therefore be taken 
into account when attempting to subdivide transfer 
factors on the basis of their phage restricting effects. We 
wish to report here phage restriction by resistance 
determinants, apparently devoid of transfer factors. 

Phage sensitivity tests were carried out by spotting the 
phages on to surface inocula of the organisms concerned, 
using the standard phage-typing techniques’. The phages 
were used in the routine test dilutions previously determ- 
ined for their respective indicator strains. 

The first observation of phage restriction by a resistance 
determinant was made by Anderson and Lewis (see ref. 10), 
working with a determinant for ampicillin resistance, 
designated A. This determinant was originally present in 
a strain of phage type 29 of S. typhimurium, resistant to 
ampicillin, streptomycin, sulphonarnides, tetracyclines and 
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furazolidone (=strain. RT1). The transfer factor in this 
strain is A, which is fi- (refs. 2 and 5). The A-A resistance 
factor transfers from RTI to K12 at a frequency of about 
2x 10- in overnight crosses. Further study of this R 
factor revealed that the A transfer factor alone would 
transfer to recipient strains with a frequency of 5 x 10-3 
or higher, so that it was evidently se parable from the 
A-A complex. Moreover, crosses of A12(4—A) with S. 
typhimurium phage type 36 (= type 36) yielded a number 
of type 36 clones that had acquired only the A determ.- 
inant. This was non-transferable, a] though it could be 
mokilized by the introduction of the A transfer factor®. 
Type 36 is sensitive to all thirty of the S. typhimurium 
typing phages of the scheme of Callow"; introduction 
of A converts type 36 into type 6, which is sensitive to 
only nine of these phages*:?. When the A determinant 
alone is introduced into type 36 it reduces sensitivity to 
two phages oniy-—phages 12 and 13 of the typing scheme. 
Because the A determinant is not transferable in this state. 
it is assumed that no transfer factor is present. The phage 
restriction is therefore apparently produced by the resist- 
ance determinant alone. Restoration of the mobility 
of A by the introduction of A produces the full phage 
restriction pattern characteristic of A, that is, the host 
strain is converted into phage type 6. Because this change 
includes restriction of phages 12 and 13, the restriction 
caused by the A determinant is masked. 

The A determinant in type 36 also causes restriction of 
three phages of the original S. typhimurium phage-typing 
scheme of Felix and Callow!?-"4, This restriction is again 
masked by the introduction of A, which converts the host 
strain into type 3a of that scheme. 

Findings analogous to those with the A determinant 
have been made with a determinant for neomycin and 
kanamycin resistance (A), which was originally carried 
by a strain of S. typhimurium type 29 resistant to chlor- 
amphenicel, neomycin-kanamyein, streptomycin, sul- 
phonamides, tetracyclines and furazolidone. This strain 
carries both fi+ and fi— transfer factors, the former 
associated with determinants for resistance to chlor- 
amphenicol, streptomycin, sulphonamides and neomycin- 
kanamycin; the latter with a separate streptomycin- 
sulphonamide resistance determinant which is apparently 
specific for f— transfer factors, and with a determinant 
for tetracycline resistance. For convenience the fi+ 
factor of this strain will be designated X in this communi- 
cation. The neomyem—-kanamycin resistance factor can 
thus be symbolized as K-X. This R factor was segregated 
in the progeny of crosses into S. typhimurium, S. paratyphi 
B and S. typhi. 

The K-X resistance factor did not produce phage 
restriction in S. typhimurium type 36 or S. typhi. In 8, 
paratyphi B, however, it produced restriction of one 
phage, designated 1010. Plaque formation was abolished, 
although the phage was adsorbed. In crosses of K12(K—X) 
with S. paraiyphi B, lines of S. paratyphi B were obtained 
which carried either the K resistance determinant alone 
or the A transfer factor alone. The strains carrying K 
only could not transfer it. They were resistant to phage 
1010. In contrast, strains carrying only the X transfer 
factor were sensitive to phage 1010. It could therefore 
be concluded that the restriction of phage 1010 in S. 
paratyphi B was caused by the K determinant alone. 

In the tetracyeline resistance factor T-A, mentioned 
earlier, recombination has occurred between the T 
determinant and the A transfer factor. Dissociation of 
the two components is very rare, and the T-A complex 
oceupies the attachment site in the host cell normally 
occupied by A (refs. 5 and 7). In this case, the phage 
restricting effect of A on S. typhi seems to be specifically 
reduced by its recombination with T. 

Lewis and Anderson suggested? that in the A~A resist- 
ance factor the association between the A determinant and 
the A transfer factor was reversible, and that in most cells 
the two components were dissociated from each other. 
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~ Recent work suggests that each of the components 
-occupies a different specific attachment site in the host 
cell, Some of the progeny of crosses with donor strains 
carrying the K-X resistance factor receive only the K 
determinant or only the X transfer factor. This indicates 


that the K-X resistance factor belongs to the same class 


of dissociable R factors as the A-A factor. Thus either 
f+ or fi— transfer factors can form such R factors. The 
observations on S. typhimurium carrying only the A 
determinant, and S. paratyphi B carrying only the K 
determinant, suggest that in these dissociable A factors 
the resistance determinant exercises its phage restriction 
independently of the transfer factor. 
These findings support the proviso that, when the phage 
restricting effects of transfer factors are being studied, it 
may be necessary to take into account the influence 
exerted on the host strains by the presence of resistance 
determinants. 
One of us (J.-S. P.) thanks the Fonds National Suisse 
pour la Recherche Scientifique for a grant. 
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Virulence Attributes of 
Staphylococci grown in vivo 


STAPHYLOCOCCAL infections remain a problem not only 
because of the virtual absence of immunity on recovery 
from infection and the lack of a satisfactory vaccine 
but also because of the emergence of antibiotic-resistant 
strains. New measures against staphylococcal infections 
may arise from increasing knowledge of the factors which 
determine the virulence of this organism. None of the 
extracellular factors so far described as characteristic 
of virulent staphylococci seems to be of major importance, 
and because their role in infection remains uncertain! ’, 
the possibility of additional virulence factors being pro- 
duced in vivo must be considered. 

Reports™4 of differences between staphylococei grown in 
vivo and in vitro have prompted us to investigate the 
virulence of these organisms by methods which have 
proved valuable for study of the pathogenicity of other 
bacteria’. Preliminary results show that staphylococci 
isolated directly from infected rabbits are more virulent, 
and more resistant to rabbit serum and polymorph 
bactericidins, than either the same strain grown in vitro, 
or the original strain from which the latter was derived by 
passage in rabbits. 

Staphylococcus aureus (from a human carbunele) was 
passaged six times by intra-thoracic injection in rabbits. 


No. of deaths/group 
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10? 10 10° 10°% 
Viable organisms injected 


Fig. 1. Washed organisms, suspended in nutrient broth, were injected 

into groups of six rabbits by the intra-thoracie route, Deaths occurred 

over a 6-week period; 80 per cent of deaths occurred during the first 

week. @, Strain F (grown in ied = O: ENR P (passaged); A, sirain O 
original), 


The passaged organisms were either grown im vtiro or 
injected intra-thoracically into rabbits to produce organ- 
isms grown in vivo (about 1x 10° recovered from the 
thoracic cavity, 10-20 per cent viable). The original and 
passaged organisms grown in vitro and the organisms 
grown in vivo are called strains O, P and V respectively. 
All strains had the same phage type and antibiotic sensi- 
tivity pattern. They were washed after removal from 
culture media or thoracic exudate before use in biological 
tests. 

The virulence of the three strains for rabbits was 
assessed by determining deaths in groups of animals 
following intra-thoracie injection of graded doses of 
organisms (Fig. 1). Significant differences were observed, 
the order of virulence being VY > P>O. 

We next investigated the possible correlation of these 
virulence differences with resistance to serum bacteri- 
cidins and to killing mechanisms of polymorphonuclear 
leucocytes (PMN). The order, V > P>O, in resistance to 
the bactericidal action of rabbit serum (Table 1} was the 
same as that for virulence differences and was invariably 
maintained although sera varied in their bactericidal 
power. 

More striking was the differential susceptibility of the 
strains to the bactericidal action of lysates of rabbit PMN 
washed from the peritoneum after injection of glycogen” 
(Table 1). In all cases, strain V was substantially more 
resistant to killing by the lysates than strains P and 0. 
Preliminary studies on intracellular survival of V and O 
in intact PMN after phagocytosis paralleled these findings. 

Thus increased virulence of these staphylococcal 
strains is associated with greater resistance to the bacteri- 
cidal action of serum and in particular polymorphs. The 
fact that strain V is significantly more resistant to these 
host defence mechanisms than strain P suggests that 
the factors responsible are qualitatively or quantitatively 
increased by growth in vivo, although strain V may be 
selected from strain P, differing in genotype rather than 
phenotype. Whether inhibition of the bactericidal action 
is a property of «-toxin, leucocidin, coagulase, the pro- 


Table 1. RESISTANCE OF STAPHYLOCOCCAL STRAINS TO BACTERICIDAL ACTION 
OF RABBIT SERUM AND OF PHAGOCYTE LYSATES 
Viable organisms/ml. after incubation at 37° C with 
Rabbit serum Phagocyte hrsates* 
Strain Q Sh $ 
O (original)  &6 x 10* < 10 47 x 10% < 16? <10 
P (passaged) p1xi 38 xI 2-2 « 104 6-6 x 107 Tå x ip 
F (grown 
in vivo) 1-2 x 105 1-2 x 108 S2x104 28x10 Lixie 


_ * PMN at 2x 107/ml. in ‘Dulbecco A’ buffered saline, lysed by freezing and 
thawing six times fee 
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ducts described by Fisher? and by Hill! or of some un- 
recognized virulence factor is being investigated. 
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Organization of Polymers in the Cell 
Walls of some Bacilli 


THE word “organization” in the title of this communica- 
tion is used advisedly. There is growing evidence'~‘ that 
the polysaccharides and teichoic acids that can be ex- 
tracted from the walls of Gram-positive bacteria by 
reagents such as acids and formamide were originally 
covalently bonded to the mucopeptide framework, the 
extraction procedures having hydrolysed such bonds. 
Evidence has increased about the fine structure of muco- 
peptides and about the wide variety of other polymers 
found in bacterial walls*. The current concept is that all 
mucopeptides consist of polysaccharide backbones made 
of N-acetyiglucosamine and N-acetylmuramie acid linked 
together by 8-(1—-4)-glycosidic bonds*7. 

In almost all organisms, if not all, the carboxyl groups 
of the N-acetylmuramiec acid residues in the polysac- 
charide chains are substituted by the attachment of 
L-alanyl residues. One known exeeption is in Coryne- 
bacterium poinsettiae, in which glycine replaces alanine‘. 
Attached to the L-alanine residue by peptide bonds there 
is a short peptide that includes p-glutamie acid, probably 
present as an iso-glutamic or iso-ghitamine residue. and 
D-alanine. Interposed between the pD-alanine and D- 
glutamic acid is a dibasic amino-acid, of which several 
have been found in different genera of micro-organisms. 
The commonest are either L-lysine or meso-diamino- 
pimelic acid. In the cases specifically examined when the 
latter is present, the L-centre NH, is engaged in peptide 
linkage to the p-glutamie acid®°. The carboxyl groups 
of the glutamic acid and diaminopimelic acid residues not 
involved in peptide linkage may or may not be amidated. 
Thus m Lactobacillus plantarum macopeptide both car- 
boxyl residues are amidated", while in Bacillus megaterium 
it seems that a large part of the mueopeptide contains no 
amide groups’, Bacillus licheniformis and Bacillus subtilis 
mucopeptides, discussed later, are intermediate between 
the two extremes and contain one amide group per peptide 
side-chain. The number of negatively charged groups 
present in mucopeptides of otherwise very similar composi- 
tions varies considerably, therefore, and the net charge of 
the mucopeptides would also differ from a strongly 
negatively charged structure in B. megaterium to a neutral 
polymer in L. plantarum. 

In all examples that have been examined some or all 
of the short peptide chains are further linked together 
by bonds between a free amino group in the basic amino- 
acid in one chain and the carboxyl group of an alanine 
residue in a neighbouring peptide chain. In the muco- 
peptide from some organisms, particularly those with 
L-lysine rather than Dap, this bond is made not directly, 
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Table 1. ANALYSIS OF CELL WALLS GF SOME BACILLI 


B 


B. B. : . 
subtilis subtilis subtilis licheniformis 
36160 W23 168 6346 6346 
; pmoles/100 mg walls* 
(1) (2) (3) (4) (5) 
2,6-Diaminopimelic acid 46-5 33°8 36-0 34-1 38-9 
Glutamic acid 41-5 32-7 34-4 3520 47-0 
Alanine 69-3 sto 101:0 R32 79-9 
NAc Muramie acid 31-5 247 23-8 22-4 27°5 
NAc Glucosamine Sar 33°0 36-9 30-9 30-R 
NAc Galactosamine 35 3°5 9:2 47-0 28-7 
Uroniec acid t+ 6 [$] {} 46-6 32:3 
Phosphorus 104 127 107 123 136 
Hexose tł 121 lil 92 108 58 
Percentage of dry weight 
Mueopeptide 39-4 34-0) 36-7 32:9 33-0 
Teichuronic acid ü 0 Q 18-3 12:7 
Teichoic acid 37232 47°3 34-6 37°68 30-9 
Total 76-6 81-3 71:3 RaR 82:5 


Walis were prepared from cells grown in batch culture to late exponential 
phase (1-4), or to late stationary phase (5). Amino-acids and amino-sugars 
were determined after acid hydrolysis (4 N HCl, 105° C, 16 b) with the 
autoanalyser. Values not corrected for acid destruction, 

* Not corrected for ash contents. 

+ Determined with the carbazole reagent. 

{ Determined with the anthrone reagent. Similar results were found for 
B. subtilis walls using glucose oxidase after acid hydrolysis (2 N HCl, 100° C, 
3h). Galactose has been found in 6346 walls and the anthrone values include 
glucose and galactose. 


but a further short peptide chain. or a single amino-acid, 
is interposed. In one case, namely in Micrococcus lyso- 
detkticus, this bridge seems likely to consist of all the 
amino-acids in the main peptide chain», 

Turning now to the mucopeptide of bacilli and to the 
way m which the other polymers'+~!* in the wall are joined 
to this structure, so far the work has been confined to 
representatives of B. subtilis and B. licheniformis. Typical 
analyses for these walls are shown in Table 1. It will be 


to contain glycerol and, assuming all the phosphorus and 
all the hexose belong to teichoic acid of a glycerol type. 
the teichoic acid would account for about 35 per cent. 
Because teichuronic acid constituents amount to 13-18 
per cent, at least 80-90 per cent of the B. licheniformis 
wall preparations is accounted for. 

When the wall preparations were treated with 5 per 
cent (w/v) trichloroacetic acid at 35°C for extended 
periods, the insoluble residue amounting to 40 per cent of 
the preparation was found to contain less than 0-3 per 
cent phosphorus and no detectable glucuronic acid, hexose 
or galaectosamine in the case of walls from B. licheni- 
formis, and no galactosamine or glucose, and a similar 
small amount of phesphorus, in the case of B. subtilis. 
The expected components in the insoluble mucopeptide, 
that is 2: 6-diaminopimelic acid, glutamic acid, alanine. 
V-acetylglucosamine and N-acetylmuramic acid, add up 
to about 85 per cent of the preparation, and are made 
soluble by treatment with lysozyme (Table 2). Examina- 
tion of the proportion of the muramie acid C-1 positions 
available for reduction by borohydride after the action 
of lysozyme shows that about one in five of the N-acetyl- 
muramyl-N-acetylglucosamine bonds are unhydrolysed in 
such a digest. 

When the materials present in the enzyme digest were 
analysed'* on a size basis by passage through ‘Sephadex 
G-25°, three principal fractions were found. The nature of 
these fractions obtained from B. licheniformis is sum- 


ANALYSIS OF SOLUBLE MUCOPEPTIDE” (B. liehentfarmia) 
Composition 


Table 2. 


Percentage of Molar 
dry weight  «moles/106 me ratios 
2,6-Diaminopimelic acid 21-4 112 1-00 
D-Glutamic acid 16-8 114 TOL 
L-Glutamic acid 2-5 17 l 
Total alanine 18+ 186 1-63 
p- Alanine HES 84 0-75 
L-Alanine T2 12% 1-14 
W-Acetylmuramic acid ` 23-8 SO-8¢ O72-O-74 
N-Acetyighicosamine 19-9 85-04 0-75-O-84 
Ammonia 1s 106 t93 


Cell walls of B. licheniformis were first extracted with trichloroacetic acid 
and then the residue was treated with egg-white lysozyme and the insoluble 
residue removed. ‘Phe soluble fraction was freeze-dried and analysed’. 
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NAG-—-NAM NAG—NAM NAG—NAM 
cals L-Ala a 
p-Glu p-Glu T 
Dap Dp Dip 
sale ee, i 
Fig. 1. Components of mucopeptide from bacilli, NAM, X -acetyl 


NAG, N-acetylghicosamine; Dap, ae-diaminopimelic 


acid, 


muramic acid; 


marized in Table 3 and the figures given clearly suggest 
that, although none of them is completely homogeneous, 
B and C correspond very approximately to the structures 
shown in Fig. 1. Very similar patterns were obtained 
from lysozyme digests of the B. subtilis mucopeptides. 
We can therefore say that 40-50 per cent of the muco- 
peptide is built up of “monomers” and “dimers” which 
are not further cross-linked to other peptides. The 
question arises as to whether the largest fraction (4) has 
a higher molecular weight entirely because of more 
peptide cross-linkages, which it certainly has from the 
smaller proportion of the s-NH, in the meso-diamino- 
pimelic acid which is free to react with FDNB, or because 
some of the glycoside bonds between disaccharide units 
are not cleaved by lysozyme. This question was partly 
answered by allowing the walls of B. licheniformis and 
B. subtilis 168 to autolyse. Other work has shown that 
glycosidases are not active in such autolysates, and only 
an enzyme splitting the linkage between the muramy!l- 
carboxyl group and the a-amino group of alanine is func- 
tional. In such autolysates about 75 per cent of the total 
wall peptides is isolated free of other components by 
DEAE-cellulose chromatography. Subsequent chromato- 
graphy on ‘Sephadex G-25’ gives monomer peptide [L-ala. 
p-glu.Dap] and dimer peptide [(L-ala.p-glu.Dap),p-ala] 
in approximate molar ratios of 1-2: 1-0. The remaining 
25 per cent of the peptides stays associated with the 
polysaccharide backbones of mucopeptide and its degree 
of peptide cross-linkage is unknown. It will be recalled 
that monomers and dimers are present in intact E. colt 
mucopeptide in the molar ratio 1-33 : 1-00 (ref. 20). There 
is therefore a remarkable similarity between most of the 
mucopeptide in these aerobic spore-forming bacilli and 
the very much lesser amount of mucopeptide in Gram- 
negative bacteria such as Æ. coli. It is in strong contrast 
to the mucopeptides containing lysine in the Gram-positive 
cocci, which usually have a high degree of cross-linking 
and ‘‘specialized’’ peptide cross-bridges. The association 
of the low degree of cross-linking with the presence of 
diaminopimeliec acid and the likely significance of the 
degree of cross-linking in the biological evolution of this 
class of polymers should be noted. 

One approach to a determination of the length of the 
polysaccharide chains in mucopeptide is to attack the 
mucopeptide with an enzyme hydrolysing the muramyl- 
alanyl bond. This approach has been used with a variety 
of micro-organisms and results have been obtained suggest- 
ing a considerable size heterogeneity. When walls of B. 
subtilis 168 ind- were allowed to autolyse, 60-70 per cent 
of the polysaccharide chains were isolated in pure form by 
DEAE-cellulose chromatography. The remaining poly- 
saccharide is partly in covalent linkage with the teichoic 


Table 3. FRACTIONS OBTAINED FROM LYSOZYME DIGESTS OF MUCOPEPTIDE 


z Fraction: A B C 
Fer cent by weight of total 


. mucepeptide 56-0 26-0 18-0 
.. Diaminopinelie acid 1-60 1-03 0-98 
- Glutamic acid 1-00 1-00 1-09 
C0. Total alanine 1-56 1-68 1-09 
> D-Alanine 0-60 0-40 0-19 
-o Glucosamine 0-73 0-77 0-88 
_ .Mluramic acid 0-80 07 1-06 
-O DNP-Diaminopimelic acid (per 
-gent total 48-0 62-0 95-0 
- Muramie acid-C-1 free (per cent 
total 72-0 80-0 96-0 
- Molecular weight (wt./av.) 7,170-16,360 1,720-2,153 895-936 







acid and a small proportion is present as une 
mucopeptide. Chromatography of the pure po. 
charide fraction (containing less than 0-1 moles of diarr 
pimelic acid/mole of glucosamine) on ‘Sephadex G-50" 
clearly shows the heterogeneity of this material and 

suggests a size range from about four disaccharide units 
up to about twenty units. Earlier workers"! give a 
number average chain length of thirteen for this material. 

When a lysozyme digest of whole B. licheniformis 6346 
walls, not extracted with trichloroacetic acid, is passed 
down a column of DEAE-cellulose and the column sub- 
sequently eluted by a linear concentration gradient of 
pyridine—acetic acid buffer, pH 5-1, about 55 per cent of 
the weight of the wall mucopeptide is eluted as a first 
peak consisting of mucopeptide containing neither teichoic 
nor teichuronie acidit. Thus, in the cells used, these latter 
polymers are associated with a part of the mucopeptide 
amounting to 45 per cent of the whole. Recent experi 
ments have shown that the teichurome acid molecules are 
covalently attached through the C-1 positions of terminal 
N-acetylgalactosaminyl residues to mucopeptide. The 
nature of the linkage of teichoic acid to mucopeptide is 
unknown but presumably involves terminal groups of the 
teichoic acid chains, as is the case in other walls. In a 
typical complex from exponential phase cell walls, each 
glucosamine residue is associated with about six to seven 
residues of phosphorus but with about two molecules of 
galactosamine. Because the molecular weight of teichur- 
onic acid, even after extraction from the wall by trichioro- 
acetic acid, is about 10,000, as determined by the ultra- 
centrifuge, corresponding to about twenty-four disac- 
charide repeating units, it follows that in the complex 
about 10 per cent of the mucopeptide building blocks are 
substituted by teichuronic acid molecules while many are 
likely to be substituted by teichoic acid molecules, this 
assuming that the molecules of the native polymer are 
not extraordinarily long compared with teichoie: acide 
from other sources. 

If wall preparations from either B. licheniformis or B, 
subtilis are treated with 0-1 N NaOH at 35° C for a few 
hours, 95 per cent or more of the phosphorus is released, 
but from the former organism very little of the teichuronie 
acid is made soluble, whereas during treatment with 
0-1 N HCl at 35° C both the teichoic acid and teichuronic 
acid are liberated“. If alkali-treated walls are digested 
by lysozyme and the digest is analysed on columns of 
‘Sephadex G-50° and DEAE cellulose, teichuronic acid 
combined with about 40 per cent of the mucopeptide can 
be isolated. The analysis of this complex is shown in 
Table 4. It will be seen that seven to nine residues of 
mucopeptide glucosamine are associated with about 
twenty-four residues of galactosarnine and glucuronic acid. 

Thus, from the analysis of the complexes so far dis- 
cussed, teichuronic acid is linked with about one m ten 
residues of mucopeptide. Because, however, approxi- 
mately half of the total wall mucopeptide bears no teich- 
uronic acid, in the whole walls used in these experiments 
only about one in twenty residues of mucopeptide are 
substituted by teichuronic acid. 

Table 4. ANALYSIS OF TRICHURONIC ACID-MUCOPEPTIDE COMPLEX OBTAINED 
FROM LYSOZYME DIGESTION OF ALKALI-TREATED WALLS 


Moles/24 moles Molecular proportions 
ghucuronie acid (glucosamine == 14) 


(1) {2} EF (2) 
Glucuronic acid 24-0 24-0 2-73 ABs 
Galactosamine 28-2 22-2 3-20 a 
Glicosamine 8-8 5-6 1-OD 1-00 
Muramie acid 66 4°6 O75 ie Re 
Diaminopimelic acid 2 6-2 1-04 Pig 
Glutamic acid oO 6-6 1-02 Li? 
Alanine 14-0 3-3 1-48 its 
Phosphorus 1-6 GRG 1S O15 


In experiment (1) walls were extracted with 0-1 N NaOH at 32° © over- 
night to remove teichoic acid and the insoluble residue was treated with 
lvsozymie. The lyvsozyme-soluble fraction was separated on “Sephadex -30 
to remove smaller mucopeptide fragments. The high molecular weight 
complex was purified further on DEAE-cellulose before analysis. In experi 
ment (2) walls were treated with NaBH, at oH 8-0 to block reducing groupa, 


followed by exposure to $1 N NaOH containing NaBH, Treatnient of the: oo 


insoluble residue was then carried out as in experiment iih 
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Table 5. ANALYSIS OF MATERIAL ISOLATED FROM AUTOLYSATES OF WALLS 
uMoles/24 moles Molecular proportions 
glucuronic acid (ghicosamine = 1-00 
it I H 
Glucuronic acid 24-0 24-0 6-83 10-0 
Galactosarnine 1&8 20-4 538 8-50 
Glicosamine 3°50 2-40 1-00 1-00 
Muramiec acid 3-12 1-90 0-88 0-79 
Phosphorus _ 30-8 1-16 8°75 0-48 
Diaminopimelic acid 0-12 0-05 0-03 02 
Glutamic acid 0-13 0-05 0-04 0-02 
Alanine 2-30 0-08 0-65 0-03 


__], As isolated from the autolysate by DEAE-cellulose chromatography. 
Il, After treatment of I with 0-1 N NaOH containing NaBH, at 35° C and 
chromatography on ‘Sephadex G-50’. The column (2 x 130 em) was eluted 
pla Me N pyridine acetate buffer, pH 5-1, and 2-5 ml. fractions were 
collected. 


An alternative way of examining the linkages between 
teichoic acid, teichuronic acid and the mucopeptide is to 
use the enzyme that splits the bond between muramic 
acid and alanine. Accordingly, walls of B. licheniformis 
were allowed to autolyse at pH 7-5 and the materials in 
the digest were analysed on a column (2x 50 em) of 
DEAE-cellulose. After elution at room temperature 
with 0-01 M pyridine acetate buffer, pH 5-1 (150 ml.), a 
linear gradient was established between this buffer and 
5M pyridine acetate, pH 5-1. Three main peaks were 
obtained. Two of these fractions have just been discussed, 
namely the peptides eluted at the lowest salt concentration 
and a part of the polysaccharide chains originating from 
mucopeptide. On analysis the third main peak yielded 
glucosamine, muramic acid, traces of the mucopeptide 
amino-acids and all of the wall glucuronic acid, galactos- 
amine and phosphorus (Table 5). If this material is then 
treated for 24 h with 0-1 N NaOH at 35° C to break the 
covalent bonds between mucopeptide and the teichoic 
acid, a teichuronic acid associated with an oligosaccharide 
ehain can be isolated (Table 5) by chromatography on 
‘Sephadex G-50’. Both before and after treatment with 
alkali only a very small (0-03-0-15) amount of peptide 
material still remains associated with the mucopeptide. 
A larger amount of alanine was present before alkali 
treatment, but because this is removed by alkali it was 
supposedly ester-linked alanine attached to the teichoic 
acid molecules. 

When walls of B. licheniformis are digested with lyso- 
zyme alone’, a considerable amount (59 per cent) of the 
teichoic acid phosphorus may be isolated from the 
DEAE-cellulose column associated only with mucopeptide. 
The remainder of the teichoie acid is associated with 
mucopeptide and all the teichuronic acid. When the 
walls are first digested with lysozyme and then the non- 
diffusible material in the hydrolysate incubated with 
partially purified autolytic enzyme obtained from B. 
subtilis 168 ind-, a combination of chromatography on 
columns of ‘Sephadex G-25’ and DEAE-cellulose allows 
a separation of over 90 per cent of the teichoic acid 
phosphorus together with mucopeptide constituents. No 
teichuronie acid components are found in this muco- 
peptide—teichoic acid complex. 

From these observations considerable heterogeneity of 
the organization of the polymers is apparent within the 
wall preparations. First, about 50 per cent of the muco- 
peptide exists as such, unlinked with either teichoic acids 
or teichuronic acid. The remainder of the mucopeptide 
has linked to it about one teichuronic acid molecule per 
ten mucopeptide residues and one molecule of teichoic 
acid of a chain length which includes about ten to fifteen 
phosphorus atoms for every second residue. If, of course, 
the chain is longer, the linkage points become more sparse. 
When a complex is isolated (Table 5) after enzyme 
removal of the peptides in the absence of glycosidase, the 
teichuronie acid and teichoic acid molecules are then 
associated with about a quarter of the total wall glucos- 
amine or muramie acid. If we accept that teichuronic 
acid consists of about twenty-four disaccharide repeating 
units in each molecule, then the analvses shown in Table 5 
would suggest that the teichuronic acid molecules are 
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associated with about every third or fourth repeating 
unit in this part of the polysaccharide backbones. On the 
other hand, the overall proportions of teichuronic acid to 
mucopeptide residues in the wall preparation (Table 1) 
suggest a far wider distribution of the molecules. As far 
as the teichoic acid is concerned, the minimum average 
length of chain for this can be nine residues, for nine 
molecules of phosphorus are associated with one repeating 
unit in the mucopeptide backbone (Table 5). The overall 
distribution of phosphorus in the original whole wall 
showed each mucopeptide glucosamine residue to be asso- 
ciated with rather less than three atoms of phosphorus. 
Because, however, in the complex shown in Table 5 room 
must be found for attachment of the teichuronic acid, 
either the chain of the teichoic acid must in fact be longer 
than nine residues or, alternatively, one of these substances 
must be substituted on to the glucosamine rather than the 
muramic acid. 
Thus three possibilities exist: (1) the teichuronic acid 
and teichoic acid molecules may be clustered together in 
part of the mucopeptide in the cell wall; (2) teichuronic 
acid and teichoic acid molecules may occur separately 
as islands in the wall; (3) individual cells in the culture 
may carry bunches of either teichuronic acid or teichoic 
acid molecules. Some degree of separation between the 
teichoic acid and the teichuronie acid on the polysac- 
charide backbones of the mucopeptide is argued by the 
fact that one can isolate a teichoiec acid-mucopeptide 
complex free of teichuronic acid after lysozyme action 
alone!!, accounting for 59 per cent of the teichoic acid 
phosphorus, or after the sequential action of lysozyme 
and the autolytie peptidase from B. subtilis 168, account- 
ing for all of the teichoie acid. If the two polymers are 
on separate polysaccharide backbone chains which are 
cross-linked together by peptide bonds, the complete 
action of the autolytic enzyme alone should then separate 
them, unless there is some other type of linkage between 
the polysaccharide backbones. The action of the autolytic 
enzyme, however. is not complete, and a small amount 
of peptide material remains associated with the complex 
shown in Table 5. The complex dealt with in Table 5 
therefore may represent two fairly long backbone chains 
with their muramyl] residues fully substituted with either 
teichuronic acid or teichoic acid, linked together by a 
single peptide bridge. 
R. C. HUGHES 
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Plaque Formation of Influenza 
Virus at 25°C 


INFLUENZA virus was adapted to growth at 25° C by 
gradually lowering the temperature at which infected cells 
were incubated during serial passage until the optimum 
yield of infectious virus was obtained’. Using this method 
it was possible to adapt various strains of type A and B 
influenza viruses to growth at 25° C in tissue culture or 
embryonic eggs. Adaptation of the virus to reproduce at 
25° C has resulted in its attenuation when tested in a 
susceptible host'. Infection of the host occurred without 
apparent disease but with good antibody response (my 
own unpublished results). During earlier work, purifica- 
tion of these variants was achieved using the limiting 
dilution technique, which is adequate but not highly 
reliable. The purpose of the study reported here was to 
develop plaque assay, and to select plaque progeny for 
more vigorous growth at 25° C. The development of 
plaques at 25° C was used also for clone purification of 
cold variants for genetic studies. Kidneys were excised 
from 1—6 day old chicks and were processed according 
to the method published earlier? and incubated at 36° C. 
Monolayers of chick kidney cells were formed between 
the fourth and fifth day after seeding, and the cultures 
were infected immediately thereafter and transferred to 
incubation at 25° C. Briefly, the cell monolayer was 
washed with prewarmed Hanks balanced salt solution 
(BSS) and infected with the appropriate dilutions of the 
virus contained in a small volume; for example, when 
using 3 oz. prescription bottles, 0-5 ml. of a given dilution 
was inoculated. ‘The adsorption was allowed to proceed 
for 1 h at room temperature with gentle mechanical 
agitation. The infected chick cell monolayers were then 
overlayered with agar; the composition of the agar over- 
lay used was exactly like the one devised by Sugiura and 
Kilbourne? for the Chang conjunctival cell line clone 
l-5c-4 but with a final agar concentration of 1-2 per cent 
instead of 0-9 per cent. After incubation for 5 days at 
25° C a second overlay of the agar medium with neutral 
red was added. The cultures were returned to 25° C for 
further incubation. 

Plaques started to become visible between the first and 
second day after the second overlay. New plaques con- 
tinued to appear for 6 days, after which no new plaques 
were apparent. Influenza virus plaques produced at 25° C 
increased in size and number during the period of incuba- 
tion at 25° C and there was a linear relationship between 
the plaque number and relative virus dilution. The specifi- 
city of the reaction was confirmed by using acute and 
convalescent sera from a documented human case or 





A 


Fig. 1. Vlaques formed by the cold variant of influenza virus at 25° C 
in primary chick kidney culture 48 h after the second overlay. 
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Fig. 2, Plaque weir by the cold variant of influenza virus at 25° € 


6 days after the second overlay. 


from ferrets experimentally infected with the homologous 
influenza virus strain. The convalescent sera neutralized 
the cold variant and inhibited plaque formation. Puri- 
fication of the cold variant was achieved for both type A 
and type B influenza viruses by isolating the first large 
plaque to appear at the highest dilution. Pools of influenza 
viruses to be tested for animal inoculation and genetic 
stability were made from the third successive plaque 
isolate. 

Plaque formation of influenza virus type A (A,/AA/6/60) 
at 25° C 48 h after the second agar overlay was applied 
is presented in Fig. 1. The control culture is shown with 
a sample of the two dilutions of 10-* and 10-*. The size 
of early plaques shown is small, and at 10-° the number 
is too numerous to count. On the 10-* dilution the number 
of plaques is about twelve. The lack of fidelity in the 
photograph prevents a detailed characterization. The 
size and number of plaques increased progressively with 
time and complete cell lysis of the monolayer at 25° C 
occurred in the 10-* dilution between the fifth and sixth 
day after the second agar overlay was applied. Fig. 2 
illustrates the same control and the 10-* dilution cultures 
shown in Fig. 1 at the sixth day after the second agar 
overlay was applied. There is a very definite increase in 
the size and number of influenza virus plaques with time. 
Confluent plaques with irregular shaped borders are 
evident. Striking difference was observed in chick cells 
infected with the original “wild” strain and incubated at 
25° C. There were practically no plaques formed at 25° C 
in the culture infected with the original strain, even on 
prolonged incubation for 2 weeks. This difference in 
plaque formation at 25° C between the original strain and 
its cold variant can be used as a marker to differentiate 
the cold variant from the original strain. This additional 
marker can be adapted as a reasonable screening test for 
the detection of changes in virulence in experimental 
infection of different animal hosts. Genetic stability of 
the various markers established for the cold variants of 
influenza virus can also be evaluated using the plaque 
development at 25° C (ref. 2). 

The development of a plaque assay system at 25° C for 
growth of influenza virus has provided the tool necessary 
for isolating pure virus clones, and also for evaluating 
with accuracy and reproducibility the genetic marker of 
attenuated influenza virus under laboratory and field 
manipulations. 

I thank Mrs Arlene Graham for valuable assistance. 
This work was conducted under the auspices of the Com- 
mission on Influenza, Armed Forces Epidemiology Board, 
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immunity to Malaria after Recovery 
from Piroplasmosis in Mice 


RECOVERY from infections caused by intraerythrocytic 
protozoa is usually followed by a period of resistance to 
challenge with the homologous parasite! In some cases 
this resistance is confined to challenge with the homo- 
logous strain, in others it is confined to the same species* 
and more rarely extends to related species’ *. It has 
recently been reported that resistance to challenge can 
even transcend the generic barner’. Cox and Muar‘ 
demonstrated that mice which had recovered from infec- 
tion with the malaria parasite Plasmodium chabaudi 
resisted challenge with the rodent piroplasm Babesia 
(Nuttallia) rodhaini but that this protection did not apply 
to the malaria parasite P. berghei. We have already shown 
that P. chabaudi protects against P. vincker, but not 
against P. berghet®, and that B. microti protects against 
B. rodhaini*. Independently of Cox and Milar® we have 
found that mice which have recovered from infections 
with Babesia (Nuttallia) microti are resistant to challenge 
with the virulent malaria parasite P. vincket. This work 
both confirms and extends the unexpected discovery made 
by Cox and Milar'‘, 

Mice were infected by intraperitoneal inoculations with 
B. microti. As is usual with this infection, the mice 
exhibited a patent parasitaemia which lasted about 21 
days and then overcame the infection’. Approximately 
14 days after recovery these mice were challenged with 
P. vineket, as were matched controls which had “received 
a single injection of uninfected blood at the time the 
experimental animals were infected. The control animals 
developed parasitaemias which rose rapidly and killed all 
the mice on the sixth to seventh day after infection. 
This is the normal pattern in this infection®. The mice 
which had recovered from infections with B. microti 
resisted the challenge and only a fleeting parasitaemia 
was seen. Additional experiments showed that (@) mice 
which had recovered from P. vincket infections were pro- 
tected against B. microti; (b) mice that had recovered 
from P. chabaudi were protected against B. microti; and 
(c) mice which had recovered from B. microti were pro- 
tected against P. chabaudi. 

It has hitherto been assumed that protective cross- 
immunity indicates some degree of phylogenetic affinity®:*. 
In the light of our results and those of Cox and Milar‘, this 
can no longer be accepted. Furthermore, the general 
assumption that immunity to malaria is fundamentally a 
strain specific phenomenon must also be modified. These 
results also indicate that antigenic variation? m malaria 
is probably a minor component in the complex immune 
response to these parasites. The possibility of a hetero- 
logous vaccine against malaria must once again be a 
possibility. 

This work was supported by grants from the Wellcome 
Trust and the World Health Organization. 
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Relationship between the Papain 
Sensitivity of Human 7G 
Immunoglobulins and their Heavy Chain 
Subclass 


We have described the recognition of two conformational 
forms of yG immunoglobulin, distinguished by their 
differing susceptibility to proteolysis by papain in the 
absence of cysteine’*. Myeloma yG globulins from 
different individuals were similarly characterized as 
sensitive or resistant to papain cleavage in these con- 
ditions. We report now (a) the results of papain sensitivity 
studies on myeloma proteins of the four known yG chain 
sub-classes; (6) the immunological relationship between 
the papain sensitive and resistant forms of normal yG 
immunoglobulin and these myeloma proteins; and (e) the 
carbohydrate composition of myeloma proteins of each 
sub-class. These studies show that it is only the yGI and 
yG3 sub-class population of normal yG immunoglobulin 
which undergo papam proteolysis in the absence of 
eysteine, Susceptibility to cleavage by papain can thus 
be used for the preliminary assignment of myeloma pro- 
teins to the yG1, yG3, or yG2, yG4. sub-classes. Further- 
more, yG2 and yG4 myeloma proteins ean be distinguished 
from each other by their behaviour on incubation with 
papain in the presence of cysteine (at 37° C, for 4 h). Pro- 
teins of the latter sub-class are completely digested to 
Fab and Fe fragments in these conditions, whereas those 
of the former undergo only 10- 20 per cent digestion. 

Papain digestion of normal yG immunoglobulin in the 
absence of cysteine, for 4 h, followed by ‘Sephadex G-150’ 
gel-filtration allows the isolation of the intact papain 
resistant form and the Fab, Fe fragments of the papain 
sensitive form. The Fab and Fe fragments of the papain 
sensitive material, recovered in the second ‘Sephadex 
G-150 fraction, were separated by subse ss nae bas ai 
chromatography on CM and DEAE cellulose®. Further 
incubation of the resistant form, isolated in the first. 
fraction, with papain in the presence of cysteme, for 6 h, 
effected a partial digestion, the resultant Fab and Fe 
fragments being isolated by a similar sequential chromato- 
graphie procedure. 

Antisera capable of distinguishing the antigenic differ- 
ences between the papain resistant population of normal 
yG immunoglobulin and the Fab Fe fragments of the 
papain sensitive population were raised in guinea-pigs 
using the technique of Dvorak*. By this procedure, the 
animal is rendered tolerant to antigenic determinants 
common to two related proteins and therefore antibody 
is only elicited to unshared determinants. 

Thus an antiserum (Al) was raised by intravenous 
injection of the papain resistant protein (5 mg), isolated 
from normal yG immunoglobulin, followed immediately 
by subcutaneous injection of whole normal yG immuno- 
globulin (100 ug). The latter was administered, admixed 
with complete Freund’s adjuvant (CFA), as two injections 
into the rear footpads. A test bleed after 4 weeks yielded 
an antiserum which did not react with the resistant form, 
but did react with whole yG immunoglobulin and with 
the Fab, Fe fragments obtained by papain digestion of 
the whole 2G immunoglobulin in the absence of cysteime 
(Fig. 1). The papain sensitive form of normal yG immuno- 
globulin is thus shown to be immunologically distinguish- 
able from the resistant form. 
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Pig. 1. Gel diffusion precipitin analysis of papain resistant human 
yG (1), the Fab and Fe fragments of papain sensitive human yG (2) and 
whole human yG (3): anti-serum: guinea-pig Al. 


The antisera obtained by bleeding at 6 weeks showed 
slight reactivity with the papain resistant form. Such 
gradual breaking of tolerance was found to be a general 
feature of this immunization technique. 

An antiserum (A2) was similarly raised by giving 
guinea-pigs a 5 mg intravenous injection of the Fab and 
Fe fragments of the papain sensitive form, thus rendering 
them tolerant to these materials, followed immediately 
by injection of 50 ug of the papain resistant form (in 
CFA) into each rear footpad. The antiserum obtained 
reacted with the papain resistant form of yG immuno- 
globulin and with whole normal yG immunoglobulin, but 
not with the Fab or Fe fragments of the sensitive forn 
(Fig. 2a). This supports the findings of Henney et al.*, 
who injected guinea-pigs with whole yG immunoglobulins 
subcutaneously, while giving paralysing intravenous 
doses of Fab and Fe fragments obtained by use of the 
Porter digestion conditions (that is 16 h digestion with 
papain in the presence of cysteine). They obtained an 
antiserum which reacts with the whole yG, but not with 
the fragments and therefore concluded that the antibody 
was directed against determinants destroyed on papain 
digestion. The antiserum raised against the papain 
resistant form in our study did, however, react with frag- 
ments obtained by subsequent digestion of this material 
with papain in the presence of cysteine. 

The Fab and Fe fragments of the papain resistant and 
papain sensitive forms of normal yG immunoglobulin 
were isolated as we have outlined. Immunodiffusion in 
agar showed all fragments to react with a rabbit anti- 
human yG immunoglobulin antiserum. Tests against the 
antiserum raised specifically against the papain resistant 
form of normal yG immunoglobulin (Fig. 26), however, 
revealed reactions only with the Fe fragment obtained 
from the papain resistant form. This was also demon- 
strable by tnmunoelectrophoresis. Thus the papain 
resistant form has determinants within its Fe which are 
not present in the papain sensitive form. 


The antiserum raised to the papain resistant form of 


normal yG immunoglobulin was tested by double diffusion 
in agar, for reactivity with four myeloma proteins, repre- 
sentative of each heavy chain sub-class, of which the 
yG2 and yG4 proteins were papain resistant and the yG1 
and G3 proteins were papain sensitive. Each of the 
intact myeloma proteins gave a precipitin line (Fig. 3); 
spur formation was observed between the resistant and 


torme LO 
papain 


indicating the 
present in 
interesting to 


sensitive proteins, however, 
have additional determinants not 
sensitive proteins. Furthermore, ıt was 

observe that when the combined Fab, Fe 
each protein (obtained by incubation with papain in the 
presence of cysteine at 37° C for 4 h) were tested for react 

ity with the same antiserum, precipitin lines were only 
obtained with the fragments obtained from the myeloma 
proteins resistant to proteolysis in the absence of cysteine, 


fragments of 


no reaction with the fragments of the sensitive forms 
being observed (Fig. 4). Immunoelectrophoresis and 
development against a rabbit anti-human yG mmuno- 


globulin antiserum showed all Fab and Fe fragments to 
be antigenically active. Only the fragments derived 
from the papain resistant myeloma proteins reacted with 
the guinea-pig antiserum directed against the papain 
resistant form of normal yG immunoglobulin; moreover, 
reaction can be seen to be essentially against the Ic 
fragment of the resistant form, although some reactivity 
with the Fab fragments is observed. 


a 





b 


Fig. 2. a, Gel diffusion precipitin analysis of papain resistant huma 

yG (1), the Fab and Fe fragments of papain sensitive human yG (2) and 

whole human yG (3): anti-serum: guinea-pig A2. 6, Gel diffusion pre 

cipitin analysis of the Fc fragments of papain sensitive (1) and papain 

resistant (2) human yG and the Fab fragments of the resistant (3) and 
sensitive (4) human yG. Anti-serum: guinea-pig A2 
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These results indicate that the papain resistant form 
of normal yG immunoglobulins and papain resistant 
myeloma proteins have antigenic similarities not shared 
by the papain sensitive forms of yG immunoglobulin. 

The results of a study of the papain sensitivity of a 
series of myeloma proteins are shown in Table 1. It is seen 
that each of the three yG2 and two yG4 proteins tested 


were papain resistant on incubation in the absence of 


cysteine, while nine yGl and two G3 proteins were 
degraded under these conditions. 

Table 1, PAPAIN SENSITIVITY OF MYELOMA PROTEINS 
Susceptibility 
to papain in the 
absence of cysteine 


Susceptibility to 
papain in the 
presence of cysteine 


Heavy chain 
sub-class 


Samples 
examined 


Gl 9 Sensitive Sensitive 

G2 3 Resistant Relatively resistant 
G3 2 Sensitive Very sensitive 

G4 2 Resistant Sensitive 


The myeloma yG globulins can thus be classified as one 
of three types, namely: (l) readily digested by papain 
in the absence of cysteine; (2) resistant to proteolysis in 
the absence of cysteine but readily digested in the presence 
of cysteine (0-01 M); and (3) resistant to proteolysis in 
the absence of cysteine and also relatively resistant to 
papain digestion in the presence of cysteine. Of the 
myeloma proteins studied, all yG1 and yG3 proteins were 
of type 1, two yG4 proteins were of type 2, and three 
yG2 proteins were of type 3. The papain resistant fraction 
of normal yG immunoglobulin appears therefore to com- 
prise the yG2, yG4 sub-class proteins. This is supported 
by the demonstration that the antiserum raised speci- 
fically against determinants in the Fe portion of the 
papain resistant form of normal yG immunoglobulin also 
reacted with the Fe fragments of the yG2 and yG4 
myeloma proteins, but not with the Fe fragments of the 
yGl1 and G3 proteins, 

These findings are partially supported by the results of 
heavy chain sub-class determinations carried out on the 
papain resistant fraction of normal yG immunoglobulin, 
and on the Fab and Fe fragments of the papain sensitive 
form (kindly performed by Dr W. Terry). Using heavy 
chain sub-class typing antisera, only yG2 could be detected 
in the papain resistant material and only yG1 and possibly 
yG3 in the Fab and Fe fragments of the papain sensitive 
form. Light chain determinants were also tested for: 
both kappa and lambda chains being detected in each 
fraction. The failure to detect ~G4 in the papain resistant 
material, and yG3 in the papain sensitive material, may be 
due to a lack of sensitivity of the test system, for these 
proteins will be present as minor constituents. 





Fig. 38. Gel diffusion precipitin analysis of yG myeloma proteins: yG2 
(Sp) (1), »G2 (Ga) (2), yG4 (3), yG1 (4), yG2 (Ga) (5), and yG3 (6), Anti- 
serum guinea-pig A2. 
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Fig. 4. Gel diffusion precipitin analysis of the Fab and Fe fragments of 
yG2 (Sp) (1), vG4 (2), yG3 (3), vGl (4), »G2 (5p) (5) and whole normal 
human yG (6). Anti-serum: guinea-pig A2, 


Normal human yG immunoglobulin, isolated by DEAE 
cellulose batch chromatography*, contains about 35 per 
cent of papain resistant molecules. This suggests the 
combined yG2 and yG4 portion of normal yG immuno- 
globulin to be higher than is indicated by their reported 
incidence in myelomatosis’ (yG2, 13-18 per cent; G4, 
3 per cent). This is not surprising, however, as Yount 
et al.* in a study of the concentration of the yG3 protein 
in normal sera found a wide variation of between 0-25 
and 2-5 mg/ml., that is, 2-20 per cent. 

Evidence has been presented’ that the rate of papain 
proteolysis varies with the carbohydrate content of the 
YG immunoglobulin fraction studied, A correlation 
between electrophoretic mobility and carbohydrate con- 
tent has also been indicated'®, while previous studies"! 
have indicated the faster mobility fraction of normal yG 
immunoglobulin to correspond with the papain resistant 
population. Carbohydrate analyses of four myeloma 
proteins, one of each heavy chain sub-class, were therefore 
undertaken. The myeloma proteins were isolated by 
DEAE cellulose chromatography, using 0-01 M potassium 
phosphate buffer, pH 8-0, at room temperature. The 
samples used for analysis were shown to be free of likely 
contaminants by gel diffusion using antisera specific 
for transferrin xM globulin, yA and yM immunoglobulins. 
Their homogeneity was also indicated by analytical ultra- 
centrifugation, and by polyacrylamide and starch gel 
electrophoresis. The ~G4 heavy chain sub-class protein 
was notably fast in all electrophoretic procedures, moving 
as a §-globulim. 

The carbohydrate composition of each yG immuno- 
globulin preparation was determined by gas-liquid 
chromatography. The glycoprotein (5 mg) together with 
D-mannitol (0-1 mg) was refluxed with 1-0 N HCl in dry 
methanol for 30 h and after re-N-acetylation the O-tri- 
methysilyl ethers were prepared. The final derivatives 
were examined on an F and M Model 400 gas chromato- 
graph. The results are shown in Table 2. The three 
Table 2. yG IMMUNOGLOBULIN SUB-OLASSES 


CARBOHYDRATE CONTENT OF 


Protein We Sp Vi Ge 
Sub-class l or y2b 2 Or ya 3 or yic 4 or y2d 
6-Deoxy-L-galactose O17+002 O23+0-01 023+001 0043+001 
D-Mannose LOO=O0-13 1:31 +007 1-262 0-21 2-054 0:15 
D-Galactose 054+0°06 0452009 0-53+0-09 0-70 +004 


2-Acetamido-2-deoxy-D- 
glucose 
N-Acetyineuraminie acid 


1+0-21 1:16+007 1914045 
006 O17+0-01 0O-3720-06 


0-95+017 12 
07 +005 O 164 


Results are given as g/100 g of protein and are mean values S.D. The 
results were calculated assuming that a solution of each yG preparation gives 


lem r i ó s 
> 5 for: te . p ation 00 mi. 
Esg) mye 14-5 fora protein concentration of 1 g/l n 
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proteins belonging to the major sub-classes, yG1, yG2 and 
yG3, had a similar carbohydrate content, except for the 
N-acetylneuraminie acid of the Gl protein, which is 
equivalent to only 0-3 M per M of protein. It should be 
noted, however, that this value is close to the standard 
deviation for measurement of this constituent. 

Most striking is the higher carbohydrate content of the 
yG4 protein, it being almost double that of the other sub- 
classes. The correlation between electrophoretic mobility 
and sialic acid content, which has been noted previously”’, 
is shown particularly by yG4. This may, however, be 
fortuitous, for the sialic acid content corresponds to only 
one extra carboxylic acid group in a yG molecule, which 
contains in addition 215 aspartic and glutamic acid side 
chains. The data we have presented express the total 
carbohydrate content of the yG immunoglobulins and 
certainly indicate a heterogeneity. More detailed studies 
are now in progress to determine whether a variation in 
the number of moieties of carbohydrate attached to heavy 
chain occurs. This has recently been reported for rabbit 
yG immunoglobulin’, a galactosamine residue having 
been shown to be present in the “link peptide” region in 
approximately 35 per cent of rabbit yG immunoglobulin 
molecules. 

In summary, the population of normal human yG 
immunoglobulin cleaved by papain in the absence of 
cysteine has been shown to be composed of the yG1 and 
yG3 sub-class proteins, while the yG2 and yG4 sub-class 
represents the papain resistant fraction. Total carbo- 
hydrate composition does not appear to provide an 
explanation of this differing behaviour, although the one 
papain resistant yG4 protein examined had a carbohydrate 
content almost double that of other proteins. In contrast, 
the carbohydrate composition of the yG2 and yG3 proteins 
was almost identical; but, in spite of this, the former was 
resistant to papain proteolysis in the presence as well as 
absence of cysteine, and the latter was remarkably 
sensitive to proteolysis under both conditions. 

The differing susceptibilities of the two forms of normal 
yG immunoglobulin might therefore be attributable to 
the following. 

(1) Disulphide interchange between labile inter-heavy 
chain disulphide bridges in the yGI and yG3 sub-classes 
leading to conformational forms susceptible to cleavage 
by papain. 

(2) The presence of a further point of carbohydrate 
attachment in the yG2 and yG4 sub-classes in the region 
of papain cleavage, which may lead to stereochemical 
and/or charge inhibition of papain cleavage. 

(3) A difference in primary amino-acid sequence in the 
region of papain cleavage, resulting in conformational 
forms which facilitate or preclude papain cleavage with- 
out previous reduction. 

Utsumi and Karush!® have concluded that disulphide 
interchange is possible in this region of rabbit yG immuno- 
globulin, while Smyth and Utsumi? have shown 35 per 
cent of rabbit yG immunoglobulin molecules to have a 
galactosamine residue attached to the threonine adjacent 
to a cysteine residue involved in an inter-heavy chain 
disulphide bridge. Studies are in progress to determine 
whether similar structural considerations apply in human 
yG immunoglobulins. It has been shown that the pepsin 
5S fragments, F(ab’), of myeloma proteins retain the 
papain sensitivity or resistivity of the parent molecules. 
Medgyesi and Gergely (personal communication) have 
made similar observations. Incubation of the F(ab’), 
fragment of a papain resistant myeloma protein with 
papain in the absence of cysteine results in the liberation 
of some small peptides and the isolation of a major 4-98 
fragment. Similar treatment of the F(ab’), fragment 
of a papain sensitive protein, however, results in the 
formation of 3-5S papain Fab fragments, with the libera- 
tion of small peptides. The amino-acid and carbohydrate 
composition of these peptides and fragments is being 
studied. 
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Initiation of Primary Antibody 
Responses by both Circulating and 
Non-circulating Lymphocytes 


RECENT extensive studies have shown that lymphocytes 
which continually circulate between blood and lymph? 
can initiate the allograft and graft versus host reactions*. 
More limited studies have shown that circulating lympho- 
cytes may also initiate the primary humoral antibody 
response. The elegant thoracic duct cell transfer experi- 
ments of Gowans and his colleagues almost certainly 
establish that these cells initiate the primary haemolysin 
response to sheep erythrocytes’-". The latter studies 
imply that circulating lymphocytes can initiate all primary 
antibody responses. Similar transfer experiments using 
other antigen-antibody systems, however, have not been 
reported. The observations described here suggest that 
circulating thoracic duct lymphocytes can imitiate the 
primary antibody response to some antigens (for example, 
sheep erythrocytes), and non-circulating splenic Iyrapho- 
cytes can initiate the response to others (for example, 
alum precipitated tetanus toxoid). 

Several experiments were performed to test the ability 
of thoracic duct cells to restore the primary antibody 
response of sublethally irradiated rats to three antigens: 
sheep erythrocytes, bovine serum albumin, and tetanus 
toxoid. The response of rats depleted of thoracic duct cells 
by prolonged thoracic duct drainage was studied. Can- 
nulation of the thoracic duct was performed by the method 
of Bollman et al.#*. Prolonged drainage was terminated 
by pulling the thoracic duct cannula out through the skin 
and releasing the animal from the restraining cage. 

Rats were immunized to sheep red blood cells (SRBC) 
by a single intravenous injection of 10° washed SRBC, 
Immunization to bovine serum albumin (BSA, Nutritional 
Biochemicals Corp., Cleveland, Ohio) in complete Freund ’s 
adjuvant (Difco) was accomplished by the injection of 
0-1 ml. of emulsion into each hind foot pad to give a total 
dose of 0-8 mg of protein. Immunization to alum pre- 
cipitated tetanus toxoid (TTAP, Eli Lilly Co.) was 
achieved by the subcutaneous (0-5 ml, 7-5 Lf) and intra- 
peritoneal (0-5 ml., 7-5 Lf) injection of 15 Lf toxoid. 
Alum precipitated toxoid was used instead of fluid toxoid 
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Mig. 1. Haemolysin response to a single intravenous injection of 108 
sheep erythrocytes. @, Mean response of seven normal rats; brackets 
show range of titres: A, mean response of six rats exposed to 500 r 
whole body irradiation 24 h before injection of sheep erythrocytes; 
©, mean response of aix rats given an intravenous i njection of 2-5 x 105 
first day thoracic duct cells 2 h after irradiation; sheep erythrocytes 
were injected 24 h after irradiation: W, mean response of five rats 
depleted of thoracic duct cells by 5 days of thoracie duct drainage: 
sheep erythrocytes were injected immediately after drainage was 
stopped, 


because the latter does not elicit a demonstrable primary 
antibody response in rats using passive haemagglutination 
techniques (ref. 10 and my unpublished results) for anti- 
body measurement. 

All antibody titrations were performed in microtitre 
agglutination plates (Cooke Engineering Co., Alexandria, 
Virginia). Sheep erythrocyte haemolysin titrations were 
performed by the method of McGregor and Gowans"’, 
Antibody to bovine serum albumin and tetanus toxoid 
was measured by the tanned red cell haemagglutination 
technique of Stavitsky'*. Some modifications of the latter 
technique were used in the antitoxin titrations. Sheep 
erythrocytes were always tanned and sensitized within a 
few hours of collection. Tanned cells were sensitized with 
fluid tetanus toxoid (supplied by the Commonwealth of 
Massachusetts Department of Health) for 10 min at room 
temperature at a concentration of 30 Lf/ml. Serum dilu- 
tions were made in 10 per cent normal rabbit serum. 
This technique yielded clear end points and was sensitive 
to 0-003-0-001 international antitoxin units. 

Fig. 1 shows the haemolysin response of normal adult 
male inbred Lewis rats (Microbiological Associates, 
Bethesda, Maryland) after the injection of SRBC. When 
the injection was given 24 h after the recipient received 
500 r whole body X-irradiation, the response was 
abolished. It was restored by 2-5 x 108 first day thoracic 
duct cells injected intravenously 2 h after irradiation 
(Fig. 1). Similar results were obtained with rats immunized 
to BSA (Fig. 2). First day thoracic duct cells were with- 
drawn from normal adult male Lewis rats (non-immun- 
ized) within 24 h of cannulation of the thoracic duct. 

Several rats were depleted of thoracie duct cells by 
allowing lymph to drain away for 5 days. When the 
thoracic duct cannula was removed, each rat received an 
injection of SRBC. Fig. 1 shows the severely diminished 
haemolysin response of the depleted rats. The results of 
the restoration and depletion experiments presented here 
are in agreement with data already reported by Gowans 
et al’, 
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Fig. 3 shows the primary anti body response of normal 
rats to TTAP. Although 500 r abolished the response, 
the intravenous injection of 2-5 x 10° or even Ix 10° first 
day thoracic duct cells eould not restore it (Fig. 3). In 
addition, rats depleted of thoracic duct cells made a 
response which was similar in time course and peak titre 
to that of normal rats (Fig. 3). 

The different patterns of responses which follow im- 
munization with SRBC and TTAP cannot be explained 
on the basis of relative immunogenicity. Although TTAP 
seems to be more immunogenic than SRBC in depleted 
rats, the opposite appears to be true in irradiated rats 
restored with first day thoracic duet cells. An alternative 
explanation is that the population of SRBC reactive cells 
circulates in thoracic duct lymph and the population of 
TTAP reactive cells is fixed in the lymphoid organs. 
Several experiments were performed to test this hypo- 
thesis. 

Sublethally irradiated rats received intravenous injec- 
tions of 1x 10* dissociated spleen cells obtained from 
normal rats and from rats depleted of thoracic duct cells. 
The recipients were subsequently chaNenged with TTAP. 
Dissociated spleen cell suspensions were made according 
to the method of Billingham'*. Although normal spleen 
cells were effective in restoring the antibody response, 
spleen cells from rats depleted for 3 days were only par- 
tially effective and spleen cells from rats depleted for 5 
days were ineffective (Fig. 4). A combination of spleen 
cells, from rats depleted for 5 days. and first day thoracic 
duct cells, from normal rats, was also ineffective (Fig. 4). 

In further experiments, the restorative acti vity of first 
day thoracic duct cells was compared with that of second 
day, and combined third and fourth day thoracie duct 
cells. Fig. 5 shows that seeond day, and third and fourth 
day cells are effective in restoring the response to TTAP, 
although first day cells are not. Taken together, Figs. 4 
and 5 show that the restcrative activity of dissociated 
spleen cells disappears as the activity appears in later day 
thoracic duct cells. The most probable explanation of 
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Fig. 2. Tanned red cell haemagglatination response to a single sub- 
cutaneous injection of 0-3 mg of bovine serum albumin in complete 
Freund's adjuvant. @, Mean response of seven normal rats; brackets 
show range of titres; A, Mean response of six rats exposed to 500r 
whole body irradiation 24 h before injection of bovine serum albumin ; 
O, mean response of six rats given an intravenous injection of 2-5 x 10° 
lirst day thoracic duct celis 2 h after irradiation: bovine serum albumin 
was injected 24 h after irradiation. 
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these results is that active cells, initially fixed in the 
spleen, begin to circulate in thoracic duct lymph under 
the stimulus of prolonged thoracic duct cell drainage. As 
drainage continues, there is depletion not only of inactive 
cells which were initially circulating, but of active cells 
which were initially fixed. Rapid repopulation of the 
active cells may explain the normal response elicited by 
TTAP in the depleted rat. 

Lymphocytes constitute most of the cells in later day 
lymph examined under the light microscope (ref. 15 and 
my unpublished work), and the active cells are therefore 
probably lymphocytes. 

The experimental results indicate that the eells which 
initiate the primary antibody response to antigens such 
as SRBC, and BSA in complete Freund’s adjuvant, are 
found in high concentrations in thoracic duct lymph and 
are probably members of the lymphocyte populations 
which continually circulate between blood and lymph. 


2,960 
1,280 
R os 

A 640 ® s 
= 
= 320 

3 í 
= 160 

ea 
£ 
= 80 

ot 

a 1 

E 40 

a 
= 20 

ae 0 
“a 
: a pea 
i) 4 fe) 12 16 20 24 


Days after injection of tetanus toxoid 


Fig. 3, Tanned red cell haemagglutination response to a single intra- 
peritoneal and subcutaneous injection of 15 Lf (total alam precipitated 
tetanus toxoid. @, Mean response of eight normal rats; brackets show 
range of titres; A, mean response of eight rats exposed to 500 r whole 
body irradiation 24 h before injection of tetanus toxoid; ©, mean 
response of thirteen rats given an intravenous injection of 2-5 x 10* 
first day thoracic duct cells 2 h after irradiation; tetanus toxoid was 
injected 24 h after irradiation; $, mean response of three rats given 
an intravenous injection of 1 x 10° first day thoracic duct cells 2 h after 
irradiation: tetanus toxoid was injected 24 h after irradiation; Ci mean 
response of five rats depleted of thoracic duct cells by 5 days of thoracic 
duct drainage; tetanus toxoid was injected immediately after drainage 
was stopped. 
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Fig. 4. Tanned red cell haemaggiutination response of rats exposed to 


500r whole body irradiation and given an intravenous injection of 
1x 10° spleen cells 2 h later. A single intraperitoneal and subcutaneous 
injection of 15 Lf (total) alum precipitated tetanus toxoid was given 
24 h after irradiation. O, Mean response of six rats given spleen cells 
from normal donors; [1], mean response of four rats given spleen cells 
from donors depleted of thoracic duct cells by 3 days of thoracic duct 
drainage; W, mean response of five rats given spleen cells from donors 
depleted of thoracic duct cells by 5 days of thoracic duct drainage; 
A, mean response of three rats given spleen cells simultaneously with 
2.5 x 10" first day thoracic duct cells; spleen cell donors were depleted 
of thoracic duct eells by 5 days of thoracic duct drainage; first day 
thoracic duct cel donors were normal: @, mean response of eight 
normal rats injected with tetanus toxoid is shown for comparison. 
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The cells which initiate the primary antibody response 
to antigens such as TT AP, however, are found in. low 
concentrations in thoracic duct lymph, and im high 
concentrations in the spleen. ‘These cells are probably 
lymphocytes which are not members of the circulating 
populations. l 

If. in fact, different populations of antigen reactive 
cells have different patterns of distribution in the lym- 
phoid tissues, then the morphological features, migratory 
patterns and mitotic activities of these celis may be 
heterogeneous. The circulating lymphocyte populations 
may contain only a portion of the total complement of 
antigen reactive cells and the small lymphocyte may be 
one among several antigen reactive cell types. Indeed, 
the primary antibody response to purified flagella antigen 
from Salmonella adelaide may be initiated by large 
lymphocytes which are rapidly dividing before the 
immunogenic stimulus’, 
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Effect of Length of Exposure to Cell-free 
Medium from Mixed Leucocyte 
Cultures on Blastogenesis in 

Leucocyte Cultures from 

Single Subjects 


human leucocytes are cultured in vitro. We have 
investigated the effect of length of exposure to cell-free 
medium from mixed leucocyte cultures on blastogenesis 
in leucocyte cultures from single donors. We also found 
the minimum volume of cell-free culture medium which 
stimulates DNA synthesis in cultures of leucocytes from 
single donors. 

The subjects were healthy volunteers; the culture tech- 
nique has already been described*. The leucocytes were 
washed once with medium 199 and were resuspended in 
fresh plasma from several donors. The cell suspensions 
were diluted with medium 199 so that the final plasma 
concentration was 20 per cent and the leucocyte count 
was 1,500/mm?. The cell suspensions were incubated in 
17x 100 mm disposable plastie culture tubes. Cell-free 
culture medium was prepared from 5-day mixed leucocyte 
cultures as described previously!. In experiments in- 
vestagating the relation of volume of cell-free culture 
medium to stimulatory activity, various volumes of the 
medium were added to freshly prepared leucocyte cultures 
from single donors. The total volume in each culture tube 
was 4 ml. In experiments to determine the effect of 
length of exposure to cell-free medium on blastogenesis 


Table 1. 


Experiment No, 2 nud. imi. 0-75 mi. 
1 6,168 + 3977 2,243 + 146 1,995 + 75 
2 4,070 + 408 4,527 + 201 3,525 + 357 
3 3,359 + 155 2,487 + 108 2,421 + 234 
4 6,112 + 515 4,218 + 209 2,671 + 109 
5 6,245 + 400 3,491 +133 2,268 + 236 
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saline, and then twice in 5 per cent trichloroacetic acid. 
DNA was extracted by the Schmidt—Tannhauser tech- 
nique®, except that the concentration of potassium 
hydroxide was decreased to 0-5 N. The radioactive con- 
tent of the DNA fraction was counted in a liquid seintil- 
lation counter. Quenching was measured by an internal 
standardization method® using °H-toluene as the internal 
standard. Quenching was similar for the samples tested. 
The concentration of DNA present in each preparation 
was determined by measuring the optical density at 
260 mu in a spectrophotometer with a hydrogen lamp. 
The results were expressed as c.p.m. per 10 ug of DNA. 

Table 1 shows that the stimulatory activity of cell-free 
culture medium was increased by increasing the volume 
of the medium added. Stimulation induced by 4 ml. of 
cell-free medium was greater than that by 2 ml. (ref. 1). 
There was no stimulatory activity with 0-25 ml. of cell- 
free culture medium. When 0-5 ml. of cell-free medium 
was added, DNA synthesis was slightly but consistently 
higher than in control cultures of unmixed leucocytes. 

Table 2 shows the effect of length of exposure to cell- 
free culture medium on blastogenesis in cultures of leuco- 
cytes from single donors. When the stimulatory medium 
was removed after the first 60 min incubation, DNA 
synthesis was consistently higher than in unstimulated 
control cultures. In some cases (experiments 1 and 2 in 
Table 2) DNA synthesis was significantly increased with 
exposure for only 10 min. The effect after brief contact 
could not have been caused by a residue of stimulatory 
medium left after washing the cells. The residue after two 
washings was much less than 0-25 ml., which was inactive 
(Table 1). 


RELATION OF VOLUME OF CELL-FREE CULTURE MEDIUM TO STIMULATORY ACTIVITY 
*H-thymidine uptake: \ ; 
Leucocyte cultures* from single donors containing cell-free culture medium from 6-day mixed cultures 
Volume of cell-free medium added in each culture tube 


e.p.m./10 zg of DNA 


Control cultures 
of unmixed 


0-5 mi. 025 mi. leucocytes 
1,808 + 115 1,553 + 82 1,546 +35 
2.400 + 38 1,820 +185 1,571 + 163 
2,044 + 236 1,490 + 195 1,647 + 93 
1-979 + 150 1,337 + 198 1,450 +137 
1,934 + 44 1,516 +124 1,318 + 171 


* Number of leucocytes in each culture tube was 6 x 105, + Average value obtained from triplicate -day cultures + SD. 


Table 2. EFFECT OF LENGTH OF EXPOSURE ON STIMULATORY ACTIVITY OF CELL-FREE CULTURE MEDIUM 
*H-thymidine uptake: ¢.p.m./10 wg of DNA 


Leucocyte cultures from single donors exposed to 2 ml. of cell-free medium from 5-day mixed cultures 
Length of exposure 


Control cultures 
of unmixed 


Experiment No. 10 min 30 min 60 min 

1 3,030 + 282* 3,738 + 205 2.621 + 283 
2 2,062 +173 1,925 + 163 1,733 + 138 
3 756 + 87 456 + 61 1,183 488 
4 1,413 4 24 1,857 + 137 1,778 + 100 
5 ROG + 82 1,236 + 147 2,512 + 138 
& 996 + 296 1,862 + 83 2.747 + 343 
f 


2,201 + 264 


2,165 + 130 


3,705 + 274 


* Average value obtained from triplicate 5-day cultures + S.D. 


in leucocyte cultures, 2 ml. of cell-free medium was added 
to each tube containing freshly prepared cultures of 
leucocytes from single subjects. After incubation for 
10, 30, 60 or 120 min, three culture tubes were centrifuged 
at 1,500 r.p.m. for 10 min. The supernatants were decanted 
and the cells were resuspended in medium 199. The cells 
were washed twice with 4 ml. of medium 199 and were 
finally resuspended in medium 199 containing 20 per cent 
fresh pooled plasma. Control cultures, which had not 
been exposed to cell-free medium from 5-day mixed 
cultures, were also washed after incubation for 10 min 
and resuspended in fresh medium with plasma. At the 
same time, three culture tubes containing stimulatory 
cell-free culture medium were washed twice with medium 
199 and the cells were resuspended in the original culture 
medium which had been removed after the first centri- 
fugation and set aside. The cultures were incubated at 
37° C for 5 days. 

At the end of the incubation period, tritiated thymidine 
(specific activity 5-0 Ci/mmole}) was added to each tube 
to give a concentration of 1 wCi/ml. After incubation for 
2h at 37° C, the cells were washed once in cold physiological 


120 min 5 days leucocytes 
2,264 + 301 7,316 +1,768 1,409 + 200 
2,922 + 233 7,359 > 770 1,147 + 840 
Laie st 4,813 + 389 7i8 +127 

on 8,221 + &3 1,199 + 37 
— 7,060 + 314 768 + 29 
oo S115 +219 1,241 +167 
~— 7,368 + 494 1,629 + 138 


It seems pertinent that an irreversible process leading 
to blast cell transformation developed in leucocyte 
cultures from single subjects after contact for 60 min, or 
sometimes only 10 min, with cell-free medium derived from 
mixed leucocyte cultures. 
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Seed Agglutinin with Specificity 
within the Rhesus Blood Group System 


Many specific agglutinins from seeds are known for human 
blood groups; most are specific within the ABO and MN 
blood group systems'?. Some apparently non-specific 
seed agglutinins are, in fact, specific; for example, the 
agglutinin from Ricinus communis seeds? reacts with the 
chemical ground structure of the ABH and Lea blood 
group specific substances and is specific for the chemically 
similar pneumococeus Type XIV capsular polysaccharide. 

We report here a hitherto undescribed agglutinin for 
human erythrocytes in extracts of the seeds of Clero- 
dendron trichotomum (N.O.; Verbenacae). When tested 
in identical conditions against a comprehensive panel 
of red blood cells of comparable age and stored in the 
same conditions, the agglutinin was found to be distinctly 
less avid with only one sample of red cells—-the very rare 
Rhy. The panel included ~D~/-D-— cells. Titration 
showed a clear difference between normal and Rhou 
cells, the titre scores being as follows: normal cells, 113; 
Rhpyt cells, 22. There was no essential difference between 
normal and —~D—/—-D- cells. 

Landsteiner‘ defines serological specificity as the dis- 
proportionate action of a reagent on a variety of related 
substrata. The agglutinin from Clerodendron trichotomum 
may therefore correctly be described as specific. 

We must mention that the Rhayy red cells (obtained 
through the kindness of Dr Philip Sturgeon) had other 
blood group peculiarities, in that they were also H- 
negative, U-negative and i-negative. H-negative and 
U-negative red cells, which had normal Rhesus antigens, 
acted as strongly as all other red cells tested, however, 
except Rhpyn. Adult cells reacted as strongly as cord cells; 
the specificity of the Clerodendron trichotomum agglutinin 
is therefore not related to the lh system. 

Thus it seems that the specificity of the agglutinin is 
directed towards the Rhesus blood group system. We 
believe that this is the first seed agglutinin to be described 
which shows specificity within this system, although 
human auto-agglutinins with similar specificity are known. 

Because there is now evidence that a seed agglutinin 
“recognizes” the Rhesus system, it is hoped that a further 
search will provide seed reagents with the more common 
specificities, for example anti-D, anti-c. Further studies 
of the Clerodendron trichotomum agglutinins, serological 
and chemical, are in progress. 
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GENERAL 


Entropy, Evolution and 

Living Systems 

Ir has been suggested that a statistical distribution of 
entropy among a large number of entities will lead to a 


small percentage of them possessing a lower entropy than 
the mean value for the group as a whole!. To illustrate 





this point Campbell considered the example of the codhish — 
laying a million eggs. presen ya® 
tive ane of the entire biological world, for birds and 
mammals produce a very small number of egge and the 
higher mammals produce only one egg at a ume. Further- 
more, if such a statistical distribution of entrepy were 
possible in the biological world, a similar statistical dis- 
tribution should also exist in non-living systems; and 
for every spontaneous reaction, a small number of pro- 
ducts with decreased entropy should result. 
contrary to all known facts. 


It is not necessary to believe, as Popper? and Wool- oe 
house? suggest, that living systems are beyond the second > 


law of thermodynamics—which states that spontaneous 
reactions lead to an increase in entropy of the system and 
its surroundings combined. Any reaction can cause 
decrease in entropy of the system—which here is the 
living organism—provided this decrease 1s compensated 
by a large enough increase in the entropy of the surround. 
ings so that the combined system and sur? enaings 
acquire an increased entropy. This is precisely what is 
happening during biological evolution. It is not omy 
living organisms which undergo reactions leacing to a 
decrease in entropy. Such reactions also take place in the 
non-living world-——for example, the photochemical decom- 
position of ammonia and the ozonization cf ever 
require a negentropy which the surrounding suulight can 
provide. Living organisms also obtain negentropy from 
sunlight from metabolites such as carbohydrates and 
proteins. 
The information in the DNA molecules can se used in 
development only if the DNA is in contact with the other 
contents of the egg. The reactions within the egg leading 
to the development of the organism can take place pro- 
perly only if the environment of the egg and the phenotype 
Normal development 
depends on a congenial environment-—-environracnt being 


so far may be needed. | 
C, R. VISWASNADHAM 
57 Mehdipatnam, 
Hyderabad-28, 
India, 
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Apparent Sizes of Different Shapes and 
the Facility with which they can be 
identified 

Eacu of the shapes illustrated in Fig. 1 bas the same 
surface area but when comparing them most people agree 
that they appear to differ appreciably in size. From a 
study in which visual stimuli were presented within 


This, however, is not a representa. 


This is -o 








654 


angular contours, Fisher concluded that “. . . the apparent 
features of illusory patterns rather than their actual 
physical characteristics determine the probability with 
which near-threshold stimuli can be detected™!. If this 
statement refers generally to two-dimensional forms. then 
circular, square and triangular shapes should be identified 
in accordance with their apparent rather than their real 
sizes. 

To consider this prediction, twenty-seven photographie 
slides were made. Each slide displayed a shape in one of 
nine alternative positions. One shape was situated in the 
centre of the slide; the others were displaced from the 
centre by equal distances, above and below. to the left 
and right, to the upper left and right and to the lower left 
and right. The slides were exposed in a tachistoscope to a 
sample of fifty Royal Air Force trainee-pilots. The stimulus 


field was circular and its diameter subtended an angle of 


15° at the eye. The intensity of the exposure field was 
2-5 foot lamberts and that of the pre-exposure field was 
20 foot lamberts. The stimuli were presented in a 
randomly determined order, each for a period of 1/50 s. 
and this order was changed each time the experiment was 
carried out. A warning signal was given 2 s before 
exposure and the subjects were required to identify each 
shape by saying its name as soon as possible after exposure. 
Table 1 shows the mean number of times each shape was 
correctly identified. Had the stimuli failed to provide 
any information the responses would have been made by 
subjects on a chance basis whereupon all the mean values 
would be of the order of 3-0. The mean number of shapes 
identified correctly was 5-38. This value differs signi- 
ficantly from chance expectation (t=7-69; P< 0-001). 
Triangles were recognized more readily than squares 
(t=3:85; P <0-001)and so were circles (t=2-94; P < 0-01 ). 
More triangles were identified than circles but this differ- 
ence is not statistically significant (t= 1-03; P> 0-05), 


Table 1. FREQUENCIES OF CORRECT IDENTIFICATION FOR SHAPES OF THE 
SAME SURFACE AREA 
Shape Xx oy 
Triangle 6-10 0-26 
Circle 571 0-29 
Square 4°33 0-37 


This experiment shows that the ability to recognize a 
two-dimensional form is influenced by its apparent size. 
If this were the sole determinant. however, shapes of 
similar apparent sizes would be identified with equal 
facility. To determine the areas of the three shapes which 
appear to assume the same size a psychophysical study 
was made. The three shapes were prepared in nine sizes 
ranging from 529 mm? to 961 mm?! in increments of 
54 mm*, Twenty-seven examples of the central member 
of each set of shapes were mounted on cards, 160 mm 
long and 110 mm wide. Alongside each “standard” shape 
was mounted a further shape in one of the nine “variable” 
sizes. In this way eighty-one different stimuli were pre- 
pared. They were arranged in random order and shown 
to fifty individual subjects who were asked to judge 
which of the two shapes appeared to be the “larger” in 
each case. The results indicating the “points of subjective 
equality” (PSE) for both intra-shape and inter-shape 
comparisons are entered in Table 2. They show that 
areas of the same shape are judged very accurately 
because the first three PSE values do not differ signi- 
ficantly in size from the standard area. Judgments of 





Fig. 1. Shapes equal in surface area. 
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Fig. 2. Three shapes of similar apparent size, 


different shapes differ significantly, however; triangles 
being judged larger in area than both circles and squares 
and circles larger than squares. These findings accord 
with the studies made by Anastasi? and Warren and 
Pinneau’. 


Table 2. POINTS OF SUBJECTIVE EQUALITY OF THE SIX COMPAR ISONS MADE 
ISE 


‘ + 


Shapes compared n (mm) ôy t P 
Triangle—triangle 50 721-58 56 0-98 > 0-05 
Circle—cirele 50 717-34 5:73 1-96 > 0-05 
Square—square 50 733°40 504 0-84 > 0°05 
Triangle—cirele 100 884-30 12-01 11-88 < 0-001 
Circle-square 100 783-93 11-25 4-07 < 0-001 
Square—triangle 100 5690's 14-91 10-49 < 0:001 


This psychophysical study indicates that triangular, 
circular and square shaped figures with areas in the ratio 
570 : 674 : 729, respectively, should assume similar 
apparent sizes. Appropriate figures are illustrated in 
Fig. 2 and the reader might consider whether they appear 
to be of the same area. To test the hypothesis that 
shapes of the same apparent size are identified equally 
well, the first experiment was repeated using the shapes 
shown in Fig. 2. 

Table 3 shows the mean number of times the shapes 
were identified correctly. The rank-order of judgments 
remains the same as was observed in the original study, 
triangles being identified more readily than circles, which 
were recognized more readily than squares. The differ- 
ences, however, are much smaller than before. The 
triangle-square comparison differs significantly (t= 2-50; 


P<0-05: P>0-01), but the circletriangle (t=0-98; 
P>0-05) and the square-circle (t=1-76; P>0-05) 


judgments do not. 


Table 3. FREQUENCIES OF CORRECT IDENTIFICATION FOR SHAPES OF THE 
SAME APPARENT SIZE 
Shape x dy 
Triangle 7°35 0-36 
Cirele 6-87 0-3! 
Square 585 0-48 


The physical dimensions of stimuli used in experi- 
mental studies of visual perception are usually specified 
with appropriate accuracy. Graham* suggested that the 
size of the retinal image resulting from the presence of a 
stimulus in the field of vision may be determined from 
the physical dimensions of the stimulus and its location 
with respect to the eye of the observer. The outcome of 
the present study indicates that apparent rather than 
real size is an important determinant of the facility with 
which stimuli can be perceived. Thus it is important 
that this should be specified. Even when apparent size is 
equated the different shapes appear to influence identi- 
fication also and further studies are required to consider 
this problem. 

GERALD H. FISHER 
JEREMY J. FOSTER 
Department of Psychology, 
University of Newcastle upon Tyne. 
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BOOK REVIEWS 


MASTER MIND 


The Essential Writings of Erasmus Darwin 

Chosen and edited with a linking commentary by Desmond 
King-Hele. Pp. 223+4+16 photographs. (MacGibbon and 
Kee: London, 1968.) 45s. 


In recent times, Erasmus Darwin has been known chiefiy 
as the grandfather of Charles Darwin, rather than as a 
major figure in his own right. He was, however, one of 
the most influential men of the eighteenth century, both 
in science and literature. It is weil known that he outlined 
a theory of biological evolution, but it is not so well known 
that at the end of the eighteenth century, he was the most 
famous living English poet, and was described by Coleridge 
as “the first literary character in Europe, and the most 
original-minded Man”. By the middle of the nineteenth 
century he had been almost forgotten, and when remem- 
bered, was thought of as a comic character, the exemplar 
of the bad scientist, who threw out ideas without bothering 
to prove them, in contrast with that exemplar of a good 
scientist, his grandson, who spent a lifetime on establishing 
one idea. 

Dr King-Hele in his new and beautifully illustrated 
book has shown that Erasmus Darwin was a pioneer, 
through advancing new and correct ideas, inventions or 
techniques, in at least seventy-five important topics. 
These include the formation of clouds by adiabatic 
expansion, and the conception of warm and cold fronts. 
He deduced that hydrogen would be the main constituent 
of the outermost atmosphere, and estimated that at a 
height of 35 miles the air is 3,000 times rarer than at sea- 
level. He recognized that the aurora occurred at about 
this height. His views were unheeded, and a century 
later the measurements of the aurora planned for the 
International Polar Year of 1882 failed because they 
were based on the assumption that it occurs at a height of 
five miles. 

Darwin correctly explained artesian wells and sank one 
near his house in Derby. He forecast the building of 
skyscrapers and the crowding of towns with cars, and he 
prophesied in verse the construction of the Sydney Har- 
bour bridge. He was the first British author to recognize 
the role of phosphorus and nitrogen in fertilizers, and pro- 
posed the construction of sewage farms to conserve 
nutrients. He immediately accepted the new French 
chemistry, and challenged his British friends Watt and 
Priestley to explain the contradictions of the phlogiston 
theory. Dr King-Hele has reproduced drawings of what 
appear to be an oxygen-and-hydrogen rocket, and an 
expansion turbine. 

In his comprehensive theory of evolution, Darwin 
conceived the spontaneous generation of life from chemical 
constituents in primeval seas. He regarded life as having 
evolved from filament “molecules” not too unlike mole- 
cules of DNA. He described sexual reproduction as ‘‘the 
chef d'oeuvre, the masterpiece of nature’, because it 
provided variation. He recognized the notion of the 
struggle for existence, and the survival of the fittest. 

Besides having enormous range and penetration, Darwin 
put a large part of his scientific thought accurately and 
succinctly into verse. Dr King-Hele shows that Words- 
worth, Coleridge and Shelley were deeply influenced by 
him, and even when they began to write in another style, 
the impress of his ideas remained. 


Then, in the nineteenth century, his fame was almost 
extinguished. How is this to be explained? Dr ge 
Hele suggests that one cause was reaction against his — 
sympathy for the French Revolution and the advanced 
ideas that accompanied it. One may think, too, that the 
Romantie reaction against industrialism, with which 
Erasmus Darwin was intimately associated, also con- 
tributed. He was Matthew Boulton’s doctor, and a 
founder of the Lunar Society, the most influential mednim 
of interaction between science and industry at the begin- 
ning of the Industrial Revolution. 








Today it is being realized that men such as Erasmus- es 
Darwin had a human range greater than our own. They ăć o 


may be the kind of man we shall have to produce, if we- 
are to escape from the present rise of narrow-minded 
professionalism. 

Dr King-Hele’s book is a fascinating illustration of the 
value of combined accomplishment in both science and 
literature, and it is to be hoped that HM Department of 
Education and Science will draw on it for inspiration on the 
problems of the attitude of the arts student to science, 
and that arts departments in universities will look to it 
for insight on science and its relations with literature. 

J. G. CROWTHER 


RESTLESS EARTH 


The Heart of the Earth 

By O. M. Phillips. Pp. 236. 
1968.) $4.50. 

Ir is always interesting to have an account from an 
expert in one field or another. In this book Professor 
Phillips, fluid dynamicist and oceanographer, writes 
simply about the interior of the earth, the domain of the 
geologist and “solid earth” geophysicist. From the title 
of the book, one wonders if the author is making a topical 
allusion to recent medical advance and correctly suggesting 
that drastic surgery has been applied to the geophysicist’s 
model of the earth. 

For a revolution—it is not too strong a word to use— 
has occurred in this field in the past ten or twenty years and 
Dr Phillips’s book must be judged according to whether he 
has adequately conveyed the radical change of outlook 
and the wealth of new techniques, data and imaginative 
thinking which have caused it. The classical geophysicist’s 
idea of the earth was a simple one—the continent waa a 
thin crust on a rigid mantle of ferromagnesian silicates 
surrounding a fluid iron core. The chemical separation 
implied by the sharp boundaries of these layers occurred 
very soon after the earth’s origin and its physical evolu- 
tion was minimal thereafter. 

But the record of earth history so arduously wrung 
from the rocks by the geologists did not fit easily with the 
geophysicists’ earth. The geophysicist had produced a 
static earth where the source of energy (radioactivity) 
had been entirely concentrated within a few kilometres: 
of the surface, a wholly rigid mantle and physical proper- 
ties (density, temperature, pressure) which varied only 
with depth and not with latitude and longitude. The 
geologist had produced a “restless earth” in which move- 
ments, originating at depth, had continually uplifted 
and folded strata into mountain belts, and had broken 
the crust along great fault lines. These movements 
suggest a mantle in which great physical processes were 
occurring. Even the distribution of the recently active 
mountain belts and of the antipodal positioning of con- 
tinents and oceans suggested a variation of physical 
properties within the mantle-—not the radially symmetrical 
mantle of the geophysicist. 

The geologist really couldn’t quite see how the geo- 
physicist’s earth explained his observations; but the 
geophysicist found the geologists descriptions of what had 
happened in earth history unsatisfyingly qualitative. No 
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wonder there was not very much meaningful dialogue 
between them. The geophysicist became rooted (Nar- 
cissus-like) by the beauty of his mathematically elegant 
earth, and the geologist ceased to think about grand 
theories—a retreat from the standpoint of their nine- 
teenth century predecessors. 

Wegener’s theory of continental drift can now be seen 
to have been the imaginative idea which has in time 
transformed the subject. (In the United States continental 
drift is still a phrase not used in polite society—it is 
called sea floor spreading). 

Geophysicists have successively been converted (usually 
suddenly) to continental drift, each group in turn having 
previously vehemently argued that the theory was dis- 
proved by their own data. First to be converted were 
the palaeomagneticists, then came the heat flow experts, 
the isotope workers, the oceanographers, and now the 
geodesists. Soon, maybe, the seismologists will change 
their minds. 

This new vision of the earth's interior goes a considerabie 
way towards identifying convection currents in the earth’s 
mantle as the cause of continental drift, the topography 
of the ocean floor and the major tectonic movements, 
both compressional and tensional, in the continents. 

Professor Phillips’s account provides a record for the 
non-mathematical reader of this long search for an 
adequate theory of the interior of the earth. He explains 
the simple physical ideas which were the basis of our 
knowledge; mechanics, elasticity, and heat conduction. 
He helps us to come to quantitative terms with the earth 
by calculations which only require simple arithmetic. 
I feel, however, that he lingers too long on the classical 
picture and he does not adequately convey the excite- 
ment of the great changes which I have described. I think 
that, although he discusses continental drift and convection 
currents, he does not feel sufficiently at home with the 
new ideas to write entirely convincingly about them. He 
dismisses palacomagnetism in one lukewarm paragraph 
and ignores the remarkable fit of South America and 
Africa and the most convincing of the geological evidence 
for drift—the Permo-Carboniferous glaciation (surely one 
of the greatest scientific discoveries of the nineteenth 
century). 

Professor Phillips’s book will be useful to many, and 
not least to students in British university geology depart- 
ments, who will surely be soon requ iring an understandable 
introduction to modern geophysics. 8. K. Runcorn 


FAST REACTIONS 


Fast Reactions and Primary Processes in Chemical 
Kinetics 

Edited by Stig Claesson. Pp. 487. (Interscience (Wiley): 

New York and London, 1967.) 255s. 


THis book is a collection of the papers presented at the 
Nobel symposium on “Fast Reactions and Primary 
Processes in Chemical Kinetics”, organized by Professor 
Stig Claesson and held at Uppsala in August 1967. There 
ig nO apparent connexion between the Nobel symposia 
and the prizes, but the symmetrical dispositions in the 
group photograph of the winners of the 1967 awards, 
announced later in the year, is interesting. 

The selection of participants for invited conferences such 
as this or the Solvay meetings, for example, is always, 
necessarily, a puzzle to those left out. The dictum, 
attributed to Cherwell, that the pleasure in receiving 
public honours was in seeing who was passed over, pre- 
sumably applies to those invited here too. The feeling of 
exclusiveness is further engendered by Professor Porter’s 
remarks on the nanosecond club (page 476). 

The papers themselves are largely reviews of the fields 
of the various authors with particular emphasis on their 
own work. Much of it will be familiar to workers in par- 
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ticular areas but there is much to be gained from grouping 
together in a single volume, work with a variety of tech- 
niques on fields ranging from physical chemistry to bio- 
chernistry. 


Two important techniques omitted are the shock tube 
and the discharge flow method which have yielded impor- 
tant information on elementary processes. A further 
general omission was a contribution on the physics of fast 
measurements dealing with the limitations on information 
obtainable from rapid measurements. Witt has provided 
this in part in discussing the variety of methods he has at 
his disposal in Berlin but a separate account would have 
been helpful. 

At a review conference it is natural to look back, but 
many remarks mention lasers and molecular beams as if 
they were in the future rather than the present. Perhaps 
then the most important omission was those people work- 
ing with nanosecond techniques now. The inclusion of Dr 
Kupperman may have remedied this, although his paper 
described his elegant steady state photolytie technique for 
producing high energy deuterium atoms. 

As well as those mentioned already, there are also con- 
tributions by: Nikitin (energy transfer), Dainton (the 
chemistry of the electron), Eigen (proton transfer), 
Parker (triplet energy transfer), Weller (electron transfer), 
and Chance (electron transfer in biological systems). There 
are also papers by Prigogine, Oosterhoff, Vinnik, E. M. 
Eyring, Pacault, Wettermark, H. Eyring, and Gutfreund. 
Although it is invidious to choose in such company, I 
found the reviews by Norrish, Dainton, Porter, Eigen and 
Chance most stimulating and useful. 

Each paper is followed by one or two selected questions 
and answers and the nature of these highlights the 
difference between a “review” meeting and a “current” 
meeting such as the discussions held by the Faraday 
Society. In these even the printed version gives the flavour 
of the real ideas and thoughts which are exchanged during 
the, usually, lively discussion. Here the questions tend to 
show only almost a general satisfaction. 

The book was produced very rapidly after the meeting 
and is of a high standard. The editing as far as one can 
tell is good, although Witt’s first paper on methods of 
measurement is so ohviously taken from another book with 
its references to “chapters 4 to 87 (page 88) and “the 
following paper” (page 86). 

Because of its price, the book may be of less use than it 
should be, particularly because as a ‘Conference Proceed- 
ings” it will be hard to catalogue, find and reference. It is 
part of the “Nobel” series, but as the previous volumes 
were all on biochemical topics this is not an obvious place 
for a chemist to look for a book on fast reactions. The 
book is an ideal case for an earlier suggestion (Nature, 216, 
900; 1967) for a series, independent of individual pub- 
lishers, of conference proceedings in physical chemistry, 
for example. As such it would be easily found and 
referenced by someone interested. 

In short, I ike the bock but not the price. It should be 
in your library. PETER BORRELL 


UNORTHODOX PHYSICS 


Discovery in Physics 

By Leonard H. Greenberg. Pp. ix + 239. 
Philadelphia and London, 1968.) 40s. 
COLLECTIONS of experiments in elementary physics pub- 
lished in Britain tend towards a cookery-book style with 
assemblies of recipes which proceed linearly from the soup 
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to the savoury. Little room is left for the imagination of 
the apprentice cook. Mr Greenberg’s collection makes 
an interesting change for he has provided a textbook-like 
framework which can be read as a continuous narrative 
illuminated by the experiments themselves. The order 
proceeds from the meaning of a physical law through the 
concept of error to the numerical and graphical analysis 
of data, experiments illustrative cf the principles dis- 
cussed being brought together from the whole of physics. 
So, for example, the chapter on graphical analysis 1s 
illustrated by experiments drawn from optics (inter- 
ference and photometry), dynamics (trajectory and 
moment of inertia) and electricity (capacitance) as well as 
by a diverse collection concerned with growth and decay. 

Further chapters discuss experiments designed to 
measure certain physical constants, to illustrate physical 
analysis and to familiarize students with certain basic 
measuring instruments. In addition, tear-out report 
sheets are provided for each experiment. 

Originating in Canada, the book is designed for a 
freshman college laboratory and the level is about that 
of the sixth form, The experiments include some very 
familiar ones (for example, an exploration of the field 
near a magnetic dipole, the measurement of the moment 
of inertia of a disk, Newton’s rings and, even. the specific 
gravity of a coi) and some whieh are less familhar (for 
example, the illustration of the Doppler effect using a 
trolley mounted speaker and the measurement of the 
muzzle velocity of a bullet). In a few cases, specially 
selected or specially modified equipment is used, and here 
the descriptions offered are somewhat vague. For 
example, the photo-cell suggested for use in a determina- 
tion of Planck’s constant 1s inadequately described. This 
is unfortunate, for the method is well known for its 
difficulty. On the other hand, it is good to see photo- 
graphic techniques being used, even if the camera advo- 
cated is of the expensive Polaroid type. 

This is a book of some interest, then, but with little 
direct application to British courses. Sixth form physics 
teachers and the supervisors of practical work offered to 
courses of physics which serve other disciplines would 
certainly be stimulated by reading the text and a copy 
for the laboratory reference shelf would be a useful 
acquisition, E. J. WENHAM 


TESTING POLYMERS IS COSTLY 


Testing of Polymers 


Vol. 3. Edited by John V. Schmitz and William E. 
Brown. Pp. xi+379. (Interscience (Wiley): New York 


and London, 1967.) 185s. 


VOLUME 3 of Testing of Polymers shows that the series is 
at last gaining some coherence, with seven of the eleven 
chapters being devoted to measurements of various surface 
properties. The chapters range in length from 9 to 63 
pages, and their scope and quality vary between equally 
wide limits. The initial chapter on “Facilities for Testing 
Polymers” hints that this volume will be as bad as its 
predecessor. These fears are, however, not completely 
justified. 

Undoubtedly the best article is one on “Wear Festing” 
by F. M. Gavan, which provides a splendid contrast with 
& chapter in the previous volume. Discussion is limited 
to studies of abrasion, but the approach is applicable to 
other aspects of wear. The principles underlying various 
testing machines are described, and correlation (or lack 
of it) both between different tests, and between laboratory 
testing and actual performance is discussed critically. 
Running through the article is a series of quotations 
exemplifying that there is no standard interpretation of 
the term “wear”. 

Other worthwhile articles include “Indentation Hard- 
ness Testing’? and “Introduction to Surface Property 





Testing’. This latter article consists entirely of a series 
of references to standard and other published tes 
methods, and perhaps this approach might have been. 
preferable to that generally adopted—provided that all 
references really are “restricted to key articles of primary 
importance”. 7 

Far too little attention is paid in practice to “The 
Influence of Specimen Shape and Preparation”, and the 
chapter on this subject contains good advice and useful 
information. It would have been better still with more 
careful editing; for example, presumably gas permeability 
under standard conditions can have more logical units. — 
than ‘“‘cee(STP)/100 in®”. 

The one outstanding feature of the article on “Teme 
perature Effects” is that it illustrates several three- 
dimensional graphs showing the variation of a parameter 
as a function both of frequency and temperature. If 
nothing else, these plots underline the futility of hoping 
that a single simple test will characterize a polymeric 
sample. Otherwise this article has little to offer, the dis- 
cussion being vague and the 102 references of variable 
worth. Eleven references are to three standard texts, 
reading any one of which would give a better introduction 
to the subject. (1 hope that the reference on page 76 to 
“plain polarized” light is a printer's error.) 





Two articles are little more than descriptions of special- 
ized uses of plastics. The testing content is so small that 
their place in the present volume would seem unwarranted. 
Finally, 44 pages are devoted to a list of selected period- 
icals, texts and publishers. There are several obvious 
omissions, and no indication is given of the merit or 
relevance of each entry. The list is very widely spaced 
out, and is merely a revision of that given in volume I. 

Even allowing for high production costs, limited sales 
and the devaluation of sterling, the book does not repre- 
sent good value for money; large print, wide margins 
and numerous illustrations give an overall effect of 
spacious elegance-—-or expensive padding. A polymer 
technologist whose library has already bought this book 
will undoubtedly find it of use; but there are better ways 
of spending £9 5s. Od. 

The series can be recommended as a guide for tech- 
nicians working under inadequate supervision; in other 
circumstances, however, the recommendation is subject 
to certain reservations. D. W. HADLEY 


GENERAL AND GAS 


Advances in Chromatography 
Vol. 5. Edited by J. Calvin Giddings and Roy A. Keller. 
Pp. xvi+317. (Arnold: London; Dekker: New York, 


1968.) 135s. 
Tais volume contains six articles. The first, by E. 
Soczewiriski, gives a fairly full theoretical treatment of 


zone migration in partition systems. In common with 
other theories of chromatography, a number of assump- 
tions are made which do not always hold good in practice. 
Nevertheless, the author’s principles are a guide to the 
prediction and control of migration rates. The importance 
of the “Rm” concept is stressed, especially for its appli- 
cation to structural studies. This article directs attention 
to Polish contributions to the subject, which may not be 
widely known. The article by P. L. Kirk is a timely 
review of chromatographic applications to analysis of 
toxic substances, of particular interest for toxicologists 
and pharmacologists. The literature coverage is fairly 
comprehensive and up to date, but surprisingly, relatively 
few German references are quoted. 

The use of cellulose and substituted cellulose for colurnn 
chromatography of inorganic substances would not appear 
to be a fruitful topic for discussion. Synthetic ion exchange 
resins have long been successfully established for this 
purpose. Nevertheless, R. A. A. Muzzaralli, in his article, 
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shows that cellulose and its derivatives have scope for 
analysis and separations, now that a wide variety of these 
products are available with well defined properties. 

The next three articles come under the heading of gas 
chromatography. This form, more than any other, 
depends on the automatic recording of the issuing com- 
ponents by the detector. Manual interpretation of the 
plots for identification and quantitation can be time- 
consuming. The author of the first article CH. Wilson 
Johnson, jun.) beheves that it is possible to achieve this 
stage automatically. He discusses in detail the technical 
problems involved and his article should help to hasten 
the time when the gas chromatogram becomes com- 
pletely automatic from start to finish. The next article 
is an up to date survey by A. P. Altshuler of atmospheric 
analysis by gas chromatography. It includes develop- 
ments in detectors of such high sensitivity that concen- 
tration of trace quantities of pollutants from large 
amounts of air are unnecessary. Atmospheric pollution 
analysis has its own special problems and the technical 
developments which should overcome them are discussed. 
The final article, by J. D. Wineforder and T. H. Glenn, 
covers non-lonization detectors. In general these are less 
sensitive than ionization detectors, but are more selective 
and hence of advantage for identification. The many 
different types of non-ionization detector are discussed, 
including those of very recent development. 

Like its predecessors this volume contains something 
of interest for all who use chromatographic methods. It 
continues the artificial division of chromatography into 
“General” and “Gas”. If the latter is so important, does 
it not deserve a separate “Advances”? R. ConspEN 


EUCLIDEAN AND NON-EUCLIDEAN 


Foundation of Euclidean and Non-Euclidian Geometries 
According to F. Klein 

By L. Rédei. (International Series of Monographs in 

Pure and Applied Mathematics, Vol. 97.) Pp. x+400. 

(Pergamon: Oxford, London and New York, 1968.) 

150s. 


For some two thousand years after Euclid, mathemati- 
cians tried to prove—on the basis of the other axioms 
the Parallel Postulate, which may be stated in the follow- 
ing form: given a line in a plane and a point not on the 
line, there exists a unique line in the plane passing through 
the point and parallel to the given line. It was Gauss who 
first showed the impossibility of the task by constructing 
a consistent geometry in which the postulate is false but 
the other axioms remain true. Two such non-Euchdean 
geometries exist: hyperbolic geometry (due to Lobachev- 
ski and Bolyai), in which there are at least two lines 
through the point parallel to the given line, and elliptic 
geometry (due to Riemann), in which there is no line 
parallel to the given line. 

Klein’s “Erlangen Programm’ of 1872 suggested that 
a geometry is the theory of the properties of a set invariant 
under a given group of permutations of the set. Professor 
Rédei has written a unified axiomatic treatment of three- 
dimensional elliptic, hyperbolic and parabolic (Euchdean) 
real geometry. The axioms are separated into four types— 
axioms of incidence, betweenness, continuity and motion. 
The entire book then consists of deriving the basie pro- 
perties of the geometry obtained by successively adding 
the different types of axioms. First, the projective 
closure R of the affine geometry KR realized from the 
axioms of incidence is considered; then, the group of 
all collineations of R. The three geometries aimed at all 
have groups which are sub-groups of the collineation 
group and are thus sub-geometries of that of R m Klein’s 
sense. 
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The theorem which finally establishes the three different 
geometries depends on the improper points (those points 
of R not in R) and the proper lines (those lines of & 
which contain at least one proper point). It is shown that 
there are three possibilities: (i 


These cases give rise respectively to elliptic, parabolic 
and hyperbolic geometry. The consistency of each 
geometry is demonstrated by an analytie model. 

The book provides a complete account of the foundations 
of the subject, so much so that there is little room at the 
end for further development. It is fundamental but not 
elementary and is not recommended as an introduction 
to the subject. It will be, however, a basic reference 
which, despite the generous number of misprints, every 
library should possess and, indeed, which only a library 
could afford. JAMES HIRSCHFELD 


PHARMACOLOGY FOR STUDENTS 


Pharmacological Principles and Practice 
By J. P. Payne and W. D. M. Paton. 
(Churchill: London, 1968.) 75s. 


Most teachers of pharmacology of experience will prob- 
ably agree on certain demands they would like to make 
on a new textbook of pharmacology for medical students 
(1) It should be short, because at whatever period of the 
curriculum the student is introduced to pharmacology, 
the demands of all subjects are steadily increasing. 
(2) It must not be overloaded with the names of drugs 
in the same category and with the same principal action. 
The number of drugs has so much increased in the past 
decades that the beginner will even have difficulties to 
memorize the names of those compounds which have 
been chosen to represent a given group of drugs. (Quoting 
a large number of closely related drugs is, of course, 
necessary when structure-action relationships are to be 
discussed, but once these relationships are understood 
there is no need to memorize the whole series.) (3) Recent 
advances in biochemical pharmacology must be duly 
considered. In most medical schools the student has a 
better basis of biochemistry than he had only five years 
ago and the pharmacologist not only can but should build 
up on that to indicate that we are approaching an era 
in which not only the “pharmacology of organs” but also 
the cellular action of drugs is beginning to be understood. 
(4) Pharmacological concepts are frequently so closely 
intermingled with physiological ones that some overlap 
with textbooks of physiology is unavoidable. This can 
be reduced to the right measure if the approach is in- 
tegrative rather than descriptive. (5) The student is 
usually at a stage of his studies when he is longing to 
apply himself to clinical problems. A textbook for medical 
students should therefore ilustrate analyses of drug 
actions by references to clinical experiences whenever 
possible. 

The book fulfils all these criteria. It is a clear and 
comprehensive account of the subject. There is a good 
selection of papers and review articles appended to each 
chapter, if the student wishes to read further. Its first 
chapter is a masterly account of the principles of general 
pharmacology and one marvels that the authors were 
able to put so much into so few pages. It might be objected 
that the accounts of the action of individual drugs which 
follow are too dogmatic but this is a “good” fault. Non- 
dogmatic statements could only be introduced at the 
price of explaining controversial drugs more fully, other- 
wise the student will be confused or will appear to be 
critical without understanding the reasons for his criticism. 


Pp. ix+ 417. 
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Some exceptions, however, may be indicated. For ex- 
ample, on page 188, it might have been made clearer why 
some physicians refuse to use quinidine in the treatment 
of atrial fibrillation. 

As in any book, there are small blemishes which can 
easily be put right in the next edition. For example, 
Wenckebach was Dutch, not German, and the name of 
the discoverer of the hypnotic action of chloral hydrate 
was Liebreich. On page 291, pitressin (which does not 
appear in the index) is used as a synonym for vasopressin, 
although lower down on the same page it is quite cor- 
rectly defined as a preparation of this hormone. To sum 
up, however, this is an excellent book which can be 
thoroughly recommended to the medical student. 

H. HELLER 


PLANT NUTRITION 


Ernahrung und Stoffwechsel der Pflanze 

By Konrad Mengel. Dritte, umgestaltete und verbes- 
serte Auflage. Pp. 436. (VEB Gustav Fischer Verlag: 
Jena, 1968.) 34 MDN; 68s. 


No book on plant nutrition in Gerrnan suitable as a text- 
book has had as many editions in rapid succession as the 
one by Mengel, its third edition within eight years having 
been published recently. This does not only indicate 
that this work has been popular with both students and 
university teachers; the book is also likely to be much 
used for reference in the field of fertilizing. In keeping 
with the importance increasingly attributed to the basic 
facts of plant nutrition, both im biochemistry and in 
molecular biology, the new edition begins with a com- 
prehensive presentation (188 pages) of the biochemistry 
of plant metabolism, while the physiology of plant 
nutrition is treated in the following 90 pages. The third 
part (143 pages) deals with the special effects and the 
importance of the individual plant nutrient elements and 
thus offers a theoretical introduction to fertilizers. Corres- 
ponding with the limitations given by the title of the book, 
the technology of fertilizer manufacture and fertilizer 
application is not discussed. So the book can only be 
used as a textbook for one part of the subject “plant 
nutrition”. 

Whereas the biochemical part of the book offers for 
students an excellent survey, the pertinent basic facts of 
molecular biology have not been given an adequate amount 
of attention. The reviewer would like to see some illustra- 
tions of the functional components of the cells and of the 
plasma, the “living system” in plants, as shown by the 
electron microscope. For example the structure of the 
chloroplast might be discussed in more detail than is done 
on page 177. Here the book should be amplified, both 
regarding its text and the illustrations. The author is to 
be commended for his detailed diseussion of plant growth 
regulators; this section of the book should receive 
special attention in future editions. The second part of 
the book deals primarily with the relationships between the 
absorption and the effect of plant nutrients on the one 
hand, and their effect on the quantity and quality of its 
yield on the other. The physiology of the formation of 
plant yield, that is to say, the mechanisms of the pro- 
cesses of growth and development of plants, as well as 
their endogenous controls and the external factors 
influencing these processes, are moving more and more into 
the focus of our interest. For this reason, I should like 
to see listed in the index not only the factors of growth, 
but also growth itself, and I should also like to find it 
discussed in more detail in the text. As to plant—water 
relations, I missed a discussion of the interactions between 
soil and plant, with respect to water relations. In connex- 
ion with the law of yield it would have been nice if the 
author had dealt with the economies of it, and if he had 
discussed more closely the reasons for yield reductions 
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(detrimental factors in the law of yield), and the possi- ae 
bilities of eliminating these factors. On pages 271 and 272 | 


important references to literature are omitted. 

These remarks are in no way intended to disparage 
the book; they are rather to be taken as suggestions to 
help the author in preparing the next edition, which, so 
the reviewer hopes and feels tempted to predict, this 
excellent book wil have in the near future. 

Hans LINSER 


DEVELOPING NERVES 


Aspects of Neural Ontogeny 

By A. E. W. Hughes. Pp. x+249. (Logos Press: 
London, in association with Elek Books, 1968. Distribu- 
ted by Academic Press, New York and London.) 63a. 


ARTHUR HuGues has given a good boost to neuro- 
embryology this spring. Not only have we the publication 
of his book, but also that of the Ciba Foundation sym- 
posium on Growth of the Nervous System, a symposium 
largely engineered by him last June. The two books 
constitute a most welcome synthesis of information in this 
field, which usually receives scant attention in neurological 
textbooks. 

The central theme of the “Aspects” is the mteraction 
between the nervous system and peripheral organs 
(mainly the tetrapod limb) during development. Four 
aspects are dealt with in separate chapters, namely, 
the development of the neuron ; the innervation of the 
tetrapod limb; the interaction between the centre and 
the periphery; and the ontogeny of behaviour. A brief 
concluding chapter takes stock of the development of 
neuroembryology itself, putting into general perspective 
the major contributions of such workers as Ross Harrison, 
Detwiler, Piatt, Coghill and Weiss. In pursuing his 
theme, the author naturally draws extensively on his 
own work on Amphibia, much of which has been 
concerned with neural ontogeny in the tiny anuran 
Eleutherodactylus. Hughes is a master with amphibian 
larvae, and many will welcome the book as a comprehen- 
sive reference to the numerous experiments he has carried 
out with them. These range from all kinds of elegant 
graftings and extirpations to the more pedestrian but 
nevertheless fascinating determinations of the cellular 
degeneration that accompanies the development of the 
ventral horns of the spinal cord. Outside the Amphibia 
the author is mainly concerned with reporting, collating 
and summarizing the work of others, and on the whole 
this is competently done, though there are one or two 
places where he tends to get lost. 

I enjoyed the book and acquired a lot of useful informa- 
tion from it. It is a pity that the aspects dealt with in 
the four chapters emerge more as a collection of separate 
essays than as an integral whole. This is partly as a 
result of the occasional repetition of information as if it 
had not already been given in a preceding chapter, which 
produces the same sort of discontinuity as at a party when 
your host introduces you twice over to the same guest. 
The chapter on the ontogeny of behaviour inevitably 
stands somewhat apart, but the rest would perhaps benefit 
from more cohesion. The text is liberally illustrated with 
drawings, graphs and diagrams, though no photographs; 
a few plates would be a tremendous improvement, even 
if it meant reducing the number of figures. The book 
reads well mainly because of the author's infectious 
enthusiasm for the subject, and once infected one becomes 
temporarily immune to the occasional pedantry. I could 
detect only three errors that escaped correction in proof, 
and one of them, the “myotactic’ reflex (page 197), is a 
common spelling mistake. 

This is the first book on neuroembryology to be pub- 
lished since Coghill’s Anatomy and the Development of 
Behaviour (1929) and Detwiler’s Neuroembryology, an 
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Experimental Study (1936). A progress report was thus 
long overdue, and the author has risen to the occasion 
with distinction. Davip BARKER 


BAEDECKER OF THE BRAIN 


The Human Brain in Figures and Tables 

A Quantitative Handbook. By 8. M. Blinkov and I. T. 
Glezer, Translated from the Russian by Basil Haigh. Pp. 
xxxii + 482. (Basic Books and Plenum Press: New York, 
1968.) $25. 


Tais is described as a quantitative handbook and marks 
the beginning of the quantitative epoch in neurosciences 
as distinct from the usual descriptive works on the brain. 

A large part of the book is text but more than 160 
pages are devoted to tables at the end and there are over 
1,000 references, largely from the English literature. It 
is, however, more than a dull collection of figures, for 
the information is arranged with originality throughout 
the text. 

This is a fascinating, almost encyclopaedic, collection 
chiefly about histological measurement with tantalizingly 
brief references to electrophysiological measurements such 
as conduction velocities in particular fibre groups. 

One of the most important chapters is on techniques of 
quantitative measurement: a very interesting and 
critical analysis of quantitative techniques used in 
neuroanatomy describing common errors and how to 
avoid them, It is full of formulation for calculating brain 
volume from measurements of sections, but it still in- 
eludes an unusually practical discussion of errors intro- 
duced during microtome sections. There is information 
on the external dimensions of the brain and cord, the 
number and total volume of neurones, three fascinating 
chapters on the cerebral cortex detailing its volume, 
surface area and the number and dimensions of its cells. 
The chapter on cranial nerves is exceptionally detailed 
with quantitative data on nuclei and information cor- 
relating the statistical information obtained on cells and 
their fibres. The authors have gathered a vast amount 
of information and they have chosen to comment wisely 
and interestingly on much of the information presented. 

It is not a book to read from beginning to end, but 
each page conveys information obtained only laboriously 
from works of scholarship in a variety of languages. It 
has been described as a Baedecker of the nervous system: 
an apt description because it excels in fact rather than 
opinion. The information is weighty, exhaustive and 
extraordinarily impressive. 

The title is something of a misnomer because a great 
deal of the information relates to animal work, not 
human, although generally the text is arranged so that 
human and animal results are clearly discernible. In this 
way it is possible to see the vast amount of information 
available on animals and the paucity of human measure- 
ments. It also reveals our inadequate knowledge about 
structures which many would regard as familiar. An 
invaluable reference book for the neurohistologist, this 
neural encyclopaedia will have a very wide appeal. 

Epwarp HITCHCOCK. 


ANIMAL PARADE 


The Procession of Life 

By Alfred 8. Romer. Pp. viii+ 323448 plates. (The 
Weidenfeld and Nicolson Natural History.) (Weidenfeld 
and Nicolson: London, 1968.) 63s. 


In The Procession of Life Romer extends his evolutionary 
writings to cover the main groups of animals from proto- 
zoans to man. The search for the selective forces respons- 
ible for the evolution of these groups provides the unifying 
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theme. Understandably, Romer devotes more space to the 
vertebrates than to the invertebrates. But to read a 
vertebrate palaeontologist’s views on the evolution of 
invertebrates is refreshing. The case he makes, for 
example, for the relationships of the invertebrate filter- 
feeders and the derivation of the echinoderms from them 
may not be either origmal or profound but the simple 
approach makes its point and helps the general reader to 
think through this crowd of little-known animals. He 
has picked on the chief morphological resemblances 
between groups to emphasize them at the expense of 
other less obvious attributes. This treatment applied to 
arthropod segmentation, for example, makes sense to the 
general reader and the student beginning zoology. 

The Procession of Life must be one of the few books 
covering the whole animal kingdom that is likely to be 
read by beginners. But in his effort to be acceptable to 
these readers the author uses a casual style which, on the 
positive side, may be said to give confidence but, on 
the negative, becomes irritating and, in some cases, 
damaging to the thesis. Romer is, as he himself points 
out in the first chapter, a strict Darwinian selectionist 
and therefore when he writes ‘‘many mammals have 
modified their limbs into efficient hoofed running organs” 
he does not mean that some internal striving of the 
animals has brought this about. The author is writing 
in the casual way that zoologists talk which, though pro- 
ducing vivid images, is misleading. 

It is pleasant to find new diagrams of a high standard 
throughout. A particularly good one of the phylogeny of 
fishes makes it obvious that there are no diagrams of 
invertebrate phylogenies and only one other to cover 
the rest of the vertebrates. It would have been good to 
see the author take the risk of committing himself pic- 
torially to some invertebrate relationships. But his 
attitude to writing on invertebrates is apologetic. 

Some exciting new reconstructions of fossil vertebrates 
have been prepared for this book and the choice of 
photographs of living animals, particularly of mammals, 
is Ingenious. The selection and the juxtaposition with the 
fossil reconstructions has the unusual effect of making 
modern animals look just as fantastic as some think their 
predecessors. 

The book is well produced but marred by the curious 
pedantry of the London editor. The spelling Paleocene 
is changed to Palaeocene throughout the book except in 
the index. Hippopotami and hyraces remain unchanged 
throughout the book and one hyrax has a separate entry 
in the index. WILMA GEORGE 


FISH PRODUCTION 


Methods for Assessment of Fish Production in Fresh 
Waters 

Edited by W. E. Ricker. (International Biological Pro- 

gramme Handbook, No. 3.) Pp. xiii +313. (Blackwell 

Scientific Publications: Oxford and Edinburgh, 1968. 

Published for the International Biological Programme.) 

37s. 6d. 


Tse publication of this handbook marks an important 
step forward in the field of fisheries research. It has been 
produced primarily for the guidance of young graduates 
taking part in the International Biological Programme all 
over the world, but it will find its way to the bookshelves 
of the more experienced worker as well as the uninitiated. 

In thirteen chapters written by nineteen international 
experts the basic techniques of fisheries work are well 
described and illustrated. Although the title of the book 
suggests that the assessment of the production of fish in 
fresh waters is the main purpose of the work, anyone who 
is at all concerned in the major fields of fisheries research 
will find it has something to offer him. 

The work includes useful chapters on sampling methods; 
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marking and tagging; age and growth; eggs and rearing 
of larvae; food and digestion rates; mortality; fishery 
management and particularly good chapters dealing with 
population numbers and ratio of mortality and production. 
The latter paper includes the most up to date mathe- 
matical formulae for the assessment of production and 
directs attention to the desirability of making separate 
assessments of the production of sexual products and the 
production of somatic tissue. 

Two particular aspects of sampling fish populations 
recur in several chapters and demonstrate how much 
is still to be accomplished in basic work. The recognition 
of individual fish is deemed highly desirable for many 
experimental purposes and tagging of most species is still 
a very serious problem. The second aspect, selectivity of 
gear, is referred to time and again by different authors 
and it is important that users of this handbook are made 
aware of the very real limitations of some sampling 
methods when unbiased samples are required for ecological 
studies, and that vast opportunities remain for discovering 
and developing new methods of catching fish. 

An important section of this book is the reference list 
of 34 pages listing some 700 papers in many languages. 
This will be especially useful for the worker with limited 
access to library facilities. 

The editor and authors must be congratulated for the 
speed with which this book has been published—-only one 
year from the date of the technical meeting at which it 
was planned. The book is written in English; is it too 
much to hope that in the not too distant future it may 
be available in other languages too? It is international 
in concept and deserves to be of international repute. 

JEAN C. MCCORMACK 


HOW TO FIND OUT 


How to Find Out in Philosophy and Psychology 

By D. H. Borchardt. (The Commonwealth and Inter- 
national Library of Science, Technology, Engineering and 
Liberal Studies: Library and Technical Information 
Division.) Pp. vil +97. (Pergamon: Oxford, London and 
New York, 1968.) 20s. 


THis book, by the chief librarian of La Trobe University, 
Australia, aims to give a “broad introduction to the 
literary guides to philosophy and psychology”. Four of 
the six chapters (excluding the introduction) are about 
bibliographies, the other two cover dictionaries and 
encyclopaedias, societies and associations. It is not a 
select bibliography of these subjects, and those who come 
to it for some indication of the major texts, series, period- 
icals, and so forth, will be disappointed. Within the 
limited terms of reference it ean scarcely be faulted on 
its basic content: the major guides are here, and the 
citations are up to date. The omission of the recent 
International Encyclopaedia of the Social Sciences makes 
the chapter on encyclopaedias defective—but, of course, 
this is no criticism of a work the preface of which is 
dated November 1966. 

One could question the choice of topics in the chapter 
on “specialized fields”. Child psychology, tests, psy- 
ehiatry and mental health, and psychoanalysis seem a 
somewhat arbitrary representation of the subfields of 
psychology; and if Exerpta medica is to be mentioned 
under psychiatry, why not Index medicus? I find the 
author’s note on his principles cf selection here not 
altogether convincing. At the other end of the seale the 
omission of many general bibliographies—-major national 
bibliographies, for example—mught also be questioned. 
Naturally one cannot expect each title in a series such 
as this simply to repeat such sources, and the author does 
refer to the general guide, Dr Chandler’s How to Find Out. 
Nevertheless, such sources as the catalogues of the 
Library of Congress and the British National Bibliography 


should not be overlooked whenever, in practice, the =. à 
deficiencies of subject bibliographies would make their > 


use imperative—as, for example, in philosophy, where the 
current bibliographies are inadequate. 

The book seems to go well beyond the needs of the 
“intelligent layman” and the “student, especially at 
undergraduate or senior college level” for whom it is 
intended. The author refers to 186 works, many in foreign 
languages and of earlier periods--an inventory of major 
sources that would seem more appropriate to the needs 
of subject librarians and research workers (though the 
omissions of guides to research, for example, would reduce 
its value to both). Additionally, the combination of 
narrative style and historical approach frequently obscures 
outstanding current sources: for example, in the chapter 
on dictionaries the importance of English and English is 
noted but not demonstrated. The alphabetical listing of 
sources at the end of the book, though valuable for 
identification, cannot remedy this limitation. Similarly, 
the form approach can result in the “loss” of an important 
work. For example, in the section on guides to the 
literature, Daniel and Louttit is not mentioned (having 
been classified under handbooks}. History and form 
sometimes take precedence over function: in the section 
on current bibliographies in psychology the student will 
learn more about the development of bibliographies than 
the characteristics and uses of the various types. 

It is, perhaps, unfair to mention such limitations in so 
short a review. Certainly it would be inexcusable to end 
without stating that this book will be extremely valuable 
in plugging a gap in subject bibhography. 

C. D. NEEDHAM 


CORRESPONDENCE 


Tobacco and Tobacco Smoke 


Sir, —Although we normally accept the convention that 
authors should not comment on statements made by 
reviewers on their books, we feel, however, that if such 
statements contain errors of fact which might mislead the 
reader, corrections are in order (Nature, 219, 98; 1968}. 

Dr Passey refers to calculations on one of our experi- 
ments published in 1953, and to more recent studies, in 
terms of biological response when animals receive tobacco 
“tar”. We have repeatedly emphasized that to begin to 
compare experiments from one country with another or 
even one laboratory with another can only properly be 
done if at least the same dose has been apphed. We know 
of no experiments done m the early part of the 1950s 
which permit such a comparison to our early study. In 
subsequent years, there has been a reduction m tumori 
genic activity of tobacco “rars” which we have related to a 
marked change in the make-up of cigarettes (page 142). 
Our present results are quite similar to those reported by 
Day. As a matter of mathematics, when Dr Passey notes 
that Day reported only 3 per cent of malignant tumours of 
7,875 mice, he included in this figure mice recerving a low 
“tar”? dose (25 mg) and even the control animals which 
obviously received no “tars”. For example, among mice 
receiving 100 mg of stored condensate three times a, week, 
14-85 per cent developed carcinoma of the skin. Thus the 
actual percentage of malignant tumours m the study 
animals treated with “tar” roughly corresponds to the 
dose applied by us and is similar to our findings today (15 
per cent; Nat. Cancer Inst. Monogr., 28, 168; 1968). ` 

Dr Passey states also that the fact that the incidence of 
ancer of the oral cavity is relatively stable while cancer of 
the lung is increasing speaks against a direct carcinogenic 
action of tobacco smoke because the contact of tobacco 
smoke is greater in the oral cavity. For one thing, the 
incidence patterns of these two cancer sites cannot be 
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strictly compared with cigarette smoking, for oral cavity 
cancer has been shown to relate to cigar and pipe smoking as 
well as to tobacco chewing, the former two having a rela- 
tively small relationship to lung cancer. What has changed 
in the last 20-30 years is not so much the number of tobacco 
users as the number of cigarettes smoked. Perhaps more 
pertinent is the fact that the absorption of particulate 
matter of tobacco smoke for which carcinogenic activity 
has been demonstrated in animals is significantly greater 
in the lungs than within the oral cavity of man (page 91). 


ERNEST L. WYNDER 
DIETRICH HOFFMANN 


Sloan-Kettering Institute for Cancer Research, 


New York. 


Not the Mysticism but the Science of Numbers 


Srr,—We have been stimulated, as was no doubt intended, 
by the recent editorial criticisms (Nature, 217, 793; 1968) 
of the papers of Professor Derek de Solla Price to reply, 
for misunderstanding of the trends and objectives of the 
so-called science of science is evident. 

Science is indeed an immaterial cultural product of the 
intellects (and hands) of people but nevertheless has a clear 
concrete basis in the means of its generation, propagation 
and use. The situation that in producing science actual 
people produce actual documents and artefacts, expending 
real money, time and energy in the process, invites 


physical measurement. In recent years such measure- 
ments have been made with steadily increasing frequency 


and care. 

At the time (1652) when John Graunt, Citizen of 
London, published his book “Natural and Political 
Observations ... made upon the Bills of Mortality. With 
reference to the Government, Religion, Trade, Growth, 
Ayre, Diseases, and the several Changes of the said City”, 
sclence was not yet one of the estates of the realm or John 
Graunt would have examined it. Today, however, the 
sheer volume of science, or R & D as it appears in the 
statistics, is, m terms of people engaged in it, in the USA 
for example, increasing towards 5 per cent while the pro- 
portion engaged in basic agriculture is falling towards 5 
per cent. Science, in its material aspects, as a complex 
developing system involving people, information, materials 
and money, invites study in terms of statistics, cybernetics, 
systems analysis and other appropriate modern tech- 
niques. 

This study is required not only “because the object for 
study is there” and represents an intellectual challenge to 
the understanding, but because science (if most broadly 
interpreted) consumes 2-3 per cent of our GNP and 
because we believe that the progess of science and of our 
material prosperity may be interconnected. We similarly 
believe on statistical grounds that lung cancer and 
cigarette smoking may be causally related. The relation- 
ship between science, technology and society can also be 
discussed in this way, although, of course, as in the 
biological case, all methods likely to show up the detailed 
mechanisms must also be tried. 

The aim of the science of science is the construction of 
theoretical foundations for the organization, planning, 
management and prognosis of science. These foundations 
must be built from a solid corpus of observations and 
experiment which will satisfy the criteria of science that 
they could be repeated by any competent observer who 
takes the trouble to do so. It is possible that a broad 
theoretical understanding of the phenomena of science 
may not result, but it is nevertheless a legitimate hope 
that on the basis of scientific study the number of variables 
with which those planning science have to deal may at 
least be reduced. An experienced gardener gets to know 
at least some of the conditions essential for the develop- 
ment of his plants. But for what is Professor Price 
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criticized ? Mainly for the attempts to introduce quanti- 
tative estimates into the study of a human activity. We 
suspect that the emotional response to this is similar to 
that greeting the demand for “one man, one vote” whieh 
is a crude attempt to quantize politics. At the same time 
the emotional response to the appearance of “The Double 
Helix”, which shows that science is all too human, indi- 
cates that a probe from the opposite direction is also 
striking truth. 

We ask the question directly: is it possible to charac- 
terize live scientists and real scientific institutions by 
quantitative indices which summarize information and 
illuminate key features of the system ? 

An attempt to describe the love affair of Romeo and 
Juliet in numerical terms might appear unpromising, but. 
science is not entirely powerless in this matter. First, the 
drama (according to Shakespeare at least) has a structure 
developing in time through the stages: enunciation of the 
components; development of the conflict; the crisis; the 
resolution of the crisis and the description of the resulting 
steady state. Second, science has explicit information 
even on the processes of love, and poets neglect the findings 
of molecular biology, of ethology and of communication 
systems (such as those employing pheromones) at their 
peril. Studying love is admittedly difficult, but prowess 
at the intellectual activity of chess is easily quantized and 
the Grand Masters are found by counting pomts. Science 
is surely somewhere in between. 

Science undoubtedly has aspects which can be measured 
statistically or modelled as systems and, if we do not try 
to measure them, then someone else will. We must point 
out that some hundreds of people are now engaged in 
activities on these lines, so that Price is not alone. 

No one may know in advance the day of death of an 
editor of Nature but, following Graunt, the operation of 
insurance companies is based on the experimental 
measurement of the probability of just such occurrences. 

The interesting preliminary correlations found by Price 
indicate that, as in the case of lung cancer, there is some- 
thing worth detailed study. 

We try to use statisties with responsibility. We find, for 
example, that in a sequence of 53 kings a run of four dying 
on the same day of the week is to be expected with a 
probability of | in 7 so that we do not need to attribute 
the deaths of the Georges to the malignity of Saturday. 
The genetics of porphyria has much more relevance. 

Similarly in the study of science itself, statisties indicate 
that there may be things to be explained by detailed study 
of the actual mechanisms. Here, the work of the estab- 
lished historians of science, if they can be persuaded to 
bring their studies up to the science of the present day, 
provides the basie facts. 

Needless to say, as in all branches of science, the science 
of science can only advance (in the way in which John 
Ziman describes in ‘Public knowledge”) by the growth of 
a corpus of knowledge which after criticism is accepted by 
the scientific community. We think that already in the 
science of science there is a coherent. body of accepted fact 
enough to define it as a respectable field of study. In this 
stage editorial blasts will not blow it away; new observa- 
tions and alternative theories based on the existing facts 
are needed to disturb the structure which Professor Price 
has begun to set up. 
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APPOINTMENTS VACANT 


APPLICATIONS are invited for the folowing appointments on or before the 
dates mentioned: 


BIOCHEMIST, Basic GRADE (Probationary or Post-Probationary) in the 
DEPARTMENT OF HAEMATOLOGY—The Personnel Officer, Royal Infirmary, 
Edinburgh (August 12). 

TECHNICIAN in the BIOLOGY SkcTION of the University Examination 
Laboratories, Brunswick Square, WC1—The Clerk to the Senate (52/N), 
University of London, Senate House, London, WC] (August 12). 

LECTURER or ASSISTANT LECTURER (with a good honours degree in physi- 
ology or related subjects, or with medical qualifications registrable in the 
UK) in PuyswLi0ocy—The Registrar, The University of Manchester, Man- 
chester, 13, quoting Ref. 141/68 (August 16). 

TEACHING and RESEARCH FELLOW in PSYCHOLOGY with reference to 
sociolinguistics-—-The Registrar, University of York, Heslingtcn, York 
(August 16). 

LECTURER, GRADE II (well qualified academically and able to teach to 
degree level) in ANIMAL PHYSIOLOGY—The Principal, Barking Regional 
College of Technology, Longbridge Road, Dagenham, Essex (August 17). 

SENIOR RESEARCH ASSISTANT in the DEPARTMENT OF CIVIL ENGINEERING 
for work in connexion with the design and behaviour of flexible road pave- 
ments—The Registrar, The University, Nottingham, NG7 2RD (August 17). 

VISITING PROFESSOR in the DEPARTMENT OF BOTANY at the University of 
Khartoum (person appointed will be a member of the academic staff of the 
University of Reading throughout the period (38-4 vears) of appointment 
although seconded to Khartoum)—-The Secretary, Overseas Service Unit, 
Whiteknights, University of Reading, Reading, Berkshire (August 19). 

LECTURER (Clinical) in the DEPARTMENT OF PATHOLOGY in the Faculty of 
Medicine and Dentistry--The Assistant Registrar, The Medical School. 
University of Birmingham, Birmingham, 15 (August 20), 

TEMPORARY ASSISTANT LECTURER in the DEPARTMENT OF CIVIL ENGINEER- 
ing-~The Registrar, University of Nottingham, University Park, Notting- 
ham (August 20). 

RESEARCH ASSISTANT (With a PhD in theoretical physics or applied mathe- 
matics or equivalent research qualifications) in Puysics for density matrix 
work on one-body potentials incorporating electron interactious in the band 
theory of metals—-The Registrar, The University, Sheffield (August 21). 

ASSISTANT LECTURER or LECTURER in the DEPARTMENT OF CHEMISTRY 
with duties in inorganic or physical chemistry-——The Registrar, The Uni- 
versity, Keele, Staffs (August 23). 

CHAIR OF EDUCATION at the University of Sydney, Australia—The Sec- 
retary-General, Association of Commonwealth Universities (Branch Office), 
Marlborough House, Pall Mall, London, SW, or The Registrar of the 
University (Australia, August 23). 

CHAIR OF PATHOLOGY at the University of Sydney, Australia—The 
Secretary-General, Association of Commenwealth Universities (Branch 
Office), Marlborough House, Pall Mall, London, SW), or the Registrar of the 
University (Australia, August 23). 

LECTURER (honours graduate in electronic or electrical engineering, physics, 
metallurgy or chemistry with recent experience in the field of solid state 
electronic devices) in the DEPARTMENT OF ELECTRICAL AND CONTROL 
ENGINEERING—The Academic Registrar (LEG), University of Surrey, 
Battersea Park Road, Londen, SW11 (August 23). 

LECTURER in PHYSICAL CHEMISTRY at the University of Sydney, Aus- 
tralia—-The Association of Commonwealth Universities (Brerch Office), 
Marlborough House, Pall Mall, London, SW1 (Australia and London, 
August 23). 

SCIENTIFIC OFFICER, PHYSICIST Or SOIL PHYSICIST (With a good honours 
degree in natural sciences) to collaborate in studies on soil water available 
to plants, and to investigate the exploitation of soil water by crop root 
systems--The Secretary, National Vegetable Research Station, Welles- 
bourne, Warwick (August 24). 

ASSISTANT LECTURER IN SocloLogy—The Secretary, Birkbeck College 
(University of London), Malet Street, London, WC1 (August 26), 

Heap (with hich academic qualifications and experience of the analysis of 
soils, plants or related materials by emission spectro-chemical techniques and 
of direct reading equipment, together with a knowledge of the application of 
such methods to agriculturalinvestigations) of the DEPARTMENT OF SPECTRO- 
CHEMISTRY-——The Secretary, The Macaulay Institute for Soil Research, 
Craigiebuckler, Aberdeen, Scotland (Angust 26). 

LECTURER (qualified in the field of social psychology and research interests 
in this field, and preferably interests in the field of individual differences) 
IN PsYCHOLOGY—-The Secretary, Birkbeck College (University of London}, 
Malet Street, London, WCE (August 26}. 

RESEARCH ASSOCIATE or SENIOR RESEARCH ASSOCIATE in the SCHOOL OF 
PHYSICS for research concerned with the determination of the pattern of 
convection currents in the earth’s mantle, a hypothesis necessitated by 
continental drift—Head of the School of Physics, The University, Newcastle 
upon Tyne (August 28). 

LECTURER IN BIOLOGY (in the field of animal ecology) at the University of 
Sydney, Australia—The Association of Commonwealth Universities (Branch 
Office), Marlborough House, Pall Mall, London, SW1 (August 20). 

LECTURER Or ASSISTANT LECTURER (with either a medical or dental quali- 
fication) in ORAL PaTHoLogy—The Registrar, The University, Sheffield 
(August 31). 

PRINCIPAL (with appropriate academic and professional qualifications and 
suitable experience in higher technological education and/or in industry) OF 
DUNDEE COLLEGE OF TECHNOLOGY-~The Clerk and Treasurer, Dundee 
College of Technology, Bell Street, Dundee, Scotland (August 31), 

RESEARCH ASSISTANT (preferably with a good degree in zoology with 
interests in physiology or parasitology) in PARASITOLOGY in the DEPART- 
MENT OF ZOOLOGY to investigate the energetics of host-parasite relationships 
in tapeworms—The Registrar (MW/Z), Queen Mary College, University of 
London, Mile End Road, London, El (August. 31). 

RESEARCH ASSISTANT (veterinary graduate) in the DEPARTMENT OF 
VETERINARY PREVENTIVE MEDICINE at the Veterinary Field Station, Nestor, 
Wirral, Cheshire, to assist in teaching at the Field Station and on the associa- 
ted farms-——-The Registrar, The University, PO Bex 147, Liverpool, quoting 
Ref, RV/611 (August 31). i 

SENIOR LECTURER/LECTURER (with a higher degree and/or corporate 
member of the Institution of Electrical Eng neers, and preferably with 
research and teaching interests in one of the following fields: teleeommuni- 
cations, microwave, radar, digital computers and materials science) in 
ELECTRICAL ENGINEERING at the University of Hong Kong-—The Secretary- 
General, Association of Commonwealth Universities (Branch Office). Marl- 
borough House, Pall Mall, Landon, SW1, or the Registrar of the University 
(August 31). i 

LECTURER (preferably with experience in the field of high temperature 
chemistry and willing to teach and do research in extraction metallurgy) 
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in the general field of CHEMICAL METALLURGY—The Registrar, University 
of Sheffield, Sheffield (September 1). 

POSTDOCTORAL RESEARCH FELLOWS (with a PhD degree or awaiting the 
result of a PhD examination, or with research publications revealing equiva- 
lent status) in the HUMANITIES, SOCIAL SCIENCES, PHYSICAL SCIENCES and 
BIOLOGICAL SCIENCES—The Registrar, University of Sydney, Sydney, New 
South Wales, Australia (September 1). 

RESEARCH FELLOW (with substantial experience in electronics and/or 
television) in EDUCATIONAL TECHNOLOGY to work on problems associated 
with the technology of computer based learning——The Secretary, Chelsea 
College of Science and Technology, Manresa Koad, Lendon, &WS 
(September 1). 

ASSISTANT LECTURER or LECTURER (prepared to assist in the teaching of 
geology to students of civil engineering and elementarv and advanced 
levels, to provide a course in aspects cf engineering geology for geology 
students at honours level, and to engage in research in engineering geology) 
in ENGINEERING GEOLOGY—-The Registrar, The University, PO Box 147, 
Liverpool, quoting Ref. RV/612 (September 4). 

SENIOR BIOCHEMIST (with a first- or second-class honours degree in bio- 
chemistry or physiological chemistry or equivalent, and three vests 
experience) with the Dublin Health Authority—The Secretary, Local 
Appointments Commission, 45 Upper O'Connell Street, Dublin 1, Republic 
of Ireland (September 4). 

SENIOR LECTURER or LECTURER IN SOCTAL ANTHROPOLOGY In the DEPART- 
MENT OF SOCIOLOGY and SOCIAL ANTHROPOLOGY-—-The Registrar, University 
of Hull, Hull (September 4). 

LECTURER IN PHARMACOGENETICS in the NUFFIELD UNIT OF Mentean 
GENETICS—-The Registrar, The University, PO Box 147, Liverpool, quoting 
Ref. RV/808/N (September 5). i 


SENIOR LECTURER/LECTURER in INORGANIC CHEMISTRY: and a TgCH- 
NICAL ASSISTANT (Grade B) at Rhodes University, Grahamstown, South 
Africa—The Association of Commonwealth Universities (Branch Office), 
Marlborough House, Pall Mall, London, SWI (South Africa and London, 
September 14). 

ASSISTANT LECTURER IN BOTANY in the DEPARTMENT OF BIOLOGICAL 
SCIENCES— The Secretary, Wye College, near Ashford, Kent (September 16), 

CHAIR OF ORTHOPAEDICS and TRAUMATIC SURGERY at the University of 
Sydney, Australia—-The Secretary-General, Asseciation of Commonwealth 
Universities (Branch Office), Marlborough House, Pall Mall, London, SWI 
(Australia and London, September i6), 

PROFESSOR OF PHYSICS at Rhodes University, Grahamstown, South Africa 
—The Secretary-General, Association of Commonwealth Universities 
{Branch Office), Marlborough House, Pall Mall, London, SWI (September 
16). 

SENIOR LECTURER] LECTURER In APPLIED MATHEMATICS at Monash 
University-—fThe Academic Registrar, Monash University, Clayton, Vietoris, 
Australia; or the Secretary-General, Association of Commonwealth Uni- 
versities (Branch Office), Marlborough House, Pall Mall, Londen, SW 
(September 16). 

CHAIR OF Botany-—The Registrar, The University, Sheffield (September 
23). i 

CHAIR OF PHARMACOLOGY — The Secretary to the Curators, The Wniver- 
sity, Old College, South Bridge, Edinburgh, Scotland (September 30). 

LECTURER/SENIOR LECTURER (with training and research experience in 
pharmacology and preferably a veterinary qualification) in PoaRMaconocy 
at Massey University, Palmerston North, New Zealand-—-The Secretary. 
General, Association of Commonwealth Universities, Marlborough House, 
Pall Mall, London, SW1, or the Registrar of the University (New Zealand 
and London, September 30). ) 

RESEARCH STATISTICIANS to assist in developing statistical techniques 
using a modern computer, for a wide range of work in agricultural sciences, 
(a) SCIENTIFIC OFFICER (with at least a good honours degree in mathematics 
or statistics, preferably with some knowledge of agriculture or biology, or in 
economics or an agricultural science with some knowledge of statisties): 
and (b) an ASSISTANT EXPERIMENTAL OFFICER (with a degree in subjecta as 
above)—The Secretary, Rothamsted Experimental Station, Harpenden 
Herts (September 30). . í 

CHAIR OF MATHEMATICS at Victoria University of Wellington, New 
Zealand—-The Secretary-General, Association of Commonwealth Universities 
(Branch Office), Marlborough House, Pall Mall, Londen, SW1 (October 31), 

ASSISTANT LECTURER in the DEPARTMENT OF SOCIOLOGY-——The Registrar, 
The University, Keele, Staffs. f i 

ASSISTANT LECTURER (preferably with an interest in protozoclogy) in 
ZGOLOGY—-The Registrar, University of Manchester, Manchester, 13, quoting 
Ref. 129/68/Na. : 


years’ postgraduate experience) of the GENETICS DEPARTMENT-—The Sec- 
retary, Animal Virus Research Institute, Pirbright, Woking, Surrey. 
LECTURER, Grade FJ, in the DEPARTMENT OF MEDICINE, College of Medicine 
of the University of Lagos, for duties which will inchide teaching of medical, 
dental and nursing students and clinical responsibility for patients in hospital 
ae The Inter-University Council, 33 Bedford Place, Londen, WC, 
LECTURER OT ASSISTANT LECTURER (preferably with special interests in the 
field ofsocial psychology, but applicants with interests in social anthropology, 
social institutions, social administration and political socielegy will be 
considered) in the DEPARTMENT OF SocioLeGy, University of the West 
ee Jamaica—The Inter-University Council, 33 Bedford Place, London, 
_ LIFE SCIENCES LIBRARIAN (with a good honours degree and a qualification 
in librarianship or information science}—The Registrar, University of 
Bradford, Bradford 7, Yorkshire. i 
RESEARCH ASSISTANT (graduate in biochemistry, nutrition or related 
fields) in NUTRITION to join a research programme concerned with the 
consequences of dietary amino imbalance-—Professor D, Lewis, Department 
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of Applied Biochemistry and Nutrition, University of Nottingham School 
of Agriculture, Sutton Bonington, Loughborough, Leicestershire. 

RESEARCH ASSISTANT (PhD or equivalent experience) to work on cytology 
including electron microscopy and autoradiography of rhodophyceae—The 
Registrar (MBEG/B), Queen Mary College, University of London, Mile End 
Road, London, EL 

RESEARCH ASSISTANT (preferably with a degree in zoology or allied sub- 
jects) for work in experimental embryology and organ cvlture—Agricultural 
Research Council Poultry Research Centre, King’s Buildings, West Mains 
Road, Edinburgh, 9, Scotland. 

RESEARCH ASSISTANT (preferably with experience of ultra-high vacuum 
techniques) in the DEPARTMENT OF CHEMISTRY for studies of imaging of 
atoms absorbed on metals by fleld ion microscopy—Dr D. W. Bassett, Depart- 
_ of Chemistry, Imperial College of Science and Technology, London, 

RESEARCH FELLOW IN BIOLOGICAL PATTERN RECOGNITION—Dr D. Rosen, 
Physics Department, Chelsea College of Science and Technology, Manresa 
Road, London, SW3. 

RESEARCH FELLOW (with a PhD or other postgraduate experience) in 
METALLURGY, $o join a team studying the properties of protective oxides and 
interfacial reactions in relation to corrosion—The Registrar, University of 
Nottingham, University Park, Nottingham. 

RESEARCH TECHNICIAN (with a knowledge of chemistry) in the BIGANALYSIS 
AND CANCER LABORATORY—Dr E. Reid (Director), Biochemistry Depart- 
ment, University of Surrey Annexe, 14 Faleon Road, London, SW11. 

SENIOR TECHNICIAN (with experience in working with small animals and 
preferably Associate of the Institute of Animal Technicians) to take charge 
of the Animal House in the Bute Medical Buildings, and to be responsible for 
the organization of work related to breeding, husbandry, ordering of supplies 
and administration—The Secretary, University of St Andrews, College Gate, 
St. Andrews, Scotland. 

TECHNICAL OFFICER (graduate or non-graduate with suitable experience) 
in ELECTRON Microscopy to be responsible for the routine use of the equip- 
ment and to become involved in the researches in progress-—~Professor G. 
Chapman, Department of Biology, Queen Elizabeth College, University of 
London, Campden Hill Road, London, WS. 

TECHNICAL OFFICER (with a relevant degree or equivalent qualification) 
in the DIVISION OF BIOLOGICAL STANDARDS, to undertake immunological 
standardization and research including purification of immunoglobulins and 
probably immunofluorescent techniques—-The Personne! Officer, National 
Institute for Medical Research, Mill Hill, London, NW7. 

TECHNICIAN/JUNIOR TECHNICIAN in the DEPARTMENT OF ORSTETRICS and 
GYNAECOLOGY for work with steroid biochemistry-—The Secretary, St Marv’s 
Hospital Medical School, Paddington, London, W2. 

TECHNICIAN (preferably female, with some experience in microscopy and 
animal care) in the DEPARTMENT OF GYNAECOLOGY for experimental work— 
Clerk to the Governors, St Bartholomew’s Hospital, London, ECI, quoting 
Ref. ASC/1504 and Project Na. 842. 
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Seravac announce 


ENLITE 


water insoluble 
catalytic reagents 


(1) Enzite is an enzyme modified by attachment to a 
solid matrix. 


(2) Enzite is water insoluble but retains the specific 
enzyme catalytic activity. 


(3) Enzite is simply removed from the reaction 
mixture by filtration or contrifugation and can be 
re-used. 


(4) Enzite can be used in the form of a column. 


(5) Enzite is stable, easily manipulated, and non-sticky. 





Enzite Availability 


The following enzymes are available at present 


Trypsin Enzite-TRY Code CM-A3/BT 
Chymotrypsin Enzite-CHT Code CM-A3/BC 
Ribonuclease Enzite-RNase Code CM-A4/BR 
Glucose Oxidase Enzite-GO Code CM-AP/AGO 
Ficin Enzite-FIC Code CM-AT/F 
Papain Enzite-PAP Code CM-1/T 


All the facts about ‘Enzite’ are contained inthis brochure. 
Please write for a complimentary copy to: 


Seravac Laboratories (PTY) Limited, 
Moneyrow Green, 
Holyport, Maidenhead. 


SAH OR ERK REPRE A ERE ERRER ERED EERE OEE Ree REE 


SRR EK HARE REE REREAD ANE ROR E RE RR REE 


Seravac products are available in the U.S.A. from 
Gallard-Schlesinger Chemical Mfg. Corp. 
584 Mineola Avenue, Carle Place. L.i. N.Y, 11514 
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A New Journal 


Radiation Research | 
Reviews 


Editors: G.O. PHILLIPS (Salford) and 
R.B. CUNDALL (Nottingham) 

Consultant Editor: F.S. DAINTON, F.R.S. 
(Nottingham) 





The objective of RADIATION RESEARCH RE- 
VIEWS is to secure from leading research workers 
throughout the world review papers giving broad 
coverage of important topics on the physical and 
chemical aspects of radiation research. 


Contents Volume 1, No.1. 

The radiolysis of aliphatic and alicyclic hydrocarbons 
G.R. Freeman (Edmonton, Alberta, Canada) 

Gas-phase photolysis of hydrocarbons in the photo-ion- 
ization region. P, Ausloos and S.G. Lias (Washington, 
D.C.,U.S.A.) 


Contents Volume 1, No.2, 

Absorption spectra of intermediates formed during radio- 
lysis and photolysis. A. Habersbergerova, I. Janovský 
and J. Teplý (Rež near Prague, Czechoslovakia) 

Methods of production of solvated electrons and their 
chemical and physical properties. J.K, Thomas (Ar- 
gonne, HL, U.S.A.) 

Primary radical and molecular yields in aqueous solution; 
the effect of pH and solute concentration. G.V.Buxton 
(Leeds, Great Britain) 

Fundamental processes of inert-gas sensitization 
B. Brocklehurst (Sheffield, Great Britain) 


Contents Volume 1, No.3. 


The radiolysis of carbon dioxide. A.R. Anderson and 
D.A. Dominey (Harwell, Great Britain) 

The radiation chemistry of aqueous glasses, D.M. Brown 
and F.S. Dainton (Nottingham, Great Britain) 

Electronic energy transfer in irradiated aromatic mate- 
rials.R. Voltz (Strasbourg, France) 


Contents Volume 1, No.4. 

The radiolysis of non-polar organic liquid mixtures 
J. Kroh and S, Karoiczak (Lodz, Poland 

Radiation chemistry of alcohols, ethers and ketones in 
condensed states. J, Teply (Rex near Prague, Czech- 
oslovakia) 


RADIATION RESEARCH REVIEWS appears in 
four issues per approx, yearly volume. Subscrip- 
tion price per volume Dfl. 90.00 plus Df. 3.00 
postage or equivalent (£10.9.6 plus 7s. or US$25.00 
plus US$0.85). 





Send orders to your regular bookseller or to: 


ELSEVIER PUBLISHING COMPANY | 
P.O. BOX 211, JAN VAN GALENSTRAAT 335 
AMSTERDAM (THE NETHERLANDS) 


gence Elsevier 


Publishing 
Company 














Classified Advertisements 


All copy is subject to the approval of the Pub- 
lishers, who retain the right to refuse or 
withdraw advertisements ac their discretion, 
The Publishers will not be Hable for any loss 
occasioned by the failure of any advertisement 
to appear from any cause whatever, nor do 
they accept liability for printers’ errors, 
although every care is taken to avoid mistakes, 
Semi-displayed £6 per single column inch. 
Minimum £3, each additional 1/12ch of an inch 
Qs. Full page £158, Half page across £80. 
Colour {orange} £20 extra. 2/6 is charged 
for the re-direction of replies to advertise- 
ments with a box number, 

ADVERTISEMENTS SHOULD BE ADDRESSED 
TO: T. G, Seoce and Son, Limited, | Clement’s 
inn, Strand, London, W.C.2. Telephone: 


01-405 4743, Telegrams: Texcualist, London, 
W.C.2. 








APPOINTMENTS VACANT 





ZAMBIA 
FISHERIES STATISTICIAN 


Applications are invited from male gradu- 
nies in mathematics or statistics. 


Duties: to review current statistical pro- 
grammes, and plan and execute other pro- 
gramings relating to the exploitation of the 
natural fisheries. 


Age Limits: 24 to $0 years. 


Basic salary Kwachas!,944 to 4,464 per 
anmum (fsterling},134 to 2,604), An ip 
ducement allowance at present in the range 
of sterling243 to 429 is also payable. 
Terminal gratuity 25 per cent. In addition 
a supplement at present in the range of 
fsterlingi745 to 260 per annum is payable 
direct to an officers home bank accourt. 
Roth gratuity and supplement are normally 
tax free, 


Free passages, generous allowances, etc. 
Contract 24 to 36 months. 
Candidates should apply to: 


Appointments Officer, 

MINISTRY OF OVERSEAS 
DEVELOPMENT, 

Room 203, 

Eland House, 

Stag Place, 

Victoria, SWL 


giving full names. age, qualifications and 
brief detalis of experience, quoting refer- 
ence RC 2359/132702. (S31) 


ALBION SUGAR CO. 


is a medium sized company based in Wom- 
wich, manufacturing brewing sugars, maize 
starch and glucose syrups, for the brewing, 
confectionery, soft drinks and pharma- 
ceutical industries and currently under- 
going a period of modernisation and 
capital investment. it is par: of an imer- 
national group ef companies centred in 
Holland with affliated companies in the 
U.K. and possessing considerable research 
facilities. It is sow intended to expand 
research and development in Woolwich, 
directed initisily towards the brewing in- 
dustry, and we wish to appoint a chemist 
Candidate 
should possess an honours degree in 
chemistry or bicchemistry and have ex- 
perience of brewing. The suecessful ap- 
plicant is likely to be in the age group 
39 to 40. Salary will be dependent upon 
experience and qualifications, but will be 
substantial for the right candidate. 


Applications, giving educational back- 
ground and experience to date, should be 
addressed to Personne] Manager, 


ALBION SUGAR CO. LTD., 
ALBION WHARF, 
WOOLWICH, 38-E.18. 


to take charge of this activity. 


(4063 
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Microbiologist 


The British Food Manufacturing In- 
dustries Research Association are seek- 
ing a fully experienced Microbiologist 
to join their expanding research team 
in Leatherhead, 

The Association is a world leader in 
carrying out long term basic funda- 
mental research and short term investi- 
gations into technical problems con- 
nected with the manufacture, packag- 
ing, storage and shelf life of a wide 
range of foodstuffs. 

The man required will preferably have 
had six years postgraduate, proven, ex- 
perience of undertaking research at a 
fundamental level in some aspect of 
microbial physiology. 

The successful candidate will be aged 





approximately 30 with at least an 
upper second in microbiology, prefer- 
ably with a higher degree. He must 
possess a personality which will enable 
him to control the work of graduates, 
and which will secure the confidence 
of members on personal contact. 

An excellent competitive salary is 
offered for this post and the Research 
Association supplies full fringe bene- 
fits. 

Applications, which will be treated in 
the strictest confidence, should be ad- 
dressed to: The Director, British Food 
Manufacturing Industries Research 
Association, Randalls Read, Leather- 
head, Surrey. Telephone: Leatherhead 
4124, ext. 54, for application form. 


BFMIRA 





(337) 


ORGANIC CHEMIST 


We have a vacancy in the Chemical Laboratories of our 
Research Department at Welwyn Garden City for an 


organic chemist. 


We are looking for a man with first 


class honours, followed by a Ph.D. and some post-doctoral 


experience. 


He should have in addition a particular 


interest in biochemistry or biology. 


We are a member of one of the world’s leading chemical 
and pharmaceutical organisations. For further information, 
write in confidence, quoting reference RC. to the Staff 


Officer at:— 


ROCHE PRODUCTS LIMITED 
15 MANCHESTER SQUARE LONDON WIM 6AP 





(492) 
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RETURN TO 
IN BRITAI 


Are you a British scientist or engineer thinking of returning to work in 
research and development in Britain? You may find what you are looking 
for, without going home first, in the Scientific Civil Service, the United 
Kingdom Atomic Energy Authority, or the Central Electricity Generating 
Board. And your family fares back to this job may be paid. 






The work is mainly applied, in that it has a practical end in view, but 
fundamental research is frequently involved. The order of the categories in 
which openings are most numerous is (I) physics, engineering, materials 
science and mathematics, (lH) chemistry, (IH) biochemistry. 


Permanent Appointments are on offer mainly as Scientific Officer and 
Senior Scientific Officer (or their equivalents), for which candidates will 
most likely be between the ages of 23 and 31. 


Research Fellowships are prestige awards, offered to scientists and 
engineers of exceptional ability, usually for 2-3 years. Fellowships may 
lead to Permanent Appointments. 


A Selection Board composed of practising research scientists and 
engineers, drawn from R&D establishments in the three organisations, 
will be interviewing In :— 

WASHINGTON 13thto 22nd Nov- CHICAGO 10th April to 22nd April, 
ember, 1968: categories (l!) & (IH). 1969; all categories. 


NEW YORK 28th Novemberto11th SAN FRANCISCO 29th April to 
December, 1968; category (1). 9th May, 1969; all categories. 


OTTAWA 16th January to 5th Feb- 
ruary, 1969; all categories. 


if you are interested in jobs of our kind, would you please write to one of 
the following—!MMEDIATELY, to give us maximum time for finding out 
which research establishments might be especially interested in you. 


If you are in the U.S.A. if you are in Canada 

Mir. R. G. Voysey, Director, Mir. H. G. Sturman, Senior 
United Kingdom Scientific UKAEA Representative in 
Mission, British Embassy, Canada, P.O. Box No. 1245, 
Washington, D.C. 20008. Deep River, Ontario. 


issued jointly by the Civil Service Commission, the U.K. Atomic Energy 
Authority, and the Central Electricity Generating Board. 


875) 








MME 
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RESEARCH — cas RON AAD). Foon 


SGIENTISTS age 
To supervise and direct a research program concerned 


with the analysis and biochemical properties of trace 


Food and Drug Directorata contaminants of biological and metallic origin that are 
potentially hazardous to man. Present studies include the 


> characterization and analysis of fungal toxins, insect meta- 
re e bolites and naturally occurring carcinogens, 
ea an eifare 


PROTEIN CHEMIST (B) 
OTTAWA Pharmacology Division 
rr S FTTR ten Up to $16,900 
ae 


To conduct research on the structure, activity and rela- 
tionships of protein hormones and co participate in 
research programmes involving endocrinclogy and bioassay 





y R: techniques, ; 
; fy y% i For position A preference will be given to an experienced 
i scientist of proven ability and leadership. For position B 
| PU B LI C ; while preference will be given those with experience in 
ms . ; structural analysis of proteins, consideration will be given 


mn ; to more recent graduates with specialization in protein 

SER \ [€ F i chemistry. 
MANAICQCIO WN Résumés or requests for additional information should be 
COMMISSION i submited to the BIO-PHYSICAL SCIENCES PROGRAM, 
OF CANADA PUBLIC SERVICE COMMISSION, OTTAWA 4, CANADA, 


quoting reference 68-100. 
bie aes ge eas ae aad z (487) 


RUMINANT NUTRITIONIST — 
ASSISTANT PROFESSOR 


The Department of Animal Science, Ontario Agricultural College, University of 
Guelph, Ontario, Canada, requires a faculty member for teaching and basic research 
in ruminant netrifien. Modern chemical and anima! laboratories will be available for 
various avenues of investigation, 

Candidates mast have a PhD. or the equivalent with major emphasis in nutrition 
and biochemistry. Salary will be commensurate with educational qualifications and 
experience, 


NON-RUMINANT NUTRITIONIST— 
ASSISTANT PROFESSOR 


The Department of Animal Science, Ontario Agricuhural College, University of 
Gueiph, Gueiph, Ontario, Canada, requires a faculty member for teaching and basic 
research in nen-rumiaant nutrition, particularly swine. Modern chemical and animal 
laboratories will be available for various avenues of investigation with initial priority 
of investigation being in the area of minerals and vitamins. 

Candidates must have a Ph.D. or the equivalent with major emphasis in nutrition 
and biochemistry. Salary will be commensurate with educational qualifications and 
experience, 

Persons interested in either position are invited to send curriculum vitae, grade 
transcripts, lists of publications and references, speciai qualifications and interests to: 

Dr. J. C. Rennie. 
(334) Chairman of Department. 


National Research Council of Canada 


SENIOR PHYSICIST 


Applications are invited for the post of Director of a major research 
division of the National Research Council. The laboratories con- 
cerned are located in Ottawa and have a total staff of approximately 
200 of which about 75 are professionals. Although the emphasis is 
on applied research, a substantial amount of fundamental research 
is also undertaken, The fields of research include acoustics. optics, 
mechanics, electricity, solid state physics and radiation physics. 


Those interested should write in confidence, giving a brief description 
of their background, to: 
Secretary of the Council, 


National Research Council of Canada, 
Ottawa 7, Canada 
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BROOKE BOND RESEARCH 
LABORATORIES 


BLOUNTS COURT, 
SONNING COMMON, 
READING. BERKS 


A vacancy exists for a 


SCIENTIST 


or 


TECHNICIAN 


to work on the chemistry of food flavours. 
The work would involve the formulation 
of food flavours for experimental products 
and studies of effects of storage on the 
favours of such prodnuets. 


Applicants should have either a B.Se. or 
H.N C. in chemistry, although those 
possessing an O.N.C. in chemistry will be 
considered provided they also have experi- 
ence in the food industry. Experience of 
vapour phase chromatography would be 
an advantage. 


The salary will be commensurate with 
age and experience. The Company oper- 
ais a contributory pension scheme, and « 
staff restaurant is available for lunches. 


Applications should be sent to the Ad- 
ministrative Officer, at the above address, 
quoting reference TS/F, (491) 





TECHNICAL ASSISTANT FOR 
PESTICIDE RESEARCH 


We have a vacancy for a man aged 18 
to 22 with “A” level Biology or Zoology. 
TA” Jevel Chemistry would be an added 
advantage. The job involves the labor- 
atory testing of candidate chemicals as 
insecticides. 


Conditions of service are good. free 
transport is available fram Cambridge, 
Bishop's Stortford and Saffron Walden: 
Day Release facilities can be arranged, 


if you are interested, please write, giv. 
ing brief details of age and qualifications 
ta. Personnel Officer, Fisons Limited Came 
bridge Division, Chesterford Park Research 
Station, near Saffron Walden, Essex (quot- 
ing Serial No. 188/103, (549) 


UNIVERSITY OF MANCHESTER 
MANCHESTER 13 


LECTURER OR ASSISTANT 
LECTURER IN PHYSIOLOGY 


Appkeations invited from candidates with a 
good honours degree in Physiology or related 
subjects, or with medical qualifications registrable 
m this country. for this post. Interest in human 
circadian rhythms an advantage. Salary ranges 
per anmum: Medical: Lecturer £1,755 to £2,800; 
Assistant Lecturer £1,310 to £1,686, Nor- 
Medical: Lecturer £1,470 to £2.630- Assistant 
Leeturer £1,104 to £1,340. 

Particulars and application forms (returnable 
by Angust 16) from the Registrar. Quote ref. 
B41 /68 NA. (38E) 


INSTITUTE OF c HILD HEALTH 
HOSPITAL FOR SICK CHILDREN 
LECTURER IN CYTOGENETICS 


Appikalons are invited for the above post 
from persons who need not be medically gual- 
fied. The post entails both routine and research 
duties including the wider application of tissue 
calture techniques. Salary on the scale £1,476 te 
£2,630 (plus £60 London Weighting} or £1,745 ta 
£2,820 with initial placing according to qualifi- 
cations and experience, Siuperannuabic. 

Applications should be lodged by September 
#3, with the Secretary, Institute of Child Health, 
30 Guildford Street, London, Wit. ($64) 
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ICI’s Industrial Hygiene Research Laboratories, which are located in pleasant 
surroundings at Alderley Edge just south of Manchester, req uire a man or woman 
of Experimental Officer grade to take charge of the Acute Toxicology Unit of 
the Laboratories. 

The work will involve the planning and supervision of short term animal toxi- 
cological experiments in collaboration with the Technical Oft cer in charge of 
the animal units, and the Senior Pathologist. The applicant should have experi- 
ence in animal research and be capable of supervising junior staff. 

We offer a progressive salary plan; profit sharing scheme: housing assistance 
and help with removal expenses for married men. 





Applications and enquiries to:~ 

O. B. Sayer, 

Assistant Staf Manager, 

Imperial Chemical Industries Limited, 
Head Office Services Department, 
Fulshaw Hall, 

Wilmslow, 

Cheshire. 


(435) 






















JNIVERSITY OF DUNDEE 


TEMPORARY SENIOR 
LECTURER IN ANATOMY 


Applications are invited for a Temporary 
Senior Lectureship from October 1, 1968, 


antil June 30, 1969. Experience of lectur- 
ing in gross anatomy, and, in addition, : toa p 
embryology or neurology is essential. = i i 
Facilities are available, if desired, for re- | 4 
search in cell biology, electron microscopy, | | 


histochemistry, and developmental neuro- 
SOUTH AFRICA 













logy but the lecturer will not be expected 
io engage in research unless he so wishes. 
Salary at the rate of £2,630 to £3,145 per 
annum according to experience. Tempor- 
ary accommodation in a University flat 
may be available. 
Intending applicanis are requested 16 

communicate with: 

Professor D. A. T. Dick, 

Department of Anatomy, 

The University. 

DUNDEE. (Tet. Dundee 231813 
before August 31, 1968. {515} 











A vacancy exists in the National Physical Research Laboratory in 
Pretoria for a scientist interested in conducting research in the fald 
of spark source mass spectrometry. The envisaged research pro- 
gramme is extremely interesting and the successful candidate may 
be sent to a suitable centre for a training period. Experience with 
mass spectrometers will be a recommendation. Candidates shouid 
heve experimental ability and be interested in physical instrumenta- 
GORN. 




















UNIVERSITY OF EDINBURGH 
DEPARTMENT OF BIOCHEMISTRY 


Scientists with qualifications in physics, chemistry or geochemistry 
preferred. 


Salary between R3000 and RE0CO per annum {R1 = 19/9) 


Applications are invited for the posts of ae . i 
depending on qualifications and Experiente, 


LECTURER and DEMONSTRATOR in 
the Department of Biochemistry. Appli- 
cants should have an Honours degree in 
Biochemistry or other biological science, 
and research experience is desirable. Facili- 
ties exist for research. Salary Scales: Lec- 
turer, £1470 to £2,630 per annum ; 
Demonstrator, £944 to £1,318 per annum. 
Further particulars from the Secretary to 
the University, Gid College, South Bridge, 
Edinburgh, &. Apnlications close on Sen 
tember 7, OSR. ie 


Further information and application forms 
obtainabie from the South African Scientific 
Attaché, Chichester House, 278 High Holborn, 
Londen, W.C.1. 








dS} 








UNIVERSITY OF 
SOUTHAMPTON 


DEPARTMENT OF PSYCHOLOGY 


Applications are invited for a RE 
SEARCH ASSISTANTSHIP in an investi- 
gation of autonomic reactivity in adult 
criminals. Candidates should POSSESS an 
honours degree in psychology and/or 
physiology: experience in psychophysio- 
Ap- 
for two years 
Salary in the range 


logical research will be an advantage. 
pointment from October 1, 
in the first instance ; 
£850 to £950. Further details may be ob- 


tained from Professor Gordon 
(Southampton 56331, Ext. 573). 


Applications (three copies), Stating age, 
qualifications and experience, naming two 
referees, to the Deputy Secretary, The Uni- 
versity, Southampton, S09 SNH, as soon 
as possible, quoting Reference N, (532) 


Trasler 


UNIVERSITY OF 
NEWCASTLE UPON TYNE 
DEPARTMENT OF BOTANY 


Applications are invited from persons with 
interests in biochemistry, botany or micro- 
biology for an S.R.C. supported post-doctoral 
appointment to study the intermediary meta- 
bolism and enzymology of detergent breakdown 
by micro-organisms. Persons with some experi- 
ence in gas chromatographic techniques are 
preferred. The appointment will be for up to 
3 years. Salary will be on the University’s 
Research Association scale {£1,105 to £1,260, 
together with F.SS.U_ benefits). 

Application, including the names of two 
referees. should reach Dr. R. B. Cain, Depart- 
mem of Botany, as soon as possible. (478) 


UNIVERSITY COLLEGE OF SWANSEA 
DEPARTMENT OF BOTANY 


Applications are invited for a post of RE- 
SEARCH DEMONSTRATOR in the Department 
of Botany, Applicants should have a good 
honours degree, and some postgraduate experi- 
ence and interests in some aspect of Plant Physio- 
logy or Biochemistry. A person appointed will 
have ample time for research. A postgraduate 
student requiring an additional year 10 complete 
his Ph.D. will be considered. The post is ten- 
able for one year in the first instance from Octo- 
ber 1, 1968, but may be renewed. Salary range 
£920 to £970 per annum, together with F.S.S.U. 
benefits. 

Further particulars, quoting reference number 
B6, may be obtained from the Registrar, Univer- 
sity College of Swansea, Singleton Park, Swansea, 
by whom applications should be- received by 
Friday, August 23, 1968. (4500) 


UNIVERSITY OF WALES 
UNIVERSITY COLLEGE OF SWANSEA 


EXPERIMENTAL/SENIOR EXPERIMENTAL 
OFFICER 


Applications are invited for the post of 
EXPERIMENTAL or SENIOR EXPERIMEN- 
TAL OFFICER in the Department of Physics. 
The successful applicant will assist with the 
design, development and running of apparatus 
for studies of laser produced plasmas in high 
vacua and studies of proton-surface interactions. 
Experience with electronic equipment and high 
vacuum systems is essential and a knowledge of 
design drawing an advantage. Salary will be 
on the following seale: Experimental Officer: 
£900 by £75 to £1,500. Senior Experimental 
Officer: £1,500 by £85 to £2,010, together with 
F.S.S.U. benefits. The commencing Salary will 
depend upon qualifications and experiznce. The 
appointment will be for a period of three years 
in the first instance. 

Further particulars, quoting reference number 
Bó may bs: obtained from the Registrar, Univer- 
sity, College of Swansea, Singleton Park. Swan- 
sta, by whom applications should be received by 
Monday, September 2, 1968. {522} 


required for very rewarding mosquito control 
assignment under expert guidance in West Indies. 
Volunteer terms: board, lodging, expenses, fares, 
allowances, pocket-money.—-Write CHR/OV, 38 
King Street, London, W.C.2, ref. E/C. (6) 


SA IOE EEEN RENE E MA oE EOIN Nt SORTA 8 O RIAL Ape? UR i en mer Wr al A Robyn 


Whitley Council Scaies.—- 
Institute of Diseases of the 
S.W.3. (528) 


Apply: Secretary. 
Chest, Brompton, 





AUSTRALIAN NATIONAL 
UNIVERSITY 
INSTITUTE OF ADVANCED STUDIES 
DEPARTMENT OF STATISTICS 


Applications are invited for the post of 
FELLOW or RESEARCH FELLOW in the De- 
partment of Statistics (Head: Professor P. A. P. 
Moran). The department is engaged on mathe- 
matical research into problems of theoretical and 
applied statistics inference, into the theory of 
random processes of all kinds and into the api- 
cation of these subjects in the social sciences, 
genetics, medicine and geophysics. 

The salary of a Research Fellow is determined 
in the range $A5,400 to $A7,250. Appointment 
is usually for three years with a possible exten- 
sion to five years. The salary and range of a 
Fellow are determined within the limits $46,400 
to $48,740. Appointment is made for an initial 
period of five years: thereafter he may be 
appointed until retiring age. A Fellow is entitled 
to one year’s study leave on full salary, plus a 
contribution towards travel and other expenses, 
in every seven years of service. 

Superannuation is on the F.S.S.U. pattern with 
supplementary benefits. Reasonable travel 
expenses are paid and assistance with housing 
is provided. 

Further particulars may be obtained from the 
Association of Commonwealth Universities 
(Branch Office), Marlborough House, Pall Mall. 
London S.W.. Applications close on October 
I. 1968, ($26) 


DEPARTMENTS OF CHEMISTRY AND 
BOTANY 


RESEARCH ASSISTANT 


Applications are invited for the post of 
Research Assistant from holders of the Degree 
of Ph.D.. or those about to qualify, The 
Research Assistant will be a member of a group 
investigating naturally occurring plant growth 
regulators which control plant morphogenesis. 
Salary scale: £1,105 to £1.340 per annum. 
FS.S.U. Preference will be given to candidates 
with a sound knowledge of the chemistry of 
natural products, or plant biochemistry, 

Applications (three copies) should be lodged 
not later than August 21, 1968, with the under- 
signed, from whom further particulars may be 
obtained. 

ROBT. T. HUTCHESON, 

Secretary of the University Court. 


LONDON, E.C.1 


RESEARCH ASSISTANT for work on ab- 
normalities of amino-acid metabolism in man. 
Previous experience with automated methods of 
chemical analysis an advantage. A graduate or 
non-graduate with suitable experience would be 
considered. Salary scale £800 to £1,400 inclusive. 

Apply in writing to the Clerk to the Governors 
quoting ref.: ASC/1S17. Research Project No. 
35/2, {505} 


ISLEWORTH. MIDDLESEX 


BASIC GRADE BIOCHEMIST 
required 


No previous experience is needed. A wide 
range of experience and facilities for study for 
higher qualifications are available. The salary 
for recent graduates starts at £915 or £1,030 per 
annum according to qualifications, plus London 
Weighting. 

Further information from and applications to 
the Consultant Chemical Pathologist, West Mid- 
dlesex Hospital, Isleworth, Middlesex. (4623 


IMPERIAL COLLEGE 


DEPARTMENT OF CHEMISTRY 

S.R.C -sponsored postdoctoral RESEARCH 
ASSISTANTSHIP available with Dr. D. W. 
Bassett for studies of imaging of atoms 
adsorbed on metals by field jon microscopy. 
Experience of ultra-high vacuum technique 
desirable. Starting salary £1,165 pa. F.S.S.U. 
Further particulars from Dr. D. W., Bassi, 
Department of Chemistry. Imperial College, 
London, S.W.7. i472) 


TONBRIDGE SCHOOL 


the post 
1969, or, 
1969. 


Applications are invited for 
of Head of Physics in January, 
failing this, May or September, 


Apply to the Headmasier, School House, 


Tonbridge, Kent, with full details of 
qualifications and with names of at least 
two referees. (484) 





OXFORD UNIVERSITY 


FACULTIES OF PHYSICAL AND 
BIOLOGICAL SCIENCE 


PROJECT LEADER FOR 
EXPERIMENTAL CHEMICAL 
INFORMATION SERVICE 


The Wiswesser Line Notation for each 
compound appearing in the Index Chemicus 
is now available on magnetic tape from the 
Institute fur Scientific Information. An 
experimental information service using these 
tapes will be developed and provided to 
workers as part of a 


university research 
project designed to evaluate the use of the 


line notation 
ness service, 
A chemist is required to lead the group 
carrying out this work. Experience of 
organic /morganic research; computer pro- 
gramming (IBM 360 series) and the organ- 
wation of small projects is desirable. The 
work is supported by a two year grant 
from the Office for Scientific and Technical 
Information. Salary £1,155 to £2,000 per 
annum ofr higher in exceptional cases. 
Applications, before September 1, 1968, 
giving the name of at least one referee, 
and inquiries, to The Administrator, Dyson 
Perrins Laboratory, South Parks Road, 
Oxford. (SEQ 


to provide a current aware- 





BIRMINGHAM REGIONAL 
RADIATION PROTECTION 
SERVICE 


A Basic Grade Physicist is required to assisi in 
the work of the Department-—with special 
responsibility for environmental monitoring 
throughout the Region. This department serves 
100 hospitals and gives advice to Radiodiag- 
nostic, Radiotherapy, Radioisotope and Research 
TIM Ss, on all aspiets of Medical Physics. 
Previous experince in this field not essential. 
Commencing salary is £1,030 per annum for can- 
didates with first- or second-class Honours De- 
gree, or higher with postgraduate training or €x- 
perience, rising to a maximum of £1,774 per 
annum. 

Further information may be obtained from the 
Chief Physicist, Mr. R. F. Farr. Telephone No. 
021-472 1311. Applications, with the names of 
two referees, to the Administrator, Queen Eliza- 
beth Hospital, Birmingham, 15, (538) 


UNIVERSITY OF GLASGOW 
CHEMISTRY DEPARTMENT 


Research Assistant, preferably Honours gradu- 
ate chemist, required to join in a new project 
on the characterisation of steroid drugs. This 
research, based on gas chromatogyaphy-mass 
spectrometry, is supported by the Medical Re- 
search Council. Registration for a higher degree 
iS possible. 

Details may be obtained from Dr. ©. hL W. 
Brooks. Chemistry Department, University of 
Glasgow, Glasgow, W.2. (504) 


(Pop. 53,000) 
Criminalist (8825 to $1,005, starting salary 
based on qualifications), College degree with 


major work in Criminalistics or a related field 
and two years’ experience desirable. Will be 
responsible for collecting, analysing and evaluat- 
ing evidence relevant to police investigations. 
Apply City of El Cajon, Personnel Depart- 
ment, P.O. Box 427, El Cajon, California 92022, 
Phone 442-4441 (Area Code 714), (536) 
SENIOR STAFF APPOINTMENT TO 
esiablished Geology Deparment, preferably in 
ose of the fields of petrology or theoretical 
geochemistry. Outstanding applicaras in other 
ficids of geology will be considered. Candidate 
should be willing to take on duties of chairman 
for a minimum period of 3 years.—~Apniv 10 
Dean Léo Marion, Faculty of Science, Uni- 
versity of Ottawa, Ottawa 2, 





SCIENTIFIC APPLICATIONS 
are invited from g-acuates in biochemistry, micro- 
biology, botany or zoology to undertake research 
on aspects of virus virulence. Salary according 
to age and quaifcations in the range £1,080 by 
£60 to £1,440.—Applications, together with the 
names of two referees to the Secretary, Royal 
Postgracuate Medical School. Hammersmith Hos- 
pital, Ducane Road, London W.12, quoting 
reference 10/233. {$18} 
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Can Biological War be Stopped ? 


Ir is hard to decide why discussion of chemical and 
biological warfare has become so fashionable. For a 
few months at least, the far greater threat of nuclear 
warfare has had to play second fiddle, which, if it does 
no more, at least makes a pleasant change for the 
negotiators at Geneva, always in danger of going stale. 
Last week Mr Fred Mulley, Britain’s representative at 
the disarmament conference, put forward his proposals 
for getting chemical and biological warfare under 
control, and the fact that his speech was intended at 
least as much for home consumption as it was for his 
fellow negotiators should not be allowed to minimize 
its importance. 

Mr Mulley’s proposal has the major advantage of 
keeping in being the Geneva Protocol of 1925, which 
binds its fifty or so signatories not to use asphyxiating 
poisonous or other gases nor bacteriological methods of 
warfare against fellow signatories. It is true, of 
course, that many of the countries which subscribe to 
the protocol, including Britain and the USSR, have 
reserved their positions by saying that they will not 
feel bound by the protocol if they find themselves at 
war with countries which have not signed it, like the 
United States. It can also be argued that the protocol 
would carry more weight if it banned the manufacture 
of the proscribed weapons as well as their use, and if 
its terms were more precisely defined—it is by no 
means clear, unfortunately, whether the protocol bans 
non-lethal gases or not, and much seems to depend 
on whether the text available is in French or in English. 
But for all its failings, the protocol has the inestimable 
value in international terms of simply being old, 
of having been in force for forty-three years with- 
out a major breach. That chemical and biological 
weapons played no part in the second world war may 
or may not have been thanks to the protocol, but it 
would be rash to suggest that it played no part at all. 
Like many national regulations, but too few inter- 
national ones, it has begun to seem like an institution. 

Sensibly, then, Mr Mulley’s proposals are an attempt 
not to replace the protocol, but to devise some way of 
going beyond it. It is here that he makes a difficult 
distinction between chemical and biological weapons. 
While the former have already been wa in war, he 
told the conference, the latter have never been used 
and are regarded, if that is possible, with even greater 
abhorrence. The proposal is, therefore, to draw a 
line between chemical and biological weapons, and to 
tackle the biological ones first. The hope would 
be to produce a convention banning the produc- 
tion and possession of biological agents useful in 
warfare. As well as restricting production (though 


some limited production might have to be permitted 
for peaceful purposes) the convention would place a 
limit on research work, which would be open to some 
form of international inspection. The difficulty is, of 
course, that detecting biological weapons 1s likely to 
be easy, or even possible, only after they have been 
used, so the suggestion of Security Council measures 
against offenders may be taken as something of an 
empty threat. In this sense, Mr Mulley’s suggestion 
that the informal lines of communication between 
scientists in different countries could be used as a 
means of keeping track of research is little more than a 
pious hope. Communication between scientists is 
rarely as efficient as those outside like to feel it is, and 
sometimes it scarcely exists at all. How many British 
microbiologists could say exactly what was going on 
at Porton? To use Mr Mulley’s argument more 
exactly, how many Russian microbiologists could ? 

It is therefore unlikely that the scientific community 
would ever make a very effective inspection agency, 
even if its members were prepared to collaborate. 
In any case, there is no evidence that scientists always 
tell the truth, and the chances are that they are only 
marginally more honest than, say, politicians. But 
the fact that verification of any convention will be 
difficult does not mean that it will be impossible. 
And even if the impossibility of absolute verification 
is accepted from the outset, this is no reason to despair. 
An internationally agreed convention which banned 
the use of biological weapons would be a powerful 
psychological barrier, just as the Geneva protocol has 
proved a barrier to the use of chemical weapons. 
Certainly it would not make war with weapons like 
these impossible, but it would be an advance if it 
made it even marginally less probable. 

There is, of course, a danger that discussions like 
these can become detached from reality. Although 
biological warfare is in fashion, discussion of it should 
not properly be detached from other far more frighten- 
ing kinds of war, involving nuclear weapons. This is 
simply another way of saying that those who want to 
feel optimistic about biological weapons should look at 
the strategic arguments as well as the political ones. 
Biological weapons, for all their sophistication, still 
have to be delivered by conventional delivery systems 
aes pore orm ot cee are TO pean 8 
the w santa may Behave e like : a ne ang, ands pr eee 
as much damage among friendly forces as it is intended 
to do among unfriendly ones. It is true, of course, 
that vaccination before release of the weapons would 
provide protection for the aggressors, but all these 
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considerations suggest that the only nations yet 
equipped to wage biological warfare at all successfully 
are those already possessing sophisticated technology. 
Although biological warfare is cheaper and easier than 
nuclear war, it is still far from being the poor man’s 
weapon. 

Biological weapons are therefore most likely to be 
deployed by powers which already have nuclear 
weapons at their disposal. This, of course, reduces 
greatly the danger that they will ever be deployed at 
all, for it would be quite possible for the victims of an 
attack to retaliate with nuclear weapons. In the event 
of a major power attacking a lesser one, of course, this 


How Not to Save Money 


On August 7 the three man mission from the Inter- 
national Monetary Fund returned to Washington 
after spending a suspiciously long time in formal talks 
with the British Treasury. The mission was in Britain 
to examine the progress of the British economy since 
devaluation and in particular to satisfy itself that 
Government spending was being contained within the 
limits set by the Prime Minister in his January 16 
speech to the House of Commons, in which he announ- 
ced cuts of £300 million in public expenditure. The 
IMF, obviously concerned at the way public spending 
was creeping above the ceiling set in January, wanted 
assurances that the summer cuts, quietly decided on 
by the Government before the end of the Parliamentary 
session, were adequate. No doubt to save itself from 
further unpopularity and embarrassment, the Govern- 
ment has decided not to announce its new package of 
economies publicly. Instead, local authorities and 
government agencies will simply find that authoriza- 
tions for spending on specifie projects will be delayed 
or stopped indefinitely. 

Instead of making a clean breast of its decisions to 
the public as well as to the IMF, the Government 
has decided to keep its policy secret. It prefers to 
weather a series of minor storms, rather than face a 
major outcry. Perhaps, with Parliament in recess, the 
holiday season in full swing and the IMF mission back 
home fully briefed and apparently satisfied, the 
Government hopes many of its measures will pass 
more or less unnoticed. 

For the second time in a year and probably the fourth 
time in three years the universities have been asked to 
cut back their capital expenditure programmes. In 
January the UGC got away with what must now seem a 
very small cut in its capital grants fund for 1968-69; 
it was reduced by £5 million, roughly one sixth of the 
total. The UGC dutifully passed this cut on to the 
universities by, as it says, stopping certain projects in 
certain universities. Stickmg to its peculiar belief 
in silence, the UGC refuses to say which universities 
were affected in January. Now it has been told 
to stop all new capital expenditure. 

The UGC sent a private letter on August 1 to all 
vice-chancellors, most of whom, as hick would have it, 
happened to be in Melbourne attending a meeting of 





NATURE, VOL. 219. AUGUST 17, 1968 


argument does not apply with equal force. But the 
major powers have long been in the position of being 
able to attack lesser ones with nuclear weapons, and 
have not yet done so; the situation is thus no worse 
than before, if that is any consolation. The real fear, 
that biological weapons will be used in border skir- 
mishes (just as chemical weapons are already said to 
have been used in the Yemen), is probably not very 
likely, given the present uncertainties about delivery, 
and the best way of preventing it remains the conven- 
tional one. The balance of terror between the great 
power blocs may not be to everybody’s taste, but it is 
probably still the best way of avoiding war. 


the Association of British Commonwealth Universities. 
The letter instructed them not to begin any new pro- 
jects after August 1. The UGC has not published and 
does not intend to publish the letter. Perhaps, as one 
vice-chancellor has said, it was as embarrassed at 
having to send the letter as the vice-chancellors were 
at having to receive it. All building started before 
August l or covered by a firm contract, letters of intent 
or orders to proceed will be unaffected, but all new 
projects will be stopped. The UGC, in an attempt to 
mitigate some of the disastrous effects a complete ban 
would have, is prepared to consider claims to start 
urgent projects. That means, apparently, conversion 
or adaptation of existing buildings, buildings which 
were being built with prefabricated units which have 
already been ordered, projects which if stopped would 
prevent existing students from completing their 
courses, and pre-clinical projects attached to hospital 
building schemes. 

Neither the Government nor the UGC is prepared to 
say how much they hope to save; indeed, nobody 
yet seems to know how much the new restriction will 
in fact save. But it is rumoured that the target may 
be as high as half the year’s total allocation of £29 
million. The vice-chancellors have been asked to send 
details of the projects they have been obliged to stop, 
and there is the threat that if the amount saved is less 
than the Government hopes, there will be a further 
5 per cent cut on all capital and equipment grants. 
Until the vice-chancellors have made their returns, 
it is difficult to assess which universities have been 
hardest hit, but the whole business is being run like a 
lottery. Whether or not universities get their buildings 
depends not on how badly they are needed but on the 
date the contracts were signed. Many universities, 
like York, Canterbury and Durham, have recently 
signed contracts. Others, like Surrey, recently up- 
graded to university status and in the middle of moving 
from Londen to Guildford, are likely to be badly 
disappointed. 


Postal Chaos 


Tue American postal system is inefficient, disorganized 
and costs the taxpayers over $1,000 million a year. In 
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short, it faces a crisis. So says the report of a presi- 
dential commission on postal organization published 
recently (Towards Postal Excellence, US Government 
Printing Office, $1-25). The results are not surprising, 
but any radical change in the present system certainly 
will be. The commission calls for a total reorganization 
of the postal service on a self-supporting, non-political 
basis—a federally owned corporation operating like 
any other big business, supporting itself from its 
revenues, able to borrow in its own name to finance 
modern facilities and quick to identify and meet new 
market demands. 

These recommendations may seem obvious and 
long overdue, especially to the British observers, whose 
post office already reflects a business-like approach, 
but the present system is well entrenched in the United 
States and too many interests, especially Congress and 
the President, stand to lose by any major structural 
changes. President Johnson guardedly called the report 
“a sobering judgment on what is required to provide 
excellence in postal service in the years ahead” and 
passed it on to his most recent appointee as Postmaster 
General, Marvin Watson—a former White House 
staff member and fellow Texan. 


AVERAGE SALARY 
U.S. POST OFFICE 


AVERAGE SALARY 
U.S. INDUSTRY 


PRODUCTIVITY 
U.S. INDUSTRY 










1956 57 58 59 60 61 62 63 64 65 66 67 
160 
150 
140 
130 f 
f ‘ 
_ 
110 , 
7 
ee i an 


T 
Productivity and salaries in the US Post Office. 


The commission, chaired by Frederick Kappel, 
retired chairman of the American Telephone and 
Telegraph Company, and including George Baker, 
dean of Harvard’s School of Business Administration, 
had only praise for the employees themselves but felt 
that they were fighting a losing battle against an 
outmoded system. Lawrence F. O’Brien, Postmaster 
General at the time of the study, called the present 
operation a “race with catastrophe’, but with nearly 
80,000 million pieces of mail handled last year and a 41 
per cent increase expected within ten years, catastrophe 
should be well in the lead before long. On the other 
hand, the commission estimated that postal costs 
could be reduced by at least 20 per cent and the entire 
postal deficit eliminated within a few years if the 


PRODUCTIVITY 
U.S. POST OFFICE 





service were run on the same managerial basis as that — 
used by private industry. | 

For a start, the only political appointments would be 
six of the nine members of the board of directors, 
appointed by the President and confirmed by the 
Senate. These six would then select the three executive 
members of the board, and the board as a whole, rather 
than Congress, would have the final authority to run 
the postal system. The present personnel system is at 
least two to three decades out of date—-it now takes 
13 weeks to hire an employee, and a recent survey 
showed that 67 per cent of applicants in large cities 
did not wait around to complete the process. Career 
opportunities are limited—more than 80 per cent of 
all employees finish their career in the same grade 
level at which they started; an employee cannot earn 
promotion by merit, he cannot rise except within his 
original area, and without political help ke cannot even 
rise to the top of his own post office; and the present 
system of supervision results in management “by the 
book” —‘‘that some postmasters and supervisors do 
well is a tribute to them as individuals, not to the 
system they are able to outwit”. 

The financial picture is equally bleak-—no post- 
master sees information about the total costs of his 
operations (and indeed such figures seem not to exist) 
and operations are conducted strictly on a man-hour 
basis so there is no incentive to invest in labour-saving 
machines. Appalled by the lack of such basic informa- 
tion, the commission called for a management informa- 
tion network to report the real operating costs and 
management control to motivate all workers toward 
cost-conscious operation. More savings should come, 
in the report’s view, from an overhaul of the present 
irrational postal rate system. The present rates are 
set by Congress using a 43 year old cost ascertainment 
system in which every postal expense is charged, often 
arbitrarily, to a particular class of service. Instead, 
the commission recommends that the corporation 
forward rate proposals to a panel of technically qualified 
postal rate commissioners who in turn would review 
expert testimony from economists, engineers and 
accountants before sending their decision back to the 
board for final consideration. Congress would then 
have sixty days to veto the proposed rates. The 
commission emphasized that revenues from each class 
of mail must cover the full costs of providing the 
service; remaining institutional costs would be 
apportioned on the basis of market factors such as the 
nature of the services and the differing demand. These 
recommendations are likely to prove the most 
difficult to put into effect, although they would benefit 
the largest number of people, because Congress will 
be under strong pressure from the powerful business 
lobbies that have long benefited from the heavily 
subsidized rates for newspapers and advertising. 


Number Crunching 


Tue British computer industry chose the meeting in 
Edinburgh last week of the International Federation. of 
Computer Processing to flex some of its newly found 
muscles. International Computers Limited (ICL), the 
company formed in March this year by International 
Computers and Tabulators, English Electric and 
Plessey announced a new machine more powerful than 
Atlas by a factor between seven and ten, depending on 
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how the comparison is made. The plan for a national 
network for the transmission of data over telephone 
lines, which is being put forward by a computer group 
at the National Physical Laboratory (Nature, 218, 806: 
1968), was also aired at Edinburgh. 

The new ICL machine, the 1908A, is the latest mem- 
ber of the 1900 series. By juggling with the com- 
ponent parts of the 1908A, so that it has two central 
processors instead of one, it can be made available as 
a single system having up to twenty times the power of 
Atlas—the biggest British computer at present. So 
far, two 1908As have been spoken for, both by the 
Computer Board, a government body which promotes 
the use of computers in the universities and research 
councils. These two machines are expected to be ready 
for delivery in 1972, when they will presumably form 
the nucleus of computing facilities available to the 
universities in the 1970s, The question of what large 
computers the Computer Board has been going to buy 
now seems to be settled, and the board must be pleased 
that it has been able to order British machines. 

The design of the 1908A is based on earlier members 
of the 1900 series, principally the 1906A which was 
announced in September last year. Two 1906A 
machines have already been ordered by the Computer 
Board. The superior power of the 1908A compared 
with Atlas lies in its use of high speed integrated 
circuits and a fast main store based on thin film 
techniques. 

The system for data transmission now being 
developed by the National Physical Laboratory is to 
improve the link between the computer and its remote 
users. A smaller version of part of the proposed net- 
work is being built at the NPL where it will serve as an 
internal data transmission service within the laboratory 
complex, and as a test of the design of the network. 
The advantage of a network such as this is that it 
makes more efficient use of existing telephone lines 
than present means of data transmission, like the 
Datel system run by the Post Office. In essence, the 
new system envisaged by the NPL has computers at the 
intersections of the telephone lines to control the 
switching of data to its destinations, and each block of 
data contains information about its source and its 
destination, so that data can be transmitted rapidly 
from place to place. Such a network for high speed 
data communication, linking twenty towns, would cost 
perhaps £10 million. A system such as this is becoming 
attractive now that much of the cost of using multi- 
access computers—for the more remote user at least— 
is in the price of the trunk call to the machine. Cus- 
tomers who are well away from the computer bureaux 
in London pay £3 per hour for the trunk call to the 
computer, while the charge for using the computer 
itself, in the case of Time Sharing Ltd, is about £6 
per hour. For this reason Time Sharing Ltd is discus- 
sing with the Post Office a plan to bring all the data 
from its customers in the Manchester area to its 
London computer along a single private line. This 
involves a multiplexer at the Manchester end to inter- 
leave the data from the various sources before trans- 
mitting it to London. 

None too soon, the Post Office has become aware of 
the way the demand for data transmission facilities is 
expanding, and together with the Ministry of Tech- 
nology is starting a study of the services which will be 
required in the future. A market survey of the 
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demand for data transmission services over the next 
fifteen years is to be carried out for the Post Office in 
the next eight months by a firm of consultants, Scien- 
tific Control Systems Ltd, who will report the results to 
the Post Office research and development teams. 

Now that a plethora of separate data communication 
networks is being set up, by the banks and the 
airlines, for example, this news from the GPO is 
welcome. 


Space Race for the Poor 


WHATEVER advantages the distant future may offer 
from the manned exploration of space, it is clear that 
the present benefits of the space race are few and 
far between. For one thing, rich countries have a lot 
less money to spare for aid to developing countries. 
For another, the American space effort with its exor- 
bitant demands on scientific manpower is a major 
sink for the brain drain, a phenomenon which hurts 
the developing countries far more than it does 
European ones. 

The United Nations, unable to stop the space race 
or its side effects, has now apparently decided to 
placate the juggernaut by saying what a good thing 
itis. A fortnight’s conference is being held this month 
in Vienna under the title “Space Science and Tech- 
nology—Benefits to Developing Countries’. The 
introductory pamphlet to the conference describes in a 
style of sustained optimism the cornucopia of tech- 
nological blessings which future satellite systems will 
rain down on the poor and rich alike. 

In the near future, reflector satellites will shed light 
on the night earth, the pamphlet says, and “by pro- 
viding illumination for construction, lumbering, fishing 
and other outdoor industries, could conceivably have 
an important effect on the economie growth of the 
developing nations’. The pamphlet does not discuss 
the catastrophic effect of such a satellite on biological 
rhythms, nor does it explain in what manner night- 
time fishing and lumbering will boost any nation’s 
economy. Limited by its title to discussing only the 
benefits of the space race, the pamphlet avoids any 
discussion of its economic consequences. Predictions 
of future benefits are supported by liberal quotations 
from Arthur C. Clarke and unnamed experts. As a 
preview to a conference, the pamphlet seems more 
fitted to a convention of science fiction writers than a 
meeting to discuss the needs of developing countries. 

The agenda for the conference does little to inspire 
the hope that the needs of poorer nations will be heard. 
Of nearly 200 addresses, a mere 11 are to be delivered 
by speakers from developing countries. A considerable 
part of the conference’s attention will be devoted to 
communications satellites but without, apparently, 
discussing the question of the allocation of parking 
orbits for synchronous satellites or a wider membership 
for COMSAT. The only comment the pamphlet can 
offer is that “international cooperation in space is 
obviously a very complicated problem”, too compli- 
cated, evidently, for the conference to risk dissension 
in discussing it. Since almost all questions of impor- 
tance are excluded from the agenda of the conference, 
the developing countries can expect very little good 
from it; they are unlikely in any case to be persuaded 
that the space race has anything but harm to offer to 
them in present circumstances. 
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Oceanography at Plymouth 


THE marine sciences are an old, if not a venerated, 
discipline in Britain, but the British Government still 
seems scarcely aware of their potential importance. 
Most of the money for research comes from the Natural 
Environment Research Council, which spent about 
£1.515,000 in this area in 1967, a reasonable figure 
when compared with Britain’s GNP, but low for the 
number of people and the number of establishments 
doing some work on marine science. What is really 
needed is some body to coordinate information and 
research and to encourage greater exchange between 
research and industry. 

One of the few laboratories which actively promotes 
a closer exchange between scientists in marine biology 
in Britain and abroad is the Marine Biological Associa- 
tion. The association is an independent research insti- 
tute with very strong university connexions which 
receives 95 per cent of its quarter of a million pound 
budget from the NERC; it has a permanent research 
staff of only 20 scientists but is host to over 100 visiting 
research workers during the year and can accommodate 
15 to 20 at any one time. The association’s laboratory 
at Plymouth is one of the few research establishments in 
Britain actually based on the coast—the other principal 
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one is the Scottish Marine Biological Association—and is 
therefore visited regularly by professors and students 
who would not otherwise have access to the sea. While 
the NERC research vessel unit will not remain in 
Plymouth because of a lack of docking space (Nature, 
218, 999; 1968), the association’s director, Dr J. E. 
Smith, is confident that Plymouth will grow as an 
oceanographic centre, and where the scientists are, the 
ships will have to call. As a start, the association itself 
is drawing up preliminary plans for a new 19,000 
square foot addition to be built on a two acre site in 
West Hoe promised by the city of Plymouth. The 
NERC has already approved the project, and if the 
Treasury makes funds available the new building 
should be ready within four years. The main purpose 
of the addition is to give the association some much- 
needed breathing space by placing the teaching rooms, 
the computer, the big tanks and the ships’ workshops 
and instrumentation there, though a new unit studying 
inshore hydrography will also be based there. Dr 
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Smith hopes that these additional facilities will draw 
scientists from other disciplines, such as physical 
oceanography. 

The association now has four boats, having just 
taken delivery of a 40 foot launch for quick trips to and 
from nearby sites with live material and for reaching 
grounds that were previously inaccessible. While the 
largest ship, the 120 ft R.V. Sarsia, is out most of the 
year on cruises lasting from five to fourteen days, it is 
badly designed for work and cannot take more than 
three scientists on any one cruise. The two other ships, 
the 60 ft Sula and the 30 ft Gammarus, are both used 
for day collecting trips. A new vessel at least the size of 
the Sarsia is needed, though the decision rests with the 
NERC and will be viewed in light of the other boats in 
the NERC’s fleet, used primarily by the universities. In 
the meantime, space on the various boats is arranged 
more by individual goodwill than by formal policy; a 
good system until it breaks down. 

The most widely publicized work done by the asso- 
ciation during the past year concerned the oil pollution 
caused by the sinking of the tanker Torrey Canyon, 
The results of the study have been published by the 
Cambridge University Press (Nature, 218, 499; 1968). 
The Torrey Canyon disaster emphasized the weak- 
ness of former ecological surveys: there have been 
no studies so far of entirely pollution-free areas to serve 
as a basis of comparison. In an attempt to remedy this 
situation while there is still time, the association plans. 
to study two rivers, the Tamar, which flows into 
Plymouth and is now relatively unpolluted nearer its 
source, and the Camel, on the North Devon coast. 
which Dr Smith thinks is still completely untouched. 


Power Struggle 


THE argument over the cost of generating electricity 
in Britain has broken out again. The intensification of 
the struggle between Lord Robens, chairman of the 
Coal Board, and Sir Stanley Brown of the Central 
Electricity Generating Board suggests that the decision 
about the fuel for the proposed power station at 
Seaton Carew is imminent. Lord Robens claims that 
an independent inquiry into fuel costs would show 
that nuclear costs have consistently been under- 
estimated, while the process of streamlining the coal 
industry has been ignored. By 1970-71, he claimed in 
a letter to The Times this week, the National Coal 
Board will have available about 70 million tons of 
coal at a price of 3-25 pence per therm. Anticipating a 
little. he made a firm offer to the CEGB to supply 
coal at this price to fuel Seaton Carew power station. 
This would produce electricity at a generated cost of 
about 0-55 pence per kilowatt hour, accordmg to the 
NCB, against a CEGB estimate of 0-51 pence for a 
nuclear station. Lord Robens pointed out that 
nuclear power costs have shown a consistent escalation 
—Dungeness B. originally to generate electricity at 
0-46 pence per kilowatt hour, is now being quoted at 
0-57 pence. 

In reply, Sir Stanley Brown pointed out that the 
same considerations also apply to coal fired stations. 
The cost for Drax, the latest coal fired station, has 
increased from 0-56 to 0-60 pence per kilowatt hour, 
and the danger of a further increase in prices is more 
serious for stations in which fuel makes up a substantial 
part of the cost. Nuclear stations, with their low fuel 
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costs, are relatively insensitive to increases in the cost 
of fuel. Even at a fuel cost of 3-25 pence per therm, 
the CEGB argues that a coal fired station would cost 
£1 million a year more to run than a nuclear station. 
If Lord Robens wants to sell coal at 3-25 pence a therm, 
the CEGB will be only too happy to buy it, to replace 
much more costly coal it is already burning (see chart). 


What the CEGB pays for coal: 


10 


‘Tons of coal (million) 





3 4 5 
Cost per therm (pence) 


This is why the CEGB is in no mood to take Lord 
Robens’s claims seriously. The great majority of 
power in Britain will continue to be generated by coal 
—even by 1972, over 70 per cent of the electricity will 
be generated by coal. The idea that Seaton Carew is 
a crucial test case which will determine the future of 
the coal industry is thus rather facile, if not misleading. 

But Lord Robens has found some support from the 
House of Commons Public Accounts Committee. In 
its latest report, the committec_is critical of the Atomic 
Energy Authority and the CEGB for the way in which 
the royalties payable on nuclear generation have been 
fixed. For the original magnox stations, which were 
not expected to be competitive with other sources of 
power, no royalties were charged. For later magnox 
stations, which are competitive, it was decided in 
principle that royalties should be charged, but because 
of a disagreement between the AEA and the CEGB, 
the Treasury decided that the magnox royalties should 
be waived. Instead, the Treasury suggested that a 
royalty of 0-014 pence per unit of electricity sent out 
should be paid by the generating board for the AGR 
stations. The Public Aecounts Committee calculates 
that even on the most optimistic basis possible, this 
rate of royalty will produce only £26 million on the 
present nuclear power programme. The AGR system, 
according to the AEA, will cost a total of £110 million 
to develop, so that the return on the present basis will 
be less than a quarter of the investment. The com- 
mittee suggests that this low rate of royalty was in fact 
designed as an inducement to the CEGB to adopt the 
AGR, an inducement which it does not think should 
have been necessary. And in a passage which must 
have made the mming lobby cheerful, the PAC says 
that it is not convinced “that the extent to which the 
cost of generating electricity is being indirectly sub- 
sidized by the taxpayer is devoid of economic signi- 
ficance’. Put plainly, the PAC thinks the public has 
been swindled. 
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The argument, of course, is put less crudely than this 
The difficulty is to say whether the balance of advantage 
should lie with the taxpayer or the electricity con- 
sumer, two groups which are not always identical. 
So far, as the PAC points out, the electricity consumer 
has been favoured. Much depends, of course, on how 
many more AGR stations are built, but the point is 
raised even more uncomfortably for the Steam 
Generating Heavy Water Reactor which the AEA has 
developed at considerable cost. Unless royalties for 
this type of reactor are set very much higher than 
those for the AGR, there seems little chance that the 
development costs will be recovered. And unless 
royalties are set at a fair level, it becomes impossible 
to assess the competing claims of different sources 
of power. This is playing into Lord Robens’s hands. 


Eye on the Planets 


In a revised report on recommended goals for the 
United States civil space programme after Apollo, the 
Space Sciences Board of the National Academy of 
Sciences and the National Research Council has this 
week (August 15) urged that the exploration of the 
planets should be given priority and “a substantially 
increased fraction of the total NASA budget”. The 
present proportion—about 2 per cent of the total 
NASA budget—is described as “totally inadequate to 
take advantage of the opportunities available to us”. 
But NASA’s interim operating plan, prepared in the 
light of severe budget cuts this year and also just 
published, further diminishes what is left of the 
planetary programme—the Marmer mission to Mars in 
1973. 

In its 1965 report Space Research—Dvtrections for the 
Future, the Space Sciences Board recommended that 
planetary exploration and in particular the search for 
life should be the main focus of the national space 
effort in the seventies. The Apollo Applications 
Programme (AAP) was adopted instead. Now even 
this has been cut down to two missions by the latest 
NASA plan, one Saturn I Workshop and one Apollo 
Telescope Mount. Production of Saturn I and Saturn 
V vehicles is to stop. This means there will be an 
inevitable time gap in the programme if Congress later 
reviews its position. Rather less than half (3140 
million) of the amount requested ($300 million) has 
been made available for AAP in the 1969 budget. The 
1973 Mars mission is being sharply reduced in size and 
scope to match its reduced funds. The landing 
instrument package and its scientific return will be 
“substantially less” than originally envisaged in this 
year’s approach to Congress. But the NASA efforts on 
Apollo, on space applications and on advanced aero- 
nautics are virtually untouched. 

In contrast, the Space Sciences Board wishes to see 
a diversion of funds from manned missions, and dis- 
agrees with proposals that the next major space goal 
should be to place a man on a planet, presumably Mars. 
Fully automated systems are developing so rapidly 
that probe technology should be capable of answering 
the major scientific questions that we can now pose 
about the planets without intervention on the spot by 
man. ‘“‘While at some time in the future it may be in 
the national interest to undertake a manned programme 
to the planets, we do not believe man is. essential for 
scientific planetary investigation at this stage.” In 
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this report the board confines itself to the period 
1968-1975. 

To put its views into practice, it recommends that 
relatively small and inexpensive unmanned spacecraft 
be launched to orbit Venus and Mars at each favourable 
conjunction (these occur at roughly 18-month intervals 
for Venus, and every 2 years for Mars). NASA should 
send spin-stabilized spacecraft of the reliable Pioneer 
and IMP types on planetary missions over the next 
7 years, the board considers. It favours the diversion 
of existing Pioneer E craft to the exploration of Venus 
in 1970, with additional flights in 1972, 1973 and 1975. 
It also strongly supports a Pioneer mission to pass by 
Jupiter, the solar system’s largest planet, in 1972 and 
1973. 

Because of the great importance of biological 
investigations of Mars, the report recommends a 
Mariner orbiter mission there in 1971, and a Mariner- 
carried combination orbiter and lander in 1973. The 
proposed Mars missions and the small planetary space- 
craft series are considered a “minimal programme” ; 
but, the report asserts, “such a programme has greater 
priority both in terms of expected purely scientific 
returns and in long term benefits to society than other 
space ventures such as the qualifying of man for 
planetary voyages”. | 

In both 1973 and 1975 a spacecraft on a fly-by mission 
to Venus could make use of the planet’s gravitational 
field to be accelerated on to Mercury. Such an oppor- 
tunity—-which will not recur until the eighties— 
prompts the report to give second highest priority to 
this ‘‘two-for-one” mission. The fly-by would provide 
the first close photographs of Mercury and possibly 
reveal surface effects caused by the planet’s proximity 
to the Sun. It will be interesting to see if the Space 
Sciences Board’s new report has any more influence on 
the direction of the national programme than did the 
last one. 


Costly Phantom 


Unuapry decisions made by the Ministry of Aviation 
keep coming to light. Usually the Public Accounts 
Committee of the House of Commons has the sad task 
of publishing the details, and the latest report from the 
committee is no exception (HMSO, £3 16s.). The 
committee investigated two decisions in particular; 
one, to buy a small number of Beagle Basset aircraft 
and the other to fit the Rolls-Royce Spey engine into 
the American Phantom aircraft. 

When the Royal Navy decided to buy the Phantom, 
it was already quite an old aircraft. Nearly 3,000 had 
been produced in the United States, but the Royal 
Navy had to have a more powerful version to enable 
the aircraft to take off from the shorter British aircraft 
carriers. It was therefore decided to fit the Spey 
engine into the Phantom, at a tentative development 
cost of £25 million. By the time a firm decision was 
taken, the cost was up to 34-39 million, but the full 
costed programme was not produced by Rolls-Royce 
until after the decision had been taken in February 
1965 to buy the Spey Phantom for the Royal Air Force 
as well. By May 1965, the cost of developing the engine 
and modifying the airframe to fit the engine and take 
British electronic equipment for the Navy and the 
RAF was up to £80-90 million. When the costs of 
production in Britain are taken into account, the total 
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more than the American version, and the unit cost of = 


the 170 Phantoms which are being bought is almost 
twice the cost of the American version. In contrast, 
when the Hercules aircraft was bought from the US, 
the price paid was almost exactly the same as that paid 
by the American armed forces, because no expensive 
modifications were demanded. 

The committee draws the obvious conclusions from 
this sorry story. When off the shelf purchases are 
made, the report says, the benefit of reduced costs 
arising from long production runs can be totally lost if 
the standard version is substantially modified. Unter- 
tunately, there is less evidence that the RAF has 
learned its lession. Before the cancellation of the 
F111 aircraft from the US, there were already signs that 
the cost of the aircraft was increasing because of RAF 
demands for British equipment to be installed. 

The other PAC investigation tells an equally sad 
tale, which seems to have sprung from equally good 
intentions. In 1963 the RAF was persuaded by the 
Ministry of Aviation to buy a new aircraft, the Beagle 
Basset, in place of the slightly old-fashioned Devon. 
The role the Basset had to fill was for a communications 
aircraft and also as a transport for ferrying the crews-of 
bombers about. But it soon became clear that the 
performance of the Basset was not all that had been 
hoped for; at high temperature there was a much 
greater decrease in engine power than had been expec- 
ted. Although the RAF is prepared to accept safety 
standards lower than those acceptable for civil airlines, 
it became clear that either the payload or the range of 
the Basset was going to suffer. In fact, as the PAC 
found out, the Basset carrying five people has a range 
of 485 miles instead of 1,000 miles at 15° C, and the 
seven seat version needed for transporting V bomber 
crews has a reduced payload and a range reduced to 
194 nautical miles at 15° ©. At 30° C, the range of the 
seven seat version is reduced to nil, an unhappy 
situation for a V bomber crew stranded somewhere hot. 
In part this failure was caused by the requirement of 
the RAF for more equipment than is normal in civil 
airliners; and it seems that the extra 300 pounds of 
equipment reduce the range by about 300 miles. 
Nobody denies that the Devon would have been 
better, though marginally more expensive (£73,000 
against £65,000 each), but the Ministry of Aviation 
seems to have been motivated by the laudable aim of 
encouraging the development of small aircraft im 
Britain. The Ministry of Technology, in fact, con- 
tinues to support the Beagle company, without so far 
producing much visible return. 





Nuclear Gas 


Ir preliminary results are any guide, Project Gasbuggy. 
the American experiment to increase the recovery of 
natural gas from rock formations of low permeability 
by fracturing the rock with a contained nuclear 
explosion, has been a success. The principle behind 
the experiment is, of course, well tried ; the normal 
practice in mining gas from sandstone formations is to 
drill the well and then fracture the gas-bearing strata 
either by forcing water into the rock or, more rarely 
these days, by exploding nitroglycerine at the bottom 
of the shaft. Gasbuggy, a joint venture of the US 
Atomic Energy Commission, the Department of the 
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Interior, the Bureau of Mines and the El Paso Natural 
Gas Company, was the first attempt to scale up this 
procedure with a nuclear explosion. 

A 26 kiloton device was exploded near Farmington, 
New Mexico, on December 10 last year at a depth of 
4,200 feet, well below the maximum depth for conven- 
tional gas mining, and it produced a chimney in the 
rock with almost e xactly the dimensions that had been 
predicted. The chimney , with a volume of at least 
two million cubic feet, formed as the roof of a chamber 

created by the explosion fell in. Gas has since flowed 
into the ‘chimney through fractures created by the 
explosion. Large scale tests of the gas began on 
June 28, when production was started at a Tate of 
five million cubic feet a day. After eleven days the 
well was closed for measurements of temperature and 
pressure and reopened for four days, flowing at a rate 
of 0-75 million cubic feet a day. During “these last 
four days the pressure in the chimney increased by 
between 10 and 20 Ib per sq. in. absolute, so the flow 
of gas into the chimney must exceed the 0-75 million 
cubic feet a day which was being taken out. 

The first gas tapped in June contained 36 per cent 
of carbon dioxide, believed to have been formed by 
the decomposition of carbonates during the explosion, 
but the proportion of carbon dioxide decreased pro- 
gressively as the proportion of hydrocarbons increased. 
The gas has been continuously monitored for radio- 
active isotopes ; the explosion should have generated 
several radionuclides including krypton-85, iodine-131, 
xenon-133 and tritium. Field tests of small samples of 
gas taken on January 10, only a month after the 
explosion, revealed xenon-133, but this isotope has a 
half life of only 5-3 days and bv June it had dis- 
appeared. On the other hand, both krypton-85 and 
tritium were detected in June but at levels w hich the 
AEC claims “do not constitute a health hazard”. 
Samples of gas have been taken to the Lawrence 
Radiation Laboratory in California for detailed analysis, 
and a fuller evaluation of the whole project is promised 
for a meeting of the Society of Petroleum Engineers in 
Houston in September. It is clear, however, ‘from the 
preliminary data that the sponsors think Gasbuggy 
has been a success, and if it lives up to present expecta- 
tions the technique could more than double the US 
national reserves of natural gas. Whether or not it 
proves to be an economically viable method remains 
to be seen; Gasbuggy has cost about $4-7 million. 


Planning the Environment 


Tae Centre for Environmental Studies (CES) has just 
produced a report on its first year’s work. It is too 
early yet to see solid results ; the centre’s principal 
effort has been devoted to surveying its domain and 
deciding which projects to support. It is now sponsoring 
a wide programme of studies at various institutions 
and universities in Britain. 

When building, transport and habits of work and 
leisure are allowed to react in an uncontrolled way, 
the result is a confusion of interests to which the in- 
convenience of many large cities bears witness. Al- 
though the design of cities and transport systems may 
depend in the last resort on value judgments. the 
grounds for making such decisions can often be streng- 
thened, and any arbitrary components made to stand 
out more clearly, by a variety of logical and mathe- 
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matical techniques. The discipline which the CES was 
founded to promote could broadly be described as the 
application of operations research to the problems of 
urban planning. Suceessful instances of this technique 
include the t transport models worked out for several 
American cities; the models allow prediction to be 
made of future trends, on the basis of which action 
an be taken to invalidate or fulfil the prediction, 

The CES was conceived at a conference held in 
Cambridge in 1965 and sponsored by the British 
Ministry “of Housing and Local Government and the 
Ford Foundation of New York. With five vear 
grants of $750,000 from the Ford Foundation and 
£600,000 from the British Government, the centre 
started work in April 1967. Its purpose is to “promote 
research and education into the planning and design 
of the physical environment”. A research staff under 
the direction of A. H. Chilver, professor of civil and 
municipal engineering at University College, London, 
has been at work assessing fruitful areas of study. 

The centre has now made grants to initiate or con- 
tinue the support of 17 pro jects. A three year grant has 
been made to Sir Leslie Martin and Mr Lionel March 
at Cambridge University who are studying which 
forms of building make the most efficient use of land— 
skyscrapers, happily, are not the only solution. Pro- 
fessor Garnett at Sheffield is looking into the social 
and economic consequences of setting more stringent 
limits to pollution of the air and noise. The kind of 
result that may emerge from this study is a calculation 
of the rate of return on an investment which reduces 
pollution levels. The largest single grant, £45,000 for 
three years, has been awarded to Dr Michael Young 
and Mr Peter Wilmott at the Institute of Community 
Studies; they are studying the patterns of family 
work and leisure and the way in which these are 
relevant to planning. 

During its first year the CES has invested £35,000 
in external research. This sum is expected to build up 
to £250,000 a year by 1972. In the course of its survey 
of research needs, the CES found no lack of good ideas 
to support. Its criteria for investing funds include an 
assessment of the relevance of a project to major 
planning problems; studies which are of an essentially 
development nature are considered to be the concern of 
government departments and planning authorities. 

Besides supporting external research, the centre 
aims to act as an international forum for the discussion 
of planning problems. A series of seminars beginning 
later this year will cover such topics as population 
growth and movement, leisure activities, and trans sport 
studies, 


National Parking 


A NationaL Park Day Centre at Brockhole, Winder- 
mere, the first of its kind in the country, is to be opened 
to the public next summer. The centre, owned by 
the Lake District Planning Board, is in a delightful 
setting about half-way between the road and the lake 
on the main Kendal-Keswiek road. The gardens and 
grounds cover 32 acres including 6 acres of woodlands 
and a third of a mile of lakeshore. At the moment the 
board is converting the house, which was once a con- 
valescent home, into a centre where visitors to the 
lakes can go for educational material of all kinds— 
maps, models, books and exhibits relating to the 
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topography, history, natural history, rural economy 
and general culture of the Lake District. Lectures 
and demonstrations are also planned. 

The board bought Brockhole in 1966 with the help 
of a grant, but there was a long delay before doing any- 
thing with it because of the financial squeeze. At long 
last, authority to go ahead with the development and 
management of the centre was given by the Govern- 
ment in November 1967. Now the board is trying to 
find a director for the centre. The salary offered, 
initially in the range £1,725-£2,105, may be considered 
low by national standards, but the board hopes that 
the situation of Brockhole and other amenities will 
more than compensate for this. The authority to go 
ahead with the scheme was given under section 86 
of the National Parks Act, 1949. This act, however, 
has been superseded by the new Countryside Act, 1968, 
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National Park Centre at Brockhole, Windermere. 
(Photo: G. V. Berry.) 


which came into force on August 3. In effect the act 
confers “new powers on local authorities and other 
bodies for the conservation and enhancement of natural 
beauty and for the benefit of those resorting to the 
countryside ...”. The National Parks Commission has 
been disbanded in favour of a Countryside Commission 
which has additional powers and duties, although in 
practice it has very little more executive powers than 
its predecessor. One of the most important proposals 
is that local authorities now have considerable powers 
to set up country parks for recreation. These should 
relieve the pressure on the National Parks, which are 
increasingly suffering from the demands of the motor 
car. 

On the question of access, the new act extends the 
type of land on which access agreements may be 
negotiated from the mountain, heath and foreshore 
of the 1949 act to include rivers, canals and woodlands. 
Statutory water undertakings and the Forestry 
Commission have increased powers to provide for 
recreation on reservoirs and in forests. Of particular 
interest to the Lake District is the provision which 
allows local planning authorities to make by-laws 
for the control of boating on National Park lakes. 
Inclusion of such a clause was made at the committee 
stage in the House of Lords and it should be effective 
in dealing with nuisance and damage from boats. 
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Noise, a problem suffered particularly seriously at 
Windermere, should also come within the scope of this 
clause. 


Millom to Close 


Tue Millom Hematite Ore and Iron Company, where 
the first commercial spray steelmaking plant was put 
into operation, is to close. The announcement last 
week said that the costs of making pig iron at Millom 
were now above the current prices, in part because of 
cheap imports from Russia and East Germany. Com- 
petition with the British Steel Corporation is also a 
problem for small independent producers, and Millom 
has been making losses for some months. 

The decision is a particularly sad one, because Millom 
was the only British firm willing to try out the spray 
steelmaking techniques developed by the British [ron 
and Steel Research Association. A pilot plant was 
built at Millom which has now been in production for 
some eighteen months, and which has proved the 
feasibility of the technique outside the laboratory. 
Without Millom, the technique might still be a labora- 
tory curiosity, as BISRA scientists frankly admit. 
As it is, the success of the plant at Millom has encour- 
aged Lancashire Steel to build a plant at its works at 
[rlam, and Shelton Iron and Steel Co. is also building 
a spray steel plant. BISRA has set up a wholly owned 
subsidiary company, Spray Steelmaking Limited, to 
market the process in partnership with Humphreys 
and Glasgow, the chemical engineering company. 

Millom’s attempts to become steelmakers were 
never very popular in official circles. The Iron and 
Steel Board refused in January 1967 to give Millom 
sanction to raise £1 million for an expansion plan based 
on the spray technique, arguing that there were no 
grounds for increasing the total productive capacity of 
British steelworks when many of the works were 
operating well below full capacity. In any case, the 
official view has always been that production should be 
concentrated in as few large centres as possible, in 
order to make the most of economies of scale. The 
spray technique, which costs very much less to install 
than does traditional steelmaking equipment, reduces 
the force of this argument. Finally, the Iron and Steel 
Board gave grudging approval for the plan to go 
ahead, but it seems that spray steelmaking came too 
late to save Millom. 

The decision to close will come as a severe shock to 
the town of Millom, which relies almost exclusively 
on the ironworks. Just over 1,000 people will be made 
redundant by the closure, in an area which already has 
more than its share of unemployment. In the past, 
Millom has not always been included in the north-west 
development area, which has made it harder to attract 
new industry, and it seems certain that many of those 
made redundant will have to move away from the area 
to find work. 

Although this is a poor reward for showing the way 
with the new process, spray steelmaking itself seems 
to be making good progress. The process, in which pig 
iron is atomized by a blast of oxygen and is converted 
to steel as it falls into a receiving ladle, does not 
feature in the immediate development plans of the 
British Steel Corporation, but the workers at the 
BISRA laboratories are confident of its long-term 
importance. 
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Fewer Herring 


THE North Sea Fisheries Committee has asked the 
British Government to ban herring fishing within the 
12 mile limit in an area of the North Sea between the 
River Tees and Flamborough Head. The ban, if imple- 
mented, would operate during the months of August 
and September, the spawning time of the herring, for an 
experimental period of 5 years. The Government 
cannot, however, impose the ban without the agreement 
of the Netherlands and West Germany who have tra- 
ditional rights to fish in this area. There is to be a 
meeting in mid-September between representatives of 
all three governments to discuss the question. 

The trouble seems to revolve around the decline in 
the populations of the herring in different parts of the 
North Sea. The precise causes of the decline are 
disputed, but overfishing has probably been an 
important factor. Some populations—for example, 
those of East Anglia—have been almost wiped out, and 
it is feared that the middle North Sea fisheries might go 
the same way. Fishermen in the Whitby and Scar- 
borough areas are worried because of their decreased 
landings of herring, although overall catches are up 
because of the increased amount of fishing, particularly 
by the Germans and the Dutch. The Dutch and 
German fishermen use a trawling method for catching 
herring in which the trawls are swept along near the 
sea bed where the herring are concentrated for spawn- 
ing. This is probably more successful than the drift 
and ring nets used by British fishermen although there 
are uncertainties about this. So far, not many British 
fishermen have adopted the trawling method. 

In theory, an answer to the problem might be a ban 
on trawling in the spawning period. In_ practice, 
however, this would discriminate unfairly between 
different methods of fishing and fishermen. If there is 
to be a ban, therefore, it will have to be a comprehen- 
sive one within the 12 mile limit. It could not be put 
into effect before next year, because this year the 
herring season has already started. 

All stocks of North Sea fish are being reduced by 
overfishing, but while cod, haddock and plaice are 
protected by international regulations, there are no 
such regulations for herring. There seems, therefore, 
to be a case for an experimental ban in the area con- 
cerned, one of the spawning areas of the herring, but 
it is unlikely to please everyone. The British proposal 
might well be unacceptable to the Dutch and the 
Germans. Last year a proposal to ban herring fishing 
in the southern part of the North Sea was made at a 
meeting of the North East Atlantic Fisheries Commis- 
sion, but no agreement was reached, 


New Colours for Cables 


THE Home Office has decided to make regulations on 
the colour coding of the three-core cables attached to 
domestic appliances, to bring British practice into 
line with the rules agreed by the Common Market 
countries two vears ago. No date has been fixed for 
the changeover, but the aim is January 1, 1970, some 
six months after the date fixed by the Common 
Market (June 15, 1969) after which only the new code 
will be allowed. The new code, which has been recom- 
mended by the International Commission on Rules 
for the Approval of Electrical Equipment, specifies 
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brown for the live core, light blue for the neutral 
and a combination of green and yellow for the earth 
core. The present British Standard code of red for 
the live core, black for the neutral and green for the 
earth will be permitted until the changeover date. 

As manufacturers in the Common Market are 
already using the new code, it is important that there 
should be a wide programme of publicity before domes- 
tic equipment from Europe carrying the new colours 
starts to appear in Britain. This is especially important 
as the diversity of plug types in Britain means that the 
practice is usually to leave the fitting of plugs to 
domestic equipment to the customer. While the 
international standardization of the coding of cables 
attached to domestic appliances is clearly necessary, 
the dangers inherent in the changeover cannot be 
over-emphasized. The aim must be to change to the 
new system as rapidly as possible, with an extensive 
campaign to prepare and protect the public. 


How to Prevent Accidents 


Sıx years after it began life as a working party set up 
by the Royal College of Surgeons, the Medical Commis- 
sion on Accident Prevention is receiving financial 
support from more than forty individuals and organiza- 
tions, including various academic bodies in medicine, 
surgery and gynaecology. The fourth annual report 
reveals that the commission is actively furthering its 
aims of studying the epidemiology of accidents and 
advising on methods of prevention and rescue. 

A research grant of £5,000 from the Worshipful 
Company of Drapers enabled the commission to extend 
its support for physiological research to studies of out- 
door activities, with particular reference to runners, 
canoeists and potholers, being carried out at Oxford by 
Dr J. Corbett and Dr R. H. Johnson. Dr Walter 
Somerville’s project, concerned with cardiovascular 
changes in drivers when driving in the traffic of Central 
London, is now at the stage of the preliminary report. 
One-third of a group of presumably healthy drivers 
experienced a greatly increased heart rate, and a 
smaller number showed marked changes on the electro- 
cardiogram. Most of a group of drivers with a history 
of coronary disease experienced no change, but in some 
cases there were irregularities, sometimes angina 
pectoris, and in one case heart failure. Some profes- 
sional racing drivers had a very fast heart rate just 
before the start of a race. Future work is planned to 
find out whether drugs can be used to correct such 
abnormalities without risk. 

An enquiry into accidents to children less than five 
vears old has shown a possible decrease in the number of 
burns and sealds, but more cases of poisoning, espe- 
cially caused by medicines. Many physical and 
psychological problems arise in areas of multistorey 
housing developments, and the report points out that 
play facilities should be receiving much more attention 
from architects and local authorities. A report on the 
investigation into industrial hand injuries draws atten- 
tion to the poor standard of first aid-——eight per cent of a 
sample of 579 injured people had received no first aid 
from trained personnel. There was a high incidence of 
hand injuries in machine accidents and a significant 
failure to use the protective devices fitted to machines. 
There also seems to be a need for better discipline in 
the wearing and design of protective clothing. 
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Replication of RNA Bacteriophages 


from our Cell Biology Correspondent 


Tue RNA bacteriophages are the simplest known 
viruses; they contain enough genetic material to 
specify only three, or at most four, proteins. So far, 
genetic studies with conditional lethal mutants 
mutants able to grow under one set of conditions but not 
under another—have revealed only three phage genes, 
but the existence of a fourth cannot be excluded. 
Each mature phage particle consists of a single stranded 
RNA molecule, the genetic material, encapsulated 
by 180 identical coat protein molecules, and probably 
only a single molecule of a second protein (the 4 
protein), which may well have a role in the attachment 
of the phage to its host, male bacteria. These two 
proteins are specified by two of the phage genes which 
have been identified. The third phage gene specifies 
an enzyme variously known as RNA polymerase, RNA 
synthetase or RNA replicase, which replicates the 
phage RNA during the infective cycle in the host 
bacterium. 

On the face of things, elucidation of the replication 
of such a simple phage might seem to be a relatively 
simple business, but in the past few years it has caused 
many heated debates both in print and at meetings. 
Indeed, the verbal clashes between August, Weissmann 
and Spiegelman have by now become a legendary 
feature of meetings on bacteriophages—the latest 
episode was at this year’s Cold Spring Harbor Sym- 
posium—and the more work on RNA phage replication 
advances, the more complex the picture becomes. In 
this week’s issue of Nature (see page 700), Hotham- 
Iglewski, Phillips and Franklin propose a new hypothe- 
sis, and last week (Nature, 219, 588; 1968) Franze de 
Fernandez, Eoyang and August reported experiments 
which suggest that the replication process is consider- 
ably more subtle than previously thought. 

It is now universally accepted that the replication 
of the phage RNA obeys the general rules of base 
pairing and nucleic acid replication. The RNA of 
the infecting phage first acts as a messenger RNA 
molecule and is translated by the host cells translation 
machinery to produce phage proteins, including the 
RNA polymerase. This enzyme then replicates the 
infecting phage RNA (called the plus strand) by first 
synthesizing a second RNA molecule (called the minus 
strand), the base sequence of which is complementary 
to the infecting plus strand. Then, with the minus 
strand as template, the RNA polymerase synthesizes 
progeny plus strands, which accumulate. The synthe- 
sis of both plus and minus strands is conventional; 
that is to say, the molecules, like replicating DNA, are 
synthesized in the 5’ to 3’ direction. These steps are 
no longer at issue although they have been in the past. 





Some of the accumulating progeny plus strands, = 
acting as messenger RNA, associate with ribosomes o- 
and are translated to produce more of the three phage 


specific proteins. When sufficient coat protein, A 
protein and progeny plus strands have accumu- 
lated, they begin to associate to form progeny virus 
particles. 

All this is agreed, and the debate now centres on the 
structure of the replicating complex, the complex of 
plus strand, minus strand and enzyme, and on the 
number and role of additional factors required for the 
replication. Last week, August and his colleagues 
reported some of the properties of a factor isolated 
from both infected and uninfected bacteria which is 
essential for the replication in vitro of the RNA from 
the phage Q8 by the QL RNA polymerase. 

The fact that the factor is present in uninfected cells 
means that it is a bacterial, not a phage specific, 
substance. As far as they can tell, the factor is not an 
enzyme, nor does it physically associate with the 
phage RNA polymerase; all that can be said is that 
it is essential for the RNA replication. It is, of course, 
easy enough to suggest possible roles for the factor; 
it might, for example, cause some change in the struc- 
ture or configuration of the RNA and so allow the 
polymerase to initiate synthesis. Unfortunately, 
however, the position is complicated by some of the 
results of Spiegelman’s group. They have isolated. 
what might be the same factor but believe it has 
different properties. They found that preparations of 
Q8 RNA polymerase from infected bacteria can be 
fractionated into two components. One, called the 
heavy component, has the properties of QB RNA 
polymerase. The other, the light component, presents 
a problem, for it resembles the factor August's group 
has isolated, in that it is present in uninfected cells, 
but there the similarity ends. Spiegelman and his 
colleagues conclude that their light component forms a 
complex with the RNA polymerase and activates it. 
Moreover they report that a sample of August’s factor 
was inactive in their system. 

To add to this already confused picture, August’s 
group have preliminary evidence that their factor is 
in fact a mixture of two components. One, with a 
molecular weight of 70,000 daltons, is heat stable, 
and the other, with a molecular weight of 40,000 
daltons, is heat labile. At the Cold Spring Harbor 
Symposium in June, August reported an even more 
intriguing observation. The factor, or factors, are 
necessary for the synthesis of minus RNA strands 
when Q8 plus strand RNA is used as template but are 
not required for the synthesis of plus strands using the 
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QB minus strand as template. Thus the plus and 
minus strands must somehow differ in their ability to 
serve as a template for the enzyme. It may be that 
the factors are a ribonuclease, which clips off some 
part of the plus strand before replication begins, per- 
haps the very last base adenine at the 3’ terminus of 
the plus strand. 

Apart from the role of these factors, there is the 
question of the structure of the replication complex, 
the polymerase and its associated templates. Because 
the minus strand is synthesized on a plus strand 
template, there was every reason to think that during 
phage RNA replication the plus and the minus strands 
would be held together by base pairing just as are the 
two strands ofa DNA molecule. In apparent confirma- 
tion of this expectation, when infected bacteria were 
extracted with phenol, such double helical phage RNA 
molecules (called replicative form) were isolated, 
together with double stranded molecules with single 
strand RNA chains attached (called replicative inter- 
mediate). These latter molecules were presumed to 
be formed during a seeond round of replication in which 
the polymerase, now using the minus strand as template, 
began to synthesize a new plus strand. As a result of 
this, the original plus strand would be displaced and 
give rise to the tail. 

When this model seemed about to gain universal 
acceptance, Weissmann proposed that the plus and 
minus strands and the polymerase in the replicating 
complex are in fact much more loosely associated. 
He suggested that the completely double stranded and 
hydrogen bonded molecules are artefacts of the 
phenol extraction procedures. The evidence for this 
was two-fold. First, the double stranded molecules 
extracted with phenol do not serve as a template for 
the polymerase in vitro until they have been heat 
denatured—in other words, until the two strands have 
been separated. Secondly, if the replicative complex 
is isolated without using phenol it is found to be a loose 
association of the three components. 

Not everybody agrees with this conclusion, however. 
Franklin and his colleagues, for example, state that 
double stranded molecules can be demonstrated in 
cells without extensive treatment with phenol and that 
the degree of base pairing in the replicative complex 
is still not clear. They also report that at a late stage 
in the infective cycle almost all of the replicative 
intermediate is associated with ribosomes, which im- 
plies that the single stranded tails are acting as messen- 
ger RNA. Once it has been released from the inter- 
mediate, however, the single stranded RNA is appar- 
ently encapsulated before ribosomes can begin transla- 
tion. Whether the phage coat protein acts as a regula- 
tor of the synthesis of phage RNA as both Franklin’s 
and Zinder’s groups suggest (see Robertson et al., 
Nature, 218, 533; 1968) remains to be seen. 


British Summers 


Is a year when people in Britain can be forgiven for 
thinking that summer does not exist north of the Scilly 
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Isles, it is cheering to read (Weather, 28, 300; 1968) 
that Dr P. B. Wright of the Meteorological Office has 
detected a 26 monthly cycle which apparently under- 
lies the definite tendency for warm summers to alter- 
nate with cool ones. Between 1880 and 1965, summers 
in Britain in odd years were significantly hotter than 
those in even years, but there were short periods when 
the reverse was true. When, however, the survey is 
extended back to 1680, the earliest date from which 
continuous records are available, it appears that there 
is a definite tendency for hot and cold summers to 
alternate, but even years are on average no colder 
than odd years. 

The biennial oscillation is not confined to Britain. 
The records of the quality of wine vintages in Luxem- 
bourg, which are continuous from 1626, closely corre- 
late with the records of good and bad summers in 
Britain. The explanation for all this seems to be a 
cycle of hot-cold-hot weather with an average period 
of 26 months. Because it is a 26 month and not a 
24 month cycle there is a phase change; for example, 
starting with an even year summer and the cycle at its 
maximum, exactly six cycles or 13 years later there 
will be a maximum during an odd year summer and 
13 years after that a maximum again in the summer 
of an even year. Since about 1840 the cycle has had a 
periodicity of 25-7 months and before 1840 it was 
sometimes greater. 

What is the mechanism of this quasi-biennial 
oscillation ? Dr Wright suggests it may be related, 
by some unspecified mechanism, to a similar oscillation 
in the stratosphere where predominantly easterly 
winds blow for 13 months followed by 13 months of 
westerlies. The two phenomena at least have a 26 
month cycle in common. 


International Nomenclature Needed 


A MOVE to simplify communication within the inter- 
national medical community has been made by a 
working group of the Council for International Organiza- 
tions. Meeting in Geneva in June, the group, consisting 
of representatives from the World Health Organization 
and medical organizations and universities, recom- 
mended that an international nomenclature of diseases 
be produced (CIOMS newsletter No, 36). 

Among the various systems of medical terminology, 
classification and nomenclature there is no international 
nomenclature providing names for diseases, although 
there are various systems such as Nomina Anatomica 
and the Nomenclature of the Royal College of Physi- 
cians of London. There are also statistical classifications 
of disease such as the International Classification of 
Diseases of the World Health Organization. This is 
a grouping of diseases which facilitates statistical 
analysis, and it is suggested as a source for the diseases 
to be selected for the new international nomenclature. 

The purpose of the new nomenclature will be to 
provide physicians and medical research workers 
with the assurance that when thev use a term to describe 
a disease it will be understood precisely in any part of 
the world. As well as avoiding confusion over names 
of diseases, an international system of nomenclature 
would also increase the ease with which information 
can be stored and retrieved and would help in statistical 
analysis. 

The sort of system that can best fulfil these needs 
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seems to the working group to require a list of approved 
names and synonyms of diseases in one language, 
together with a definition where this is necessary for 
comprehension. From these definitions, approved 
names and synonyms in other languages would be 
established. The languages used would be English, 
French, Russian and Spanish, and countries not using 
them would have to compile the nomenclature for 
themselves in their own language. 

To achieve this, the working group considers that a 
special CIOMS committee, recommended in a resolution 
of the seventh general assembly of the organization, 
should draw up precise guidelines for the preparation 
of the nomenclature. These would be working rules 
for groups of specialists within the international 
organizations who would prepare the different sections 
of the nomenclature. 


Biochemists Federated 
from a Correspondent 


THE annual meetings of the Federation of European 
Biochemical Societies takes place in rotation in the 
member countries, and this year’s meeting, the fifth, 
was held in Prague from July 15 to 20. It was organ- 
ized by the Czechoslovak Biochemical Society and the 
Czechoslovak Academy of Sciences, and was attended 
by some 2,400 biochemists and associate members from 
nearly all European countries and overseas. 

Dr M. F. Perutz gave the first Sir Hans Krebs 
Lecture on “X-ray analysis, structure and function of 
crystalline proteins’, and a second plenary lecture 
was given by Dr G. H. Hitchings on “Observations on 
immunosuppressive drugs’. The main part of the 
meeting consisted of eight symposia and nearly 1,200 
free communications arranged in seventeen sections. 
The symposia covered a wide variety of topics, including 
relations of enzyme structure and activity; isoenzymes; 
gamma globulin, its structure and biosynthesis; meta- 
bolism of peptide hormones as a factor in hormonal 
regulation; the application of antimetabolites in bio- 
chemical investigations; biochemistry of connective 
tissue; mitochondria—structure and function: and 
the hydroxylation of drugs and chemical action 
of their metabolic products in the organism. 

The federation is only four years old, but there are 
now 23 constituent societies in the federation repre- 
senting almost every European country. The total 
membership is more than 14,000. The federation has 
launched a second journal, and a generous grant from 
the Volkswagen Foundation of £15,000 means that the 
federation can run its summer school programme for 
the next three years. There will be two courses this 
year, one at the University of Edinburgh on the 
application of computers in biochemistry, and the 
other at the Weizmann Institute of Science on nucleic 
acids. Plans for next year are not yet complete, but 
it is hoped that there will be four courses, one at the 
University of Groningen on the conformation of bio- 
macromolecules and another at the Max-Planck- 
Institut fiir Meeresforschung at Wilhelmshaven on 
translation and transcription of genetic information. 

At the Prague meeting, the council and executive 
committee of the federation decided to make arrange- 
ments for the loan of teaching films among the inter- 
ested departments of biochemistry and to set up a 
bureau for the exchange of protocols of laboratory class 
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experiments. The success of the federation so far in o —— > 
fostering cooperation among biochemists throughout =. 


Europe and the scope and success of the Prague 
meeting indicate that FEBS meetings are likely to 
acquire a significance for European biochemists com- 
parable with that of the federation meeting in the 
United States. 


Another Federation 
from a Correspondent 


Contracts between British and Continental scientists 
engaged in connective tissue research were put on an 
organized basis in Cambridge, between June 30 and 
July 2, with the formation of a Federation of European 
Connective Tissue Clubs. Seven clubs, nine nations 
and 160 individuals took part in a meeting designed 
to allow the maximum participation by the mem- 
bers. The emphasis was on workshops and dis- 
cussion, but plenary lectures by Dr K. Kübn 
(Munich) on “Collagen” and Dr F. Pautard (Leeds) 
on ‘Mineralization in biological systems” drew large 
audiences. Panel discussions on “Protein-poly- 
saccharide interactions’ and “Breakdown of connec- 
tive tissue” organized by Dr J. E. Scott and Dr J. T. 
Dingle respectively gave four or five main speakers an 
opportunity to present various aspects of their topic 
at. some length, with interposed discussions. During 
the workshops, discussion was led by three or more 
speakers, who were subjected to continuous comment 
from their audience. Because of the necessity to 
restrict numbers in each workshop in the interests of 
good discussion, several were run in parallel, which led 
to mild complaints that it was impossible to attend 
everything one would have wished. Workshops were 
on “Glycoprotein isolation and characterization” 
(Dr L. Robert, Paris), “Quantitative histology of 
calcified tissues” (Dr H. A. Sissons, London), “Hexos- 
amine determinations, quantitative and qualitative” 
(Dr A. Barret, Cambridge), “Status and chemical 
analysis of collagen fractions from various tissues” 
(Dr D. S. Jackson, Manchester), and “Mineral assays 
in calcified tissues’ (Dr P. Fourman, Leeds). The 
British host clubs were the Mucopolysaccharide Club 
and the Collagen Club, in association with the Bone and 
Tooth Society. The meeting was organized by Dr J. T. 
Dingle and Dr J. Reynolds of Cambridge and Dr J. E. 
Scott of Taplow. It was made possible by financial 
help from the Wellcome Trust, Ethicon Ltd, and 
Geigy Ltd. 

At a business meeting the clubs agreed to federate, 
and it was decided to hold the next meeting in Munich 
in 1970 at the invitation of the German Connective 
Tissue Club. The current federation representative 
is Dr J. E. Scott of the MRC Unit, Taplow. 


Antarctic Ecology 
from a Correspondent 


On July 26, Dr L. Gould, the chairman of the Scientific 
Committee for Antarctic Research, declared open the 
new extensions to the Scott Polar Research Institute in 
Cambridge. Throughout the following week the 
library and lecture theatre were invaded by 150 
delegates, mostly from the twelve countries of the 
Antarctic Treaty, attending the Second Symposium 
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on Antarctic Ecology. The quality and diversity of 
the 24 reviews and 58 supporting papers and demonstra- 
tions given during the six days were a tribute to the 
zeal and imagination of the retiring secretary of the 
SCAR Working Group in Biology, Dr M. W. Holdgate, 
and to the amount of international cooperation achieved 
during the planning stages. 

Twelve sessions covered most aspects of the Antarctic 
ecosystem. The special environmental features (fre- 
quently described as hostile, though this is a concept 
which affects the biologist more than the highly 
adapted biota) include high incidence of solar radiation 
in summer combined with freezing aridity. There can 
be marked terrestrial microclimate fluctuation while 
aquatic environments are more stable because water 
freezes above —20° C. In the sea, and more particu- 
larly in land and freshwater communities, the numbers 
of species are smaller than in lower latitudes, but 
oceanic productivity is particularly high in certain 
regions. Individuals are often massively abundant 
and, because habitats and behaviour patterns remain 
for the most part undisturbed by man (the daunting 
exception is the population of whales), important and 
relatively uncomplicated opportunities are present for 
studies of feeding networks, adaptations and the 
consequences of the exploitation of resources. 

The keynote of this symposium, as it had been at 
its predecessor in Paris in 1962, was the need to face 
the logistic challenge of bio-oceanographic research. 
Impressive evidence was presented by Soviet scientists 
of progress already made in this field, in particular in 
the problems of krill biology and utilization. The 
pressing need in the future is to regulate exploitation of 
pelagic sealing about which the SCAR working group 
im biology has drafted regulations. 

Several authors gave estimates, in biometric terms, 
of the consequences of the removal of at least 80 per 
cent of baleen whale stocks over the past fifty vears. 
There was agreement that something of the order of 
35-50 million metric tons of krill might have been 
made available annually by the removal of their con- 
sumers. If this is to be regarded as a “surplus” it can 
be equated with the weight of fish landed annually 
throughout the rest of the world. The symposium was 
told that further research is essential in order that the 
management of an important new marine resource 
may be sensibly established on scientific principles. 
There is cause for concern that the hoped-for recovery 
of whale stocks may be retarded or prevented by 
incautious and hasty exploitation. Soviet research 
has shown that it is possible for a ship to extract 
krill from the sea at a rate of twelve tons per hour 
from patches several miles in extent containing up to 
15 kilograms of krill per cubic metre: and krill is 
composed of up to 7 per cent fat and up to 15 per cent 
protein. 

Other important contributions, too numerous to 
mention, dealt with the history of Antarctic glaciation 
and terrestrial fauna and flora and its relation with 
Gondwanaland and continental drift theory. Soils in 
dry valleys provide a unique biological system, almost 
exclusively microbial, where conditions for sampling 
are likely to be comparable with those encountered by 
the first visitors to Mars. 

Dr Robert Carrick, in his summary of the symposium, 
was able confidently to claim that Antarctic biology 
has now made the grade, moving from a phase epitom- 
ized by “playing with penguins’? to an enlightened 
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conception of research priorities comparable both with 
the development of other sciences in the Antarctic 
and with modern biology generally. The framework 
of SCAR has promoted an orderly advance in research 
techniques where international and interdisciplinary 
interdependence has been a principle; one which had 
been well exemplificd by this symposium. Basic 
systematic work remains important, and gaps in 
knowledge remain. Fortunately, the techniques and 
resources needed to fill these gaps can already be 
identified. 


Inducible Enzymes 


from our Medical Biochemistry Correspondent 


ENZYMES are said to be inducible if their formation or 
rate of formation depends on the presence of their 
substrate. It is gradually becoming clear that many 
foreign substances can induce the enzymes which 
metabolize them, and which may also affect the meta- 
bolism of other substances, particularly other drugs. 
In an interesting piece of work, Welch and co-workers 
(Science, 160, 541; 1968) have shown that some human 
tissues produce an enzyme which hydroxylates 3: 4- 
benzpyrene, a well known carcinogen in tobacco smoke, 
only if the individual is a cigarette smoker. They 
measured the benzpyrene hydroxylase activity in the 
placenta immediately after delivery, and found that 
12 women who were non-smokers all formed less than 
20 nanograms of enzyme per gram of tissue in 15 
minutes. In contrast the activities found im the 
placentas from 11 women who smoked between 10 
and 30 cigarettes per day varied between 69 and 3,680 
with an average of 756. No correlation could be demon- 
strated between the number of cigarettes smoked, race, 
age or medication before delivery to account for the 
variation in enzyme activities. In studies on rats 
given injections of benzpyrene, the hydroxylase 
activity in the placenta depended on the dose of 
benzpyrene, but in humans the plasma concentration 
of benzpyrene may depend on the manner of smoking. 
Experiments in rats have shown that administration 
of benzpyrene and another carcinogen, 3-methyl- 
cholanthrene, can also induce the synthesis of several 
oxidative enzymes in mitochondria (Zenker et al., 
Science, 159, 1102; 1968). The mitochondrial enzymes 
were estimated by histochemical methods, and it was 
shown that a-glycerophosphate, malic, succinic, lactie, 
glutamic and 8-hydroxybutyrie dehydrogenases, NADH 
diaphorase and cytochrome oxidase activity were all 
increased in the animals receiving the carcinogens. The 
increased activity was shown to be caused by the 
synthesis of new enzyme protein: the Increase was 
prevented by the administration of actinomycin D, a 
protein synthesis inhibitor. 

The effect which treatment with one drug may have 
on the metabolism of another has been demonstrated in 
an investigation by Levi, Sherlock and Walker (Lancet, 
i, 1275: 1968). Thev measured the half-lives of phenyl- 
butazone and isoniazid in normal controls and im 
patients with liver disease, noting whether the subjects 
had received any previous drug treatment. such as the 
administration of barbiturates, antihistamines or 
corticosteroids. Isoniazid (an anti-tubercular drug) is 
metabolized by an acetylating enzyme which is not 
located in the microsomal fraction. Treatment with 
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any of the drugs did not affect the excretion of isoniazid, 
but the normal bimodal distribution of half-lives for 
the drugs was not found in the liver patients. Phenyl- 
butazone (used mainly as an anti-rheumatic) is meta- 
bolized by a hydroxylase enzyme found in the micro- 
somal fraction, and the half-life of this drug was 
markedly altered by both liver disease and drug 
administration. In those not receiving drugs the 
normal half-life was 78 hours, and the half-life in the 
presence of liver disease was 100 hours. Previous 
treatment shortened the half-life in both groups con- 
siderably, to 57 hours and 56 hours, respectively. 
Some volunteers took two doses of the drug and it was 
shown that pre-treatment altered the half-life of phenyl- 
butazone in the same individual by an average of 22 
hours. 

Enzyme induction by drugs even appears to take 
place across the human placenta. Maurer et al. (Lancet, 
ii, 122; 1968) measured the total serum bilirubin during 
the first few days of life in the babies from 12 women 
given 30-120 mg phenobarbitone per day for two weeks 
or more before delivery, and in 16 control babies. They 
deliberately excluded premature babies and those 
sensitized by blood group incompatibilities. In the 
group treated with drugs, the maximum serum bilirubin 
was found on the second day and the mean concentra- 
tion was 2:7+0-4 mg/ml. In the control babies the 
maximum occurred on the third day and the bilirubin 
concentration was 5-7+0-5 mg/ml. Phenobarbitone 
probably induces the formation of the glucuronyl 
transferase enzyme which metabolizes bilirubin and 
which is normally not very active in the newborn. 
In this case the effect is probably beneficial, as excess 
bilirubin can cause brain damage and even death, but 
enzyme induction in the foetus caused by maternal 
drugs might sometimes have harmful effects. 


Ligands for Nucleic Acids 


from our Molecular Biology Correspondent 


THE study of binding of small molecules—dyes, anti- 
biotics, carcinogens, nucleotides—to nucleic acids and 
their analogues has expanded to become almost a 
miniature science in its own right. Some of this work is 
clearly of great interest, from the viewpoint of both the 
structure and stabilization of nucleic acids in solution, 
and of the biochemical basis of the function of bio- 
logically important agents. 

Bangerter and Chan (Biopolymers, 6, 983: 1968) 
report an interesting study of the association of purine 
with poly U. It has been shown in two laboratories 
(those of Ts'o and of Miles) that adenosine will associate 
with poly U to yield helical complexes. Bangerter and 
Chan used free purine, so that specific base-pairing 
cannot occur, and investigated the binding by proton 
magnetic resonance. The poly U is a flexible, random 
polymer, and shows a well-developed, rather sharp, 
nuclear magnetic resonance spectrum. When purine is 
added, the resonances of the uridine ring protons shift 
upfield, reflecting interactions between the planes of 
the heterocycles (ring-current shifts). This effect is 
associated with stacking in general, and indeed is 
observed when the purine interacts with monomeric 
uridine, or for that matter with itself at sufficiently high 
concentrations. The resonances arising from the purine 
also undergo a change, and while the line-width remains 
nearly constant on self-association or association with 
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uridine, in the presence of the dinucleotide, UpU or of | 
poly U, a striking broadening effect is observed. This 
is attributed to magnetic dipole interaction with the 
ribose ring protons, and is consistent with intercalation. 
of the purine between adjacent bases. The uracil 
resonances do not broaden, so it appears that the 
association does not cause the polymer to become 
helical and rigid. Thus the binding is relatively weak, 
and exchange of ligands is rapid, but the interaction 
seems clearly intercalative. 

A different type of interaction, which by contrast 
involves base-pairing, was reported by Rich and his 
co-workers. Here the ligand is a barbiturate—a uracil 
derivative—and it was found to associate strongly and 
specifically with adenine derivatives. Kim and Rich 
(Proc. US Nat. Acad. Sci., 60, 402; 1968) have now 
determined the structure of a mixed crystal of pheno- 
barbital and 8-bromo-9-ethyladenine, one of several 
mixed crystals of adenine and barbiturate derivatives 
which they have discovered. It turns out to contain a 
1 : 2 complex, in which one adenine is attached through 
hydrogen bonds of Watson—Crick type to the barbitu- 
rate. Another makes two hydrogen bonds at the re- 
maining available sites, and the two adenine derivatives 
are bonded to each other. It is suggested that bar- 
biturates, which are noted for diversity of action, 
function by binding to adenine-containing molecules, 
such as AMP and coenzymes, and that this should occur 
with particular facility in non-aqueous situations, 
specifically in membranes. 

The nature of the binding of actinomycin to DNA is 
a complex and somewhat controversial problem. The 
molecule consists of a phenoxazone (three-ring) system 
bearing two cyclic polypeptide chains. The involvement 
of an amino group on guanine, the only base at which 
the ligand will bind, has been used as an argument 
against an intercalation mechanism, for a hydrogen 
bond between this site and the actinomycin ring would 
then be precluded. Moreover, the binding was noted to 
cause a decrease, rather than an increase, in viscosity, 
an effect which seemed inconsistent with the idea of 
intercalation. Müller and Crothers (J. Aol. Biol. 35, 
251; 1968) have now reinvestigated the system, and 
have found that when the molecular weight of the DNA 
is diminished by sonication, the expected increase in 
viscosity on attachment of actinomycin supervenes, 
and it thus appears that in high-molecular weight DNA 
the known flexibility of the macromolecule permits some 
form of cross-linking, presumably involving the peptide 
rings. Largely, it seems, on this basis, and because of 
parallel effects in the sedimentation, the authors come 
down in favour of intercalation. By comparison with 
the binding properties of a series of modified actino- 
mycins and simple derivatives lacking the peptide 
rings, Miller and Crothers have suggested an interaction 
between a group in the actinomycin rings and sugar 
oxygens. A study of the dissociation kineties indicates 
a complex reaction, orders of magnitude slower than 
with the simple derivatives, which cannot be described 
by less than five rate constants. It is suggested (and 
here perhaps the hand of the lecturer may be surmised 
to describe ambiguous circular motions) that a series 
of conformational changes occurs in the peptide rings. 
These, moreover, must be associated with undefined 
changes in absorbance, in terms of which the kinetics 
are observed. The results are interesting and give food 
for speculation, but the unbiased reader will probably 
wish to hedge his bets. 











680 





NATURE, VOL, 219. AUGUST 17, 1968 


Quality and Usefulness of Soil Maps 


by 
R. WEBSTER 
P. H. T. BECKETT 


Soil Science Laboratory, 
University of Oxford 


In any large area the soil usually shows considerable 
variety, so much so that different kinds of soil have to be 
recognized for one purpose or another. It may be that 
some of the soil is acid while some is not. Some of the 
soil may be high-lying and well drained, some low-lying 
and waterlogged for much of the year. And an account 
of the soil of an area would not be complete without a 
map showing where the various soil types that are 
described occur. A soil map of the area would show to 
scale this heterogeneous landscape subdivided into smaller 
more homogeneous areas. Areas of similar soil would be 
grouped together and the resulting units, the classes of 
the soil map, would appear in the legend. Most soil maps 
are of this kind, and an example is shown in Fig. 1. 

In most soil surveys the classes are recognized and the 
boundaries drawn intuitively, largely on visual appearance 
in the field or on air photographs. But a good deal of 
information is usually collected about the soil and its 
suitability for use. The soil map then serves as the key to 
the available information for any particular part of the 
area. Where information is not available the soil map may 
be used to plan a rational sampling procedure in order to 
obtain it. 

Using land with inadequate soil information has been 
the cause of painful experiences: miserable crops, founda- 
tion failures and lost vehicles. The result has been a 
demand for more information. The need for better inven- 
tories of soil resources and the desire to make reliable 
predictions in land use planning have led to soil survey 
becoming an increasingly popular activity in the past 20 
years. 

With so many soil maps being made, questions naturally 
arise as to how good they are, are they good enough, and, 
where more than one map is made of an area, which is 
best. Some criterion of quality is required as a measure of 
success or comparison. 


Variation within Soil Map Units 


The soil varies considerably over the landscape, and in 
producing a soil map the surveyor hopes that the soils 
within his mapping units are less variable than over the 
landscape at large. In fact, the purpose of mapping is to 
enable us to say something precise about particular parts 
of the area that we could not say about the whole. It may 
simply be a statement of fact; for example, the soil here 
is acid or soft. Orit may be a prediction: if you lime this 
land you should increase your yields by 30 per cent, or 
if you try to drive your jeep over there you are likely to 
sink up to the axles. Assuming that the information 
gathered is correct, how are we to assess the value of the 
soil map in presenting it and in making predictions 
from it? 

Consider first the presentation of the information, as, 
for example, in a natural resource Inventory. Here the 
success of the map will be judged by the extent to which 
more precise statements can be made about the soil 
within each mapping unit than could be made about the 
soil within the mapping units of previous maps, or of 
the landscape at large if there were no previous maps. For 
example, an area might be divided into acid and caleareous 


Farmers and engineers have a strong need for maps to give them 
information about the soil on which they are working. Available 
soil maps vary greatly in quality, and there seems to be a need for 
some general standards. 


soil. For both classes we can then be more precise when 
talking about their reaction. But later mapping might 
subdivide the acid soil into three classes——slightly acid, 
moderately acid and very acid. The fact that we can now 
say that a particular soil is moderately acid instead of just 
acid represents a further degree of refinement, an increase 
in precision. It is an improvement on the previous 
situation. 

In statistical terms, the surveyor who makes a sou 
map will wish to see the maximum reduction in the 
within-class variance compared with the variance within 
the classes of previous maps or within the area unclassified 
if no previous map exists. One way of looking at this is 
in terms of the intraclass correlation, p: estimated for 
some property of interest. The intraclass correlation is 
conventionally expressed as: 


where o° is the within-class variance and a’, is the between- 
class variance. 

It will be evident that if each class were absolutely 
uniform then g? would equal zero and p: have its maximum 
value of 1. Were the soil surveyor ever to achieve this 
perfection he would undoubtedly join the ranks of the 
immortals. On the other hand, if the differences between 
classes are not significant then o’4 and p; are not signi- 
ficantly greater than 0 and the map has achieved nothing. 
As Goodall’ points out, 9; is a useful way of comparing 
the goodness of different classifications of a population if 
the number of classes is constant. p: for different pro- 
perties is also comparable. Thus, in these circumstances 
the best soil map would be the one with the largest value 
of pz, and its success would be greatest for the property 
with the largest pi. 

Neither p; nor any other measure of the reduction in 
variance, however, need interest the user of a classifica- 
tion. The user is generally not concerned with how much 
improvement the soil surveyor has achieved, but rather 
with whether the classes are homogeneous enough for 
making predictions. The user will measure the success of 
a soil survey by whether sufficiently precise statements 
can be made about the soil within each mapping unit. 
In our example, the map that distinguished calcareous 
and acid soil may have been an improvement over no 
map, but it would not be adequate for the farmer who 
wished to lime his fields. The farmer would avoid liming 
the calcareous soil, but if he applied an average dressing 
to the remainder he would be likely to overlime the 
slightly acid soil and underlime the very acid. The farmer 
needs a map showing the finer soil subdivisions. 

Expressed statistically, the user of a soil map is in- 
terested in the within-class variance, o?. The user will in 
general wish o? to be as small as possible, but his chief 
concern is likely to be that the variance does not exceed 
some maximal threshold value. In our example, the 
variance of soil pH, or, perhaps more to the point, lime 
requirement, in the class of acid soil in the first survey 
exceeded the value that the farmer could tolerate. A 
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further subdivision was nece to reduce the variance 
sufficiently. Thus, ifo? falls below the threshold value then 
the survey is adequate; if it exceeds it then the survey is 
not adequate. It therefore follows that, no matter how 
large the reduction in the within-class variance and the 
soil surveyor’s pride in his accomplishment, if o? is not 
reduced enough then the map cannot be used. Equally, 
if the variance in the area undivided is smaller than the 
threshold then the map is not needed. If all the soil on 
the farm were moderately acid then the farmer would 
not need to recognize any subdivisions when he came to 
lime it. 





1, Sands of river channel. 2, Stratified sands and sandy loams. 3, Poorly 


drained soil of medium texture. 4, Black cracking days of depressions. 

5, Non-caleareous dark brown sands, 6, Slightly calcareous soil of med- 

ium texture. 7, Slightly alkaline (sodium influenced) soil. 8, Strongly 
alkaline soil with texture contrast. 


Fig. 1. Part of a soil map made by one of us (R. W.) of an alluvial 
landscape in the Luangwa Valley of Zambia. There are eight mapping 
units (classes). It ia conventional to give the classes short discriminatory 
descriptions, and these are appended at the foot of the map. The chief 
purpose of the classification, however, is to serve as an index to other 
data and a guide to systematic sampling for further information. 


Clearly, then, the variability of a soil mapping unit is 
an important attribute of it. It would be of obvious value 
to the user of a map if not only the mean or modal values 
of properties of each class were stated but also their 
variances or standard deviations. We know of no soil 
survey reports that do this, though one or two soil or 
land classification maps have been tested for the variability 
of their mapping units by road engineers??. We have 
similarly tested our own land classification map at 
1 : 63,360 of the Oxford district for a number of soil 
properties and calculated intraclass correlations. Details 
of the mapping and sampling procedures have been 
described elsewhere*’. 

Some of the results are presented in Table 1. 

In general, as might be expected, those properties with 
large within-class variances (8?) in relation to their means 
(high coefficients of variation, CV) show only small reduc- 





Table 1. SAMPLE MEANS (Z) AND VARIANCES UNCLASSIPTED. {Ssh 

CLASS VARIANCES (8*), STANDARD DEVIATIONS (6) AND COERFEICI 

VARIATION (C F}, AND INTRACLASS CORRELATION (71) OF TOPSOIL PRO 

FOR A LAND CLASSIFICATION OF THE OXFORD DISTRICT (SEVENTEEN: 
FOR APPROXIMATELY 1,000 km’) 


Property kd 8u g? š CY āă r 


(%) 
Clay (% 37:2 217-4 92 $5 25-6 O61 
Mean pF ,* 2-66 0-2030 0-07176 206 10-1 O68 
summer l l 
Mean pF,* 1-82 OMH 0-60402 065 2S ppi 
winter 
Meanstrength 138 1,645 510 22-6 ips 0-70 
(cone index) 
winter ; 
Plastic limit (°,) 38-8 226-4 LiL4 10-7 27-8 G3 
Liquid imit (3%) 68-6 BYE 309-3 17-6 25-9 GAR 
Organic matter 9-8 12-940 9-485 8-08 $14 O28 
(% 
pH 7-09 0-481 0-326 (57 4 Oe 
Available P (%) 0-031 0-001247 G-00114 O84 109 PG 


Available K(%) 0-013 0) 000099 1 00000089 (0007 75 0-06 
We have used the convention of Greek letters for population atatistics and 
Roman letters for their sampling estimates. . 
* pF, = log, (tension in em water + 50), This transformation is neces- 
sary to normalize the data and accommodate negative fensions*. Other 
data are approximately normally distributed without transformation. 


tions in variance as a result of classification and small 
intraclass correlations (ri). And the reverse is so for those 
with low s?. For the mechanical properties of the soil the 
map was judged a success: s* had been reduced to an 
acceptably low level from an unacceptably high one in 
the area at large®, though the degree of improvement as 
assessed by r; or reduction in variance was modest. For 
several of the chemical properties, however, there was 
little reduction in the variance as a result of mapping 
(low r:) and s? remained too high for the mapping units to 
serve as useful vehicles for this kind of information. 


The Problem of Complexes 


But what if the surveyor, whose map we dismiss as too 
crude, insists that he has done his best, and that if only 
we would be a little more patient his map has something 
to tell us ? Here we must realize that we have overlooked 
an important point. We have to recognize the difference 
between a classification of sampling sites and a map which 
must group together such sites according to their proximity 
to one another on the ground as well as to their similarity. 
If the mapping units are not to contain sites with dis- 
similar properties then the mapping scale must be large 
enough to achieve this. Inevitably there will be landscapes 
in which the soil variation is such that a very large scale 
indeed is required. But from the user’s point of view there 
is nothing to be gained by increasing the scale beyond 
that at which the smallest area of interest can be satis- 
factorily shown. For the farmer in Britain this area 
is probably about 1 hectare, and this can be shown on a 
1 : 20,000 map (it covers 0-25 em? at this scale). We may 
therefore find that we have chosen a suitable scale for 
the user and have made the most relevant classification 
for his purpose, yet the value of o? within the mapping 
units exceeds his specified threshold. This is now valuable 
information. For it means that there is a large variation 
occurring over short distances. In fact, it means not that 
the map is useless but that the land is useless for the 
purpose intended: the land is too variable to be used in 
the way we should like. Perhaps the most obvious 
examples of this are where areas of deep soil are broken up 
by frequent outcrops of rock. The deep soil may be very 
suitable for the growth of crop plants, but the frequent 
rock masses make it impossible or uneconomic to use the 
usual farm machinery to cultivate it. Another trouble- 
some example occurs on the Chalk plateaux of southern 
England. Locally the shallow rendzina soils are inter- 
spersed at frequent intervals with deep pockets of clay’. 
If the farmer who wishes to grow a spring cereal crop 
attempts to cultivate early he risks getting his machinery 
stuck in the wet clay. If, on the other hand, he waits until 
the clay is dry enough then drought may cause poor 
establishment on the remainder. The individual areas of 
each soil type are too small to manage separately. The 
result is that such land is left in grass, or if cultivation is 
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attempted then the land quite frequently has to remain 
fallow. 

Where such variation occurs, surveyors usually define a 
complex and describe the different kinds of soil present in 
it. But, while in principle the dimensions, proportions 
and interrelations of the different kinds of soil would be 
given m reports, in practice this is rarely done, On the 
statistical side some way is needed to express variation 
of this type, and we hope to report on this later. 

Meanwhile if we stimulate others to state variances and 


intraclass correlations for their maps, we shall be very 
pleased. The experienced soil surveyor will usually be 


able to assess how good his map is and whether it is 
adequate. But his confidence may not be shared by the 
potential user. 
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himself a clear idea of the degree of improvement that his 
map represents, while the user will be given a clear guide 
to the adequacy of the map for purposes of prediction. 
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Birkhoff and von Neumann’s Interpretation of 


Quantum Mechanics 


KARL R. POPPER 


University of London 


Outline of Birkhoff and von Neumann’s Paper 


THis article is largely motivated by my fundamental 
disagreement with the interpretation of quantum mech- 
anies which inspired the famous paper of Birkhoff and 
von Neumann, “The Logie of Quantum Mechanics” 
(1936) (ref. 1); a paper which, after 32 years, is still most 
influential.* In this article, however, I shall say more 
about certain extremely simple mathematical facts than 
about questions of interpretation. 

Birkhoff and von Neumann’s ideas may be put, some- 
what oversimplified, as follows. Quantum mechanics is a 
probabilistic theory: its predictions ascribe probabilities 
to the outcome of certain possible experiments, or meas- 
urements, or to what have been called “observables”, or 
“experimental propositions”. 

Probability in quantum mechanics is thus a measure 
defined on a set—the set of the possible “experimental 
propositions’, including their logical compounds: ifa and 
b belong to this set, so do their compounds. Probability 
theory is interested, more especially, in their conjunction 
(or intersection, or meet) a-and-b, which may be abbrevi- 
ated as ab; in their disjunction (or union, or join) @-or-b, 
abbreviated aVb; and in the negation (or complement) 
non-a, abbreviated as a. A set which is closed with 
respect to these three operations (two binary and one 
unary), first systematically studied by Boole (in con- 
nexion with his interest m probability), and which is 
partially ordered by the relation <. is known as a Boolean 
algebra (provided (1) holds as mentioned below); and 
classical probability may be said to be an additive measure 
funetion on some Boolean algebra. 

Birkhoff and von Neumann's proposal is, essentially, 
that we should base the (non-classical) probability caleulus 
to be used in quantum mechanics on a non-Boolean 

* ‘The influence is very marked in papers by C. F, von Welzsacker, J. M. 
Jauch, P. Finkelstein, C, Piron, and many others. (I personally do not agree 
with von Weizsicker when he writes in Die Naturwissenschaften, 48, 1955, 
p. 524 about the paper of Birkhoff and ven Neumann: “It appears to me that, 
within the range of questions which these authors consider, the problem 
which they raise has heen finally solved by them.) See also the summary 


and the references in Max Jammer, The Conceptual Development of Quantum 
Mechanics, 1966, pp. 376 f. 


by Birkhoff and von Neumann's famous paper, “The Logic of Quantum 
Mechanics”, culminates in a proposal which clashes with each of a 
number of assumptions made by the authors. A thought experiment, 
intended to show the need for the proposal, is rejected. 


algebra, by discarding the law of distribution of Boolean 
algebra which may, for example, be written as follows 


(aVb)c= (ac) V (be) (1) 


To understand this proposal we should keep m mind 
that Boolean algebra may be interpreted as propositional 
logie by using the translation rule 


a logically entails b if and only ifa<6b 


(Here a<b is another way of writing a=ab, or of writing 
aVb=b; and “a logically entails 6” 1s the same as the 
asserted conditional with a as antecedent and b as conse- 
quent.) Thus the proposal may be described as a proposal 
to regard the formal system of “observables” in quantum 
theory as a non-classical system of logic; or more pre- 
cisely, as a so-called non-cistributive lattice. (Boolean 
algebra is a distributive and complemented lattice; that 
is, a distributive lattice in which every element, or pro- 
position, has a complement.) 

There have been many mteresting proposals, inspired 
by non-Euchdean geometry, of operating with non- 
Boolean (or non-classical) systems of logie. But Birkhoff 
and von Neumann's proposal, in contrast to, say, the 
‘intuitionist’’ system of Brouwer and Heyting, is not 
intended as a modification of the logical structure of our 
theoretical or mathematical reasoning. It is, rather, 
entirely confined to that system of “experimental pro- 
positions’ to which probabilities may be aseribed by the 
theory—-that is, by quantum theory which, in its turn, 
uses Classical reasoning, 

While the intuitionist non-classical logic of Brouwer 
and Heyting alters a rule of negation or complementation 
-their proposal is to discard the law of the excluded 
middle-—Birkhoff and von Neumann emphasize that they 
do not propose to alter the classical rules of negation or 
complementation. Thus they speak of an operation of 
complementation (section 9, page 8380), implying that 
negation is unique; and they say (in their footnote 11) 
that by the negation of an experimental proposition is 
meant ‘the experimental proposition corresponding to the 
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set complement . . .” which, of course, is a classical 
complement. (See also their section 17, and footnote 35.) 

Birkhoff and von Neumann do not merely propose to 
discard (1), but they propose to replace it by a weaker 
law, the so-called ‘‘modular. identity” which may be 
written in various ways, for example 


({ac)Vb)e = (ac)V(be) (2) 


Thus the it tae as eae and von Neumann is to 
replace (1) by (2). in other words, to replace a 
distributive lhat is a Boolean) lattice by a modular 
lattice. 


Criticism of Birkhoff and von Neumann’s Proposal 


My thesis is that Birkhoff and von Neumann’s proposal 
is untenable. This is so partly (1) because of some dis- 
coveries in lattice theory made by John von Neumann 
in 1936-67, by Garrett Birkhoff and Morgan Ward in 
1939, and by Garrett Birkhoff in 1940. (These discoveries 
require at the very least a modification of the proposal.) 
But it is so also (2) because of certain very simple results 
of probability theory or measure theory which I shall 
discuss in some detail. 

To explain first the lattice theoretical discoveries we 
may note that every lattice L contains two elements Z 
and U such that, for every element a in L, 

A<a<U (3) 


(or self-contradictory, or 
“trivial” (or tauto- 


The element Z is the “absurd” 
zero element), the element U is the 
logical, or the unit element). 

Two elements, a and b, are said to be complements of 
each other if, and only if, 


ab= Zand aVb=U (4) 

A lattice L is said to be complemented if and only if 
every element has at least one complement. L is said to 
be uniquely complemented (or a “lattice with unique com- 
plements’’) if and only if every element a has exactly one 
‘complement, so that complementation is an operation, 
which allows us to write a’ for the complement of a.* L 
is said to be orthocomplemented if and only if every 
element a of L has complement a° such that 


a? $b provided b'sa (5) 
Rule (5) is known as the rule of antitony. Orthocomple- 


mentation is usually taken to be unique: it is an operation. 
But note that an element a of an orthocomplemented 
lattice may have more than one complement satisfying 
(4), though only one of these may be its orthocomplement 
a? satisfying (4) and (5), if a? is to be an operation. 

Of the lattice-theoretical discoveries which invalidate 
Birkhoff and von Neumann's proposal I will mention the 
following three: (a) von Neumann proved that, if L is 
both modular and uniquely complemented, it is a Boolean 
algebra. (b) Birkhoff and Ward proved that every com- 
plete” and “atomic” lattice and a fortiori every finite 
lattice is a Boolean algebra, provided it is uniquely com- 
plemented. (Note that Birkhoff and von ae sug- 
gested that their lattice should be “atomic’™?.} (e) Birkhoff 
proved that every orthocomplemented lattice i is a Boolean 
algebra provided it is uniquely complemented?,. 

In their section 9, Birkhoff and von Neumann con- 
stantly speak of “the” complement and “the” operation 
of complementation; also they have the laws (2). (4) and 
(5). Thus their proposal is squarely hit by each of the 
three discoveries mentioned. 


* Tt is not always observed that Gin connexion with the usual rules of 
substitution) a symbol like a’ (=a-prime) implies a unique operation, and 
that it leads to a contradiction if it is used where a haa more than one comple- 
ment. See, for example, pp. 114 f. in Garrett Birkhoff’s beautiful book 
Lattice Theory, second ed. (American Mathematical Society, 1948), where the 
prime-notation zis used. These places suggest that uniqueness i is Intended, 
which is emphatically not the case because uniquely comp’ mented modular 
lattices are Boolean algebras, as mentioned there on p. 171, Ex. 2. 











In their section 9 they do not assert expli 
their orthocomplemented lattice is unique 
mented. Thus one could try to interpret orr 
their proposal as follows: the lattice should be 
Boolean and orthocomplemented, with a unique operai 
of orthocomplementation, but not with unique compie- 
ments. Recently their paper has indeed been interpreted 
in this way but without explicit mention that this is a 
re-interpretation. 

But the attempted re-interpretation breaks down. More 
recent results of lattice theory apart, it breaks down n 
because of some very trivial results of probabibty theory; ana 
or measure theory. pa 

Lattice theory may be linked to a measure jee ae 4 
valuation function, by three important rules, R1-2, R3 
and R4. R1-2 will be split for our discussion nth pwo 
parts, Rl and R2. These rules can be found in Birkhoff 
and von Neumann’s paper, and they can be regarded as 
a kind of minimum axiom system for any admissible 
measure function. (For fully- fledged probability theory, 
some additional assumptions are needed.) 

I will speak of an bane (that is bounded and 
additive) measure m if mia) is a real-valued function, 
defined on a ‘“‘measurable”’ ae L, and if the following 
rules are satisfied. 


R1-2 a=b 
m{({a)=m({b). 


if and only if for every (admissible) m, 





R3 For every (admissible) m there exist two real num- 
bers, ky and k,, such that 
Kem Z) and m(U)=k, 
R4 For every (admissible) m 
mia) +m(b)=m(U)+mlaVb) 


Of these rules, R1-2 establishes the main link between 
L and m. R3 ensures that m is bounded. R4 ensures 
that m is additive. 

Rl-2 is to be found in Birkhoff and von Neumann tn 
their section 6 (page 827), entitled “A Propositional Cal- 
culus for Quantum Mechanics”. They postulate that for 
any quantum mechanical physical system, the following 
conditions (3b) and (3c) are “equivalent” (I am using 
my own notation): 


(36) asb. 


(3e) 
ability of a is at most the probability of b. 
fortiori, if, for every (admissible) m, m(a)< mib), 
axb.] 

The equivalence of (3b) and (3e) 1s somewhat stronger 
than my own formulation of R1-2. | 

In order to discuss R1-2 E will split this rule inte two 
parts. 


Rl 


This is obvious: it states the substitutivity of identical 
elements for every m. 

R2 

This is the crucially important part of R1-2. and I will 
discuss it a httle more fully. Its significance becomes 
particularly clear if we interpret m as a probabilistic 
measure: in this case R2 states that if a and b are prob- 
abilistieally indistinguishable, then they are identical. 
Thus R2 formulates a kind of theoretical measure or 
probabilistic version of the identity of indiscernibles. 

R2 is crucially important for quantum mechanics, aa 
indicated in the condition (3c) quoted from Birkhoff ane 
von Neumann: if, for any physical system and for any 
state. a and b are probabilistically indistinguishable, then 
they are physically identical, although they may perhaps 
be different aspects of one and the same “observable” 
This has been stated by von Neumann several times, for 
example, when he said that if we repeat an experiment at. 
once. we are certam” to obtain the same result. This 


For any statistical ensemble of systems, the prob: 
[This yields, a 
then 


If a=b, then m(a)=m(b)}. 





If for every (admissible) m. mla) = mib}, then a= 6. 
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means that the relative measure, or relative probability 
of a, given a, is always maximal*: m,(a)=m2(U), or 
Ppa(a)= pla,a)=pa(V). We can regard each relative 
measure Ma({x), mp(x), ete., as a different (admissible) m; 
and if ma(a)=ma(b) and also m,(a)=ms(b), we have, in 
general, a=b, although trivial exceptions may occur if 
L is infinite and the measures of a and b are maximal. 
As I have shown elsewhere, there exists a measure which 
is admissible in the sense of the present article because 
it satisfies Rl to R4, and which allows us to prove a=b 
if Mab (A) = Mav (b) and Masla) = Maolb). 

The function of R3 is to make sure of monotony and of 
boundedness. Isotony, which in fact is inessential 
for my argument, is implied in Birkhoff and von Neu- 
mann’s equivalence of their (3b) and (3c), as well as in 
their comment on D1 (page 832), where they say of D1 
(isotony of the dimension function) and D2 (additivity of 
the dimension function: D2 is formally the same as our 
R4), that “conditions D1 and D2 partially describe the 
formal properties of probability”. 

Thus R3 and R4 are, like Rl-2, part of Birkhoff and 
von Neumann’s “logic of quantum mechanics”. 

The bounds postulated in R3 are, of course, part of 
classical probability theory in which k,=0 and k,=1. In 
our case, they may be any real number, provided ky <k,. 
If ky=k,, the theory becomes trivial and uninteresting, 
but obviously (1) will be trivially valid. 

To sum up, rules RI to R4 lay down what measures m 
are admissible, and how these measures m are related to 
a measurable lattice L, The rules thus constitute an 
extremely weak axiom system of probability or measure 
theory. Nevertheless, it can be shown that they allow us 
to prove (together with lattice theory) the following. 

Theorem 1. Any complemented measurable lattice L 
(that is, every lattice L on which a measure satisfying R1 
to R4 can be defined) is uniquely complemented. 

Theorem 2. Any measurable lattice L is modular. 

Theorem 3. Any uniquely complemented lattice L is 
Boolean, provided it satisfies at least one of the following 
four conditions: (a) L is modular (in fact, “weak” modu- 
larity 1s sufficient); (b) L is finite; te) L is orthocom- 
plemented; (d) L is measurable and the “admissible” 
measures of L are isotone, that is, in addition to Rl 
to R4, we have 


R5 if a<b then m(a) <m(b) 


Theorem 4. The lattice proposed by Birkhoff and von 
Neumann and intended to be non-Boolean is, in fact, 
Boolean, since, according to the authors, each of the four 
conditions (a) to (d) is satisfied. 

The proof of Theorem I is trivial in the extreme. 

We have by R3, for any given m: 


m(Z)+m(U)=k,+k,=k (6) 


(k is a constant dependent on r). 

Now assume that b and c are two different complements 
of a. Then we have, for every given m, by substituting 
Z and U on the right-hand side of R4, using also Rl and 2: 


k —m({a)=m{b)=m(c) (7) 


Thus complementation is unique, by R2; which proves 
Theorem 1. Accordingly, we can write a’ for the com- 
plement of a; and so we have 


m({a)=k—m(a’) (8) 


This proves Theorem 1. 
In order to prove Theorem 2, we apply R4 to the two 
square bracketed sums of the following identity: 


[m(a) + m(b)] + mic) = m{a) + [m(b) + m(c)] (9) 


*See also my paper “Quantum Mechanics without ‘The Obaerver’"’,in 
wantum Theory and Reality (edited by Mario Bunge), pp. 7-44 (Springer 
verlag, 1967), For the probabilistic considerations which follow here in the 
text see my Logic of Selentifie Diseovery, pp. 355 fF. (Hutchinson), especially 
formula (D1) on p. 356, and the two formulae marked ‘( y on p. 357; also my 
paper in Synthèse, 15, 1963, pp. 167-86. 





NATURE, VOL. 219. AUGUST 17, 1968 


Assuming @ <c, we replace in the result ab by abe and bVe 
by aVbVe; thus we obtain 


If a<e then m((aVb)c) = m(aV(be)) (10) 
or unconditionally, by substituting ac for a, 
m(({ac)Vb)c) = m{((ac) V (be)) (11) 


which by R2 yields (2), that is. the modular identity. 

To prove Theorem 3, we remember the results of lattice 
theory mentioned above: these yield the sufficiency of 
(a) to (e). In order to prove the sufficiency of (d), we 
reduce (d) to (c), as follows: 

Let a<b, so that by R5 we have for every m 


mla) <m(b) (12) 
and thus, by (8) 
mib) <m(a’) (13) 
which gives, by R2 and R3 
b <a’ (14) 
or more explicitly 
if asb, then b <a’ (15) 
In view of the validity of 
a= {æ y (16) 


which follows from (8) and R2, (15) is formally the same as 
(5), the rule of antitony. This establishes that a’ is an 
orthocomplement, and concludes the proof of Theorem 3. 

All this means that the laws of any probability measure, 
even in this very weak form, R3 and R4, impose distribu- 
tivity, and thus a Boolean structure, on any (measurable) 
lattice L on which they are defined with the help of Rl 
and R2. 

The somewhat dubious attempt to interpret what 
Birkhoff and von Neumann say about complementation 
as a proposal to use an orthocomplemented yet not 
uniquely complemented lattice therefore breaks down: 
the link with a prebability measure postulated in their 
section 6, especially on page 827 where as we have 
seen RI and R2 are stated, and their references to R3 
and to R4 (and the obvious validity of R3, since for 
probability measures 0<p(x)<1) refute this attempt. 


Application to the Interpretation of Quantum 

Mechanics 

Birkhoff and von Neumann write at the beginning of 
their paper (page 823): “The object of the present paper 
is to discover what logical structure one may hope to find 
in physical theories which, like quantum mechanics, do 
not conform to classical logic”. 

But physical theories, including quantum mechanics, 
do conform to classical logic, even according to Birkhoff 
and von Neumann’s proposal. It is only the system of 
observation statements or “experimental propositions” 
the logic of which they propose to weaken. 

Note that it is a sheer weakening of the logical structure 
which they propose. It is therefore scarcely under- 
standable when they assert (on page 837 f.) that “quantum 
mechanics has a greater logical coherence than classical 
mechanies’’-—-unless by “greater logical coherence” they 
mean no more than greater logical weakness. 

‘Tarski first proved? in 1930 that for every natural 
number n there exists an axiom system for the pro- 
positional calculus which contains exactly n independent 
axioms. We thus have an infinity of ways of weakening 
this caleulus by omitting one or another of these axioms. 
This game is scarcely interesting unless some good reasons 
are given for omitting or weakening one particular axiom 
in one particular axiomatization. 

Note that no conclusion—concerning, for example, 
so-called “hidden variables’’—-can be derived within a 
system thus weakened unless this conclusion can also 
be derived from the fuller classical system. The term 
“hidden variable” originally meant “an at present (Gin 
1932) unknown kind of observable’’, and several hidden 
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variables in this original sense have been known for many 
years, for example, strangeness. But now the term is 
mostly used either for “an in principle unobservable 
physical state-determinant” or else for “a physical state 
determinant which renders the system deterministic 
rather than probabilistic’. These are two very different 
meanings and neither of them is particularly clear, so 
that we must not expect to prove anything about them, 
least of all by way of weakening our system of logic. 

In the main, Birkhoff and von Neumann indicate two 
reasons, connected with quantum mechanics, for sus- 
pecting the distributive law. One seems to be suggested 
by the usual interpretation of Heisenberg’s uncertainty 
principle (see also the first paragraph of their paper): 
they seem to hope that they can show that the conjunction 
of two “incompatible observables’, which allegedly* would 
violate this principle, can be excluded by dropping dis- 
tributivity. This remains a mere suggestion, however, 
and it is never argued. 

The other reason indicated is the famous and often 
quoted thought experiment of Birkhoff and von Neumann 
which, I suggest, is no more than a simple slip—one of 
those slips which, once in a lifetime, may happen even to 
the greatest mathematician. 

I will quote what the authors say on these two points— 
the compatibility of “observables”, and their thought 
experiment. 

Birkhoff and von Neumann write (page 831): “It is 
interesting that [the distributive law] is . . . a logical 
consequence of the compatibility of the observables .. . 
That is, if observations are made by independent observers, 
and combined according to the usual rules of logic, one 
s prove [the distributive law, and the Boolean structure 
of LJ”. 

The first of these two assertions is not argued any- 
where. The second is obvious, because if one assumes 
that propositions can be “combined according to the usual 
rules of logic’, one can prove from this assumption the 
usual rules of logic. At any rate, nothing can be found 
in these two assertions which might be described either 
as an argument, or as a ‘“‘fact’’. 

Yet the really important passage, which contains the 
famous thought experiment, is the immediate continua- 
tion of the two statements just quoted. (The formula at 
the end of the next quotation is here transcribed into my 
symbolism.) 

“These facts” [there are no ‘‘facts” other than the two 
statements just quoted] “suggest that the distributive 
lay may break down in quantum mechanics. That it does 
break down is shown by the fact that if a denotes the 
experimental observation of a wave-packet on one side 
of a plane in ordinary space, a’ correspondingly the 


* I have argued elsewhere that this is a (generally accepted) misinterpre- 
tation of the Heisenberg formulae. See especially my paper referred to In 
note * on page 684. 





observation of 4 on the other side, and b the observation. 
of Ņ in a state symmetric about the plane, then (as. 
ean readily check): 

b(aVa’) =bU =b > Z=ba= ba’ = (ba) Viha’).” 

The point that Birkhoff and von Neumann try to 
make here is that in this formula everything on the left 
of “>” is unequal to everything on the right; thus, if 
valid, it would lead to 6(aVa’)=4(ba)V(ba’). Obviously, 
this would mean the breakdown of the distributive law, 
But Birkhoff and von Neumann’s argument is simply 
invalid—a point which seems to have been overlooked 
even by their critics. 

Nothing in this argument is specific to quantum 
mechanics: indeed, we may substitute an elephant in 
“ordinary observation space” for the wave-packet. For 
if a denotes the experimental observation or position of 
anything, be it a wave-packet or an elephant (even a 
classical mass-point may be included, though it comes 
nearest to being dubious) on one side of a plane in ordinary 
observation space, then a’ (the complement of a which 
according to Birkhoff and von Neumann is the ordinary 
classical set-theoretic orthocomplement) does not “‘cor- 
respondingly” denote its observation or position on the 
other side. a’ denotes, rather, the property “not on the 
one side”. For wave-packets, elephants, or even classical 
mass-points, this is perfectly compatible with the property 
denoted earlier by 6; that is to say with the property 
“symmetric about the plane”. It is also compatible with 
many other properties. Thus b=ba and braba Aba; 
and so the thought experiment of Birkhoff and von 
Neumann breaks down. 

In view of the mathematical impossibility of Birkhoff 
and von Neumann’s proposal to discard the distributive 
law while upholding R1 to R4, it was only to be expected 
that their thought experiment, which uses, after all, no 
more than the logic of classical negation, contained a flaw., 

It is of interest that the kind of change in classical logic 
which would fit what Birkhoff and von Neumann suggest 
(though it would not fit the left-hand side of their formula) 
would be the rejection of the law of the excluded middle 
(or “excluded third”), as proposed by Brouwer, but 
rejected by Birkhoff and von Neumann; for the 6 of 
their thought experiment is clearly intended as a third 
possibility, incompatible with either a’ or a. 
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Ribosome Formation in Animal Cells 
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RrBosome formation in animal cells has received con- 
siderable attention in recent years. This article reviews 
some developments in this field’. Ribosomes from higher 
organisms, like those from bacteria, consist of two subunits 


This article reviews recent developments in ribosome formation in 
animal cells. 


which associate reversibly during protein synthesis. The 
larger subunit contains one molecule of 28S and one of 
5S RNA, and a variety of ribosomal proteins. The smaller 
subunit contains an 18S RNA molecule and further ribo- 
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somal proteins. The precise number of different proteins 
and the stoichiometry of their arrangement in ribosomes 
are not yet known. 

Two features distinguish ribosome formation in animal 
cells (and possibly in cells of higher organisms in general) 
from what is now known of the corresponding process in 
bacteria, First, ribosome formation in animal cells takes 
place in a specialized organelle, the nucleolus. Second, 
the process involves transcription of a large (458) RNA 
which is precursor of both 18S and 28S rRNA. Starting 
with the 45S precursor molecule, production of mature 
ribosomes then involves several steps. 455 RNA becomes 
specifically methylated while it is still being synthesized, 
and rapidly interacts in the nucleolus with ribosomal 
protems and 58 RNA, forming “nascent ribosomal 
particles”. Within these particles 45S RNA is cleaved 
by a number of steps to produce 30S and 505 ribosomal 
subunits, containing 18S RNA and 288+5S RNA 
respectively. The completed subunits are released from 
the nucleolus and pass through the nucleus to the 
eytoplasm—the predominant if not the exclusive site 
of ribosome function in protein synthesis in many cell 
types. 

Several of these steps are now well documented. 
remains to be learned, however, of the details of the 
various interactions and intermediates imm ribosome 
formation, and also in the control of the process. 


Much 


Nucleolus and Ribosome Formation 

Evidence for involvement of the nucleolus in ribosome 
formation is now strong. Relevant points, roughly in 
historical order, are as follows. 

(1) Cytologists have long recognized a correlation 
between the intensity of nucleolar staining, cytoplasmic 
basophila, and the metabolic activity of cells (later more 
specifically identified as protein-synthesizing activity). 
‘These observations were put on a more quantitative base 
by the cytochemical work of Caspersson and Brachet?. 
The discovery of ribosomes therefore suggested a relation- 
ship between the nucleolus and these organelles, 

(2) Ultraviolet microbeam irradiation of the nucleolus 
mhibits accumulation of the bulk of newly formed RNA 
in the cytoplasm of growing cells”. Low doses of actino- 
mycin D selectively inhibit uptake of radioactive uridine 
into L cell nucleoli (as shown by autoradiography), and 
mto 458 RNA and rRNA (as shown by sucrose gradient 
centrifugation)’. Also at about the time of this work 
ribosome-like objects were identified by electron micro- 
scopy in the nucleoli of various cells. 

(3) The finding that anueleolate embryos of the toad, 
Xenopus laevis, are unable to produce ribosomal RNA 
elegantly proved the involvement of the nucleolus in ribo- 
some formation®. Wild type Xenopus possesses two 
nucleoli in each cell. Anucileolate (o nu) embryos can be 
derived by the inbreeding of a heterozygous mutant which 
possesses only one nucleolus in each cell (@ nu). The 
o nu condition is lethal, but embryos survive until gastrula- 
tion. At this time normal embryos start to make new 
vRNA, whereas the o nu embryos fail to commence rRNA 
synthesis. (Up to this time a large supply of maternal 
ribosomes from the ovum is sufficient to meet the demands 
of the developing embryos.) DNA—RNA hybridization 
studies? have shown that the o nu embryos lack virtually 
all the DNA complementary to 28S and 18S RNA. Imi 
mutants possess half the normal complement of “rDNA”, 
which is evidently sufficient for development. 

(4) Stocks of Drosophila bearing different gene “doses” 
of nucleolar organizer also show proportionality between 
nucleolar “dose” and the amount of rRNA which can be 
hybridized to their DNA’. Moreover, nucleolar DNA 
from HeLa cells, when compared with DNA of whole 
nuclei, is enriched in its capacity to hybridize rRNA®. 

(5) Finally, biochemical studies have identified the 
nucleolus as the site of synthesis of 45S RNA and of its 
subsequent processing into ribosomes. 
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Ribosomal RNA 


Knowledge of the biochemistry of ribosome formation 
stems largely from work with cultured HeLa and L cells. 
Cultured cells are ideal for radioactive labelling experi- 
ments, with the cell fractionation techniques that have 
been developed. In particular, Penman’s® procedure 
provides a simple method for separating cytoplasm and, 
by a step involving detergent, nuclei free from cytoplasm. 
Treatment of the nuclear ‘fraction with a buffer containing 
DNase and a high concentration of salt gives “nuclear 
supernatant” and nuclear pellet fractions. The nuclear 
pellet resembles nucleoli when examined by electron 
microscopy, and contains the precursors to ribosomal 
INA, 

When HeLa or L cells are labelled with radioactive 
uridine, uptake of the isotope is at first confined to the 
nucleus. Most of the label appears in two classes of RNA: 
a high molecular weight, he ‘terogeneously sedimenting 
species found primarily in the ‘nuclear supernatant” 
fraction (AnRNA (ref. 1)), and a homogeneous peak which 
sediments at 45S in sucrose gradients, and which is found 
only in the nucleolus. Kinetic observations!®, either in 
the absence or in the presence of actinomycin D, suggest 
that 45S RNA undergoes the following transitions 


45S—> 3258 i 2 85S 
+ 188 


325 and 18S RNA appear together after about 20 min 
of labelling. 18S RNA is immediately released from the 
nucleolus in the form of a completed 305 ribosomal sub- 
unit. 325 RNA remains in the nucleolus until its con- 
version to 28S RNA, which is then released in the form 
ofa 50S subunit. The new ly formed subunits pass through 
the “nuclear supernatant’! and accumulate in the 
cytoplasm where they participate in protein synthesis. 
Several independent lines of evidence now convincingly 
establish that 45S RNA is the precursor to both 18S 
and 28S rRNA (Table 1). 


Table 1. CHEMICAL AND PHYSICAL DATA ON HeLa CELL rRNA AND ITS 
PRECURSORS 
(1) G+C content (%) 71 70 67 5R 12 
(67) 15% 

(2) G -+C content (ĉi) 70 70 67 58 13 
(3) Pseudouridine content (residaes/1,000 

nucleotides) 8 3 i 15 12 
(4) Methyl group/1,000 nucleotides 9 15 16* 
(5) Relative methyluridine ratio (arbi- 

trary values) 7 0-63 O86 143 4-2 18 
(6) Total number of mono-, di- and tri- 

nucleotides released by pancreatic 

RNase (moles/mole RNA) 2.894 2,816 2,019 720 12+ 
(7) Estimated molecular weight 46% 22x 16x 06x Taken 


10% 106 106 10° from 12 


Values are to nearest whole numbers, except for lines 5 and 7. Numbers 
in parentheses for G + C contents of 28S and 18S RNA! were determined by 
optical density measurements. The other G -+ C values were obtained by the 
3P method (see text), The G+€ content of Hela cell DNA is 43 per cent!. 
Heterogeneous nuclear RNA and messenger RNA possess G + C contents of 
44-48 percent, and are unmethylated. 


* Values calculated assuming the molecular weights for 28S and IRS RNA 
shown in the table. 

+ Cells were simultaneously labelled with °H methyl-methionine and YC 
uridine. The values shown are ratios, in arbitrary units, of counts in *H/ 
eountsin HC. AH classes of RNA wereisolated from the same culture of cells. 


* For individual frequencies of the different oligonucleotides, see ref. 12. 


(i) Base ratios. It has been known for some years that 
the base ratios of 455 and 32S RNA are quite different 
from those of animal cell DNA, and roughly similar to 
those of rRNA. Recent careful work!>® has established 
the values shown in Table 1 for 45S, 32S, 28S and 18S 
RNA. The values for 45S and 32S RNA were determined 
by alkaline hydrolysis of RNA labelled with P. Values 
for 28S and 18S RNA have been determined both by the 
2P method and by optical density measurements on 
alkaline hydrolysis products. Results by both methods 
are in close agreement. The **P method has been criticized 
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because of the possibility of unequal entry of **P into the 
different nucleoside triphosphate pools during short 
labelling periods. Although this effect occurs, it is largely 
compensated for by the randomization which arises on 
transfer of ??P to nearest neighbours on alkaline hydrolysis. 
Attardi’s group used relatively long labelling periods 
and also included corrections for residual specific activity 
differences, so that considerable confidence can be placed 
in their results. Table 1 shows that the guanine plus 
cytosine (G +C) contents of 45S and 32S are fairly close 
to those of 28S and 18S RNA. There is, however, a 
significant discrepancy: the G+C contents of 45S and 
32S RNA are actually even higher than those of rRNA. 
The implication of this discrepancy will be discussed here. 
It is also noteworthy that rRNA and its putative precur- 
sors possess significant quantities of pseudouridine 
(Table 1). 

(ii) Methylation. 28S and 18S RNA possess a number 
of characteristic methyl groups, mostly as 2'-O-methyl 
ribose. The latter confer resistance to alkali on the 
adjacent phosphodiester bonds. Analysis by DEAE 
column chromatography of methyl-labelled, alkali-resist- 
ant dinucleotides reveals different frequencies of the 
various dinucleotides for 28S and 18S RNA respectively. 
45S and 32S RNA also bear methyl groups, and methyla- 
tion is normally closely coupled to transcription of 458 
RNA", Apart from tRNA, ribosomal RNA and its 
presumed precursors are the only species of RNA which 
are methylated in the HeLa cel. On DEAE column 
chromatography the methylation pattern of 32S RNA 
is similar to that of 28S RNA, whereas that of 458 RNA 
is equivalent to that of an equimolar mixture of 285 
and 18S RNA‘*, This strongly suggests that 32S RNA 
is chemically related to 285 RNA, and that 45S RNA is 
related to both 28S and 18S RNA. 

Despite the fact that addition of methyl groups is 
normally restricted to 45S RNA there is a progressive 
increase in the relative level of methylation from 458 
RNA to 32S, 28S and 18S RNA (Table 1). 

(iii) Oligonucleotide frequencies. Frequencies of the 
various oligonucleotides released by pancreatic ribo- 
nuclear digestion of the different classes of RNA have been 
determined by Attardi’s group'?. The results indicate 
that 32S RNA possesses all of the oligonucleotide sequences 
present in 28S RNA, and that 455 RNA possesses all of 
the oligonucleotide sequences present in an equimolar 
mixture of 28S and 18S RNA. The molar recoveries of 
oligonucleotides, however, indicate that both 32S and 
45S RNA possess further material which is not present 
in 285 or 18S RNA. 

(iv) Molecular weights. No really satisfactory estimates 
of the molecular weights of 45S and 328 RNA have yet 
been published. The difficulty is the unknown contribu- 
tion of molecular conformation to S value. Rough 
estimates from the S values, derived by assuming a 
random coil configuration", are given in Table 1. Further 
unpublished estimates (McConkey) by the method of 
equilibrium sedimentation, which avoids this difficulty, 
are in approximate agreement with these values. 

Summarizing, the chemical data, particularly (ii) and 
(iii), provide very strong support for the kinetic inference 
that 45S RNA is the precursor tc 18S RNA and, via a 
32S intermediate, 28S RNA. The chemical data also 
indicate. however, that there exists in 45S and 328 RNA 
additional material which is not present in 18S or 288 
RNA. These findings, together with the approximate 
molecular weight values. suggest that in the transitions 
a considerable fraction of the 45S molecule, and a smaller 
part of the 32S molecule, are degraded rather than con- 
verted into 18S and 28S RNA. The portions which are 
lost seem to be very high in G+C content, relatively low 
in pseudouridine, and lacking in methyl groups. 

The simplest interpretation of the data is that single 
45S molecules are precursors to both 18S and 28S RNA. 
An alternative explanation!® would be that there are two 
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classes of 45S RNA, one a precursor to ISS RNA, the- 
other a precursor to 28S RNA. There is no evi 6 
which particularly favours this second model. Furth 







fs. - 


more, the oligonucleotide frequency data are difficult to 


accommodate into the second scheme, and the simultane- 
ous appearance of 18S and 325 RNA suggests a common 
precursor to these species. The most compelling evidence 
that a single 455S molecule must be the precursor to both 
18S and 28S RNA, however, comes from recent DNA- 
RNA hybridization studies with Xenopus“, 

Xenopus possesses DNA complementary to several 
hundred copies of rRNA*. The rDNA is clustered in the 
nucleolar organizer region. The question arises, how are 
the genes for 18S and 28S RNA arranged within the rDNA ? 
To answer this question DNA was sheared into pieces 
corresponding to somewhat less than the length of a single 
45S RNA molecule. The sheared DNA was then hybrid- 
ized with (for example) unlabelled 18S RNA. The hybrids 
were separated from unhybridized DNA by virtue of 
their greater buoyant density in caesium chloride. On 
re-isolation the hybrids were shown to be capable of further 
hybridization with radioactive 28S RNA, or vice versa. 
Certain factors complicate the analysis of this type of 
experiment. Nevertheless, when all of these are taken 
into consideration the results establish that the genes for 
18S and 28S DNA are arranged in strictly alternating 
fashion on Xenopus rDNA, and therefore imply that single 
45S RNA moleeules must contain both 185 and 385 
RNA sequences. 

It now seems that the transitions of 45S RNA into ita 
products are more complex than had been supposed. 
By taking advantage of the increased resolution obtained 
when nucleolar RNA is examined by acrylamide gel 


in the formation of ribosomal RNA have been discovered’, 
Another recent finding is the production, during the 325» 
28S transition, of a small 7.8 piece of RNA which becomes 
hydrogen-bonded to 289 RNA. The function of 7S 
RNA, if it is not an artefact, is at present quite unknown. 

Although most of this work was done with HeLa cells 
or Xenopus, it should be mentioned that 45.8 and 328 
RNA (or related species) have been found in cells of 
many higher organisms, including liver, Chironomus 
salivary glands?! and salamander oocytes**. In the last 
two cases small numbers of nucleoli were mdividually 
separated by microdissection, and the RNA character- 
ized by base composition and sucrose gradient sedimenta- 
tion, with results similar to those described here. 


5S RNA and Ribosomal Proteins 


It was originally thought that 5S RNA might be gener- 
ated in the transition from 32S to 28S RNA. Metahohe 
experiments? and DNA-~RNA hybridization studies using 
Xenopus o nu DNA(6b), however, now indicate that 58 
RNA originates independently in the non-nucleclar part 
of the nucleus. 

The site of synthesis of ribosomal proteins has not been 
established, but the fact that Gn HeLa cells) virtually all 
functioning ribosomes are found in the cytoplasm suggests 
that ribosomal proteins might also be formed in the 
cytoplasm. 


Ribosome Assembly 

It is clear, however, that even if ribosomal proteins are 
synthesized in the eytoplasm ribosomal assembly occurs 
within the nucleolus. Labelled ribosomal! proteins are 
detectable in the nucleolus very soon after being synthe- 
sized, and it is now possible to isolate, from nucleoli, 
particles with the properties expected for precursors to 
ribosomes**, These “nascent ribosomes” possess ribosomal 
precursor RNA (45S, 32S and other intermediates). 
newly formed ribosomal proteins, as characterized by 
acrylamide gel electrophoresis, and 5S RNA, By radio- 
active “pulse-chase”? experiments a clearcut precursor- 
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product relationship has been established between these 
particles and newly formed cytoplasmic ribosomes. 

The discovery that 45S RNA is found in association 
with ribosomal proteins implies that the transitions to 
i8S and 28S RNA occur within the nascent ribosomal 
particles. The recent discovery of 41S and 36S RNA 
intermediates in nascent ribosomes is consistent with this 
view*. All these observations are summarized in Fig. 1. 
It is reasonable to suppose that the ribosomal proteins 
associated with “ribosomal” sections of 45S RNA, leaving 
the non-ribosomal high G+C sections accessible for 
nucleolytic degradation. 
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Fig. 1. Steps during ribosome maturation in HeLa cells. The numbers 

outside the circles are the S values of the various ribonucieoyrotein 

particles which can be distingtished during ribosome maturaticn, The 

numbers inside the circles are the S vatnes of the RNA species found 

within the particles. The exact stage at which 18S RNA is split off during 
the multistep 455-—+32 transition is not yet ciear. 


Two further points are of interest in connexion with 
ribosome assembly. First, what is the role of RNA 
methylation in ribosome formation? It is evident that 
methylation is essential for some phase of ribosome 
maturation, for in the absence of exogenous methionine 
HeLa cells continue to make 45S and 32S RNA, but the 
RNA is deficient in methyl groups, and is ultimately 
degraded within the nucleus, instead of giving rise to 
mature ribosomes**, Recent experiments indicate that 
during methionine starvation ribosomal proteins continue 
to be synthesized at a reduced rate (as a result of turnover 
of pre-existing proteins) and that the newly formed ribo- 
somal proteins associate with ribosomal precursor RNA 
to form nascent ribosomal particles*?. This imphes that 
a normal level of methylation of the RNA is not required 
for the early steps in ribosome assembly, and suggests 
some other role for the methyl groups. One speculation 
is that 2’-O-methyl groups might protect the adjacent 
phosphodiester bonds against accidental nucleolytic 
attack by any of the enzymes involved in RNA cleavage 
in the HeLa cell nucleus. 

The second point concerns an old question: does rRNA 
or its precursors act as messenger for the synthesis of 
ribosomal proteins? In HeLa cells the answer to this 
question is almost certainly no. Apart from the fact 
that in HeLa cells ribosomal proteins might be synthesized 
in the cytoplasm, there are two further observations which 
appear to preclude the functioning of 45S RNA or its 
products as any form of messenger. First, all messenger 
RNAs which have so far been examined are completely 
unmethylated, whereas 45S RNA is normally methylated 
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while it is being transcribed. Second, 45S RNA is rapidly 
incorporated into nascent ribosomes in the nucleolus, thus 
becoming unavailable for operation as a messenger without 
ever being exposed to functioning ribosomes. 


Quantitative Aspects and Control of Ribosome 


Formation 


The Xenopus genome possesses DNA complementary to 
several hundred copies of ribosomal RNA. This is also 
true for Drosophila’, HeLa cells* and, by implication, 
probably for many higher organisms. The need for such 
a large number of genes is undoubtedly related to the rate 
at which dividing cellis must produce ribosomes. For 
example, a HeLa cell must produce approximately 107 new 
ribosomes/generation (18-24 h). Assuming that the 400 
genes! for ribosomal RNA in HeLa cells are all active, it 
follows that each gene must be transcribed approximately 
25,000 times/generation, or 20 times/min. This is much 
faster than the synthesis time for a 45S RNA molecule. 
Penman", using very short labelling periods with "C 
methyl methionine in order to label “nascent” 45.5 RNA, 
has estimated that complete transcription of a 45S mole- 
cule takes approximately 25 min. In fact it seems 
unlikely that transcription would be much faster than 
this, because this already represents incorporation of 
eighty nucleotides/growing RNA molecule per s. Taken 
together, these considerations predict that many 45S 
molecules must be simultaneously transcribed on each 
gene. 

Striking electron micrographs of the nucleolar DNA 
from a different. source, amphibian oocytes, bear on this 
prediction®®. In these micrographs many strands of 
RNase-sensitive filamentous material (presumably nascent 
455 RNA molecules) are seen to be attached to each 
of several segments of DNA. Each DNA segment corre- 
sponds in length to a 45S gene. The strands increase in 
length in a polar fashion along the segments, suggesting 
that a single gene for ribosomal RNA can indeed be 
simultaneously transcribed by many RNA polymerase 
molecules, just as a single molecule of messenger RNA is 
simultaneously translated by many ribosomes. 

In fact the amphibian oocyte is an unusual cell. To 
meet the early requirements of the developing embryo 
the oocyte produces an enormous number of ribosomes. 
Increased ribosome production stems from further selec- 
tive multiplication of the genes for rRNA”, which is 
coupled to the appearance of large numbers of nucleoli 
in the oocyte nucleus. This is an important example of 
selective gene amplification to meet a specific requirement 
in animal cells. Whether this will prove to be a general 
phenomenon in specialized cells remains to be discovered. 

There are other aspects of the control of ribosome forma- 
tion which are less well understood. For example, nothing 
is yet known of how synthesis of 45S RNA is coordinated 
with that of 5S RNA or ribosomal proteins, nor of how 
ribosome formation is partly repressed in the non-dividing 
cell. What is achieved is a quantitative control of the 
rate of ribosome formation, but the details of the control 
mechanism(s) remain to be clarified. 

Table 1 and Fig. 1 summarize many of the known facts 
concerning ribosome formation in animal cells. Apart 
from questions of control, some of the outstanding prob- 
lems that remain are: How are the rRNA sequences 
arranged within the 45S precursor molecule? What is 
the purpose of the non-ribosomal sections of 455 RNA ? 
Why is it all made in one piece? In addition, what is 
the function of the “unusual” nucleotides in rRNA ? 
What enzymes are involved in these modifications and 
in the various transitions from 45S to 18S and 28S RNA ? 
Finally, exactly how many ribosomal proteins are there ? 
(Acrylamide gel electrophoresis gives a useful but so far 
incomplete degree of resolution of the proteins.) Do all 
of them associate immediately with 45S RNA? How 
are all these components distributed within the nucleolus 
to achieve efficient ribosome assembly ? 
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Discovery of Two Southern Pulsars 


by 
A. J. TURTLE 
A. E. VAUGHAN 


Cornell-Sydney University Astronomy Centre, 
School of Physics, 
University of Sydney 


Two southern pulsars have been discovered by observa- 
tions at the Molonglo Radio Observatory. One is within 
3° of the direction of the galactic centre. Preliminary 
values for the positions and pulse periods are given in 
Table 1. 

The sources were detected during a survey designed for 
this purpose which used the east-west arm of the one mile 
eross radio telescope operating at a frequency of 408 MHz. 
Single scans at transit have been made over most of the 
region between right ascensions 15h to 03h, declinations 
— 10° to —35°. Pulsars are so variable in their intensity 
that strong sources could easily have been missed because 
of their quiescence at transit. The east and west sections 
of the aerial can be operated independently and each has 
a beamwidth of 5’ in right ascension and 4° in declination; 
for this survey they were set one half a beamwidth apart 
in declination. With the low noise preamplifiers installed 
recently, the peak to peak noise fluctuations on a recorder 
with a time constant of ~O Is are equivalent to a flux 
density of about 2 x 10-28 W m- Hz. 

The time of transit of a pulsating object gives an 
approximate right ascension and the declination was 
estimated initially from the ratio of the pulse amplitudes 
received on the two arms. The accuracy of this position 
was sufficient to allow the full cross to be directed at the 
appropriate region on later transits. The final positions 
were derived from observations in July 1968, with the 
cross and the fan beams of the north-south arm’. The 
results are summarized in Table I. 

Many observatories will presumably be finding pulsars, 


Table 1. CHARACTERISTICS OF THE TWO NEW PULSARS 
PSR 1749-28 PSR 2045-16 
Right ascension 
{1950-0) 17h 49m 48-83 03s 20h 454m 47-8 + 0-45 

Declination (1950-0) — 28° 05’ 577 +8” ~16° 27 50” +12” 
Pulse period (s) 04621 1-961 
Galactic longitude HI 1-6° 80-57 
Galactic latitude bH = 1-9° -331° 


Two pulsating radio sources have been discovered in 
hemisphere sky. One of the sources has a period of |-96ls, the 
longest yet announced. 


the southern 


and so we suggest that a uniform system of designation 

be adopted. We propose the contraction PSR (from 

pulsar) followed by an abbreviated 1950-0 right ascension 

and declination: these two sources would then be called 
SR 1749-28 and PSH 2045-16. 

Although we have at present only limited observations 
of the two new pulsars, the variations in the amplitudes 
of the pulses are markedly different. Nor do they closely 
resemble the characteristics of any of the first four 
pulsars to be discovered. The one with the fast period, 
PSR 1749-28, has been detected at every transit although 
there are still pronounced pulse to pulse variations. 
PSR 2045-16 is often undetectable, but when it is active ib 
may produce pulses which are more energetic than those 
observed from any other pulsar at this frequency. The 
1961s period of PSH 2045-16 is the longest yet ar- 
nounced. The periods of these objects are spread randomly 
through a range of at least 8 to 1 and any theory of the 
origin of the pulsed emission must be sufficiently non- 
critical to accommodate this result. 

The variation with frequency of the time of arrival of a 
pulse and its polarization can be used to study the proper- 
ties of the interstellar plasma**. It is now possible to use 
PSR 1749-28 to investigate these properties in a direction 
towards the galactic centre. In particular, ib should be 
possible to establish unambiguously that the source 1s 
within the galaxy. There could be some doubt for the 
sources at high galactic latitudes because of the uncer- 
tainty in the mean electron density. 

A search of the Palomar Sky Survey plates has been 
made and the positions of possible identifications have 
been measured to an accuracy of a few seconds of arc. 
In neither case is there a likely identification. The only 
object within 20” of the radio position of PSH 2045-16 
has a magnitude of 19-5 and lies just outside the error 
rectangle at 20h 45m 48-28, — 16° 27’ 54”. The other 
pulsar is situated in a crowded field, but there is only one 
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possible object (18th magnitude) which is just inside the 
rectangle at 17h 49m 49-0s, —28° 05’ 50”. There are 
three other objects close to the rectangle including one 
about 15th magnitude at 17h 49m 48-4s, — 28° 05’ 54”. 
We thank Professor B. Y. Mills for his advice and 
cooperation and R. W. Hunstead for assistance with the 
observations. This work was supported by grants from 
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The Advantage of being Parasitized 


N 
EAL GRIFFITH SMITH 


Host-brood parasite interactions may not always be as they seem. 


Smithsonian Tropical Research Institute, 
Box 2072, Balboa, Canal Zone 


Ir is usually assumed that avian brood parasitism is 
disadvantageous to the host species. Certainly parasites 
like cuckoos, some icterids, honey-guides and viduine 
finches, which place their eggs in the nests of other birds 
so that the hosts incubate their eggs and raise the parasites, 
do so often to the detriment of the hosts’ offspring'. The 
parasites may destroy the hosts’ eggs and/or chicks, or 
simply outcompete the other chicks for food brought by 
the hosts. The elaborate mimicry in egg colour? and other 
features*:* evolved by many brood parasites seems to be 
the result of intensive selection by the adult hosts against 
eggs or chicks unlike their own. 

But data presented here indicate that brood parasitism 
is not always deleterious to the hosts. In certain condi- 
tions it is actually advantageous for the host species to 
accept the parasite’s offspring. More host offspring reach 
breeding age from parasitized nests than from non-para- 
sitized nests. 

Scaphidura oryzivora, the giant cowbird, is a parasitic 
icterid which breeds from south-eastern Mexico to northern 


Argentina. Its hosts are almost exclusively the colonial- 
nesting icterids, the oropendolas and caciques. In the 
Republic of Panama, Scaphidura parasitizes at least three 
species of oropendolas—Zarhynchus wagleri, Psarocolius 
decumanus, Gymnostinops montezuma—and one species 
of cacique, Cacicus cela. 

The normal clutch size in oropendolas and caciques was 
two, although one and three egg clutches oecurred. There 
were significant differences among the eggs of the four host 
species in Panama in size, colour and pattern. Within 
Wagler’s oropendola (Z. wagleri) and the yellow-rumped 
cacique (C. cela), the species that I studied most, significant 
variation in egg colour, shape and pattern occurred 
between colonies. Intracolonial variation was usually 
slight but important exceptions occurred (discussed later). 

The eggs of the parasite Scaphidura were also quite 
variable but, when associated with the colony in which 
they were laid, it was clear that Scaphidura had evolved 
a rather elaborate egg mimicry (Fig. 1). There were five 
types of Seaphidura females with respect to their eggs: 





Fig. 1. 


trom different colonies of Cacicus cela and their mimics; bottom left 


Eggs of the brood parasite Scaphidura oryzivora and those of its hosts. The 
parasite’s egg is on the right of each set which were complete clutches from single nests. 
Top: eggs from different colonies of Zarhynchus wagleri and their mimics; middle: eggs 


Psarocolius decu- 


manus and the Seaphidura mimic; bottom right: the non-mimetic Scaphidura egglaid by a 


“dumper-type” female. 


All from the Republic of Panama and the Canal Zene, 
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three oropendola mimics (Zarhynchus, Psarocolius, Gym- 
nostinops), a cacique mimic (Cacicus), and a type, which I 
designated “the dumper”, which laid a non-mimetic, 
generalized icterid egg. The eggs of the first four varied 
in colour and size depending not only on the host species 
but also on the particular type of egg associated with any 
one colony (Fig. 1). Colonies were composed of one 
species of oropendola and Ç. cela. Thus, only three 
types of Scaphidura females visited any particular colony, 
the two mimics and the females which laid non-mimetic 


Females who laid mimetic eggs usually placed only one 
egg in any nest, and then in nests containing only one host 
egg. Occasionally these females placed their egg in nests 
with two eggs but never in nests with more. Females 
of the fifth type (“dumpers with non-mimetic eggs) 
laid as many as five eggs in one nest but two or three was 
the normal clutch. Scaphidura females of this group 
laid in empty nests as well as in nests with full host 
clutches. They often placed their eggs in nests previously 
parasitized by mimics but never in nests parasitized 
by other dumpers. Dumper females were aggressive, 
moved about a colony in groups, and often drove host 
females from their nests to parasitize them. Females 
who laid mimetic eggs were shy, did not move about in 
groups but skulked around the colony and waited until 
the host females had departed before attempting to enter 
a nest (Fig. 2). 

Many colony sites were historical, the oropendolas and 
caciques returned every year in the dry season (January 
to May). Several colony sites in the Canal Zone were 
known to have been used for at least 20 yr. During the 
past 2 yr, two of these sites which averaged 173 nests 
of Z. wagleri and C. cela raised an average of 111 Scaphi- 
dura to fledging each year—an extraordinarily high rate 
of success for the parasites. I was informed by local 
people that “black oropendolas” (=Scaphidura) have 
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Fig. 2. A female cowbird about to parasitize an oropendola nest in a 
“non-discriminator” colony. The female oropendola (right) made no 
attempt to drive the parasite away. 
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been produced in such numbers as long as the colony sites 
had been in existence. From the beginning it was obvious 
that certain colonies of oropendolas and caciques produced 
many more Scaphidura than other colonies of equal size, 
and that this was not related to the number of female 
Scaphidura around the colony when the hosts were laying 
eggs. 

I placed model eggs of various types, and eggs of the 
hosts and those of other birds in the nests at night when 
the hosts were absent from the site, and observed their 
reactions to those eggs when they returned in the morning. 
(Although the bag-like nests of these species were often 
clustered high in trees, by using ladders and long, telescop- 
ing aluminium poles, I was able to remove the nests, 
examine and manipulate their contents, and to replace 
with sticky tape or contact cement, more than 1,750 nests 
in 4 yr.) The results showed that oropendolas and caciques 
were either “discriminators” or ‘‘non-discriminators’’ 
regarding eggs unlike their own. Discriminators tossed 
out non-mimetic eggs, usually within 5 min of returning. 
Non-discriminators accepted a wide variety of eggs in 
size, colour and pattern. This was a colony phenomenon, 
all of the individuals of both oropendolas and caciques 
reacted one way or the other. Colonies which produced 
large numbers of Scaphidura were composed entirely of 
non-discriminators. Egg colour variation within non- 
discriminator colonies was noticeably greater than in 
discriminator colonies. Discriminator females usually 
accepted eggs the colour and pattern of which fell within 
the narrow variation peculiar to their particular colony. 
Another difference between the two types of colonies 
was that males from discriminator colonies chased off 
Scaphidura while those from non-diseriminator colonies 
did not. 

The mechanism for this dichotomy in the hosts’ 
behaviour will be discussed elsewhere (my yet unpub- 
lished experimental studies of adaptations for and against 
brood parasitism. Pt. 1, Scaphidura oryzivora versus 
the oropendolas and caciques). But the answer to the 
riddle of why in the first place some colonies discriminated 
against cowbirds and others did not is to be found by 
examining the sources of mortality in the hosts. 

Oropendolas and caciques often clustered their nests 
near or even around the huge nests of wasps (Protopolybia 
and Stelopolybia) and stingless, but biting, bees (Trigona). 
This was probably very effective protection against 
vertebrate predators like opossums. Merely pulling on a 
nest caused the wasps or bees to storm out. At night, 
a disturbance caused the bees to buzz loudly, and the 
wasps to make an ominous grating noise in unison against 
the walls of their nest. Instead of sites with wasps or 
bees, the oropendolas and caciques chose parasol-like 
trees and placed their nests at the tips of the branches, 
making it difficult for a vertebrate predator to reach the 
nests. 

The chief source of mortality is probably not from a 
vertebrate predator but from an invertebrate parasite— 
botflies of the genus Philornis. (The taxonomy of this 
group of botflies is poorly known and no specific determi- 
nations were made.) These conspicuous, noisy flies place 
their eggs or living larvae on the chicks. The larvae 
burrow into the chick’s body, eventually crawling out 
to pupate on the bottom of the nest. Chicks with more 
than seven larvae usually die. 

The pressure exerted by Philornis sp. on forty-seven 
colonies during 4 yr was measured by examining 2,139 
chicks of Zarhynchus, Psarocolius and Cacicus for bot 
larvae, 3,011 nests for pupae, and by hanging ‘“‘flypaper”’ 
at the colony sites to snare adult flies. In colony sites 
lacking bees or wasps, host chicks were heavily parasitized 
and mortality was high. Many adults of Philernis sp. 
were caught on the sticky paper. In colonies with large 
nests of bees or wasps, host chicks were rarely parasitized 
(exceptions noted later). No adult flies were caught at 
these sites. . 
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Large nests of stingless bees offered more “protection” 
than large or small nests of wasps. 
bees often hovered in a sphere of space 22 m in diameter 
around the nest, which was sufficient to cover the entire 
crown of a big tree (Fig. 3). The nests of oropendolas and 
caciques were spaced widely. Wasps tended to be either 
at their nest or away. The birds usually clustered their 
nests around the wasp colonies. Botflies did occasionally 
parasitize chicks whose nests were more than 7 m from 
the wasps (mine out of sixty-seven cases). The exact 
nature of the anti-Philornis protection offered by stingless 
bees and wasps is not known. I recovered ninety-four 
fly wings whose veination patterns matched those of some 
Philornis from traps set under three Stelopolybia nests 
for 2 yr. Playback of recorded Philornis “buzzing” 
failed to elicit any exceptional reactions from either bees 
or wasps. Other factors, perhaps pheromones, may be 
mvolved, 

But in oropendola and cacique colonies lacking bees or 
wasps—thus opened to Philornis—host chicks from nests 
containmg Scaphidura were almost never parasitized 
(fifty-seven out of 676 individuals, discussed later), while 
those from nests lacking Scaphidura were heavily parasit- 
ized (382 out of 424 individuals) and suffered high 
mortality. Observation of nests, in experimental and 
natural conditions, containing one or two host chieks and 
one or two Scaphidura chicks showed that the Scaphidura 
chicks actually preened their nest mates, removing any 
eggs and larvae of Philornis. Host chicks did not recipro- 
cate. Stomachs of Scaphidura chicks 5 or more days old 
usually contained the remains of eggs, larvae and even 
adults of Philornis. Stomachs of the host chicks did not: 
they contained only what the female brought. 
Cacicus and Zarhynchus rarely ate ’hilornis at any stage 
of its life cycle (three out of eighty-nime stomachs exam- 
med). 

All fifty-seven cases where host chicks had bot larvae 
although they had come from nests containing Scaphidura 





Stinwless bees swarming amid a colony of oropendolas (female 
upper right) and caciques. 


Large numbers of 


Adults of 
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could be accounted for by two factors. Often there were 
more than two chicks in a nest, and sometimes the cow- 
bird could not preen one of the host chicks (the more 
distant one). Second, when Scaphidura placed its egg(s) 
in & nest containing well incubated eggs, the cowbird(s) 
then hatched much later than the host chicks and were 
unable to provide protection until it was too late, or 
were outcompeted for food by the older host chicks and 
died. 

The incubation period of Scaphidura was 5-7 days less 
than that of its hosts. (The incubation period in Zarhyn- 
chus, Psarocolius and Gymnostinops was 17-18 days and 
in Cacicus was 16 days.) Chicks of Scaphidura were 
covered with down when they hatched while the host 
chicks were naked. The eyes of Scaphidura chicks opened 
within 48 h of hatching while those of the host chicks 
required 6-9 days. That Scaphidura chicks were hatched 
with protective down and aggressive towards 
moving objects (when the chicks were at least five days 
old) probably accounts for the relative scareity of bot 
larvae on themselves. In nests containing two Scaphidura, 
the cowbirds preened one another, if they were together. 
This was probably one of the factors maintaining the 
dumper-type females in the population—complete 
freedom from Philornis parasitism. This preening be- 
haviour and the active, directed snapping, rather than 
passive gaping, of Scaphidura chicks 5 days old or older 
was unique for an altricial, passerine bird. 

Table 1 shows the most significant points. 


were so 


Nests from 
oropendola and eacique colonies, lacking bees or wasps, 
and containing one or two host chicks and one or even 
two Scaphidura chicks, produced in 4 yr more host indi- 
viduals to fledging age than nests in the same conditions 
(attack by botflies) containing one, two or even three host 
chicks but no Scaphidura. Thus the probability of 
bringing off at least one host chick was about three times 
greater if the other chick(s) in the nest were eowbirds 
rather than siblings. This was the advantage of havine 
Scaphidura, and why, lacking the protection of bees or 
wasps against botflies, the 

agaimst the But 
hotflies by wasps or bees, it 


hosts did not discriminate 
given protection against 
was then disadvantageous 
Nests from colonies with 


cow birds. 


to have Scaphidura in a nest. 
bees or wasps and containing Scaphidura produced fewer 
host chicks to fledging than those lacking Scaphulura. 

The fledging success figures in Table 1 were directly 
correlated with the percentage of the mdividuals 
which reached breeding age. Oropendolas and caciques 
did not usually breed until their second vear. Banding 
data showed that the post-fledging mortality was 63 
per cent for the 1964 fledglings and 6l per cent for the 
1965 group. There were no significant differences between 
any of the groups in Table | in their post-fledging 
The groups that produced the most fledglings 
produced the most individuals to age. The 
necessary circle for selection to work on was thus com- 
pleted. 

While the nature of the advantage of having parasite 
chicks with host chicks in situations 
(thirteen colonies) was fairly clear, the disadvantage of 
this in situations (thirty-four colonies) 
was less clear but some points may be mentioned. At 
the beginning of egg laying, the ovary of a typical Z. 
wagleri or C. cela individual showed three follicles capable 
of being ovulated. Usually, after the second egg was laid, 
the third follicle became atretic. The average clutch size 
for the two host Species where they were not parasitized 
by Scaphidura was 1:80 (1,768 nests) but in parasitized 
nests was 1-27 (1,502 nests). In situations where cowbirds 
parasitized nests less than 24 h after the host had laid her 
first egg, the hosts rarely laid a second, and the two 
remaining follicles Thus the 
of a parasite’s egg often tended to depress the host's 
clutch size. 
have outcompeted host nestlings for food brought by the 


host 


SUCCESS, 


breeding 


“non-wasp or hee” 


arte isp or beg“ 


Were absorbed. presence 


The aggressive Scaphidura nestlings might 
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Table 1. SUCCESS OF HOST BROODS FROM INDIVIDUAL NESTS WITH ANB 
WITHOUT CHICKS OF THE PARASITIC COWBIRD Scaphidura oryzivora AND 
FROM COLONY SITES WITH AND WITHOUT WASPS AND STINGLESS BEES 


Colonies 


Degrees of With bees or wasps Without bees or wasps 


success no botflies _ _ bottlies present 
for hosts Hosts discriminators Hosts non-diseriminators 
Most success- 
ful brood 
composition 
No.1 3 Hosts, ---—— — Hedging 2 Hosts, 1 Scaphidura 
success per nest. 0-55 fledging success per nest 0°53 


No, (%) of sueh clutches- 


Na, (%) of such chiutches- 
117 (9%) 


239 (7%) 








No.2 2 Hosts, ——-— fledging 1 Host, 1 Seaphidura 
success per nest 0-53 fledging success per nest 0-52 
No. (%) of such chitches- No. (%) of such clutches— 
870 (44%) 284 (22%) 
No.3 2 Hosts, 1 Seaphidura 1 Hast, 2 Seaphidura 
fledging success per fledging success per 
nest O25 nest 0-43 
No. (%) of such clutches— No. (%) of such clutches- 
189 (9%) 227 (18% 
No. 4 1 Host, ———— fledging 2 Hosts, 2 Scaphidura 
success per nest M2R fledging success per nest 0:43 
No. (%) of such clutches— No. (4%) of such clutches— 
$17 (36%) E&R (5%) 
NQ, 5 1 Host, 1 Seaphidura 1 Host, 3 Seaphidura 
fledging success per fledging success per 
nest 34 nest 024 
No. (%) of such clutches— No. (%) of such clutches~ 
279 (14% 239 (19% 
No.6 1 Host, 2 Scaphidura 3 Hosts, ——-~~ fledging 
fiedging success per success per nest 0-19 
nest 0-20 
No, (%) of such elutches— No, (%) of such clutches— 
59 (3%) 19 (2%) 
No.7 2 Hosts, 2 Seaphidura 2 Hosts, fledging 
fledging success per success per nest 0-19 
nest 0-20 
No. (9) of such clutches- Na. (%) of such elutches— 
l 40 (2% 236 (18%) 
Least succes- 
ful brood 
composition 
No. 8 1 Host, ——~ fledging 
success per nest O17 
No. (%) of such clutches- 
n 87 (7%) 
Total Ne. of 


colonies ot 13 
Total No, of nests 
with eggs (4 yr) 
Total No. of nests 
with cluteh 
data (4 yr) 
Total No, of nests 
containing hast 
chicks at late 
brood stage (4 


yr) 

Total No. of host 
chicks fiedged 
(4 yr) 308 289 

Average No. of 
hast chicks 
fledged per nest 

Total No. (%) of 
nests contain- 
ing Seaphidura 
with host chicks 567 (28%) 935 (73% } 

Hosts were the combined total of Zarhkynchus wagleri and Cacicus cela 
individuals which nested together in these colonies. Data are for 4 yr in the 

Republic of Panama and the Canal Zone. 


3,309 


1,993 1,277 


1,435 906 


0-30 (782 nests} 43 (663 nests) 


female* Direct evidence was lacking but in some cases 
the indirect data suggested that this occurred, for example, 
Table 1, left, No. 5 versus No. 2. Ido not understand why 
this was less marked in the “non-wasp or bee” colomes, for 
example, Table 1, right, No. 4 versus No. 3. Lack’s 
hvpothesis® that clutch size is adjusted to the greatest 
number of offspring that the parent(s) can raise (feed) 
is pertment here. Female oropendolas and caciques 
were capable of feeding and raismg three or even four 
nestlings, but nests containing two nestlings were the 
most successful and two egg clutches were the commonest. 
The situation was complicated because body weight of 
male oropendolas (not caciques) was almost twice that 
of the females and this weight was attained before leaving 
the nest. Adult sex ratio in oropendolas was skewed in 
favour of the females, the norma! ratios were between 
5:1 and 10:1. (Adult sex ratio in Cacicus cela was 
usually 2: 1 in favour of the females.) 

* In the oropendolas and caciques studied, only the female built the nest 
incubated the eggs and brought food to the nestlings. The less abundant 
males were promiscuous and copulation occurred normally away from the 
colony site. The few males at each site moved about the colony defending 


against other males the particular portion of space that they were in at any 
one time. : 
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These were the same ratios that occurred at fledging. If : 





sex ratio at hatching was 50 : 50 (I do not know), then t go ee 


disparity was due to differential mortality im males 
between hatching and fledging. (There was no evidence 
which suggested that Philornis parasitized males more 
than females.) If we suppose that the difference im the 
amount of food necessary to raise a male rather than a 
female was in proportion to the weight difference, and if 
food was limiting, then the success of nestlings, host and 
parasite alike, would have depended heavily on the 
presence and number of male nestlings in each nest, T his 
aspect remains to be investigated. 

The overall picture for 4 yr suggested that the oropen- 
dolas and caciques preferred sites with bees or wasps to 
those without (thirty-four against thirteen). They had 
protection against botflies and vertebrate predators, and 
discriminated against Scaphidura. But as Table 1 shows, 
these colonies with bees or wasps were no more, in fact 
slightly less, successful in bringing up young than those in 
sites lacking bees or wasps where the colonies accepted 
Scaphidura as their protection against botflies. Twenty- 
two per cent of the clutches in non-discriminator colonies 
produced fledglings while 15 per cent survived in dis- 
criminator colonies. Thirty-two per cent of the nestlings 
survived in the former, but only 21 per cent m the latter 
colonies. 

Put another way, why bother to get involved with 
Scaphidura when the hosts could avoid the botfly problem 
by nesting close to bees or wasps? There were at least 
three answers. Colonies of wasps or stingless bees often 
deserted their nest sites for no obvious reason, leaving 
the discriminating hosts without protection agaist 
Philornis. Second, the tendency of the hosts to pack their 
nests around wasp colonies often caused the limb of the 
tree to snap with a total loss of all nests. Finally, the 
wasps and bees tended to construct their nests rather late 
in the dry season. Colonies of oropendolas and caciques 
historically associated with wasps or bees did not begin to 
breed until the insects had arrived. The result was that 
these colonies had a breeding season almost 2 months 
shorter than those at sites lacking bees or wasps. ‘The 
first rains were early in 1964 and in 1967, catching many 
nestlings from such colonies in their nests. Nine colonies 
were wiped out in 1964 and six in 1967 with a total loss 
of 187 chicks. 

In view of these disadvantages, why did not the hosts 
switch away from sites with wasps and bees and develop 
complete commensalism with Scaphulura ? There were at 
least several reasons. There was a scarcity of trees which 
lacked bees or wasps but the physical characteristics of 
which made the sites relatively predator proof. But the 
relatively recent planting of royal palms (Roystonea regia) 
and similar palm species in rows for ornamental purposes 
did provide many potentially “safe” sites. It was very 
difficult for even flying predators like toucans and owls 
to grasp the bag-like nests hung from the tips of palm 
fronds. The disadvantage of palms as colony sites was 
that the “life expectancy” of an individual leaf was about 
the same as the breeding time for an oropendola. In very 
dry periods, palm leaves often dried up earher and fell, 
destroying the attached nests. Another factor was that 
dumper-type females occasionally laid their eggs in 

gg The host 
female then absorbed her three follicles and incubated 
the cowbird’s eggs. Dumpers preferred the non-dis- 
eriminator (no wasps or bees) colonies. Thus the balance 





delicate, for there, the probability of a host raising only 
eowbirds was much greater and the protective advantage 
in these cases was, of course, nullified. l 
Tables 1 and 2 show that Scaphidura of all types 
preferred non-discriminator colonies to diseriminators 
(73 per cent versus 28 per cent). This was expected, but 
why did Scaphidura bother at all to penetrate discrimina- 
tor colonies when “assured” of acceptance in non-dis- 
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Table 2. SUCCESS OF THE PARASITIC COWBIRD Seaphidura oryzivora IN TWO 
TYPES OF COLONIES OF GROPENDOLAS AND CACIQUES IN THE REPURLIC OF 
PANAMA AND THE CANAL ZONE 


Colonies with 

bees or wasps 

_ Botflies absent 
Hosts discriminate 


Colonies without 
bees or wasps 
Botflies present 
Hosts accept 


ees against Seaphidura Scaphidura 
arr ate (%) of host nests para- A id 

sitized 567 (28% 935 (73% 
Total No, of eggs laid 666 k 708 a 
Average No, of eggs placed in one 
- Hau he 1-82 
total No. (%) hatching 559 (84%) 1,263 (74%) 
Total No. (%) reaching late brood : : 

stage ate . 508 (91% 795 (63% 
Total No. of Seaphidura that fledged 433 (0-76 fledg- 682 (0-73 fledg- 


lings per nest) lings per nest) 


Data are for 4 yr. 


criminator colonies ? That Seaphidura had evolved elabor- 
ate egg mimicry indicated that there was a strong advan- 
tage to getting into colonies associated with wasps or 
stingless bees. Once the parasites’ eggs had been accepted, 
the probability of a young Scaphidura reaching fledging 
age was slightly greater in the discriminator colonies 
(Table 2, 0-76 versus 0-73). Predation from vertebrates 
and the uncertainty associated with nests attached to 
palm leaves were certainly principal factors. Also, 
Philornis parasitism did cause some mortality in Scaphi- 
dura. If a chick was attacked by botflies before it was 
old enough to protect itself, then it often died. Wasps 
and stingless bees were useful also to Scaphidura. This 
was counterbalanced in nen-discriminator colonies, for in 
these, nests containing more than one cowbird were 
frequent (progeny of dumpers), and as already noted, the 
cowbirds could preen one another. 

This complicated association and imteraction between 
several species of oropendolas and caciques, wasps and 
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stingless bees, botflies, predator-proof breeding sites, 
seasonality and parasitic cowbirds probably did not come 
about all together simultaneously. Without guessing at the 
steps leading to the present arrangement, it seems clear 
that the situation is analogous to one of balanced poly- 
morphism. The picture of Scaphidura versus its hosts 
was not one of simple commensalism. The association 
was distinctly advantageous to the hosts in some condi- 
tions and quite disadvantageous to the hosts in others. 
Advantages and disadvantages for the hosts and parasites 
alike accrued to each situation. It appears to be the 
first case, at least in the vertebrates, where parasitism 
often confers an advantage to the host species. 
Scaphidura had a remarkably high breeding success. 
But no part of the world, not even Panama, is overrun 
with giant cowbirds. They are rarely seen outside the 
breeding season and their numbers seem rather stable. 
They apparently lose badly between leaving the nests 
and returning for the next season. 7 
The oropendolas and caciques, like many tropical birds, 
have a low breeding success but apparently long adult 
lives. Some banded females are known to have attempted 
breeding every year for the past 9 yr. The number of 
chances that a female oropendola or cacique has at least 
to replace herself in the population counterbalances the 
very low breeding success. The association with Scaphi- 
dura increases the probability of this success. 
Received May 23, 1968. 
* Hamilton, W. J., and Orians, G. H., Condor, 67, 361 (1965). 
? Southern, H. N., in Evolution as a Process (edit. by Huxley, J.), 219 (Allen 
and Unwin Ltd, London, 1954). 
? Nicolai, J., Zeit. fiir Tierpsyckol., 21, 129 (1964). 
‘Payne, R. B., Amer. Naturalist, 101, 363 (1967). 
* Lack, D., Population Studies cf Birds (Oxford University Press, 1966), 


Atlantic/Early Sub-Boreal Glaciation in Norway 


by 
NEIL R. PAGE kan a 


Department of Physical Geography, 
University of Stockholm 


AN isolated pocket of peaty sand from Glomen in the 
Glomfjord of Nordland, Norway (Fig. 1), has been radio- 
carbon dated at 4550+170 BP (GaK 1445). The sample 
was obtained from the base of a freshly cut section into 
a hillside hollow formed by the Glomen outer moraine, 
consisting of a low till-covered ridge of large blocks and 
glacifluvial sands. It is supposed from the site and 
stratigraphy of the section (my unpublished results) that 
an ice lobe of the Glomen advance at this site occupied 
the 160 m deep fjord up te at least 135 m a.p.s.l. (above 
the present sea level) about the time that peat was 
formed in the sub-Boreal. 

The accuracy of dating was limited by both the small 
size and low organic content of the sample, and slight 
contamination from younger material cannot be com- 
pletely ruled out. The true age may thus lie somewhat 
closer to the maximum than to the minimum value. In 
the same section, an upper peat horizon was supposed to 
represent the sub-Atlantic climatic deterioration on the 
basis of its high stratigraphic level, abrupt appearance and 
massive homogeneity. This was confirmed by the dating 
of a sample which was taken close to the base of the 
horizon at 2880+ 70 BP (GaK 1571), which is in good 


aceordance with results from northern Finland and 
Russia'. In southern Norway, Hafsten? has dated the 


onset of a deterioration about 2980+ 85 BP (T 448). The 


evidence which 
attained their maximum post-glacial extent in the middle of the 
thermal or climatic optimum. 


indicates that Norwegian glaciers 


field impression that there is no reason to suspect in situ 
contamination at this locality is thus confirmed. 

No reliable field indication has been found for the 
duration of the advance to the Glomen outer moraine. 
In a comprehensive review, however, Mercer? has sug- 
gested that glacier “resurgence” was world-wide between 
5200 and 4600 BP. Frenzel! has discussed a well docu- 
mented short term cold spell in the northern hemisphere 
which has recently been redated (Zoller in Mercer) within 
the period 5000-4500 BP, and Heusser‘ has reported glacier 
advances and climatic cooling in the Andes between 6500 
and 4500 BP which he had shown culminated in southern 
Chile about 5000 BP. Furthermore, the calculated 
eustatic curve of Schofield® suggests a “low” about 5000 
BP. The correspondence between these events and the 
Glormen dating suggests that the Glomen advance was a 
local manifestation of a world-wide development. 

The Glomen outer moraine which represents the limit 
of the Glomen advance is tentatively correlated to about 
5000 BP within a cool and/or moist climatie phase at the 
Atlantic/sub-Boreal transition!. The nearby Glomen main 
moraine-—a much greater and sharply defined till forma- 
tionis correlated and radiocarbon dated at about 4600 
BP within a cool and/or moist climatic phase of the early 
sub-Boreal’. This is in close agreement with a recent 
dating of a major—-also in part double-~readvance of the 
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Fig. 1. Location map, Norway. *Modern centres of giaciation. 


proto-Barnes Ice Cap (Baffin Island, in the latitude of 


Troms) at 4700+ 200 BP (Andrews, personal communica- 
tion). 

On the basis of shorelines, moraines and fossil molluses, 
Gronlie® has suggested that the Atlantic period was a 
suggested a bipartition of the elimatic optimum from 
studies of fossil molluses and strandlines in the Oslofjord 
area, and from pollen analyses Faegri* has tentatively 
mentioned local moraines of the south Norwegian moun- 
tains in terms of a climatic deterioration at the Atlantic/ 
sub-Boreal transition. Hafsten® has detailed other 
botanical papers which support the coneept of a period 
of less favourable climate in Seandinavia during the 
middle of the climatic optimum. 

Rekstad®* mistakenly assigned a northerly provenance 
to the Glomen main moraine. When its south-easterly 
source is recognized (Fig. 2), it can be correlated with 


other moraines in the fjord area to the north-west of 


Svartisen, The gradient of the Glomfjord ice lobe in- 
creased distally from about 10 per cent to perhaps 17 per 
cent before the lateral moraine trace is lost about 60 m 
a.p.s.l. (see ref. 12 for identical terminus gradients). The 
lobe terminated within 5 or 6 km of the fjord head, where 
today the water depth now exceeds 200 m. The broken 
moraines around the Glombre and the botn (corrie) 
moraines on the south side of the Glomfjord indicate that 
the Glomen advance was associated with a marked 
climatic deterioration. The pattern of ice distribution is 
not complicated by any residual component from an 
inland ice (continental ice sheet, see ref. 13). 

Several authors have described moraines in the wider 
Svartisen area which seem to correspond to the Glomen 
stage. Grønlie? specifically assigned an Atlantic age to 
moraines at Dokmo (Beiarn) and in the upper Beiardalen 
which are clearly equivalent to the Glomen moraines. 
Other possible correlatives occur at Melfjordbotn (Liestel, 
personal communication), Glaamdalsfjeld?4, Stormoen 
(Revasdalen) and Breivik (Tjongsfjord)!*. Glomen stage 
moraines from glaciers in Nordland other than Svartisen 
seem likely in the Syv Søstre!’ (from local botn glaciers); 
in Bjellaadalen and Lonsdalen'' (from Lenstind); Sør- 
fjord" (from Hegtuvbreen); Ruffudalen, Spilderdalen and 
Selstad (from Glombreen); Finneid (Skjerstadfjord) and 
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Foldafjord’ (from Blaamanisen); several localities, pare 
ticularly Cainhavagge in the Storsteinfyell-[pposjol 






3 


area?! (local sources) and Eiterdalen'® (from Frostise | ae 
Basal peat distal to the latter moraines has been radio- 
carbon dated’ at 3770+110 BP. Grønlie’ has also dis- 
cussed, in terms of an Atlantic age, moraines in valleys 
tributary to the Balsfjord (Troms) and in the high cirques 
of the Lofotens. Double moraines have been noted at 
most of these localities, as they have at Glomen and 
Hardanger!’. 

Liestøl? has reconstructed a glacier advance in the 
north-western part of the Hardangervidda (Fig. 1), and 
has computed a firn limit for the “Eidfjord Glacier” at 
1,550 m a.p.s.l. This compares with a computed value for 
a balanced Hardangerjøkulen in 1963 of 1,650 m asd. 
The Glomen advance on the northern periphery of 
Svartisen could be more precisely reconstructed than the 
Hardanger readvance. Despite an absence of moraine 
ridges on the non-westerly boundaries, good controls for 
the reconstruction were together provided by the dis- 
tribution of striations and erratics, the high available relief 
and the well defined ice-sheds of the modern Svartisen. 
A firn limit for the Glomen advance is computed to 
1,000 m a.p.s.l. (my unpublished results), compared with 
an estimated firn limit®® in 1963 of 1,120 m as... Assuming 
throughout a linear variation of firn limit with latitude, 
this is equivalent to 1,470 m a.p.s.l. in the Eidfjord of 
Hardanger. Although lower than the value obtained by 
Liestol, this corresponds more closely to the level of the 
highest lateral moraines on the Hardangervidda (1,400 m 
a.s.l.). With adjustment for isostatic uplift, the Glomen~- 
derived value is equivalent to a firn limit fall about 200 m 
below that of the Hardangerjøkulen today. By en- 
visaging the Hardanger readvance as a late-glacial 
reactivation of the inland ice, Liestel has apparently 
overestimated the specific accumulation and thus has 
derived an excessively high firn limit. Within the limits 
of accuracy of the methods, however, a common age for 
the Glomen and Hardanger advances is demonstrated. 

In the upper Driva valley of Dovre (fig, 1), lateral 
moraines suggest?! a firn limit about 1,500 m aps... As 
with the Hardanger moraines, this value is a minimum 
and probably lower than the true firn fpmit. Liestøl 
(personal communication) has tentatively estimated the 
firn limit 30 km west of Dovre to lie at 1.700 m asd. 
This is only 200 m above the firn limit required by the 
Driva valley moraines. Striations and drumlnoid forms 
suggest Jotunheimen as a possible ice source, A reduction 
by 200 m would bring the balanced firn limits of two of 
the larger Jotunheimen glaciers, Storbreen and Hell- 
stugubreen, down to 1.470 and 1,600 m, respectively. 
Within the limits of accuracy of the values, a common 
age for the Hardanger and Driva valley moraines is 
indicated. 

If this correlation is correct, the Glomen stage must 
have been of wide extent in south Norway. The work 
of Faegri® does not refute this, although his Haugastel 
pollen diagram was obtained only 25 km east of the 
Hardangerjøkulen culmination and shows no mimeral 
horizon corresponding to the glacier advance, The diagram 
relates to an altitude of 988 m a.s.l., which is somewhat 
below the easterly limits of the advance as suggested by 
the moraines of Reineskarvet and Hemsedal (Buskerad)}*. 
It also shows an abnormally well developed horizon cor- 
responding to the Atlantic/early sub-Boreal climatic 
deterioration. Thus the transitory stage reported by 
Hafsten’ from the Norwegian lowlands is represented here 
by about one-fifth of the accumulation during the past 
















the centre of the horizon. 

The evidence which is available so far indicates that 
the moraines of Nordland, Dovre and Hardangervidda 
represent a glacial advance which attained its maximum 
possibly as early as 5000 BP. and which definitely re- 
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Some advance limits in the Glomfjord area, Continuous lines denote definite moraine ridges, dotted 
1 ts. All refer to the Glomen advance except T’—-7” (Grenlie’s designation) which 
probably marks both the sub-Atlantic and eighteenth century advance limits. 


* Marks approximately the 


source of the radiocarbon dated samples. The broken line indicates “a very recent glacial extension” accora- 


ing to Corbef?), 


The Holandsfjord moraines, the two botn moraines south of the Glomf jord and the extent 


of the glacierized area are after Reksta’. 


advanced to almost the same limits under more vigorous 
climatic conditions about 4600 BP. According to Liestol’s 
criteria’? for south Norway and assuming for the Har- 
dangervidda isostatic uplift of 20 m, this deterioration 
corresponds to a summer temperature 1-2° C below the 
present or about 600 mm higher winter preeipitation. In 
illustrating the significance of such a deterioration within 
the Holocene by the variation of the firn limit in northern 
Norway, Fig. 3 questions the value of the climatic optimum 
as a concept (see. for example, ref. 22). The Glomen 
advance, in common with its equivalents in the southern 
hemisphere**", was more extensive than the later re- 
advances during the sub-Atlantic and eighteenth century 
climatie deteriorations. The greater extension of mountain 
glaciers in recent centuries, suggested by Mercer? to be 
characteristic of the northern hemisphere, may prove to 
be peculiar only to North America. 

In their work on shoreline displacement in Norway, 
both Faegri®® and Marthinussen®’ assumed that the Tapes 
transgression was chiefly a result of eustatic changes. 
The stable phase of the Tapes IV shoreline (4800-4500 


BP)” was. however, contemporaneous with the formation 
of the Glomen main moraine (4750-4500 BP). and the 


Tapes IH shoreline (5700-5500 BP} corresponds to a 
firn limit “low” about 5600 BP (Fig. 3). Although a 
mainly eustatic effect seems responsible for the Tapes I 
and IT transgression(s), it seems that the Tapes IIT and 
TV transgression(s) were intimately related to the growth 
of Norwegian glaciers and the accompanying isostatic 
“depression”. This “depression” seems to have ranged 
from a true depression interrupting the post-Wiirm 
isostatic rebound, as shown in the shoreline curves of 
southern Scandinavia (Fig. 3), to a temporary retardation 
of uplift stabilizing and thereby facilitating the formation 
of well defined shorelines as in north Norway. Thus the 
Tapes IV shoreline is well developed in northern Finn- 
mark and Troms (Fig. 1), but in southern Troms there is 
some uncertainty and in Nordland the shoreline is gener- 
ally no better developed than any other’. The shoreline 
displacement from the Boreal regression minimum to the 
sub-Boreal transgression maximum was about 50 per cent. 
greater at Andey (Nordland) than at Bemlo (southern 
Norway)’, a ratio which has since been reversed. This 
retardation of isostatic adjustment probably reflects 
differential ice loading during the Atlantic/early sub- 


Boreal glaciation. This may also explain the occurrence 
noted by Hoppe” of a possible secondary maximum in 
the land upheaval curve of Scherman®*, This maximum 
occurred in the mountain zone of a curve produced from 
precise levellings made over a period of 50 yr between 
Narvik and Luleå, 

The material derived by Schofield’ from six Seandin- 
avian shoreline curves suggests a similar conclusion. 
Although a eustatic “low” about 5000 BP might be 
expected in the context of the world wide glacier resur- 
gence discussed by Mercer’, substitution of Faegri’s 
original Bømlo curves into the Schofield calculations 
would reduce to insignificance the eustatic “low” at 
5000 BP. It is conceivable that this insignificant “low”, 
the “region of greater doubt’ between 7000 and 5000 BP 


Years BP 
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Fig. 3. Tentative curve for the variation of the height of the firn limit 
during the Holocene in the Glomfjord area of Nordland, Norway. 
Based on fieldwork, refs. 23, 24 and others mentioned in the text. 
The uplift curve relates to the contemporary sea levels, Tt is based an 
the shoreline observations of Grenlie and Hafsten’s uplift curve for 
Oslot. The shoreline curve from Bemlo (south Norway) is after Faegri**, 
The bipartition of the Atlantic/sub-Boreal maximum is a particularly 
well developed example of a feature typical of other south Scandinavian 
curves’ |". The broken line is the Bormo curve used in the Schofield 
calculations, as adapted by Andersen'*: note its strong sympathy to the 
Schofield curve between 6006 and 4006 BP. The broad arrow indicates 
the period of the Glomenadvancteandreadvance. Note that the choice of 
vertica] scales for the Schofield eustatic curve and Bømlo curves is quite 
arbitrary. 
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and the large “high” at 4000 BP in the Schofield curve 
all reflect an interruption by glacial growth of the post- 
Wurm isostatic rebound. Although the precise eustatic 
value of his curve is thus questionable about 5000 BP, 
Schofield’s revision of the Fairbridge 1961 eustatic curve?! 
by the elimination of a 3-4 m “high” at 5000 BP seems 
both necessary and valid. If the most extensive glacier 
resurgence of the post-glacial period both in Scandinavia 
and the southern hemisphere was associated with a 
eustatie “high”, it would be difficult to explain subsequent 
“lows” in the Fairbridge curve. No simple relation is 
apparent between the firn limit curve for northern Norway 
and the Fairbridge eustatie curve. 

In the context of eustatic variations, Jelgersma*? has 
expressed doubt whether the continental glaciers of Europe 
and North America were completely melted away by 
5000 BP. Studies of shorelines, glacial striations and 
moraines on the northern periphery of Svartisen—the 
second most extensive highland glacier in Norway— 
show that the date corresponds to the maximum advance 
of loeal glaciers. These, however, had no more affinity 
than have the modern glaciers to the inland ice which was 
actively dissipated in this area by about 7000 BP. 

This research was begun during tenure of a Natural 
Environment Research Council studentship at the 
University of Liverpool and was concluded while I was 
a Leverhulme Research Scholar at the University of 
Stockholm. I thank Dr D. Flinn, Professor Gunnar 
Hoppe and the Trustees of the Leverhulme Research 
Awards for their help. 
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Immunology and Biochemistry of Regan lsoenzyme of Alkaline 


Phosphatase in Human Cancer 


by ARNOLD E. REIF . 
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A NEWLY discovered isoenzyme? of alkaline phosphatase 
(orthophosphoric monoester phosphohydrolase, Æ.C.3.1. 
3.1) in the serum and in cancer cells of a patient (Mr 
Regan) with disseminated cancer of the lung is designated 
here as the Regan isoenzyme. It is like the placental 
isoenzyme of alkaline phosphatase with respect to 
L-phenylalanine sensitivity, heat stability, cleavage by 
neuraminidase and starch gel electrophoretic pattern. 
Also, human cancer cells, HeLa strain, growing in tissue 
culture exhibit‘ heat stable, L-phenylalanine-sensitive 
alkaline phosphatase which migrates in part to the 
placental position on electrophoresis. 

This first case has raised questions of relevance to beth 
cancer biology and medical oncology. For example, is it 
an instance of derepression of the genome of the cancer 
cell, a widely discussed mechanism®*; what is the value 
of using cancer cells growing in culture in this study; 
how can isoenzyme analysis be best designed to improve 
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Derepression of the genome of the 
cancer cell may explain why certain 
cancer patients exhibit an isoenzyme 
of alkaline phosphatase biochemically 
and immunologically indistinguishable 
from human placental alkaline phos- 
phatase. 


our ability to detect the Regan isoenzyme and would 
this lead to diagnostic and therapeutic applications ? 

We report here the progress made since the discovery 
of the Regan isoenzyme which has followed the intro- 
duction of a combination of immunological end bis- 
chemical approaches. 

Particularly noteworthy is the finding that a specific 
antiserum to the placental isoenzyme of alkaline phospha- 
tase reacts with the Regan isoenzyme in the serum of cancer 
patients and in an ultrasonicate of human cancer cells 
(HeLa) grown in tissue culture. The antigen-antibody 
complex fails to migrate during starch gel electrophoresis. 
Coupled with this advance has been the mtroduction of a 
biochemical isoenzyme analysis which makes use of the 
placental properties of the Regan isoenzyme. As a con- 
sequence, sixteen additional cancer patients with the 
Regan isoenzyme have been identified. 

The antigen, a mixture of molecular weight variants of 
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Cancer sera 





Fig. 1. 
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Pregnancy serum 


Poss eg e TPI 
Aer 


Interaction of Regan isoenzyme and placental isoenzyme with antiserum to 


placental! alkaline phosphatase. The sera in each case were diluted with heat-inactivated 


non-pre 
units, One part of diluted serum was mixed 
to mo variants of placental alkaline phosp 


cy serum (2 h at 55° C) to provide activity from 10 to 20 
with one partof al : 500 dilution of antiserum 


King—Armstrong 
hatase to give a final concentration of 


1: 1,000 antiserum (+, antiserum present). After 30 min incubation at 37-5° C three filter 
per strips absorbing approximately 0-04 ml. of the mixture were inserted at the origin. 


eat-inactivated 


direction is vertical from o 
strips at the origin were removed an 
phenolphthalein monophosphate. 


non-pregnancy serum was substituted for the antiserum in the incubated 
control, designated (—, antiserum omitted). The preparation of the starch 
the electrophoresis and development of the en 
n to top of the figure. 
tested qualitatively for alkaline phosphatase using 
In every case, the test ag 


1, conduct of 
e zones have been described". The anodal 
After electrophoresis, all filter paper 


reed with the pen 
results corresponding to the minus and Lp signs in the figure. Rabbit serum alone left no 


alkaline phosphatase at the origin nor 


d the antigen preparation. The p 


re cy serum 
was taken in the third trimester of gestation, The cancer patients are identified in Table | 


as follows: P. R, case 1; M. O., case 12; and H. 


placental alkaline phosphatase®-*, was administered to 
rabbits by the method of Reif and Norris*. After absorb- 
ing the rabbit antisera with normal human serum and 
heart muscle homogenate, one precipitin line was visible 
on the Ouchterlony plate. A single band was also observed 
in tests of the antiserum against highly purified alkaline 
phosphatase’. 

Fig. | clearly shows that the electrophoretic bands in 
the position of variant A*’ of placental alkaline phos- 
phatase are either absent or greatly reduced in intensity 
in the serum of pregnancy and of sera containing the 
Regan isoenzyme after these have been incubated with 
antisera. The same finding was made using as antigen the 
alkaline phosphatase-rich supernatant of a 10 per cent 
homogenate of cancer tissue of Regan. 

An ultrasonicate of HeLa cells, rich in alkaline phos- 
phatase, also reacts with antiserum to placental isoenzyme 
(Fig. 2). (These HeLa cells were obtained in 1953 from the 
late Dr J. C. Syverton and have since been carried in con- 
tinuous culture in this laboratory.) We have not observed 
this alkaline phosphatase in the established BS-C-1 line® 
of monkey kidney epithelial-like cells or in the W1-38 
strain’? of human lung fibroblast-like cells growing in 
culture. 

At the 1: 1,000 dilution of antiserum in the test, 
marked specificity for the placental isoenzyme is noted, 
no cross-reactions being observed with alkaline phos- 
phatase preparations of liver, bone and intestine. In- 
testinal alkaline phosphatase, however, does, as expected'"', 
cross-react at stronger concentrations of antiserum such 
as 1:150. Furthermore, with regard to organ enzyme 
specificity, the properties of the Regan isoenzyme have 
not been found in alkaline phosphatase preparations 
made from other human tissues such as lung, liver, bone, 
intestine, spleen, kidney and leucocytes. 

On the basis of all these considerations, we conclude 
that the antigenic sites of these two alkaline phosphatase 
isoenzymes, Regan and placenta, are alike. 


Analytic lsoenzymology 


Based on measurements of L-phenylalanine-sensitive™ 
alkaline phosphatase in unheated and heated sera (16 


c 


L., case 5. 


min at 55° C)'* and subsequent starch gel electrophoresis, 
the first case (P. R.) was judged to show a typical placental 
isoenzyme pattern. 

Recognition of these placental properties of the Regan 
isoenzyme motivated the design of a new automated 
method for measuring the placental isoenzyme of alkaline 
phosphatase in pregnancy serum!':'*, Heat inactivation 
destroyed the activity of non-placental sources such as 
liver, bone and intestine almost completely, leaving intact 
the heat-stable placenta! isoenzyme the activity of which 
was amplified four-fold by its measurement at the optimum 
pH of 10-7 (ref. 14) and at high substrate concentration*:’ 
(72 mM phenylphosphate), instead of at the King—Arm- 
strong conditions of pH 9-8 and 18 mM phenylphosphate. 


Cancer cells 





Fig. 2. 


t variants 
of placental alkaline phosphatase and incubated for 30 min at 37-5° C. 
The mixture was concentrated three-fold as was the ultrasonicate 
without antiserum to which was added an equal volume of heat-inacti- 
vated non-pregnancy serum. ‘The filter paper strips were soaked with 
0-04 ml, of these concentrates and inserted at the origin as indicated, 
— without and + with antiserum, After electrophoresis*, the isoenzyme 
band was absent from the gel bearing the antigen-antiserum insert and 
was recovered in the filter paper. 
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In applying this method to the assay of the serum 
Regan isoenzyme, much greater sensitivity of phenol 
analysis was often required. This was achieved by utilizing 
a manifold for the Auto Analyser developed earlier’ to 
measure total and L-tartrate-sensitive serum acid phos- 
phatases. 

Accordingly, in this case, those sera after 5 min at 65° C 
which on at least two occasions exhibit alkaline phos- 
phatase activity greater than 0-2 mg of phenol at pH 10-7 
and 72 mM phenylphosphate as in these cases deserve 
to be investigated further by starch gel electrophoresis. 
If the placental band appears, the presence of the Regan 
isoenzyme is established in the patient. Sera taken from 
normal men, non-pregnant women and from a large 
population of patients with chronic disease including 
cancer, with the exceptions noted, failed to show the 
Regan isoenzyme band when determined in the conditions 
just deseribed. 


Improvements in Starch Gel Technique for the Regan 
isoenzyme 


As in the isoenzyme analysis, the heat stability of this 
isoenzyme was exploited by keeping it at 65° C for 5 min 
to inactivate the non-Regan isoenzymes in serum, Next, 
low titre sera were concentrated three-fold before electro- 
phoresis. Afterwards the post-coupling technique was 
employed? using the reagents in concentrations found 
to be optimal for the placental isoenzyme (1-0 per cent 
sodium a-naphthyl phosphate in 50 mM carbonate- 
bicarbonate buffer at pH 10:7). In these conditions, the 
Regan isoenzyme could be demonstrated in cases where 
it was not visible in the starch gel pattern, as usually run 
on unheated sera, because of overlap from phosphatase 
at the liver and bone positions. These new conditions 
made possible the clear interpretation of the antigen- 
antibody reactions especially with sera showing low 
activity of the Regan isoenzyme. 


Observations in Cancer Patients 


The Regan isoenzyme has been found in the serum of 
cancer patients with a variety of primary organ sites; 
for example, lung, 6, gastrointestinal tract, 4, ovary and 
uterus, 3, and in four, the primary site was not identifiable 
(Table 1). 

Although most of these patients had an elevated total 
alkaline phosphatase, in only a few could this level be 
attributed to the Regan isoenzyme. Many other cancer 
patients with metastatic disease did not show signs of any 
serum Regan isoenzyme. On the other hand, patients 2, 
14 and 15 (in Table 1) showed normal values (less than 
15 King—Armstrong units) for total alkaline phosphatase 
yet their sera contained the Regan isoenzyme. Accordingly, 
its level is independent of the value of the total alkaline 
phosphatase. 

All of those sera which were still available from patients 


listed in Table 1 reacted with the antiserum to placental 
Table 1. EXPERIENCES WITH THE REGAN ISOENZYME IN SERA OF HUMAN 
CANCER PATIENTS 
Alkaline phosphatase Electrophoretic behaviour 
Heat-stable, pH 10-7 of heated sera 


Case No. 72mMphenylphosphate Placental bands Reaction with 


mg of phenol/100 mi. /15 min present antisera 

i 30-0 + + 

2 1-82 + * Sse 

3 20-42 + + 

4 0-90 +* +* 

5 91-6 + + 

6 151 +* +* 

7 3-24 sah p? 

8 501-00 + -+ 

4} m t +. * = t 
10 ~ + + at 
1 42-3 + + 
12 37-2 + + 
13 3°86 + + 
14 0-34 +* +* 
15 0-80 +* +* 
16 1-2 +* +* 
17 lā + + 


+ Positive value under earlier conditions", 
+ Insufficient serum, 
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isoenzyme in the test systern conducted as described 1 
Fig. 1. After starch gel electrophoresis, all paper str 
with the antigen-antibody mixture were positive. - 
alkaline phosphatase in contrast to the strips with antigen: 
alone. The paper strip assay is sensitive to 0-001 King~ 
Armstrong units. 

Statistical analysis of the incidence of the Regan iao- 
enzyme is not yet possible, because although about 400 
cancer patients have been studied in more than 2 yr, 
the approach has been modified at intervals and the 
current biochemical and immunological techniques have 
been applied to only a small number of these sera selected 
on the basis of biochemical data. In the past 3 months, 
however, the current techniques have identified three 
patients with Regan isoenzyme out of seventy consecutive 
new cancer patients studied and this justifies the hope that 
as methods for its detection become more specific and 
sensitive, the rate of discovery of patients with Regan 
isoenzyme will increase. | 

A fuller treatment of the clinical and pathological 
findings in these patients is to be deseribed elsewhere. 





Derepression of the Genome 

The data indicate that the Regan isoenzyme 1s in- 
distinguishable from placental alkaline phosphatase on 
immunological as well as on biochemical grounds insofar 
as they have been studied. This finding could be mter- 
preted as a reflexion of the derepression of the genome, 
a mechanism usually invoked to explain ectopic poly- 
peptide hormone formation in human cancer!" (for 
example, ACTH, parathormone and so on). More relevant 
is the recent evidence of the elaboration by human hepa- 
toma of antigens identical to foetal a-globulin'®*, which 
may not only represent an analogous example of de- 
repression involving a protein, but of a protein exclusively 
identified with the foetus. Accordingly, the Regan iso- 
enzyme may be, in turn, the first instance of an enzyme 
protein, exclusively a component of placental tissue, 
representing derepression of the genome in a wider variety 
of human cancers (so far not including hepatoma). Clearly, 
the new direction will be concerned with tumour antigens 
with or without enzyme activity which may react specifi- 
cally with antibodies to proteins which originate from the 
foeto-placental unit. | 

This work was supported by grants from the American 
Cancer Society and the US Pubhe Health Service. One 
of us (W. H. F.) is the recipient of a research career award 
of the US Publie Health Service and another (A. E. R} of 
a Faculty Research Associate Award of the American 
Cancer Society. We thank Miss Ann Stevenson, Mr Tim 
Davis, Mrs Cynthia Bandrup and Mrs Lillian Fishman for 
technical assistance. 
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Viral RNA Transcription—Translation Complex in 
Escherichia coli infected with Bacteriophage RI7 


by 
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THREE virus-specific RNAs are found after de-proteiniza- 
tion of either cells infected with RNA bacteriophage! or 
the cell-free enzyme system which synthesizes viral RNA‘, 
These are: single stranded viral RNA (vRNA); double 
stranded replicative form (RF); and a population of 
double stranded RNA with nascent single stranded 
VRNA—the so-called replicative intermediate (RT). These 
three, vRNA, RF and RI have been detected after treat- 
ment of the cell or an in vitro system with ionic detergents 
such as sodium dodecylsulphate (SDS), by phenol extrac- 
tion in the presence of SDS, and by removal of the proteins 
by pronase digestion (refs. 2 and 4, and unpublished 
results of two of us, B. H.-I. and R. M. F.). The double 
stranded RNA species can be demonstrated in the cell 
without extensive treatment with phenol or SDS (inpub- 
lished results of two of us, B. H.-L and B. M. F.). The key 
role of RI in the synthesis of vRNA has been amply 
documented! *7, 

It should be kept in mind, however, that isolated RI 
must be derived from more complicated structures. The 
least intricate of these “replication complexes” would, at 
the minimum, contain the enzyme RNA polymerase, 
associated with the double stranded template molecules 


90 


Absorbance 


30 


rt 


Experimental findings leading to some new hypotheses on the 
synthesis of viral RNA and protein. 


during RNA synthesis (RCy). It is also conceivable that 
complexes of template RNA plus enzyme could be 
associated with cellular components, and indeed some 
double stranded RNA is associated with polysomes*, We 
have already demonstrated that the single stranded com- 
ponent of this complex associates with ribosomes in the 
same fashion as messenger RNA associates with ribosomes 
to form polysomes and will refer to this replication com- 
plex associated with ribosomes as (RC,) (ref. 8 and un- 
published results of two of us, B. H.-I. and R. M. F.. 
Either RCp or RCR could, in addition to the components 
already mentioned, have bacteriophage coat protein mole- 
cules associated with the RNA (ref. 9). Here we present 
evidence that: (a) late in viral infection, during the 
period of maximal viral RNA synthesis, the double 
stranded RNA is almost all in a form which converts to 
RI after deprcoteimization; (6) almost all this double 
stranded RNA is associated with polysomes and none is 
free, so RI is derived from RC, not from RC; and 
(c) when there is ample coat protein present then newly 
synthesized free single stranded vRNA may be encap- 
sulated immediately and may not serve repeatedly as free 
single stranded mRNA for protein synthesis. These 





Relative distance sedimented 


Fig, 1. Distribution of polyribosomes in lysates from non-infected E. coli (contro!) and eelis infeeted with 417 (10 peu/cetl) 

for 25 min. The lysates were prepared according to the procedure of Hotham-Iglewski and Franklin® with the following 

modifications: NaCl was substitutes for KCl in all buffers, poly L-ornithine was omitted, and the lysates were sedimented on a 

10-40 per cent sucrose gradient in the Spinco SW 41 rotor at 5° C for 70 min (our unpublished results). The control gradient 

had fifteen OD unite of lysate layered on to it and the 25 min p.i. has thirteen GD units. After recording the percentage 

absorbance at 254 my, the gradient fractions were pooled into the nine fractions indicated on the curves. The pattern from 
control uninfected cells is given by the solid line and that from cells infected for 25 min by the broken line. 
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Fig. 2. Polyacrylamide gel electrophoresis of RNA from various regions of pol yribosome gradients of lysates from non-infected cells ($ and 
cells infected for 25 min with R17 ( O--- ©). The cells were pulsed for 1 min with 10 aCi/ml. of uridine-*H just before collection, The fractions 
were incubated with 2 per cent SDS at 37° C for 15 min. After alcohol precipitation, the RNA was taken up in 0-05 mil. of sampile buffer {5 mM 
EDTA; 10 mM NaCl; 0-05 percent SDS; 5 mM ¢tris-HCl buffer, pH 7-4). Ten jl. of the extracted RNA was subjected to gel electrophoresis in 2-2 
per cent acrylamide gel containing 1 per cent agarose (final concentrations) for 160 min at 3 mA/gel tube. The gels were prepared, run, sectioned 
and counted according to the procedure of Pons and Hirst, The RI and RF regions indicated in the figures were determined on separate runs 
ee pne REP nrified according to Franklin®. A, Fraction 1 is that region of the polyribosome gradients containing more than eleven ribostanes/ 
mRNA strand. 


C, Fraction 9 is that region of the sucrose gradient containing free RNA; that is that which is not associated with any 
ribosomes or ribosomal subunits. 
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Fig. 3. Sucrose density sedimentation pattern of fraction 9 of the poly- 
ribosome gradient of a lysate from cells infected with R17 tor 25 min. 
The cells were pulsed with 10 zCi/mi. of uridine2H just before collection. 
Fraction 9 is that area of the polyribosome gradient containing free RNA. 
Following the collection of the polyribosome gradient, fraction 9 was 
diluted in 0:1 M NaCl; 0-05 M tris, pH 72; 00L M EDTA (STE) and 
stored at — 60° C. A 0-2 mil. aliquot was layered on a 4-4 ml. sucrose 
gradient (5-20 per cent}in STE and centrifuged at 50,000 r.p.m. for 25 h 
at 5° Cin the SW 65 rotor. Fractions were collected, diluted to 1 ml. in 
STE and half of each fraction was treated with 1 Hg/ml, pancreatic 
RNase at 37° C for 15 min. TCA precipitable radioactivity was deter- 
mined by the ‘Millipore’ filtration technique’, A maximum of 14 per 
cent RNase resistance was found ae res 26, corresponding to the peak 

of 41S R N è 


findings lead to some new hypotheses on the synthesis 
of both viral RNA and protein, and support the recent 
proposal of Robertson, Webster and Zinder that repression 
of the synthesis of specific viral protems may act at the 
level of viral transcription’. 

Polysomes were fractionated by sucrose gradient sedi- 
mentation using several modifications of our previous 
methods*. These modifications are described in the legend 
of Fig. 1 (our unpublished results). These changes have 
enabled us to obtain what we believe to be definitive 
optical density patterns of polysomes from Æ. coli in 
which approximately 70 per cent of the ribosornes are in 
polysomes and there are few 708 monomers (Fig. 1). The 
basic pattern in 60 mM KC! is the same except for the 
presence of a prominent peak of ribosomal 70S monomers. 
The localization and nature of the double stranded RNA 
in cells infected with RNA bacteriophage R17 does not 
change when the polysomes are centrifuged in K+ or Na+ 
gradients. Thus although there is compelling evidence 
indicating that the Na+ pattern best reflects the intra- 
ellular distribution of polysomes, a polemic concerning 
this point is irrelevant with respect to the localization of 
viral double stranded RNA. After infection with bacterio- 
phage #17, there is a dramatic shift in the polysome 
profile: a loss of larger polysomes and an increase in the 
region from hexamers to dimers®. In a Nat gradient one 
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now finds a prominent 70S peak of monomers after 25 min 
infection (Fig. 1). 

The RNA in the polysome fractions was released from 
the protein by treatment with 2 per cent SDS. These 
fractions were then analysed by acrylamide gel electro- 
phoresis using gel concentrations and buffers designed to 
separate RI, RF and vRNA from each other and from 
cellular RNA components!®, Some of the fractions are 
shown for one experiment in Fig. 24—C and the complete 
results of a 25 min p.i. gradient are analysed in Table 1. 
RI was present in all the polysome fractions from infected 
cells; it was most prominent in fractions I, II and Til; 
polysomes of hexameric size and larger, as determined by 
the method of Gierer®. Neither RI nor any other double 
stranded RNA was demonstrable in the supernatant 
fraction (Fig. 2C); the labelled RNAs seem to be mRNA, 
ribosomal precursors, and 4S RNA. Very little vRNA was 
found associated with ribosomes in the polysome fraction. 
The 0-4 per cent R17 RNA found in fraction II may 
represent newly synthesized single stranded vRNA which 
might still have ribosomes associated with it. The last 
part of the final cistron would be translated immediately 
following completion of replication. This would most 
likely occur just before or during encapsulation. 

Identification of the various types of RNA is based on 
electrophoretic patterns obtained with purified species of 
RNA. While RF prepared according to Franklin? has a 
very sharp profile on our gels, it is possible that immature 
RF or unpurified RF might migrate as a broader peak. 
This could explain the apparent absence of RF in our 
25 min lysate, even in the supernatant fraction. On the 
other hand, it may well be that there is siroply little or 
no RF at this stage in replication, because fragments of 
double stranded RNA can be demonstrated in the super- 
natant fraction of the polysome gradient from non- 
permissive cells infected with certain R17 amber mutants 
(unpublished results of B. H.-I., R. M. F. and W. J. 
Iglewski.) 

No double stranded RNA was found in the siiperniatant 
fraction. Our previous report of RNase-resistant RNA 
in the supernatant fraction can be explained by the 
partial RNase-resistance of the 4S transfer RNA found 
in this fraction (Fig. 3). The most striking new finding is 
the almost exclusive localization of RI in RCR, that is, in 
association with ribosomes. Accepting our interpretation 
of RI, we must conclude that the growing single stranded 
RNA of RI is associated with ribosomes during transcrip- 
tion. Although this is not conelusive evidence that viral 
RNA transcription is necessarily coupled to translation, 
it is plausible that this is the case, because the polysome 
regions where one finds RI are also regions where there is 
appreciable protein synthesis in the virus-infected cell. 
There should be 180 coat protein polypeptides made for 
each encapsulated viral RNA molecule!, so it is possible 
that the growing nascent viral RNA serves as messenger 
RNA for several rounds of coat protein synthesis. Thus 
RC may provide an economical means for directing viral 


Table 1. APPEARANCE OF VIRAL SPECIFIC RNA IN VARIOUS REGIONS OF POLY: 
SOMES FROM CELLS PULSE LABELLED WITH *H-URIDINE FOR 1 MIN BRFORE 


COLLECTION 
25’ Infection * 

Fraction Total RNA RI RF RiT 
(%)} (%) (%) (%) 

I: heaviest polysomes { >12} 76 3 0 9 
If: 8-11 10-6 4 9 O-4 

III: 6,7 9-0 2 0 i 

IV: 4.5 8 0-9 0 E 

¥i2.3 15-6 11 0 4] 
VI: 845 (virus) 4 0 0 Ps 
YII: 708 4:7 0-8 0 4 
VIET: 508, 308 14-7 1-3 0 0-9 

IX: Supernatant (< 27S) 250 0 0 ð 
Total 132 0 26 


* Percentage of viral specific RNAs in each fraction compared with total 
pulse labelled RNA in the gradient. . 

The percentage of viral spevific RNAs in each fraction was calculated on the 
basis of the total labelled RNA of the fraction. The RNAs were identified by 
comparison with the migration of known species of RNA on polyacrylimide’ 
gel electrophoresis (see legends to Figs. 1 and 2). 
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replication by parental RNA 
synthesis of viral RNA polymerase and the 


(shaded blob) moves along the complementary RNA tem 
there is displacement of the ol 


new viral RNA strand, 
conservative model. 


(in the conservative model the 


is not illustrated. The processes illustrated occur after the 
first double stranded RNA. As the polymerase 


late at the growing point of the 
viral RNA strand in this semi- 
new VRNA strand is the nascent 


branch.) In either model the branch becomes associated with ribosomes and viral proteins 


are synthesized on such structures®**, In the early part of the 


latent period the displaced 


vRNA may cycle back into the transcription-transiation cycle to increase the number of 


RCR. Later in infection there will be a higher 
of large amounts of viral coat protein. As infection 
appearance of more RE and RF fragments which may derive from 
it is not clear what percentage of base pairs are actually 


production 


inactive. At the present time 


probability for encapsulation due to the 
portan there is the 
C which have become 


hydrogen bonded in such RC structures, 


RNA into a messenger mode. Eventually, however, a 
large proportion of this viral RNA must be encapsulated 
to form completed virions. Because in vitro studies have 
shown that ribosomes form an imitiation complex with 
messenger RNA at the 5’-end of the molecule, this should 
be the free end of the single stranded portion of RI. 
(ref. 13). Parenthetically it should be noted that the 
present argument is independent of whether this viral 
RNA is synthesized by conservative or semi-conservative 
mechanisms!. This is important, for both mechanisms 
may operate!*. From studies on the in vitro synthesis of 
viral RNA it has been concluded that viral RNA is 
synthesized from the 5’-end of the molecule’. Further- 
more, because the free single stranded portion of RI codes 
for coat protein!*—the cistron of which is believed to be 
located proximal to the 5’-end of bacteriophage RNA 
(ref. 17)--then one can infer that the free end of the 
nascent viral RNA in RI is indeed the 5’-end. Thus the 
RCp structures we describe here would be similar to those 
predicted by Robertson, Webster and Zinder on the basis 
of their new repressor model’. These findings must be 
considered in any hypothetical scheme of the events 
occurring in vivo during viral RNA replication. Our 
current working model of certain salient features of these 
events is illustrated in Fig. 4. 

Although the repressor feature is not illustrated, it is 
quite obvious how this may be incorporated into the 
model’, In addition to the proposed repressor feature of 
coat protein, there may be another regulatory function. 
During the early part of the latent period there is an 
increase in the amount of RI (ref. 18). As viral RNA is 
displaced from RCpg there may be a rapid loss of ribo- 
somes from the single stranded RNA, presumably associ- 
ated with termination of protein synthesis from that 
RNA. Later in infection, when there is an excess of coat 
protein, this RNA will be trapped into “encapsulation 
complexes”. Thus one would find little or no free single 
stranded vRNA acting as mRNA late in viral infection 
when there is an excess of coat protein. Earlier in infection 


there is very little coat protein and thus little chance to 
“seed” viral RNA with encapsulation centres. This RNA 
might then preferentially complex with the viral RRA 
polymerase which is made last of the three known viral 
specific proteins and then act as template to form new 
replication complexes. Even if there were a tendency 
for viral RNA to complex with viral RNA polymerase 
late in infection, the encapsulation process would effec- Kiz 
tively prevent this RNA from going into the replication 9 
pathway. ee 
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Tissue histocompatibility typing for transplantation is 
eurrently carried out by serological methods using leuco- 
eyte agglutination! 3, cytotoxic reactions with lymphocyte 
target cells*-7 or by platelet complement fixation’ *. These 
methods have excellent specificity but rely on a range of 
isoantisera that is not complete so that strong meom- 
patibilities, due to unrecognized transplantation antigens, 
are almost certainly being overlooked. 

In the mixed lymphocyte culture (MLC) reaetion!?!3, 
cells from two individuals are mixed and give mutual 
ai ne nee of en that can be aap by ee in 
BT AA i label ( oH thymidine), the eee Soin mee asured 
by autoradiography or in a scintillation counter. Because 
interest is often in a donor—host relationship, the situation 
can be clarified by stirnulation of one cell population 
(recipient) by cells (‘donor’) that have been inactivated. 
for example, by mitomyem C (ref. 14) or killed by freezing 
and thawing’. Thus a measure of reaction in a particular 
direction can be obtained and this can serve as a com- 
plementary typing screen because any strong incom- 
patibility would be expected to provide a response, The 
experiments we now describe show that isolated “donor” 
antigens reveal ineompatibilities in a very clear-cut way 
w hen added to “recipient” single cell-type cultures. 

There has been rapid progress in purification of trans- 
plantation antigens since it became possible to make them 
soluble!*-!8, and the methods for purifying mouse H-2 
transplantation antigens!® 20 have proved to be applicable 
to human HL-A antigens®-*?. Briefly, cell membrane 
material is eluted from lymphoid eells and solubilized 
either autolytically or by added enzyme (ficin or papain). 
The soluble products can be purified by gel-filtration, 
ion-exchange chromatography and electrophoresis to give 
a glycoprotein of molecular weight about 50,000 for mouse 
H-2 antigen (Summerell and Davies, unpublished data). 
The size of human HU-A antigens is very similar. The 
behaviour of mouse H-2 and human HL-A transplantation 
antigens in extraction, purification and other properties 
is so similar that they seem likely te be the products of 
genetically homologous systems??, 

These highly soluble preparations can be used to 
stimulate human lymphocytes from individuals who are 
histomcompatible with the individual providing the anti- 
gen source. It is not necessary to use the most highly 
purified antigen to bring about these reactions; the crude 
solubilized material is adequate. But the gel-filtered 
product is preferable and has been used in most of the 
experiments, 

The technique of culture has been described else- 
where*4, Defibrinated blood from typed donors of our 


Donors are usually selected for tissue grafting by serotyping, but 
matching by cell stimulation has certain advantages. Soluble human 
HL-A transplantation antigens are now available. 


panel were used as a source of lymphocytes. Soluble 
HL-A antigenic fractions were prepared from human 
spleens of typed patients**. The antigens were stored 
freeze-dried, diluted as required in the Eagle’s medium 
used for lymphocyte culture and then filtered through 
‘Millipore’ (0-45 myu). Cultures were made in a total 
volume of 3 ml, the cell concentration being 10*/mol. 
Cultures were gathered on the fifth day and stimulation 
assessed both by cell morphology (blast cell formation) 
and by the incorporation of tritiated thymidine using 
the autoradiographic method. 
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Fig. 1. Stimulation of allogeneic peripheral Iymiphocvies by soluble 


HL-A transplantation antigen, measured by morphological transforma- 

tion to blast cells. Autolytically released antigen (A), compared with a 

less pure sis ria (@). Using different allogeneic cells, autolytically 

prepared antigen {0>}, and a traction subsequently solubilized with 
papain ¢ 4). 


Allogeneic lymphocytes were readily stimulated by the 
original membrane derived cell extracts, as they had been 
by cell fractions rich in HL-A antigens described pre- 
viously? It remained a presumption, however, that 
HL-A antigens were wholly responsible for the effect. 
These crude preparations also contain a variety of other 
(non HL-A) isoantigens that might give cell stimulation; 
this would be of interest in itself but in practice histo- 
compatibility matching has to be confined at present to 
the ABO and HL-A systems. 

Using the derived soluble antigen, ‘Sephadex G-200° gel 
filtration gives three fractions, excluded (high ean 
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weight, HL-A inactive), retarded (HL-A active) and 
included (low molecular weight, HL-A inactive). The 
HL-A active fraction consistently showed activity in the 
cell culture systems whereas the excluded and included 
fractions were inactive when tested up to concentrations 
of 1 mg/ml. 

Preparations of higher specifie activity constantly 
stimulated allogeneic cells at lower concentrations than 
less pure fractions. The data in Fig. 1 show a relatively 
high activity (peak at 50 ug/ml.) for autolytically prepared 
material compared with a less pure product from the same 
donor (peak at 250ug/ml.). In a different system 
unfractionated, autolytically released, soluble antigen 
(peak at 300 ug/ml.) was itself much less active than 
material subsequently released enzymically from the same 
membrane starting material (peak at 30 ug/ml.). 

Fig. 2 serves to show that antigen prepared from cells 
of individual BAY did not stimulate autologous cells but 
was active in stimulating cells from HUD that differed 
by HL-A 1,3,8 (in the direction tested). 


40) 
HL-A ANTIGENS 134 5 6&6 7 8 % TI 42 
© BAY ttem- ee ee t 
@ywo ----- ee i + 

30 


20) 


Percentage of blast cells 





100 200) 300 
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Fig. 2. Cell stimulation system asin Fig. 1, Antigen from typed donor 
BAY fails to stimulate autologous BAY cells (C), but stimulates HUD 
cells (@) differing at least by specificities HL-A 1,3,8. 


When antigen of one typed individual was tested against 
cells from several other typed individuals, different 
reactions occurred. From Fig. 3 it will be seen that 
antigen with the specificity shown failed to stimulate cells 
of GAB up to a dose of 700 ug/ml., where no meom- 
patibility had been revealed by typing. Cells of LHE and 
ELI were stimulated, however, where substantial histo- 
incompatibility had been revealed by typing. Differences 
in the features of these two stimulation curves are not 
vet understood. 

In Fig. 4 is shown another instance of lack of stimulation, 
by typed antigen, of cells from an individual DU P who 
could not be distinguished from the antigen donor by 
typing with sera covering ten different HL-A speci- 
ficities. The ability of this antigen to stimulate three 
other cell cultures was markedly different in spite of the 
same typing incompatibility in each case at HL-A 1,3,4, 
5,6. It seems clear that BAR would be a better recipient 
in relation to the antigen donor than COT, but still a poor 
one at that, compared with DUP. Ten further experi- 
ments all showed stimulation of various allogeneic cells 
over different restricted antigen dose levels (see Fig. 4). 
Because the system differentiates where typing does not, 
we must assume that some specificities are not being 
picked up by serotyping with the reagents available. 
DUP is unlikely to be identical with antigen donor—the 
two are unrelated—-and we might judge it possible that 
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DUP cells would have been stimulated by higher con- 
centrations of antigen than the highest used in this test 
(700 ug/ml.). This would be equally true for the GAS 
test shown in Fig. 3. 

These facts, together with the close correspondence of 
most features of the mouse H-2 and human HL-A sys- 
tems, bring to mind this feature of the H-2 system, that 
among fourteen well known mouse H-2 genotypes, four 
code for series of antigenic specificities that include one 
unique to each genotype. If this kind of situation is true 
for HL-A, then tissue serotyping will frequently miss strong 
antigens of very restricted occurrence. Incompatibilities 
due to such antigens would readily be detected by cell 
stimulation. 

Stimulation was inhibited when the concentrations of 
soluble antigen were higher than the stimulating dose. This 
is a constant characteristic of the lymphocyte reaction 
and may be interpretable as a feature of immunological 
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Fig. 4. Cell stimulation system asin Fig. 1, Typed donor antigen fails 

to stimulate allogeneic cells that serotyping failed to distinguish, over 

the dose range tested (@). Cella of BAR, CON and COT, having the 

same typing disparity when compared with antigen donor, are stimulated 
at markedly different entigen concentrations. 














706 


tolerance. Similar observations, which concern the 
inhibition of the lymphocyte reactivity by greater quan- 
tities of antigen present on the surface of stimulating 
cells, have been reported in one-way stimulation systems 
in mixed cell cultures®®, In general, the degrees of stimu- 
lation obtained with soluble HL-A antigens were greater 
than those usually found in the one-way stimulation 
system using inactivated cells. This could be explained 
by the higher antigenic activity per unit weight of soluble 
extracts because, using inactivated lymphocytes, it is not 
possible to have such a concentration of HL-A antigen in 
culture and at the same time avoid the toxicity of stimu- 
lating cells on the responding cells. 

No correlation can yet be seen between stimulating 
capacity and the antigenic disparity of donor’s extract 
and the allogeneic lymphocytes, nor with the rate of 
stimulation obtained. It is possible that antigenic 
“strength” (that has not yet been satisfactoril y defined) 
is being revealed in these tests. Referring again to the 
mouse H-2 system, the strength of an antigenic specificity 
as measured by graft rejection, cellular reactions, or by 
serological methods may be a function of the particular 
genetic background. This would be a feature of importance 
if it occurs in HL-A, but beyond the range of qualitative 
serotyping. 

The nomenclature for HL-A specificities is that of 
Dausset”*, 

The work in Paris was supported in part by a grant 
from the Lady Tata Foundation and a grant from the 
National Cancer Institute. 
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Many attempts have recently been made to identify and 
measure some feature of an extensive air shower (EAS) 
which would be sensitive to the mass of the primary 
particle initiating the shower. These attempts have been 
made to test the hypothesis that the primary cosmic ray 
mass in the range of energies 10%~108 GeV becomes 
heavier as the primary energy increases and as the modula- 
tion due to the galactic magnetic field (rigidity ~ 2x 10° 
GeV/nucleon) becomes effective. 

Features of showers measured so far have included the 
shower size, the possible multicore structure of showers, 
and the fluctuations in both electromagnetic and muonic 
eomponents. In many cases the differences in the measure- 
ment to be expected for differing primary mass are 
minimal (as is usually the case in fluctuation studies) 
or the measurement may be the subject of dispute (as 
is the case with multicore studies at present). Only 
Linsley? has tried, on the basis of fluctuation studies, to 
extend the primary mass determination to particles 
of high energy which are likely to be of metagalactic 
origin. 

The feature of showers which is most likely to reflect 
directly the mass of the primary particle is the high 
energy muon component. In particular, those high energy 
muons in an EAS recorded far from the core may be 


Measurement of high momentum muons far from the core of a 
cosmic ray shower is a basis for estimating the mass of the primary 


expected to onginate in the early interactions of the 
meson cascade and be closely related to the primary 
mass. The technique of studying muons which originate 
from the initial interactions may be applicable to a wide 
range of primary energy, including those particles of the 
highest energy from a possible metagalactic origin. 

The densities and momenta of muons of momentum up 
to 100 GeVje have been measured at distances between 
100 and 700 m from the cores of EAS initiated by primary 
particles of energy 10%-10° GeV. Recent calculations, 
which treat the early cascade development in detail, have 
been made specifically to compare with these observa- 
tions. The need for such a calculation arose from a 
comparison of the experimental results with the calcula- 
tions of de Beer et al.*. This showed that there were more 
high momentum muons far from the core than predicted, 
and made it necessary to assume mean transverse momenta 
for the secondaries in high energy interactions up to ten 
times greater than those usually accepted. The model we 
now propose sprang from the search for an alternative 
explanation. 

We compare recent experimental data with the results 
of calculations from the model, and we suggest that the 
high momentum muons far from the core may be a 
sensitive measure of the primary particle mass, 
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Experimental Details 


The muon momenta were measured with the Haverah 
Park Magnet Spectrograph which consists of a “solid” iron 
magnet with a mean induction of 14-6 kg and four trays 
of neon flash tubes for track location (see ref. 3 for a 
detailed description). The spectrograph was placed at 
the centre of an EAS selection and recording complex 
which comprised the large Haverah Park array deseribed 
by Tennent’ and selected showers initiated by primaries 
of energy greater than ~108 GeV. Full details of the 
shower characteristics were available for the majority of 
recorded showers. 
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Fig. 1, The ratio of the predicted density ef muons dir) to the observed 
density d’(r) at a core distance r, for a composition of interaction 


secondaries which are ia) 100 per cent pions and (b) 26 per cent kaons 
in the first interaction and pions for all other secondaries. 


The spectra were evaluated by an extensively used 
method’. A momentum spectrum of assumed shape is 
converted to a spectrum of deflexions of the muons in 
the magnetic field of the spectrograph, taking into account 
Coulomb seattering and errors of track location. The shape 
of the assumed spectrum is then altered until the best fit 
is obtained between the predicted spectrum of deflexions 
and observations. This procedure gives only the shapes 
of momentum spectra; to obtain the absolute densities 
an absorption experiment was made using the magnet 
iron. to filter out all muons of momentum less than | GeV/c. 


Model Calculations 

The aim of the calculation was to evaluate the longi- 
tudinal and lateral development of the muon component 
of a shower, taking care to treat the development heights 
>10km rigorously. Preliminary calculations showed 
that the model parameters which would influence the 
density of distant, high momentum muons, and which 
were not well established at the primary energies in ques- 


tion, were the primary particle mass, the number of 


interaction secondaries and the mean of their distribution 
in transverse momentum. A survey of data avaiable for 
these latter parameters has been made and we conclude 
that the mean transverse momentum for pions is ~ 0-4 
GeV/c for lower primary energies and increases to not 








more than 0-6 GeV/e when the primary energy 
> 10% GeV 7 The multiplicity, ns, appears to he gos 
by a law of the form 
Tig ox Ep” 25 for Ep =< 3 X 10° GeV l os 
and increases at least as fast as this and probably as fast 
as Ep™* for Ep 23x 10° GeV. | N; 
The model used in the calculation is based on these 
conclusions and incorporates a multiplicity law mereasing 
as Ep? for Ep2>3x 10° GeV and a mean transverse 
momentum for pions which is constant at 0-5 GeV/c. It 
assumes that the primary particle has mass number 4 
and a mean free path given by 


Sie. tsar. aaa a erm? 

M = (96 + Aye Be 
The fragmentation of the heavy nucleus includes 22 per 
cent of the nucleons in the lighter nucleus in nucleon~ 
nucleon interactions. The balanee of the bound nucleons 
in the projectile are thereafter considered to be free to 
interact on a mean free path of 80 g em. The mean free 
path of produced pions is taken as 120 g cm ->, The 
coefficient of inelasticity im nucleon-nucleon mteractions 
has been taken to be (5 and pion—nucleon interactions 
are assumed to be catastrophic. 

The method of successive collisions has been used to 
give an accurate, detailed treatment of the meson cascade 
for heights above 10 km; the shower development below 
this height is treated using the method of fixed interaction 
levels {see ref. 6). 


Interpretation of Data 

The differential momentum spectra of muons ab various 
distances in the range 100-706 m from the core of showers 
initiated by a primary particle of mass A = 20 of energy 
E, = 2x 108 GeV incident at 20° to the zenith have been 
calculated assuming that all interaction secondaries are 
pions. These data are compared with observations in 
Fig. la where the ordinate represents the ratio of pre- 
dicted to observed muon density and the abscissa repre- 
sents the muon momentum. Each cell represents the data 
from a band of lateral distance from the core of showers 
incident from a median zenith angle of 22°. 

The model caleulations explain the observed densities 
if the mean mass of the primary particle increases with 
increasing primary energy and has a value A~ 20 for 
Z~ 2x 10° GeV, and if the multiplicity increases as Eg’ 
when Ep > 3.000 GeV. To eliminate the possibility that 
this solution is not unique the caleulations for the dif- 
ferential spectrum expected at 300 m from the core were 
repeated for five different multiplicity laws and four prim- 
ary masses. The range of multiplicity laws has been 
extended to include a law approximating to the (In Ep) 
law suggested by Pinkau’ on the basis of the development 
of the soft component of EAS, as well as laws rising 
faster than E)** as suggested by Wolfendale (private 
communication, 1968). The results are shown In Fig. 2, 
where each cell indicates the ratio of predicted to observed 
densities at a core distance of 300 m in a shower initiated 
by a 2x 108 GeV primary, for muon momenta between 
1 and 100 GeV/c. 

It is clear from Fig. 2 that the multiplicity laws of the 
form (in Ep) and E,"-** are unsatisfactory in predicting 
the observed densities with even the heaviest primary 
particle. The laws of the form E,"*) for Ep ¢3,C00 GeV 
and Ept when E,> 3,000 GeV and X=0-75 and 1-0 are 
also unsatisfactory because, in predicting the correct 
density for high energy muons, the structure of the low 
energy muon shower js distorted. The latter two laws 
may also be discounted on a kinematic argument if the 
mean pion total energy in the CMS is not to become less 
than the pion rest energy. 

It thus appears that the multipheity law which rises 
as Epi when E,> 3.000 GeV is unique among the laws 
tested here. Sueh a multiplicity law together with a 
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Fig. 2. The ratio of the expected density _ of muons 4(¥,4) to the observed density 4’ at a core distance of 300m for a matrix of 
values of X and A, where X is the index of the energy in the expression for the multiplicity Nex Ept when Ep > 3x 10° GeV, and A is the 
mass number of the primary particle. 


heavy primary particle (A > 20) is required to explain the 
observations. 

The calculations of the ratios of predicted to observed. 
densities for the (multiplicity x primary mass) matrix in 
Fig. 2 have been extended and the conclusions drawn 
from Fig. 2 are shown to be valid for all lateral distances 
in the range of measurement. 

The agreement between the calculation and experiment 
will be improved if the model is extended to allow the 
mean transverse momentum of pions to increase to 
0-6 GeV/e for the higher energy interactions, and if 25 
per cent of the secondaries produced m nucleon induced 
interactions are assumed to be kaons having a mean 
effective transverse momentum of 0-8 GeV/e. The results 
of a calculation allowing for such production of kaons 
are shown in Fig. 1b. 

If kaons are produced in this manner and if K+/K->1, 
for which there is evidence at lower energies, then there 
will be a region of muon momentum and core distance in 
which the recorded muons will be predominantly derived 
from the initial nucleon induced mteractions, and such 
regions would be expected to show an excess of positively 
charged muons. This effect has been noted in the data 
from the present experiment’. 


Conclusions drawn from the Data 


{i} The discrepancy between the calculations of de Beer 
et al? and the observed high momentum muon densities 


may be removed without recourse to an unusually high 
mean transverse momentum, provided that the multi- 
plicity increases as the square root of the radiated energy 
and that the primary particle is heavier than a proton. 

(i) With this assumption, the most reasonable aver- 
age mass of the primary particles in the energy range 
108-5 x 10° GeV is estimated to be greater than 10. 

We thank our colleagues in the universities collabora- 
ting in the Haverah Park experiment for the provision 
of data and useful discussions. We thank Professor G. D. 
Rochester for his constant interest and encouragement 
and the Science Research Council for the provision of the 
experimental facilities at Haverah Park. One of us 
(K. J. O.) is supported by a research studentship from the 
University of Durham. 
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LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 


Upper Limits on Universal Microwave 
Radiation below \=1I-7 mm 


THE microwave radiation discovered by Penzias and 
Wilson! fitted into the theory of the big-bang universe 
proposed by Gamow? and Dicke et al.?, which predicts 
a residual radiation with a temperature of ~ 3° K from 
the cooling of the primordial radiation. Measurement of 
the strength of the microwave radiation at different wave- 
lengths‘ and the inferred strength at 2-3 mm fitted the 
blackbody curve with a temperature of 2-7° K (Fig. 1). 
Supporters of the steady state universe®®, however, are 
contesting this interpretation and suggest that the radia- 
tion may be the result of the superposition of “‘sources” 
or the scattering of source radiation by “‘dust grains”, 
At present, there are no direct experimental measure- 
ments of microwave radiation below a wavelength of 
7 mm to show that the radiation is either a blackbody 
radiation of temperature 2-7° K or the type predicted by 
Narlikar and Wickramasinghe. In this report I shall 
derive upper limits on the intensity of the microwave 
radiation below a wavelength of 1-7 mm using cosmic ray 
data to indicate the nature of the radiation. 

The effects of the microwave radiation on cosmic ray 
protons, electrons and photons and the production of X 
and gamma radiation by Compton scattering of the micro- 
wave radiation have been extensively studied (see a 
Cornell University preprint by K. Greisen) on the assump- 
tion of the blackbody nature of the microwave radiation. 
Here I shall use the reverse procedure and use cosmic ray 
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Fig. 1. The spectrum of microwave radiation. The experimentally 

measured region is shown by the heavy line. The circles refer to the 

inferred stren ngih from cyanogen and CH excitation Hnes, The upper 

limit obtained in the present investigation is shown as lines 1 to 4. 

Lines 1 and 4 are those obtained from the gamma-ray observations of 

the Crab nebula, and 2 and 3 SNe the high-energy cosmic ray proton 
spectrum, 
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data to derive upper limits on the microwave radiation in. 
the region where no experimental measurements exis tab 

The collision of high-energy protons with microw: 
photons leads to production of electron—positron pairs 
and pions, and consequently to degradation of the energy a 
of the protons. The first process occurs when the photon 
energy in the rest system of the proton exceeds the rest 
mass of an electron-positron pair, and the second when the 
energy is that of a pion rest mass. The relevant formulae 
and cross-sections are given by Greisen in a Cornell 
University preprint. Using these, I have calculated the 
monochromatic brightness of the microwave photons of 
wavelengths less than 1-7 mm, taking the life-time of the 
protons as either (1) the Hubble time (10*° yr) or (2) the 
cosmic ray life-time (50 million yr). Furthermore, we 
assume that the proton differential energy spectrum 
between 10' and 10° eV has, at injection, a single expo- 
nent of 2:6 (according to Greisen) and that the change in 
shape and the reduction of particle intensity are entirely 
due to the interaction with the microwave radiation. It is 
easy to see that a relaxation of this assumption would lead 
to lower values for the upper limits. The upper limits for 
the microwave intensity for the photo-pion process set 
by the use of the cosmic-ray life-time are shown by curve 2 
of Fig. 1. The assumption of the Hubble time would lead. 
to intensities close to zero*. On the other hand, considera- 
tion of the pair production process with a Hubble time 
yields the upper limits shown by curve 3 of Fig. 1. The 
same process with a cosmic ray life-time yields high values 
for the microwave intensity, and the corresponding curve 
is not shown in the figure. 

I have suggested’ that the Compton scattering of micro- 
wave photons by the electrons in the Crab nebula leads 
to gamma radiation. Finite fluxes of gamrna radiation 
with energy greater than 1 MeV from the Crab nebula 
have not been observed; however, experimental upper 
limits exist for integral fluxes®? at gamma-ray energies 
of 100 MeV and 5x 10" eV. These hmits and the electron 
fluxes in the Crab nebula can be used to obtain upper 
limits on microwave intensities. In obtaining the electron 
intensities in the nebula from the synchrotron optical 
power, the commonly accepted magnetic field strength of 
10-4 gauss is used; an increase in the field strength would 
result in a decrease in the electron intensities and a 
consequent increase in the upper lumits of microwave 
intensities by a factor approximately proportional to the 
square of the increase of the field. (See Fazio? for the 
actual dependence on magnetic field.) 

In Fig. 1, curve 4 corresponds to the upper limits set 
by the gamma-ray observations at 100 MeV, curve 1 to 
the upper limit set by the gamma-ray observations at 
5x 10? eV. 

The universal microwave radiation has absorptive effects 
on cosmic gamma rays of high energy, disintegrates high- 
energy cosmic ray heavy nuclei, and degrades the energy 
of high-energy electrons. The experimental data on 
cosmic gamma-rays of energy between 10% and 10% eV 
and on heavy nuclei of very high energy that can be used 
to obtain information on microwave radiation are meagre 
and indirect. The electron spectrum, on the other hand, 
is well studied, and the energy spectrum from a few MeV 
to about 100 GeV is known. The effect of the microwaves 
is to produce a change in the shape of the differential 
energy spectrum, the energy where the change occurs 
being dependent on the microwave energy density and 
the life-time of the electrons. Considerations of this 
aspect of the problem led to different conclusions? about 
the life-time of electrons and about the energy where the 
change of shape occurs. If a cosmic ray life-time of 50 
milhon yr is accepted for the life-time of the electrons, 
the upper limit line for the microwave radiation follows 
approximately curve } in Fig. 1. On the other hand, the 

* This perhaps indicates that life-times of the order of the Hubble time are 
not tenable for very high-energy cosmic rays, and probably these cosmic 


rays are confined to our super cluster (see NASA preprint A-641-68-69 by 
F, W. Stecker), 
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cosmic ray electron spectrum implies that an increase 
from 0-5 eV em in the energy density of the microwave 
radiation (which will occur, for example, with a spectrum 
of the form F0.) Œœ h extending below a wavelength 
A= 1-7 mm) will result in severe difficulties in our 
understanding of the propagation and the life-time of 
electrons. 

It is evident from the upper limits in Fig. 1 that the 
mucrowave spectrum which is approximately of the form 
LO) œ > in the experimentally measured region cannot 
be of the same form below 2 mm. The results in Fig. | 
are consistent with a blackbody spectrum with a tempera- 
ture of 3° K and indeed show that. if the radiation is a 
blackbody radiation, the temperature cannot exceed 3° K. 
The suggestion of Narlikar and Wickramasinghe’ that the 
spectrum is approximately of the form (A) x 3, with a 


ray observations on the Crab nebula, is expected in the 
near future and should improve the limits on microwave 
intensities in the universe. 

This investigation arose from a question put by Dr 
M. 8. Vardya of Tata Institute, Bombay, to whom I am 
grateful for several discussions. Thanks are due to Dr 
G. G. Fazio for some comments. This work was done while 
I held a National Research Council senior postdoctoral 
visiting research associateship supported by the Smith- 
sonian Institution. 


M. V. KersHna APPARAO*® 


Smithsonian Astrophysical Observatory, 
Cambridge, 
Massachusetts. 
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Radial Velocity Measurements 
on the Zodiacal Light Spectrum 


THERE has been speculation for some time about the 
possibility of detecting the motion of zodiacal dust 
particles by accurately measuring the wavelength position 
of a solar Fraunhofer absorption line scattered in the cloud. 
Ingham! derived the H$ absorption line profile that would 
result from solar radiation scattered by dust particles in 
circular Keplerian orbits about the Sun. He showed that, 
in the ecliptic, at an elongation of 30° from the Sun, the 
expected wavelength shift is 0:3 A to the blue for dust 
particles co-rotating with the Earth, and 0:8 A to the red 
for contra-rotating dust. Ring et al.* made measurements 
on the H8 absorption line from Mount Chacaltaya, in the 
Bolivian Andes, and found a blue wavelength shift in 
the evening zodiacal light, a possible interpretation of 
which could be in terms of a zodiacal dust cloud co- 
rotating with the Earth at twice the expected circular 
orbital velocity. During a programme of observations to 
map the night sky HB emission line*, many spectra were 
recorded in the region of the evening zodiacal light between 
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Fig. 1. Variation of radial velocity with elongation in the ecliptic for the 
evening zodiacal light. The theoretihal variation assuming circular 


Keplerian orbits and an r spatial density distribution is represented 
by the fudl line. 


elongations of 35° and 180° from the Sun. The observa- 
tions were made with a gas pressure scanned Fabry-Perot 
interferometer’, working at a resolving power of 8,000, 
from an 11,500 foot observatory on Testa Grigia in the 
Italian Alps (lat. 45° N.). The instrument scanned, in 
steps of 0-14 A, a range of 2 A centred on the 4861-33 A 
laboratory H3 wavelength, thus providing about 14 
closely spaced points across the spectral feature. Wave- 
length calibrations were made before and after each 
spectrum was recorded. 

Although all spectra showed an emission feature at the 
HE wavelength, it was found to be relatively easy to inter- 
polate the background zodiacal light absorption line. After 
subtraction of the emission feature the absorption line 
could be positioned in wavelength to an accuracy of 
+0-14 A, that is, ~ +8 km s~! in radial velocity. The 
results of the analysis are shown in Fig. 1 for the evening 
zodiacal light, the negative radial velocity corresponding 
to a blue wavelength shift of the absorption line and the 
positive radial velocity to a red shift. Also shown in 
the figure, for comparison, is the radial velocity variation 
that would be expected of dust particles in circular 
Keplerian orbits about the Sun, in the same sense as the 
Earth, and with a spatial density distribution falling as 
r-3 from the Sun. The agreement is good for elongations 
up to 60°; above this value, theory and experiment 
deviate. 

Unfortunately, no corresponding spectra were obtained 
in the morning zodiacal light. A red shift at small 
elongations in the morning, considered with the evening 
blue shift, would strongly favour the hypothesis that the 
zodiacal dust is in orbit about the Sun and co-rotating 
with the Earth. A morning blue shift might indicate 
that the dust is falling into the Sunt. 

Further observations are planned this coming winter, 
when the radial velocity variation with both elongation 
and ecliptic latitude will be investigated. For this purpose 
an absorption line thought to be free from emission, 
probably the 5183 A magnesium line, will be used. 


N. K. REAY 
J. RING 


Imperial College of Science and Technology, 
London. 
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New Method to Limit Abundance of 
Cosmic Ray Quarks 


No direct. 
existence of free quarks. 
particles of charge e/3 and 2e/3 have 
to their cosmic ray flux of 


experimental evidence is known for the 
Searches!~+ in cosmic rays for 
set an upper limit 


lg<66x 10-" quarks/em?/s sr 


This limiting flux bombarding the Earth for the Earth's 
life-time of 5x 10° yr, stopping m a depth of 300 kg/cm? 
of the Earth’s surface, provides 


Ng < 2:4 10- quarks/nucleon (1) 


in this layer. 

Macroscopic searches® using filtration methods to sweep 
out particles of non-integral charge set limits of Ng <5 x 
10-77 quarks/nucleon in seawater and <10- quarks per 
nucleon in air, but these limits may be doubted because in 
the searches charged molecules were trapped in platinum. 
There is a reasonable possibility that quark molecules, 

trapped in platinum, would become bound to metal atoms, 

so that outgassed matenal would carry no quarks, If 
quarks are forbidden to bind to nuclei, by conservation of 
integral charge, and instead are bound only electro- 
magnetically, then chemical binding of two atoms to 
each other in the potential well of a negative quark must 
be considered a serious possibility in platinum. 

It is important to search for quarks beyond the limits 
already reported. Considerations of quark chemistry 
allow smaller limits to be set by a quite different method, 
which we discuss in this communication, and which, in 
turn, may suggest ways to make more sensitive searches. 

We consider the reasonably imaginable interactions of 
bound n oe antiquarks) of charges — 1/3, 

— 2/3, — 4/3, — 5/3 ... with the nuclei to which they are 
bound, analogous to an analysis previously carried out by 
Frank® for interactions of bound (negative) pions with 
emulsion nuclei. His considerations included induced 
beta emission and K-capture, induced emission of single 
nucleons, induced alpha emission, induced fission and 
induced fusion, that is, nuclear build-up‘. 

We consider quark induced fission, and show that quarks 
of charges — 1/3, — 2/3, are able to catalyse fission of 
heavy elements whether or not strong nuclear forces are 
important. 

We set an upper limit on the density of naturally ocecur- 
ring quarks by a new method, which exploits the fact 
that pathological radioactivity of pure heavy metals in 
which quarks could catalyse fission has not vet been 
reported, and we suggest that refinements of the method 
might produce a better limit. 

A negatively charged quark slowing to rest in pure 
uranium metal will be captured in a time less than about 
10-8 s, estimated using considerations of Fermi and 
Tellers for capture of negative muons, in metals. The 
bound quark has a kinetic energy greater than 10 MeV and 
a velocity greater than c/16 for a quark of mass ~ 5 GeV 
m Bohr orbits commensurate with the nuclear radius 
~ 10-3? em. 

In the ai excitation oprop a th ie aa Aa oe 


w i the e a may kick cea ae gees unoce upied 
nuclear levels or into unbound states, Any quark—nucleon 
collision imparting 227-6 MeV to U or 28-6 MeV to 
U is potentially able to cause fission, just as in the case of 
photo-fission or of absorption of a thermal neutron by 
sU. The difference in fission activation energy between 
SU and *8U is 1 MeV. A quark-nueleon collision 
imparting <28-6 MeV is about as likely to occur as one 
imparting >76 MeV. Thus a bound quark is almost 
equally able to induce fission in 1U and U. Quarks 
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de-excited to the lowest orbit are still able to induce. 
fission because the overall change in energy, the fissio 
energy minus the quark binding energy, is largë- 
exothermic. (The classic question “Why does not ab 
electron radiate and spiral mto the nucleus 7” and. its 
T er “There is no lower state for the electron to radiate 

’ does not apply to a quark bound in the lowest Bohr 
rbit of à uranium, Deranse the quark may radiate to a 
















rant k: 


Q+ 235)» PF, J Q $ FF, 


where FF, and FF, are fission fragments.) 

The dynamic process may be compared with ternary 
fission with emission of a fast alpha particle. If strong 
forces should prevail® (see appendix 1) and the quark be 
captured into the nucleus, fission would occur anyway 
because a highly excited nucleus and subsequent nuclear 
disintegration would result?® (see appendix 2). 

Our picture is that quarks lose energy by ionization, are 
captured into bound orbits, cause fission of the nucleus, 
and repeat the process. A quark is therefore a fission 
catalyst in pure metals having fission energy such that the 
process is exothermic. For example, in uranium each 
quark-catalysed fission releases ~ (160-10)~ 150 MeV 
where 160 MeV is the kinetic energy of the fission frag- 
ments and 210 MeV is the Coulomb binding energy of the 
quark in orbit, for both Qa and Q-?’8, 

Let us consider fission catalysis in pure U or U 
metal. With our present assumptions (see appendix 3), 
catalysis occurs at the rate of 10% fissions/s, each fission 
releasing about 160 MeV, so that catalysis caused by one 
quark is equivalent toenergy emission ~ [2-2 x 10°" Nl joule 
where N is the number of fissions in the catalysis chain. 
The chain may be terminated if the quark leaves the metal 
by recoil or is captured by a fission fragment. We estim- 
ate (see appendix 4) that for Q-1, N > 1-25 10° fissions, 
the energy evolved > 0-033 joules, Reobapanied by & 
burst of 20-01 Ci of neutrons, in a time 20015 ms. 
These quantities are somewhat smaller for quarks of 
larger charge. Standard equipment for monitoring 
neutron fluxes can detect such mtense millisecond bursts 
of neutrons. 

A high flux of quarks, natural or deliberate, causes 
metal depletion by catalysng oie fission chams in 
uranium, plutonium, thorium, and perhaps even bismuth 
and gold, even though the configuration of the metal is 
stable against a neutron chain reaction. 

Apparently no spurious neutron bursts nor other radio- 
active emissions of pathological nature have yet been 
reported in stockpiled heavy metals. From this observa- 
tion a hmit may be set to the occurrence of quarks. 
Assuming that up to 300 tons of refined metal (7-5 x 10° 
nucleons) have been monitored for 20 years, we estimate 
the limiting density as 











Ngo SEB 10 quarks/nucleon of heavy metal 


corresponding to a limit to the cosmic ray flux Jag <9 x 10-* 
quarks/em? s sr during the 20 vear period. This lonit 
apphes equally te any heavy negative stable cosmic ray 
particle, 

We suggest obtaining lower limits on quark occurrence 
with this method, by monitering stock piles of uranium, 
thorium, plutonium, bismuth, gold, tungsten and lead for 
abnormal radioactivity. Alternatively, one may examine 
old natural uranium ores for the quark content of fission 
products and other impurities of intermediate atomuc 
weight, which will have captured and concentrated quarks 
in the solutions from which the ores were deposited. 

The potentialities of quarks for power production 
by fission catalysis suggest that, once produced, they 
will be so useful that precautions will be taken to preserve 
and market them in a countable way. 
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Appendix 1. Searches for quarks in 30 GeV proton bombardments of 
metal targets show no measurable production of particles of non-integral 
charge (2/3 e|, 14/3 ei [5/3 e!,... thus no production of QQ. QQQQ, .. Qir, 
at least the second of which should have a mass about equal to the proton 
mass if the Q~p binding is appreciable, and thus should be produced with 
30 GeV. This indicates that quarks bind only in threes and on this account 
it is generally hypothesized that quark strong binding forces saturate at n= 3 
( oe 9). Strong binding of one quark to a nucleon or nucleus apparently does 
net ocenr, 


Appendix 2. The effect of adding a static negative quark to a fissionable 
nucleus has negligible effect on the fission threshold, This is illustrated in ref. 
10, Fig. 14-3, where activation energy is plotted for spontaneous fission 
against 4 for various values of Z. These curves were computed by 8. Frenkel 
and N. Metropolis using the Los Alamos Maniac Computer and the Bohr- 
Wheeler formula. For uranium (A = 235, Z = 92) the activation energy is 7-6 
MeV. Addition of a negative quark results in a nueleus having A = 240, Z = 
91-7 or 91-3. The activation energy for the new nucleus is seen to be 8-5 or 9-0 
MeV, respectively, little changed from that for the nucleus without the quark. 


Appendix 3. We compute the rate to produce fission caused by a quark 
in a bound orbit as follows. The Weizsacker~Williams formula describes the 
electromagnetic field of the quark as a system of Hght quanta. One of the 
quanta may cause fission as the bound quark orbits the uranium nucleus. 
The cross-section for this process is the cross-sectien for photofission multi- 
plied by the number of equivalent quanta per pass. The total number of 
equivalent quanta per pass is given by, 

(11/2) ZZ (ehe)dkik) (AUT )Un( BE k)-—0-39) 
where we shall take E ~ 20 MeV, k~10 MeV, dk~i MeV, and the bracket 
containing the logarithm ~ 0-1. Then the number of equivalent quanta per 
pass is approximately (representing the fine structure constant as a) 
(2/17}(30 10-4) a(10-9) 

where an extra factor of 10“ has been introduced to take into account the 
velogity of the quark being less than e. This is to be multiplied by the photo- 
fission cross-section, for example, a 10 MeV quanta, of ~(10-*4/¢) cm? and 
by the number of uranium nuclei per cm? as seen by the bound quark of 
~ 1/i4i7 (6 x 10°! om)*), One finds then the probability that a bound quark 
making one pass by the uranium nucleus will cause fission is ~10-. The 
quark orbits the uranium about 10% times per second and thus will cause 
fission in about 105 s after capture. The important rate is thus the time to 
be captured, which is about 10-73 5, a radiative process. 


Appendix 4. The shortest length of a fission chain is estimated in the 
following way. We compute the time t in which a quark and a fission frag- 
ment, moving with parallel velocities, remain no further apart than the radius 
of an outer Bohr orbit, and compare t with the time 7’ in which to radiate the 
binding energy of the quark to that orbit. Then the probability of quark 
fission-fragment capture P is 

P <2 Hi-—cos 9) C/T) 
where 2 takes into account both fission fragments, and 6 is a conservative 
estimate of the allowable angle between quark and fission-fragment velocity 
vectors. Assuming a principal orbit quantum number n~ 100, and for the 
fission-fragment a charge Zf=6 and mass 140 (which gives a slow fragment 
velocity and a maximum fission yield) then the radius of the outer orbit is 
r=4 x10- om, and the binding energy is 1-8 keV. We compute T from the 


relation 
LT = (4/3) (otet/h c) r? = 1/3 x 10-18 g 
We compute ¢ from the relation 
tare = 1-6 «x 107% g 
where tg <6 10° em/s for a quark of <1 MeV kinetic energy and osf= 
3-2 x 10° em/s. (The quark causes fission as soon as it has 7or 8 MeV binding 
energy to the uranium, but loses 7 or 8 MeV in so doing.) For t to have this 
value within 10 per cent, @6<35°. ‘Then the probability of capture of quark to 
fission-fragment P is 
P<8x 10° per fission 
and the number N of fissions in each chain is 
N > $3 x 10° fissions. 
For QP, QH, Q°°%, ..., the chains should be longer. The random walk 
path length L for a chain of N =6 x 10", Z=d N, taking d, the distance the 
quark travels between each fission, as xy (10-™ s}< 6 10 em, is 6-02 em. 
Thus the probability of quark loss by random walk is smat. 
_ The probability that the quark rides off bound to a fission fragment is not 
directly related to the probability of emission of deuterons, tritons, *He, 
alphas, etc., from nuclei. The probability of emission of these is larger by 
orders of magnitude than can be accounted for by cascade theory, suggesting 
that these entities already exist inside the nucleus, instead of being formed 
by pick-up. 


L. MARSHALL LIBBY 
F. 4. THOMAS 
University of Colorado and 
The RAND Corporation, 
Santa Monica, California. 


Received May 13; revised July 19, 1968. 


* Lamb, R. ©, Landy, R., Novey, T., and Yovanovitch, D, 
Lett., 17, 1068 (1966), 

* Garmire, G., Leong, C., and Sreekanton, B. V., Phys. Rev., 186, 1280 (1968), 

§ Leacock, R. A., Beavers, W. L, and Daub, C. T., Ap. J.,151, 1179 (1968). 

‘Kasha, H. Letpuner, L., and Adair, R. K., Phys. Rev., 150, 1140 (1986). 

* Chupka, W., Schiffer, J., and Stevens, C., Phys. Rev. Lett.,17, 60 (1968). 

* Frank, E. C., Nature, 160, 525 (1958). 

1 Alvarez, L.. Bradner, H., Crawford, F., Crawford, J., Falk-Vairant, P., 
Gow, J., Rosenfeld, A., Solmitz, E., Stevenson, M., Ficho, H., and 
Tripp, R., Phys. Rev., 105, 1127 (1957). 

* Fermi, E., and Teller, E., Phys. Rev., 72, 399 (1947). 

* Palitz R. H., Elementary Particle Theory, Tokyc Summer Lectures (edit. by 
Takeda, G., and Fuji, N.), 102 (Benjamin, 1967). 

” ei a Introduction to Nuclear Physies, 442 (Wesley, Massachusetts, 
1966). 


Phys, Rev. 


NATURE, VOL. 219. AUGUST 17, 1968 


Elastic Constants of Magnesia, Calcia 
and Spinel at 16 GHz and 42° K 


THERE is wide interest in the study of the propagation 
of high frequency ultrasound through single crystal media, 
particularly as a technique for the investigation of spin- 
lattice relaxation phenomena. Experiments have there- 
fore been carried out at a frequeney of 16 GHz to obtain 
ultrasonic pulse echoes in single crystals of magnesia, 
calcia and spinel. 

The experimental arrangement for ultrasonic genera- 
tion is similar to that used by other workers at lower 
frequencies (for example, ref. 13. The increase in effective 
ultrasonic attenuation caused by scattering due to surface 
imperfections and the decrease in transducer efficiency, 
which occur with increasing frequency, however, neces- 
sitate very careful preparation of crystal surfaces. Further- 
more, because of the reactivity of calcia, it was found 
necessary to give a final polish to these specimens only 
seconds before bonding to a quartz transducer. The 
bond was formed of twin pack ‘Araldite’ which was sub- 
sequently cured. The free ends of the crystals were also 
protected by thin films of ‘Araldite’, both during the 
curing of the bond and the subsequent experiment. 


Table i. BLASTIC CONSTANTS aT 16 GHz AND 4:°2° EK 


Experimental 
tletermination 
Material Elsatic constant, (in units of 
10° dynes/em*) 
Magnesium oxide Ce 31-2+%0-6 
Calcium oxide Cu 27-645 
Spine} Ch 29-9 + 0-6 
Cis 16-541-2 
Cai 1654+12 


With suitably prepared erystals it was found possible 
to propagate 16 GHz longitudinally polarized ultrasound 
along the (100) axes of magnesium oxide and calcium oxide 
and along the (100) and (110) axes of spinel. The corre- 
sponding elastic constants have been evaluated and the 
results are presented in Table 1, the values of C,, and 
C,, in the case of spinel being inferred from the Cauchy 
relationship?. 
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Multiple Collinear Laser-produced 
Sparks in Gases 


THERE has been much interest in the recently reported!~* 
ionization and breakdown in gases induced by the focused 
output (~ 20 MW) of Q-switched lasers. A puzzling fea- 
ture of the phenomenon is the occurrence’ of distinct 
collinear regions of intense ionization along the laser 
beam axis near the focal point of the short focal length 
lenses commonly used in this work. ‘There seems to be 
no satisfactory explanation of the mechanism producing 
these quite distinct regions. Considerations based on the 
development of a radiation supported shock wave? or 
travelling ionization waves? seem to be more appropriate 
to the later stages of breakdown when the local ionized 
regions coalesce to form a long spark which appears to be 
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The contour lines are normalized isophotes in the focal region of a 10 cm lens for ruby laser radiation having a parabolic beam profile 


ia the presence of primary spherical aberration. The isophotes are symmetrical about the optic axis. 


moving. The separate regions of ionization suggest that 
the spatial distribution of the electric field needed for 
ionization and ereated by the focused laser beam has 
regions of maximum and minimum intensities along the 
beam axis. 

The purpose of this letter is to present results of an 
analysis of the electrie field distribution near the focus 
produced by a single-mode Q-switched laser taking into 
account the non-uniform intensity profile of the laser 
beam. It is well known? that the disturbance at any point 
P near the focus of a lens of focal length f is given by the 
Huygens~Fresnel equation 


į e-ikf A etk (¢+d) 


where k=2n/A is the wave number, d is the distance 
from the point P to any pomt on the lens, ọ is the lens 
aberration function, and A(S)/f is the amplitude of the 
disturbance at the lens. Integration is over the lens 
surface area S. A numerical solution of the Huygens- 
Fresnel equation for the case of a parabolic radiation 
intensity profile and allowing for primary spherical aber- 
ration has been obtained and the normalized isophotes 
are shown in Fig. 1. This shows the presence of localized 
regions of intense electric field along the axis in which 
electrons, once liberated, possibly by multiphoton absorp- 
tion? or some other™ process, can grow rapidly in number 
to form distinct regions of highly ionized gas as a result of 
cascade ionization in electron—atom collisions. 

The breakdown threshold value of the laser radiation 
intensity will first be reached at the diffraction focus. At 
subsequent times this value will be attained at the points 
of maximum intensity which le successively nearer and 
nearer the lens so that distinct regions of ionized gas are 
created. The number of regions will be determined by the 
extent to which the beam intensity exceeds the threshold 
value. The apparent propagation velocity is governed by 
the rise-time of the pulse of laser radiation and by the 
separation between the maxima in the intensity distribu- 
tion. For the particular example of a 10 em lens used in 
the present calculations the maxima are separated by 
about 2 mm and, with a typical Q-switched laser pulse of 
30 ns duration and peak intensity of twice the breakdown 
threshold, the apparent propagation velocity towards the 
lens is 5x 107 em s- This is in good agreement with 
recently reported measurements’. 

At very much higher powers (~GW) than those con- 
sidered here, multiple collinear sparks in air have been 
reported’? extending over several metres. In these cases 
the self-foeusing’4 effects of the laser beam due to a 








non-linear increase in the refractive index of the gas may 
play an important part. 
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Dynamic Electrical Resistivity of fron: 
Evidence for a New High Pressure 
Phase 


A CAREFUL re-investigation of the response of a-iron 
(body-centred cubic) to shock loading, using an improved 
technique for the measurement of electrical resistivity 
during shock compression, has provided data that are in 
substantial disagreement with the phase transition results 
obtained by Fuller and Price’. In addition to describing 
this disagreement. we report here the possible existence 
of a new dynamic phase transition in iron. 

Plane shock waves were produced by high explosives 
or by impact of flat plates accelerated in a gas gun*, Tron 
and nickel specimens were in the form of flattened wires 
(originally 0-003 in. in diameter) through which a constant 
current could be passed. These wires were embedded in 
‘Lucalox’ (a General Electric Company brand name for 
high density (3-98 g/em®) polycrystalline alumina) which 
closely matches the shock impedance of iron and nickel, 
and were provided with r network voltage probes to 
eliminate the effects of contact resistance. Details of 
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Fig. 1. Relative electrical resistivity of iron during shock compression. 
Present data for nickel are inchided for comparison. 


experimental techniques and some additional results of the 
present investigation will appear elsewhere. 

Our dynamic high pressure resistivity data for iron 
(> 99-99 per cent pure) and nickel (2 99-0 per cent pure) 
and the data of Fuller and Price for iron (purity not avel- 
able) are shown in Fig. 1. Fuller and Price associated an 
abrupt change in electrical resistivity of iron at 150 kbar 
with the dynamic phase transition observed at ~ 130 kbar 
by Bancroft et alè. Both Fuller and Price and Bancroft et 
al. identified the dynamic transition Which they observed 
with the static a--y (faece-centred cubic) transition, 
Later workers*-*, however, have considered the dynamic 
transition to correspond to the x->< £ hexagonal close 
packed) transition observed statically at ~ 130 kbar and 
perhaps as low as ~ 110 kbar eae ee ot T. Taka- 
haski at the meeting of the American Geophysics Union 
in Washington, April 1968). Actually, the shocked material 
may even be a mixture of y and e phases 

The present dynamic high-pressure resistivity data for 
iron (Fig. 1) show a sudden increase (~ 30 per cent) in 
resistance at ~80 kbar which is absent m the data of 
Fuller and Price. This rise in resistance cannot be dis- 
counted as an instrumental artefact, because nickel was 
included as a control in each of our expernnents and no 
abrupt rise in resistance was observed for nickel. 

Three mechanisms must be considered as possible causes 
of this resistance jump. First, as previously suggested by 
Mitchell and Keeler’, the ae transition might actually 
start at a lower pressure than has been previously repor ted. 
Such an explanation may at first seem likely iu this case 
because the high pressure resistivity of s-iron is much 
higher (~ 300 per cent) than that of x-iron*:; thus the 
partial transformation of % into ge-iron at ~ 80 kbar could 
account for the observed rise m relative resistance, The 
statie resistivity data for iron®’, however, do not show 
any indication of the onset of sue ‘h a transformation near 
80 kbar. Even if one could associate the rise in resistance 
of iron with the onset of an =e transition, one would 

expect that the resistance of iron would rise continuously, 
increasing with shock stress between ~ 80 kbar and the 
stress at which the transformation is complete. On the 
other hand, the plateau at ~ 80 kbar is very difficult to 
rationalize on this basis unless the a-e dynamic transition 
stress is strongly orientation dependent. 

Second, a shock-induced resistivity increase caused by 
the creation of lattice defects could account for some rise 
in the electrical resistivity of iron at ~80 kbar. The 
magnitude and abrupt nature of the rise and the subse- 
quent plateau argue against interpreting the entire rise 
this way, however. One would expect the most rapid 
increase in defect concentration to occur at lower pressures 
for both iron and nickel, and in fact the gradual rise in 
resistivity at lower stresses (Fig. 1) would seem to be 
caused primarily by shock-induced defects. The absence 
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of such an abrupt rise in resistance at ~ 80 kbar in the 
nickel data argues further against this mechanism. It 1s, 
of course, true that iron differs from nickel in that it is 
much more easily twinned. In another series of experi- 
ments, post- -shock metallographic examination of iron 
specimens showed that mechanical twins begin to form 
in shocked iron below 50 kbar, but termmal resistance 
measurements showed the magnitude of the resistance 
increase ascribable to twinning to be much too small to 
explain the rise at ~ 80 kbar. 

Finally, we are left with the possibility that at least 
part of the x-iron is transformed into a new phase under 
the mfluence of the very high shear stresses associated 
with the shock. This new phase need not even have any 
field of thermodynamic stability (that is, it might exist 
only as a metastable phase). Because the mode of shock 
compression is plane stram, grains orientated with the 

<100> directions parallel or nearly parallel to the direc- 
tion of maximum principal shock stress will experience 
some elastice distortion from cubic to tetragonal structure. 
Thus the most likely crystal strueture of this dynamic 
high-pressure phase is body-centred tetragonal, similar to 
the martensitic «’ phase of iron and some of its alloys. 
If, in fact, the proposed phase is metastable, then for a 
specimen with randomly orientated grains, only a fraction 


of the g-iron might undergo this transformation, 
the E TA ceasing when all the favourably 


orientated grains have been transformed. Tri ansformation 
of -iron mto such a metastable phase may not oceur at 
all under a hydrostatic mode of compression. 

There is another distinct feature in which our data for 
iron differ from those of Fuller and Price. Their data 
indicate an abrupt high pressure x-—-(z,y) phase transition, 
whereas the present data indicate that the transformation 
is a rather gradual one. The presence of some of the 
proposed body-centred tetragonal phase would be ex- 
pected to contribute to this graduality, for the body- 
centred tetragonal---(e,y) transition should occur at a 
different dynamic pressure than the «#—>(¢,y) transition. 

This work was supported by the US National Aero- 
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Preliminary Results from the 
Meteorological Office on Ariel 3 
Sule 


THE British- an ican sat tellite 3 e a a Mets eor- 


meast manic "of iie A Ion = Or eae 
radiation at about 1450 A. Two observa tions ¥ were nade 
in each orbit, at satellite sunrise and sunset, but data 
will be available for only about one third of these 
observations—-those made within range of a telemetry 
station (the satellite’s tape recorder could not be used for 
this experiment). Most of the observations made in the 
first ten days of satellite life (May 5-14, 1967) have now 
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been reduced, by fitting to them a model of the O, dis- 
tribution having the form 


nn= N (exp ((180—hj/H,) + exp ((180—4)H,)) 


in which N is the number density of oxygen molecules at 
a height of 180 km, 2 H,H »/(H,+H,) is the local scale 
height (in km) for O, at 180 km and H, and H, are limiting 
values of scale height at small and large heights, The 
attenuating cross-section for an oxygen molecule was 
assumed to be 1-48 x 10-17 em? (ref. 2). 

The values of N (the error of which is not thought to 
exceed 10 per cent) show a range of 1:7: 1 and, when 
plotted in terms of latitude and longitude, a sy stematic 
variation with position on the Earth, as shown in Fig. 1. 
This includes all available northern hemisphere observa- 
tions made in the first ten days. Observations in suc- 
cessive orbits are displaced about 24° to the west and 
slightly to the south, so that each latitudinal row of results 
represents one day’s observations. All observations cor- 
respond to the same local time of day (sunset). In the 
southern hemisphere, observations were received at only 
two stations: those from the Falkland Islands (58° W.) 
all give values of N close to 33x 10° cem; those from 
Byrd Station (120° W.) are not yet available. 

“Values of the local scale height for molecular oxygen 
at 180 km range from 16-5 km to 21-0 km with a mean 
of 18-6 km. The variations seem to be at random apart 
from a tendency towards high values (mean 19-0 km) in 
the northern hemisphere and low values (mean 17-8 km} 
in the southern. 

The molecular oxygen densities given by this experi- 
ment are lower by a factor of 2 or 3 than those given by 
the COSPAR and US Supplementary standard atmo- 
spheres for the appropriate solar conditions. In this they 
agree with most recent direct measurements. The most 
striking feature of the results is the large variation with 
longitude persisting over several successive days. This 
variation could be interpreted as a 24 h oscillation of the 
atmosphere; if, however, it is a real longitude variation 
it may be caused by some form of geomagnetic control 
or, as seems more likely, represent a circulation pattern 
in the atmosphere, probably originating at a much lower 
level than the level of observation. 

After Mav 14 the orbit entered an 
no further 


“all-Sun™ phase and 


By 


observations were made until Maw 30. 
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Fig. 1. Oxygen density (molecules cm x 10-*) at 180 km, May 5-12, 
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this time the sensors had, as expected, deter 
cans o een and the ssc eases! Tew 


account of the pee will be published els $ 
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Semi-annual Variation in Upper- 
atmosphere Density: Evidence 
of a 33-Month Periodicity 


Ir is well known! that the density of the upper atmo- 
sphere at heights between 190 and 1,200 km shows. a 
semi-annual variation, with maxima in April and October, 
and minima in January and July--the July minimoam 
usually being the deeper. During 1967 the semi-annual 

variation was particularly large", and it is of interest 
to know whether this large variation is persisting into 1968. 

We hay e recently seer” vaya of Air re at 





aren at an Sichnatien of 75 57 to the meen ae tal of 
ninety-four values of air density at heights of 440 to 
500 km were obtained, at average intervals of 5} days 
between January 1967 and the end of May 1968. The 
results confirm that the semi-annual variation was large 
during 1967, with the maxima of density (centred at 
Aprl 5 and November 2) PRIS the July MENNT 
(centred at July 31) by a factor of 2-9, and exceeding the 
January minimum (centred at J anuary 18} by : a factor of 
2.2, after correction for the effects of solar activita, 
The variation is considerably smaller in the first half of 
1968, however; the average of the maxima in Oetober 
1967 and April 1968 exceeded the minimum in January- 
February 1968 by a factor of about 1-6, after cor rection ` 
for the effects of solar activity. 

Jaechia, Slowey and Campbell! have recently analysed 
the semi-annual variation in air density between 1958 
and the beginning of 1966. They assume that the changes 
in density can be attributed to temperature, and express 
their results in terms of the appropriate change im Exo- 
spheric temperature given by Jacchia’s model atmo- 
sphere’. They provide values of AT. the departure of 
temperature at the extremes of the semi-annual variation 
from its mean value. (The changes in density may not 
be caused entirely by changes in temperature’; but AT 





still provides an indication of their amplitude.) Jacchia, 
Slowey and Campbell correct their values A AT toa 
constant level of solar activity. given by Sgp; ™ 100x 


1022 W m Hz, where S,,.; 18 the solar BIEN energy 
on a wavelength of 10-7 em. as measured at NRC, Ottawa. 
The semi-annual variation in air density at heights near 
500 km during 1966, as given by Cook’, and our new values! 
for 1967 and 1968 have also been converted to values of 
AT, under the same assumptions. The mean values 
of AT) for (a) April and October (AT > 0), and (6) January 
and July (AT <0), are shown in Fig. 1 by broken lines, 
with the full line showing the final mean. The corre- 
sponding departure of density at a height of 500 km from 
its mean value is shown on the right-hand seale (for AT 
positive). 

The full line in Fig. 1 reveals the unusually large amphi- 
tude of the semi-annual variation in L967. but an even 
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Fig. 1. Amplitude of the semi-annual variation in upper atmosphere density between 1958 and 1968, expressed in terms 

of the departure AT of temperature from mean values given by Jacchia’s model atmosphere. Values for 1958 to April 1966 

are from ref. 1. Values for 1966 July and October are from ref. 5. Values for 1967 and 1968 are from ref. 6. Scale on right- 
hand side gives departure of density o at 500 km height from mean value @ (for AP positive), 


more striking feature is the periodicity apparent in AT, 
the average period being 272+ 0-15 yr. The variations in 
the time intervals between successive peaks are not signifi- 
cant, because the points are at intervals of 3 months and 
the peaks are therefore subject to time errors of +3 
months. 

It should be emphasized that the 33-month periodicity 
apparent in Fig. 1 refers to the values after correction for 
solar activity. The variations dependent on solar activity, 
analysed by Jacchia, Slowey and Campbell’, will still be 
dominant in some years, and the 33-month periodicity 
can be regarded as being superposed on the 10 or 11 yr 
periodicity dependent on the sunspot cycle. 

The 33-month periodicity may be related to what is 
often called the ‘26-month oscillation” in zonal strato- 
spheric winds. At the 50 mbar level, a height of approxi- 
mately 20 km, this variation in stratospheric winds? had 
an average period of about 30 months between 1961 and 
1967, and the last three maxima have been in mid-1964, 
January 1966 and mid-1967 (private communication from 
J. 5, Sawyer and R. A. Ebdon), in good agreement with 
the dates of the laxt three extrema in Fig. 1. If this 
correlation proves to be valid, it may provide an interesting 
link between the upper and lower atmosphere. 

D. G. Kine-HeLs 
DoREEN M. C. WALKER 
Royal Aircraft Establishment, 
Farnborough, 
Hampshire. 
Received July 12, 1068. 
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Trace Elements in Carbonatites and 
Limestones 


THE recent article by Deans and Powell! has demon- 
strated that few selected trace elements can be used to 
distinguish carbonatites from limestones m India and 


Pakistan. This work supports my conclusions from in- 
vestigations in East Africa* in which I concluded that 
lanthanum was a critically significant element in car- 
bonatites. Trace element analysis has now reached a stage 
where one or two elements can be shown to be diagnostic 
for carbonatites and there is now no doubt that lanthanum 
and cerium are probably the most significant elements in 
distinguishing carbonatites from limestones. I consider, 
however, that it is unnecessary to determine other ele- 
ments such as strontium, barium, yttrium and niobium 
during routine investigations for the following reasons. 

Strontium and barium serve no useful purpose; earlier 
ideas that the Sr/Ba ratio was diagnostic of carbonatites 
are now considered invalid. 

Yttrium is undoubtedly low in most carbonatites. More 
recent evidence from rare earth distribution patterns? 
has shown that carbonatites are characterized by a marked 
concentration of the cerium subgroup indicating that 
elements similar in ionic size to yttrium are not normally 
abundant. 

Niobium was shown to be of little value during an 
investigation of same East African carbonatites?. Despite 
this and other studies some workers continue to defend 
the use of this element’ ®. The presence of niobium only 
shows that the carbonatite is mineralized. Low niobium 
concentration does not mean that the carbonate rock is 
not a carbonatite, any more than absence of tin prevents 
a non-stanniferous granite from being considered to be a 
granite. 

The recent data presented by Deans and Powell support 
these conclusions. The isotopic distribution of boron in 
kimberlites® is sufficiently diagnostic to indicate that the 
boron distribution in kimberlite-carbonatite associations 
should be thoroughly investigated. 


P. BOWDEN 


Department of Geology, 
University of St Andrews. 
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Geomagnetic Dynamo: An Improved 
Laboratory Model 


WE have improved our previous self-exciting ““homogene- 
ous” laboratory dynamo'; the new dynamo is in essence 
completely homogeneous and exhibits spontaneous oscilla- 
tion and reversal of its magnetic field. 

It is widely accepted that the main geomagnetic field 
is due to electric currents maintained by electromagnetic 
induction in the fluid conducting core of the Earth; this 
is aself-exciting dynamo process. The possibility of homo- 
geneous self-exciting dynamos was established by existence 
proofs by Backus* and Herzenberg*, and there have 
been several attempts to produce mechanisms for a 
steady state dynamo in the Earth (see. for example, 
ref. 4). But the main geomagnetic field has quite large 
time variations, with periods of the order of 100 yr or 
more, and reverses at intervals of 105-107 yr. The stability 
or otherwise of such self-exciting dynamos is therefore of 
great interest. Unfortunately, realistic mathematical 
models cannot as yet be investigated, though highly 
simplified lumped constant models do show imstability 
and reversals (for example, ref. 5). 

Our laboratory model is based on the mathematical 
model used by Herzenberg in which two spherical regions of 
the core rotated as rigid bodies and the rest of the core was 
stationary. Our model is derived, in effect, by cutting 
the Herzenberg model through the two spheres, and then, 
for mechanical convenience, replacing the half spheres by 
half cylinders. These cylinders rotate in cylindrical 
cavities in a block of the same material, electrical contact 
over the bottom ends and curved surfaces being made by 
a thin layer of mercury. 

For material with conductivity o and permeability u, 
and with cylinders of radius « and angular velocity o, 
such a system becomes a steady state self-exciting dynamo 
when the magnetic Reynolds number Rm, the non-dimen- 
sional parameter 4rouwg?, is equal to some critical value 
determined by the geometry (the separation of the cylin- 
ders, their relative orientation, and possibly the shape 
of the boundary). In our original model (o = 5 x 10° e.m.u., 
effective 12150, «=3°5 cm) the corresponding critical 
velocity was too high to be attained (by extrapolation it 
was estimated to be about 9,000 r.p.m., Rm œ 1,000); it 
was reduced to 1,800 r.p.m. (Rm œ 200) by distorting the 
current flow by insulating part of the rotor surfaces, 
thus introducing some inhomogeneity. No instabilities 
of any kind were observed, and this was attributed to the 
very heavy damping caused by the viscous power dissipa- 
tion in the mercury. 

The present model is somewhat larger («= 5 cm), uses 
annealed mild steel (o=10-4 e.m.u., effective uœ 150), 
and has a smaller separation of the cylinders. To allow 
some variation of geometry the main block is in two 
halves, each containing one rotor; the halves are placed 


Cylindrical cavity 
(without rotor) 


Steel block 


‘Mating face 





Fig. 1. 


Simplified diagram of half the dynamo model. 









a 
b 
Upper block 
Lower block 
Cc 
Fig. 2. a, band e, Relative orientation of the two halves of the model 


which give successively lower critical speeda, 


in contact, with a very thin layer of mercury to give 
electrical contact between the mating surfaces. Fig. l 
shows one half, without the rotor. 

The critical velocity (both magnitude and relative direc- 
tion) is very dependent on the relative position of the 
two halves. Fig. 2a shows the position corresponding 
to the first model, without insulation; this position would 
have a critical velocity of about 2,000 r.p.m., which is 
unattainable. Fig. 26 ‘shows a slightly different position 
for which the critical velocity proves to be about 809 
r.p.m. Fig. 2¢ shows the 45° orientation which appears 
to be one of the most efficient; it has a critical velocity of 
only about 400 r.p.m. (Rm ~ 200). | 

It must be emphasized that the new self-exciting — 
dynamo model has no internal insulation; the only ime 
homogeneities are the thin mercury layers and the ball 
bearings, the effects of which are almost certainly confined - 
to increasing the critical velocity. We have what is ` 
essentially a homogeneous dynamo. That the Earth's 
core has u = 1 while our model is ferromagnetic is irrelevant 
as far as the existence of self-excitation is concerned: 
only the product cu enters into the feedback equation. 

A power input of 100 W at each rotor produces e.m.f.s 
of about 12 mV, currents of about 8,000 A, magnetic 
fields sufficient to saturate large regions of the block, and 
external magnetic fields of several oersteds. The electric 
current and magnetice field distributions are much more 
compheated than in our first model, and have not yet been 
fully investigated. 

In the present model the larger scale, lower critical speed 
and improved mercury seals make the total frictional 
power dissipation less than half the electromagnetic 
power which is dissipated as Joule heating; the dynamo, 
as was hoped, can be unstable and oscillate. Whether 
the dynamo enters a stable or unstable regime dependa 













718 





+Ü 
j , a 
2 0 
—1:0 
+t 
on 
z 9 b 
=i 
+O 
> 
z c 
— Yo | 
400 
g d 
c 
m 30o 
0 
400 
oe € 
=< 200 
ü 
5 19 15 
Time (min) 
Fig. 3. Typical larga amplitude, reversing, oscillations. The rotors 
were driven by series-wound a.e. motors fed at constant voltage. a, One 
component of the external induced magnetic field. b ande, Potential 


differences across corresponding parts of lower and upper blocks. 
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on the starting conditions, such as mitial acceleration, and 
two different unstable modes exist. 

The first, small amplitude, mode of oscillation occurs 
when the acceleration from rest is small. The external! 
hee acres cc the en osci cillates w ith small T of the 
any osœllation 
in evelooiy is too ‘emul to be obser y ed: ‘The oscillations 
take place about a field which is small. and probably 
determined by remanenee. In any one situation the 
amplitude of oscillation is constant; the amplitude and 
period are a complicated function of geometry and speed. 
This mode of oscillation probably corresponds to the 
oscillations of the coupled-dynamo model of Alan? and 
others; the pernod is about right. and the waveform is 
approximately sinusoidal. 

The second, large amplitude, mode of oscillation occurs 
wien the initial acceleration is large. It occurs only over 

a limited range of speed; at lower speeds the model is 
oe self-exciting, at “Rne a pee is arean state. 
It also occurs um : 
for some geometric ies the Anda is oo. Fables op he 
external induced magnetic field is several oersteds (parts 
of the block must be saturated), and oscillates about 
approximately zero induced field, reversing each eyele, 
with a period of the order of minutes. The period depends 
on the torque/speed characteristic of the driving motors 
and on the voltage applied to them: for series motors, 
for which the velocity oscillation is about 40 per cent, 
periods are of the order of 5 min. Within the working 
range, increasing the speed mereases the period; per iods 
of up to 20 min have been observed. 

Fig. 3 is a record of the two rotor speeds, two potential 
differences from corresponding parts of the two halves 
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of the block (corresponding to part of the current flow), 
and the external magnetic field near rotor 1. 
These large reversals are quite spontaneous and repro- 
ducible and do not depend on any external stimulation, 
but their interpretation is much complicated by the non- 
linear magnetic behaviour of the ferromagnetic steel. 
The existence of instability is almost certainly mherent 
in the dynamo whatever the material. but the nature of the 
reversals we obtain is suggestive of a relaxation oscillation 
arising in the saturation and remanence of the steel. 
We hope by further improvement of the geometry to 
obtain a sufficiently small critical Ra that will allow us 
to make a model from copper. 
F. J. Lowers 
I. WILKINSON 

School of Physies, 

University of Newcastle upon Tyne. 
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Partial Molar Volumes and Maximum 
Density Effects in Alcohol-Water 
Mixtures 

ADDITION of a monohydric aleohol to water initially 
raises its temperature of maximum density (TMD), 


At the same time the partial molar volume of alcohol 
ape k and Bees oe” a mmimum. The merease 


maar Pa water ‘atructur © By the added "alcohols: 10, “At 
mfinite dilution the relative partial molar volume of the 
alcohol, V,— V8, is negative. This observation can be 
interpreted in terms of a clathrate model. The continued 
decrease in the relative partial molar volume of the 
alcohol is not well understood but presumably arises from 
a mutual re-enforcement of the clathrate’. 

Franks and Watson have shown! that if the molar 
volumes of pure water, V%, and pure alcohol, V3, are 
respectively parabolic and linear functions of ternperature, 
f fequations 1 and 2) 


[9 = 


t 


[1 + a(t — 3-98)*] V2 (1) 


e= [lp at] Fe (2) 


Pi taal /miole) 





is eee ney ra 
K so 7 es € 
Sora en +e 
eae eee eer 
GOL 002 0-03 G4 0-05 6-06 0-07 0-08 O09 
Fe 


Fig. L 
as a function of alcohol mole fraction, za, at 10° © (x); 
30° CCA); and 40° C(O). 


Relative molar volumes of ethanol in ethanol + water ete 
GF “4 Cw . 














NATURE, VOL. 219. AUGUST 17. 1968 


where Vo is the molar volume of water at 3-98° and V° 
is the molar volume of alcohol at 0°, then it follows that 
the TMD, 6, is related to the temperature coefficient of 
the excess volume of mixing, 9 VE/ƏT, by 


aVE/ar 


we Vo he vy ae 
tn { 3 } 


AO=O—-3-08= ~--— m 

2a,(1—2,) ¥o* 

where x, is the mole fraction of alcohol, x, is the coefficient 

of expansion of water, and x, is the coefficient of expan- 
sion of alcohol. 

The first term in equation (3) gives the TMD assuming 
that mixing is ideal, that is, that VE is zero, The second 
term, denoted by AQsrr, indicates structural changes in 
the mixture. The variation in A6srr with concentration 
has been summarized for eight alcohols by Franks and 
Ives’, For each mixture, AOsvr is positive at low con- 


Fe Ve (ml. jmole) 
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Fig. 3. Relative partial molar volumes of iso-propano!l in iso-propanol 
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Fig. 4. Relative partial molar volumes of t-butyl alcohol in t-butyl 
alcohol + water mixtures for 15° © (x): 25° C Ge); 40° O CO): and 
50° CCA} 


centrations and in all cases a maximum in Agsrr is either 
obtained or indicated. 

t h As ‘ k Be ia “é » Es ot a aes oar H 

There is in fact a direct link between the maxnmam in 
AQsrr and the temperature derivative of the relative 
partial molar volume (F, — V$) of the aleohol. 

Following equation (1) 





— 3 VEIT 7 
AĴ srr se mereranna FANE Aa (4) 


20, Fos(] ps Ly) 














or 5 (l — £a) ate VE = 0 {3} 
Because 
VE = (1—2x,) (Fi — Vi) + Fs — V9) (6) 
it follows from the Gibbs-Dunhem conditions that ; 
{a(V,— V3)/AT js, =2+=0 ‘cme 






at the concentration zt where AOgrx is a maximum, fi 


all temperatures in the range of validity of equations (1): 
and (2). In other words, the relative partial molar volume — 
isotherms for a given alcohol should all pass throug 
common point at 2,=2}, but this implies no res 
on (0F,/éz,) at 2,=2}. The relative par 
volumes at several temperatures were caleulate 
published density data. A stepwise procedure wa 
(unpublished results of D. A. A. and K. W. M}, » 
small sections of the VE curve were fitted to three 
meter polynomials which were then differentiat 
obtain values of V,. The curve for aqueous mixtures: 
containing ethanol!?, n-propanol, iso-propanol** ando 
t-butyl alcohol! are shown in Figs. 1-4. In each case, the 
condition just described is satisfied at the concentration 
corresponding to the maximum in Asr. This is true 
over a wide temperature range. In the case of ¢-butyl 
alcohol, the minimum in V,— V} is on the low concen- 
tration side of the intersection so that the minimurn 
becomes more marked and decreases with an increase in 
temperature. In contrast, the minimum on P, Ve for 
iso-propanol, for example, occurs on the high concentra- 
tion side, the minimum decreasing with increasing tèm- 
perature. This observation offers a useful check on the 
thermodynamic consistency of the density data and their 
reliability. 

Another consequence of equation (1) relates the partial 
molar volume of the alcohol, F, (as opposed to V,-- FI 
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and the observed changes in the TMD, A9 (as opposed to 
AQsrr). Because the ideal term in equation (3) is always 
negative, A0 shows a small maximum at lower alcohol 
concentration than the maximum in AQsrr, becoming 
negative with increasing concentration®*. Following 
equation (1) 0A60/0T is a maximum when 


[V9°x, + OVE/Ax,0T [1 —ay] = ~e, Va, —3 VEIT (8) 


Or 


ð OVE | 
aT | lz.) Ba. + VE = — V9 a, (9) 
- 2 


Using equation (6) this latter equation simplifies to 
av. — Vier = — a, ¥3° (10) 


and from equation (3) we find that at the concentration 
corresponding to the maximum in A9 


av ,/ar=0 (11) 


This conclusion has been reached by Frank (see refs. 6 and 
7) with a more complex derivation. The available data 
for ethanol at 10°C, 20° C, 25°C and 30°C and for t-butyl 
alcohol at 15° C and 50° C do not, however, show this 
trend’. It has been suggested? that this condition may 
only be satisfied at temperatures near the TMD. If so, 
it suggests that the approximations inherent in equations 
(1) and (2) are more important in the case of equation (11) 
than in the case of equation (7). There is a clear need now 
for accurate density data at low alcohol concentrations 
and at temperatures near the TMD in order to test this 
latter condition. 
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BIOLOGICAL SCIENCES 


Purification of Arginine tRNA III 
from Brewer’s Yeast 


SEVERAL attempts have been made to prepare transfer 
ribonucleic acids, and the purification of alanine', serine?, 
tyrosine”? and phenylalanine {RNAs* by countercurrent 
distribution methods have been successful. These 
(RNAs had, in the solvent systems used for countercurrent 
distribution, the lowest or highest partition coefficients, 
and this made their isolation possible by countercurrent 
distribution alone. Other tRNAs do not have this advan- 
tage and when isolated by countercurrent distribution 
are always contaminated with {RNAs of similar partition 
coefficients. To purify them it is necessary to use column 
chromatography in addition to the countercurrent distri- 
bution technique. This report describes the results 
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Fig. 1. Countercurrent distribution of brewer’s yeast (RNA. 





Accepting capacity for [#C]-arginine; —--~, absorbance at 260 my, 
Fraction g represents arginine (RNA HI. 


obtained in the purification of arginine tRNA III from 
brewer’s yeast by the combination of fractionation 
methods based on different principles: countercurrent 
distribution followed by two column chromatographio 
procedures, one on DEAE-cellulose and the other on 
hydroxyapatite. 

Commercial brewer's yeast {RNA (Boehringer) was 
first distributed in Holley’s? phosphate—isopropanol-— 
formamide solvent system in conditions previously 
described$. 

Fig. 1 shows the results of 1,000 transfers. The RNA 
was recovered from the fractions by the method of Apgar 
et al.. The assay of “C-arginine accepting activity, 
performed as previously described®, shows three peaks 
corresponding to arginine tRNA I, IT and III; arginine 
tRNA IIT is the fastest moving of the three, because it is 
the most soluble in the organic phase of the solvent 
system. This fraction was contaminated with lysine, 
leucine, methionine, tryptophan, serine and glycine 
tRNA, and to eliminate these {RNAs we used DEAE- 
cellulose chromatography’? whieh gives a good fractiona- 
tion of yeast (RNAs. 

The fraction enriched in arginine ‘RNA IIT, obtained by 
countercurrent distribution, was dialysed for 12 h against 
a buffer containing 0-02 M sodium acetate and 0-002 M 
EDTA (pH 6) and subjected to DEAE-cellulose column 
chromatography at 65° C according to Bergquist et al.’. 
As shown in Fig. 2, two ultraviolet absorbing peaks were 
obtained ; the arginine accepting capacity is eluted in 
the second. The purity of some fractions was 60 per cent, 
based on the assumption that 1 mg of pure tRNA accepts 
37 mumoles of arginine (a molecular weight of 27,000 was 
assumed for this 1RNA),. 

Final purification of the arginine tRNA IIT was achieved 
by chromatography on hydroxyapatite according to 
Dirheimer (unpublished results). The arginine-accepting 
fractions obtained after DEAE-cellulose chromatography 
were pooled and dialysed against distilled water for 18 h, 
concentrated by evaporation at 20° C under reduced 
pressure and dialysed against a sodium phosphate buffer 
0-05 M (pH 5:8). These pooled fractions were then 
loaded on hydroxyapatite equilibrated with the same 
buffer and subjected to chromatographic separation as 
shown in Fig. 3. The main peak of absorbancy at 260 mu 
included the bulk of the arginine accepting activity. The 
specific activity of arginine {RNA HI in the fractions of 
maximum optical absorbancy was practically constant, 
which suggests that this particular species of arginine 
‘RNA was quite pure: 90 per cent, if calculations were 
made on the same assumptions as before. The amount 
of arginine (RNA HI obtained (starting with 920 mg of 
unfractionated RNA) was +1 mg (Table 1). The data 
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Table L 
Weight Yield 
Sample (mg) weight 
(%) 

Initial mixed tRNA 920 106 
After countercurrent distribution 57:6 6°25 
After DEAE-cellulose chromatography 17 1-85 
After hydroxyapatite chromatography 4-1 0-44 


* Total value for all arginine (RNAs present. 


in Table 1 cannot be used to calculate the yield from the 
total unfractionated {RNA because the initial assay for 
arginine accepting activity of the crude {RNA gives a 
total value for all three arginine tRNAs. But we can 
calculate the yield from the arginine tRNA III peak 
obtained after countercurrent distribution: approxim- 
ately 17-6 per cent of that arginine tRNA was recovered 
in the 90 per cent pure fraction after the two chromato- 
graphic separations. 

The accepting activity of glycine, serme, methionine, 
tryptophan, leucine and lysine was assayed, using the 
purest arginine {RNA III, because the (RNAs accepting 
these amino-acids contaminated the fractions obtained 
after countercurrent distribution. The amino-acids were 
not accepted at all by the purified arginine {RNA IIT, 
so we conclude that the arginine {RNA III we have ob- 
tained is pure enough to be used for structural studies. 
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Fig. 2. DEAE-cellulose chromatography at 65° C of the arginine tRNA 
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Fig. 3. Final purification of arginine URNA III by chromatography on 
hydroxyapatite Biogel HTP (Calbiochem) column 1x90 em. Linear 
gradient of 0-09~-03 M sodium phosphate buffer (pH 5-8) with IH of 
each phosphate solution. -- =- ~~ —, Accepting capacity for 
i4€]-arginine: —---—— . absorbance at 260 mi. 


PURIFICATION OF ARGININE (RNA IIT 


Arginine magus i 
accepting Multiple Yield oo: 
activity of original accepting activity ate 
(mpmoles/mg) activity activity (%) 

1-9% 1 1,756 

13-4 7 770 160 

20-5 10-5 348 45 

333 17-5 136 17-6 
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Effect of Insulin on the Synthesis 
of Sarcoplasmic and Ribosomal 
Proteins of Muscle 


RrsosomMes isolated from skeletal musele of alloxan 
diabetic rats are only half as effective as those from normal 
animals in catalysing the synthesis of protein’~*. Adminis- 
tration of insulin to diabetic animals restores the activity 
of the ribosomes to normal. The identity of the protems 
the synthesis of which is regulated by insulin, however, 
is not known. We report here the results of preluminary 
experiments that bear on the problem. 

The following details of the experiments have been 
described before: the source of the materials, the 
nature of the rats (80-100 g males), and the method of 
making them diabetic with alloxan'*; the preparation 
and the conditions of incubation of hemidiaphragm 
muscle®; the isolation of ribosomes from skeletal nuscle*:*, 
The uniformly labelled C-n-leucine (248 Ci/mmole) 
and the *H-4,5-t-leucine (60 Ci/mmole} were purchased 
from New England Nuclear Corp. 

After incubation (compare the legends to the figures and. 
table for the exact conditions) the hemidiaphragm musele 
was drained, rinsed once with ice-cold medium A (0:05 M 
tris, pH 7-8; 0-0125 M MgCl; 0-08 M KCI), hens homogen- 
ized (30 s at maximum speed in a Virtis “45” homogen- 
izer) in approximately 1 ml. of medium A ee seh hemidia- 
phragm. The radioactive soluble protein was prepared 
from the muscle homogenate by centrifugation: first, 
for 15 min at 700g in a Sorvall centrifuge; then for 2 h 
at 78,000g in a No. 40 rotor in a Spinco model L 2 centri- 
fuge. 

Ribosomes were isolated from diaphragm muscle after 
incubation and radioactive ribosomal protein was pre- 
pared by a modification of the method deseribed by 
LeBoy, Cox and Flaks’. The ribosomes (approximately 
1-5-2-0 mg) were suspended in medium 4 and precipitated 
with trichloroacetic acid (final concentration 7-5 per cent). 
The precipitate was washed with acetone, dissolved in 
8 M urea containing 45 M lithium chloride and allowed to 
stand overnight. The insoluble material (RNA) was 
removed by centrifugation at 6,000g for 15 min. ‘The 
ribosomal proteins were reprecipitated with trichloro- 
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Fig. 1. 
separated by discontinuous electrophoresis on polyacrylamide gel: 
effect of diabetes and of insulin administered in vivo. Hemidiaphragms 


{twelve in each group) were incubated for 1h at 37° Cin7-5 mi. of Krebs- 

Henseleit bicarbonate buffer containing 30 «Ci of 4C-leueine. The insu- 

iin ae v} was oe IO ADEN ONSA 1 h before the rate were killed, 
Tye 3) Normal: 4, Giabetic: @—- @, diabetic + insulin. 


acetic acid tae concentration 7:5 per cent), washed 
once with 7-5 per cent trichloroacetic acid, onee with 
acetone, a finally dissolved in urea. 

The sarcoplasmic proteins were separated by discon- 
tinuous electrophoresis on polyacrylamide gel: 2-9 ml. 
of separation gel was allowed to polymerize in tubes 
(6 mm inner diameter); 0-9 ml. of spacer gel was then 
added and after it had polymerized the radioactive protein 
{900 ug in 0-3 ml.) was layered on the gel; finally, sample 
gel was layered on. Electrophoresis was at 3-5 mA/tube 
for 4 h at pH 8-5 (migration toward the anode) and at. 
3° C. Separation of ribosomal protein was carried out. 
at pH 4-5 as deseribed by Low and Wool except that 0-3 
ral. of spacer gel was used. 

In preparation for the determination of their radio- 
activity the gels were eut lengthwise with a slicer’; 
the larger of the two pieces (approximately three-quarters 
of the whole) was then eut mto 1 mm sections with a 
miniature “egg slicer” not unlike that designed by 
Heideman. Each 1 mm section was dried for 1 h at 
60° C in an uneapped glass counting vial. Formic 

acid (0-7 ml. of 88 per cent) was added to the gel, 
the bottles were tightly capped (caps with polyseal cones), 
and heated overnight at 60” C. After the bottles had 
cooled, 15 ml. of seintillation fluid-—-0-4 per cent 2,5-bis- 
[2-(5-tert-butylbenzoaxazolyl)|-thiophene (BBOT) in 
toluene: ethylene glycol monomethyl ether (85: 15. 
v/v}—was added; the bottles were then shaken and the 
radioactivity of the protein determined in a Packard 
“Tri-Carb’ liquid seintillation spectrometer. Counting 
efficiency was calculated after determination of the 
radioactivity of each sample by adding 20 ul. of YC- 
toluene or *H-toluene (containing a known amount of 
radioactivity), and recounting. The efficiency with which 
the radioactivity of the labelled protein in the gel was 
measured was: 66-1 per eent for HC and 13-5 per cent for 
“H. The counting efficiency for *H-labelled protein was 
13-5 +0-35 per cent for the forty slices m one gel sample. 
The individual slices contained different amounts of 
protein and different amounts of MC radioactivity, yet 
neither significantly altered the efficiency with which 
the °H radioactivity was determined. It is therefore 
unlikely that an isotope artefact can account for the 
results we observed. The counting efficiency for MC- 
labelled protein was also determined in each of forty 
slices from one gel sample-~the variation between slices 
was less than + 3 per cent. 

Myofibrils were prepared as described by Perry’? and 
were solubilized by stirring overnight in Weber’s solution 
(0-6 M KCI; 0-01 M Na.CO,; 0-04 M NaHCO,) (ref. 12). 
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The myosin was isolated by the method described by 
Szent-Gyorgi*. The concentration of protein was 
determined by a biuret reaction ; its radioactivity was 
assayed by the ‘Millipore’ filter method?®. 


Table 1. SPECIFIC RADIOACTIVITY OF SKELETAL MUSCLE PROTEINS: 
GF DIABETES AND INSULIN 


Specife radioactivity of protein (¢.p.m, x 104mg) 


EFFECT 


Source of protein Sarcophasmue Myofibrillar Myosin 
Control B34 38°83 25'6 
Diabetic 41-4 132 TT 
Diabetic + insulin 80-0 41-7 25°2 


Hemidiaphragms (twenty-four in each group) were incubated for 1 h at 
37° Cin T5 ml. of Krebs-Henseleit bicarbonate buffer containing 12 '3 mCi of 
H-leucine, The insulis (5 c) was injected intraperitoneally 1h before the 
rats were killed. 

We began our survey by comparing the effects of diabetes 
and insulin on the synthesis of myofibrillar protein, 
myosin, and sarcoplasmie proteins by isolated rat dia- 
phragm muscle (Table 1}. The synthesis of the three 
fractions was decreased to appreciably the same extent 
by diabetes and restored to normal by insulin (Table 1). 

In another experiment (Fig. 1) diaphragm muscle from 
normal, diabetic, or diabetic animals treated with insulin 
was incubated with “C-leucine. At the end of the period 
of incubation the sarcoplasmic proteins were isolated and 
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Fiz. 2. Radioactivity of sarcoplasmic protein from skeletal musele 

separated by discontinuous electrophoresis on polyacrylamide gel: 

effect of insulin added iz vitro. Hemidiaphragms (tw ely ein each group) 

from diabetic rats were incubated for 1h at 37° Cin 7-5 mi of Krebs- 

Henseleit bicarbonate bufer olen 30 #Ci of 'C-leucine and with 

or without insulin (1 U/ml, © s -- ©, Diabetic; ©- @, diabetic + 
insul. 
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Fig, 3. Radioactivity of sarcoplasmic protein from skeletal musele 
separated by discontinuous electrophoresis on polyacrylamide gel: 
effect of diabetes and insulin. Hemidiaphragms (fifty ‘four i in each group) 
from diabetic animals were incubated fori h at 37° Cin 27 mi. of Krebs- 
Henseleit bicarbonate buffer containing either 2 mCi ofS H-leucine and no 
insulin (> «+ - O} or 206 pti of #C-leucine and 0-1 gimi, of insulin 
(@-—@). After incubaticn the hemidiaphragms from the two experi- 
mients were pooled, the protein prepared, and the *H and SC radjo- 
activity of the protein in each gel slice was determined. 
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separated by discontinuous electrophoresis on polyacryl- 
amide gel; the distribution of radioactivity in the indivi- 
dual gel slices was then determined. Insulin administered 
te diabetic rats increased the radioactivity of all the 
proteins taken together about three-fold. But more 
importantly the results suggested that the hormone 
could have caused a disproportionate increase in the 
synthesis of the protein(s) contained in a peak designated 
i. The specific radioactivity of the soluble proteins from 
diaphragm muscle of diabetic animals, however, was low 
and there could be no certainty of a specifie effect of 
insulin, In a second experiment (Fig. 2) in which insulin 
was added in vitro rather than administered im vivo the 
same results were obtained—insulin increased the radio- 
activity of all the soluble proteins about three-fold and 
appeared to cause a disproportionate effect on the synthe- 
sis of the 2 protein. 

We realized, nonetheless, that to be certain of the 
affect of insulin on the synthesis of the @ protein, a more 
precise method would be required. For that reason we 
adopted different tactics. Diaphragm muscle from dia- 
betie animals was incubated either with *H-leucine with- 
out insulin, or with “C-leucine plus insulin. At the end 
of the incubation the muscle from the two groups was 
pooled, homogenized and the soluble protein was extracted. 
All the protein that is synthesized in the diabetic will be 
labelled with *H and C; any proteins that are synthe- 
sized only in the presence of insulin will be labelled only 
with HC. A plot of the "C and *H radioactivity confirmed 
the specific effect of insulin on the synthesis of the protein 
in peak ¢ (Fig. 3). 

We next turned our attention to the effect of diabetes 
on the synthesis of ribosomal protein in musele and in 
a preliminary experiment found that diabetes markedly 
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Fig. 4. Radioactivity and densitometric tracing of ribosomal protein 
from skeletal muscle separated by discontinuous electrophoresis on poly- 
acrylamide gel: effect ofdiabetes, Hemidiaphragms (eighty in each group) 
were incubated for 1 hat 37° Cin 25 ml. of Krebs-Henseleit bicarbonate 
buffercontaining 4mCiof*H-leucine, The ribosomal protein was isolated 
from the hemidiaphragms and the radiosctivity in each gel slice determ- 
ined after electrophoresis. @—@, Normal; ©- - ©, diabetic. 
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Fig. 5, Radioactivity and densitometric tracing of ribosomal protein from 
akeletal muscle separated by discontinuous electrophoresis on polvaeryl- 
amide gel: effect of insulin. Hemidiaphragms ( eighty in each group) 
were incubated for 1h at 37° Cin 25 ml. of Krebs-Henseleit bicarhonate 
buffer containing labelled leucine: bemidiaphragms from untreated 
diabetic rats were incubated with 7 mCi of *H-leucine (> -- ©). Hemi- 
diaphragms from diabetic rats injected intraperitonselly with 5 i of 
insulin 1 h before they were killed were incabated with 0-7 mCi of SE- 
jeucine (@—@). After incubation the hemidiaphragms from the two 
experiments were pooled and the ribosomal proteins were iselated. The 
*H and HC radioactivity of the protein in each gel slice wits determined. 


reduced incorporation of “C from leucine mto ribosomal 
protein during 1 h of incubation of diaphragm in vitro OF ig. 


4). Next we used the double-labelling technique to at 


determine whether there are ribosomal proteins the 
synthesis of which is disproportionately inereased by 
insulin. Diaphragm muscle from diabetie animals was 
incubated either with *H-leucine, or with MC -Teucine 
plus insulin: the musele was pooled before the ribosomes. . 
were isolated and the ribosomal proteins were prepared. — 
Once again we found that insulin specifically or preferen- 
tially enhanced the synthesis of several proteins, corre- 
sponding to several bands on the stained gel (Fig. 5). 
The effect of the hormone on synthesis of the protein(s) 
in the peak designated ri was especially marked. (The 
i and ri proteins are different, for the former was identified 
after electrophoresis at pH 8-3, the latter at pH 45) 
Goldstein and Reddy earried out experiments with 
the same intention as ours, namely, to determme the 
effect of insulin on the synthesis of different musele 
proteins, They were unable to detect a preferential 
stimulation by insulin of incorporation of radioactivity 
from MC-leueine into any of the fractions which they 
isolated from rat caudofemoralis muscle. ‘Their methods 
of fractionating muscle protein (solubility m solutions of 
increasing ionic strength and pH, followed im one case by 
chromatography on DEAE-cellulose) was, as they admit, 
relatively crude. We combined separation of specie 
cell fractions by differential centrifugation with the 
resolving power of discontinuous electrophoresis on 
polyacrylamide gel, and it is that combination jomed to 
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the double-labelling technique that accounts for whatever 
success we had. 

The results indicate that most of the muscle proteins, 
soluble and myofibrillar, continue to be synthesized, 
albeit in reduced amounts, in the absence of insulin ; 
that is, the effect of insulin is principally to accelerate the 
translation of mRNA for a variety of proteins. That 
insulin specifically or disproportionately increases the 
synthesis of the sarcoplasmic protein(s) in peak i and of 
the ribosomal protein(s) in peak ri is perhaps of special 
significance (compare ref. 4). 
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Collagen-forming Polyribosomes: 
Size of the Collagen Precursor 


Ir is still uncertain whether the a-chains of a tropo- 
collagen macromolecule are continuous polypeptide chains 
or whether they consist of subunits joined by crosslinks!. 
One approach to the problem has been to try to identify 
the polyribosomal aggregates? at which collagen proteins 
are assembled within cells making collagen. It might then 
be possible to determine the length of the polysomal 
mRNA from the number of ribosomes in the polysome. 
if the length of the mRNA is known, then the molecular 
weight of the protein being made at the polysome can be 
inferred. 

Martin and Ames? found that on a 5-20 per cent 
sucrose gradient the distance a molecule or particle moves 
is proportional to its sedimentation coefficient. Staehelin 
et al.4 used this relationship and showed that the number 
of ribosomes in a polysome was a function of the sedi- 
mentation coefficient of the polysome. Using a detergent 
they detached the mRNA molecules from rat liver poly- 
somes, and estimated the molecular weight of the mRNA 
molecules from their sedimentation coefficients. They 
found that in this system the number of ribosomes in a 
polysome is indeed proportional to the length of the 
messenger. They found a ratio of ninety mRNA nucleo- 
tides (or thirty amino-acid residues in the nascent protein) 
for each ribosome in the polysome. This was consistent 
with the results of Warner et al.5 for rabbit reticulocytes—- 
here, a polysome with five ribosomes made a haemoglobin 
chain of molecular weight 17,000. If these results could 
be apphed to polysomes which synthesize collagen, then 
a polysome synthesizing an «-chain would have thirty to 
thirty-five ribosomes and an s value of approximately 
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320, and a polysome synthesizing a subunit, for example, 
one sixth of an «-chain, would have five or six ribosomes 
and an 8 value of about 210. The ratio, ninety nucleotides/ 
ribosome, may not be universal, however: different, 
variable ratios have been suggested in other systems. 
Already therefore there is some uncertainty over inferring 
the molecular weight of protein from the number of 
ribosomes in the polysome concerned in its synthesis. 

Malt and Speakman’ implanted polyvinyl sponges under 
guinea-pig skin. The sponges, the capsules surrounding 
the sponges, and the cells penetrating them were removed 
after 10 days and were exposed to “C-proline in a nutrient 
medium. The homogenate was analysed on a sucrose 
gradient and showed labelled single ribosomes, which 
indicated the presence in the homogenate of a ribonuclease 
released from the cells during homogenization. Labelled 
material near the bottom of the gradients had an estimated 
s value of several hundred, and was thought to be nascent 
protein attached to ribosomes or polysomes which were 
themselves attached to the cell membranes. 

Manner et al.* made a most extensive search for poly- 
somes from chick embryos labelled in vivo. They dis- 
covered material labelled with hydroxyproline in the 
pellet from a sucrose gradient spun at 65,000g for 105 min. 
They examined the sensitivity of the pellet to treatment 
with ribonuclease, collagenase and increasing concen- 
trations of the mild detergent, sodium deoxycholate. The 
pellet contained ribosomes and nascent collagen. In- 
creasing amounts of pro and hypro-labelled protein were 
released from the pellet as the sodium deoxycholate 
concentration was raised from 0 to 2 per cent, and it 
seems likely that several polysomes were attached to each 
other by the cell membrane. At the temperature of these 


f 


experiments (2° C), Beier and Engel!® have shown that 
extensive non-specific interaction between denatured col- 
lagen chains occurs, and so nascent collagen chains from 
different polysomes may interact to cause aggregation of 
several polysomes. Thus the s value and the number of 
ribosomes in collagen-synthesizing polysomes cannot be 
measured in these experiments, and therefore the mole- 
cular weight of the collagen protein being formed cannot 
be estimated, 

Manner et al. used 15-30 per cent sucrose gradients. 
Fernandez-Madrid"' used stronger sucrose gradients, up 
to 60 per cent; in this way he was able to obtain hypro- 
labelled material still on the gradient after 3 h at 40,000g. 
A sharp pro and hypro-labelled peak about five-sixths of 
the way down the gradient showed similar properties to 
those of the pellets in the experiments of Manner et al.— 
it was sensitive to treatment with ribonuclease and col- 
lagenase. Fernandez-Madrid uses a method of Martin and 
Ames’, and bacteriophage markers to calculate the s value 
of this peak. At 6° C, strong sucrose is very viscous and 
approaches the density of proteins, 1:3 g/cm? (ref. 12). 
Furthermore, the viscosity is very sensitive to tempera- 
ture, and temperature is not easy to control accurately 
during sucrose gradient centrifugation. It is therefore 
difficult to estimate the true s value of the material. Also, 
the sharpness of the peak towards the bottom of the 
gradient probably does not imply a narrow size distribu- 
tion. Like the material in the pellets in the experiments 
of Manner et al., it may consist of polyribosomes, them- 
selves aggregated together in a random way. 

Goldberg and Green used a line of fibroblasts in the 
stationary phase, which they had shown to synthesize 
collagen. After exposure of the cells to “C-proline in a 
nutrient medium, followed by homogenization in a buffer 
containing 1-5 x 10-? M Mg**, a slightly higher magnesium 
concentration than other workers used, they were able to 
show material labelled with hydroxyproline on 15-60 per 
cent sucrose gradient. Again, because of the high con- 
centration of sucrose it is difficult to estimate the range of 
s values of the hypro-labelied material but, considering 
the strong sucrose gradient, their estimate of s value 
(185s) may be low. The broad hypro-labelled polysomal 
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band on 15-60 per cent gradients can be compared with 
the narrow band of polysomes with -galactosidase 
activity on 15-30 per cent gradients from Æ. coli homo- 
genates!*. The broad hypro-labelled polysome profile from 
fibroblasts seems inconsistent with a polysome with a 
specific number of ribosomes, and a definite length of 
mRNA, making a specific protein. It seems more likely 
again that it indicates aggregation between polysomes. 

The conclusion must be that it is impossible to infer 
the size of the protein molecule being made from the 
evidence at present available about polyribosomal aggre- 
gates involved in collagen biosynthesis. 
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Organochlorine Pesticides in Rainwater 
in the British Isles 


Previous studies of the presence of the persistent organo- 
chlorine pesticides in the atmospheric environment of 
this country’? have all indicated the need for more 
comprehensive surveys. The first of these studies by 
Wheatley and Hardman? was confined to rainwater 
collected in the rural area of Wellesbourne, in Warwick- 
shire. Subsequent studies by the Laboratory of the 
Government Chemist were concerned with the examination 
of rainwater? and air? collected chiefly in the central 
London area. These three studies showed that, in the 
areas concerned, the atmospheric environment contained 
small amounts of BHC, dieldrin and DDT; rainwater 
collected in these areas contained concentrations of up to 
400 parts/10¥ of these compounds and their breakdown 
products. The higher levels for DDT found in London 
rainwater, compared with that from Wellesbourne, were 
attributed to London air having a higher content of 
particulate matter, chiefly carbon particles, for which 
DDT has an affinity. Dieldrin probably also shows this 
affinity but to a lesser extent. 

The work reported here details the results of a more 
comprehensive study. Rainwater was collected continu- 
ously during 12 months at seven widely distributed sites 
in the British Isles (Fig. 1). These sites were chosen 
so as to present a variety of conditions and locations and 
were as follows: Camborne: a rural area outside the town of 

‘amborne, about 40 km from Land’s End m Cornwall; 
Eskdalemuir: a remote mountain area in southern 
Scotland about 80 km south of Edinburgh; Lerwick: a 
small town in the Shetland Islands north of Scotland; 
London: rainwater was collected on the roof of a building 


approximately 53 m high in central London; M 
a large town in Kent in south-east England; 
rainwater was collected in the centre of Shefft 
industrial town in the Midlands; Wellesbourne: a sme 
rural town in Warwickshire in the Midlands. a 
Camborne, Maidstone and Wellesbourne are m agri- 
cultural country; there is also a large fruit growing indus- 
try in the Maidstone area. Eskdalernuir and Lerwick are 
both remote, sparsely populated areas with some sheep 
farming as a local activity. | 
At these sites, rainwater was usually collected in all- 
glass apparatus with amber coloured receiving vessels to 
reduce photochemical degradation of the pesticides. dn 
January, February and March, however, the glass receiving 
bottles were replaced by opaque hard polythene bottles 
to prevent loss of sample by fracture of the vessels caused 
by freezing of the contents. | o 
The total precipitation collected in each 3 month period 
of a year at the seven sampling stations was analysed. 
The samples were extracted with hexane in the collecting 
vessels which were subsequently washed out with the same 
solvent to ensure that no pesticides were retained in the 
vessels. The combined hexane solutions were dried over 
anhydrous sodium sulphate and passed through a column 
of prepared alumina (alumina heated at 400° C for 5 h, 
cooled and partially de-activated by the addition of 10 
per cent of water). The eluates were then subjected to 
thin-layer chromatography on silica gel plates using 
hexane as developing solvent*®. Areas of the developed 
chromatoplate corresponding to areas of concurrently 
developed standard pesticide solutions, were removed 
from the plates and eluted. These final eluates were then 
examined by gas-liquid chromatography using columns 
of silicone GE SE 52 and ‘Apiezon L’ (ref. 4) and eleetron- 
capture detection. The identity of the more important 
of the compounds detected was confirmed by chemical 
and gas chromatographic techniques. The fractions 
containing pp’-DDT and pp’-TDE were hydrolysed to 
pp’-DDE and 1-chloro-2,2-di-(4-chloro phenylDethylene. 
respectively, and these products were estimated gas 
chromatographically. Dieldrin was converted to its 
brominated derivatives and these identified on the gas 
chromatograph’. Because of the low concentrations of 
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Fig. 1. Distribution of rainwater collecting sites in the British Isles. 
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these pesticide compounds in rainwater, extreme care 
had to be taken to avoid adventitious contamination at 
all stages of the analysis. Blank determinations were 
carried out but yielded no detectable residues. At two 
of the stations, London and Wellesbourne. du plicate 
collections were made for the first 6 months, at sites about 
2 m apart. These duplicate samples were examined 
separately but yielded results which differed only within 
the range of the experimental error of the determinations. 
The limits of detection were about 2 parts/10'* for pp’- 
DDT and its breakdown products pp’-DDE and pp’-TDE 
but about 1 part/10!? for the other pesticide residues. 

The results, expressed in parts/10)* of the rainwater 
collected, are set out in Table 1. They show the pesticide 
residues collected in each quarter and the mean value for 
the whole year for the individual sites. In addition, small 
amounts of beta-BHC and heptachlor epoxide were some- 
times detected but these in no case exceeded 15 parts/ 
10%. No other organochlorine pesticides were detected 
but aldrin, chlordane, endosulfan, endrin and heptachlor 
would have been detected if present above their levels of 
detection, which are similar to those of the other pesti- 
cides. Small amounts of polychlorobipheny! compounds 
were present in all samples but were not estimated. 

At all the sampling sites, considerable variation was 
often shown in the pesticide concentrations for the 
different periods. This might be attributable, in part at 
least, to the seasonal variations in total rainfall in these 
areas. Nevertheless, the overall picture clearly indicates 
that at all the sites, throughout the year, rainwater 
contained alpha-BHC, gamma-BHC, dieldrin, pp’-DDT 
and its two primary toxic metabolites pp’-DDE and pp’- 
TDE; the concentrations of the individual compounds 
were of the order of parts/10"! or parts/10°. 

Comparison with the earlier reports'? indicates that 
the general concentrations at Wellesbourne and in London 
are now lower than they were. The fall in the dieldrin 
content may m part be a eonsequence of the abandonment 
of the large scale uses of aldrin and dieldrin that were 
previously approved in Britain. The effect of the sub- 
stantial reduction in the amount of these two insecticides 
used in this country has already been noted in other 


Table 1. 
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contexts. For example, a reduction has taken place 
in the dieldrin content of human fat in the United King- 
dom®; lower residues of dieldrin have also been found in 
home-produced foodstuffs’. 

Another factor which may have influenced the concen- 
tration of DDT compounds in London’s atmosphere is 
the progressive reduction in the atmospheric pollution 
of the metropolis that has been taking place in recent 
years. The Warren Spring Laboratory® has shown the 
smoke content of London air to be declining at a steady 
rate under the influence of the Clean Air Act. Because DDT 
in the London atmosphere has been shown to be associated 
with the particulate content*, a reduction of this form of 
pollution could lead to a corresponding reduction in DDT 
content. 

Several studies, however. have indicated that the 
organochlorine pesticides are often transported long 
distances by winds and ocean currents. For example, 
although it was noted more than a century ago that dust 
seemed to be transported hundreds of miles out to sea from 
Africa’, it has now been shown that dust and pesticides 
in trade winds reaching the Barbados had their origin 
in the African~European continent some 5,000 km 
away? tt "The blubber of penguins in the Antarctic has 
been found to contain a range of these pesticides derived 
from their principal food, the krill in the surrounding 
waters'’. It is possible, as we have suggested, that usage 
and conditions in individual countries have some influence 
on the concentrations of these compounds in local atmo- 
spheric environments. It would. for example, be interest- 
ing to know whether endrin can be detected in the rainfall 
of those countries which use this compound extensively. 
These local variations, however, could not be expected to 
make large differences on a world-wide scale because of 
the ability of winds and ocean: currents to distribute these 
compounds, eventually, over wide areas. 

It seems logical to assume that these organochlorine 
pesticides now have a world-wide distribution. Certainly 
the present study gives credence to this view by demon- 
strating that they are present throughout the year in 
the atmospheric environment over the whole of the 
United Kingdom. 


ORHANOCHLORINE PESTICIDE RESIDUES IN RAINWATER COLLECTED BETWEEN AUGUST 1966 AND JULY 1967 


(Parts/10**) 
Collecting site Period of collection Alpha-BHC Gamma-BHC Dieldrin pp’ - DDE pr EDE pp- DDT 
Camborne (Cornwall Aug.-O¢t, 15 20 4 20 15 20 
Nov.—Jan, — 25 18 20 Ho 130 
Feb.-Apr, om 40 2 30 2 25 
May-July 5 en 40 50 35 
(Mean 5) (43) (6) (38) (34) (53) 
Eskdatlemuir Aug.~—Oet, 1S 17 9 is 12 15 
Nov.-Jan. -== 10 l ia a 15 
Feb.-Apr. l4 12 4 10 6 20 
May~Joly 30 90 — 40 12 TO 
(Mean 19) (32 (4) (20) (10) (30) 
Lerwick (Shetland Ang.-Oct, 14 25 3 19 10) 10 
Islands) Nov.- Jan. 30 230 40 85 is f 0 
Feb.-Apr. 12 30 e Se 25 
May-July 40 VO re 20 on RÜ 
(Mean 24) (121) (11) (20) (7) (46) 
London, WC2 Ang -Oet 18, 22 26, 33 5, 6 pI, 56 4,5 40, 40 
Nov.-Jan, 25, 23 50, 50 10, 6 F0, 10 4,4 53, 46 
Feb.—Apr. 10 Ab 13 10 — 35 
May-July 60 100 35 25 20 120 
(Mean 29) (59) (16) (25) {F} (61) 
Maidstone (Kent) Aug Oet 18 16 1 8 7 20 
Nov.~Jan, 17 50 ~~ 1i 16 _20 
Feb.-Apr. ie 65 8 4 5 1 90 
May-July 90 140 = 20 50 35 
(Mean 35) (683 (2) (11) (20) (66) 
Sheffield (Yorkshire) Ang.-Oct. 30 40 12 15 i 40 
Nov.-Jdan, 14 29 7 55 10 50 
Feh.-Apr. i0 46 6 5 es 27 
May-July SO 110 25 30) 80 
(Mean 34) (55) (6) (25) {13) (49) 
Wellesbourne Aug.-Oct. 16, 15 12, 18 4,4 3,3 2,3 i 40* 
(Warwickshire) Nov.—Jan. 12, 12 49, 40 1,2 5, o 5.6 14, 10 
Feb.~Apr. 9 45 12 3 2 18 
May-July 50 70 12 18 8 35 
(Mean 22 (44) (8) (7) (5) (18) 
Limit of detection 1 1 1 2 2 2 


* Sample contained two insects. 
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Sugar Cane Products as Energy 
Sources for Pigs 


THe advantages of exploiting sugar cane as à source of 
food for livestock in tropical countries have been outlined 
by Preston and Hagelberg?. Encouraging results have 
already been reported? for up to 80 per cent of molasses 
in cattle diets and up to 50 per cent of sugar for broilers. 
Here we present data on the use of sugar cane products ip 
pig feeding. 

The subject is not new, for in 1933 Henke‘ reported 
that fattening pigs could efficiently use diets in which 
molasses replaced 20 per cent of the cereal. Subsequent 
work showed little advance, however, because it was 
invariably found that more than 30 per cent of molasses 
led to poor gains and feed conversion, and to diarrhoea**. 
Our first experiments with normal cane molasses were also 
disappointing, but subsequent developments have been 
more encouraging. In particular we found that when 
high-test molasses rather than normal cane molasses was 
used the cereal could be replaced completely without 
significant reduction in performance. There was no diar- 
rhoea; in fact the dry matter of the faeces was 35-40 per 
eent, which is higher than is usually obtained with con- 
ventional cereal diets. High-test molasses is a heavy cane 
syrup from which none of the sugar has been extracted, 
but rather partially inverted to prevent crystallization. 
Te thus differs from normal cane molasses in having a 
much lower ash content and approximately two-thirds of 
the total sugars in the form of monosaccharides (see 
Table 1). 

It seemed to us that the disappointing results obtamed 
with high levels of normal cane molasses were probably 


Table 1, COMPOSITION OF THE HIGH-TEST AND NORMAL MOLASSES USED 


IN THE EXPERIMENT 


Item High-test Narmal cane 
molasses roolasses 
Phosphorus í percentage) 0-03 1-06 
Calcium (percentage) B22 71 
Potassium (pertentaze) 0-55 2-00 
Sodium (percentage) O16 O83 
Ash (percentage) 203 551 
Nitrogen (percentage) eit 0-55 
Moisture (percentage) 23-9 2731 
Monosaccharides (percentage) 45-0 17-9 
Suerose (percentage) 24-0 35-0 
pH 56 a4 


due more to the mineral content than to the inal 
the pigs to use efficiently large quantities of sucro 
was found in very young pigs by Dollar, Mitehe 
Porter’. The following experiment was set up to te 
hypothesis. o 

Duroc and Large White pigs initially weighing approxt- 
mately 20 kg were allocated to four treatments in random 
blocks according to sex and breed. Up to 50 kg live weight, 
the diets contained 21:6-25-7 per cent fish meal, 230-268 
per cent saccharomyces yeast, 0-83-0-97 per cent minerals, 
and 0:45-0°52 per cent vitamin pre-mix and either (4) 
74:7 per cent high-test molasses, (B) 57-2 per cent normal 
cane molasses and 17-5 per cent raw sugar, (C) 36 per cent 
normal cane molasses and 36-5 per cent sugar, OF (D) 12-9 
per cent normal cane molasses and 57-2 per cent sugar. 
(The mixture of minerals contained 50 per cent CaHPO,, 


and diluting with water to approxu nately 40 per cent dry 
matter. Feeding was restricted in the first 3 weeks. The 
pigs were slaughtered at approximately 90 kg hve weight. 

Live weight gain, feed conversion and composition of 


the carcass for the first five replicates completing the 
trial (twenty pigs) are given in Table 2. 
Table 2. MEAN VALUES FOR WEIGHT GAIN, FEED CONVERSION AND CARCASS 


COMPOSITION OF FATTENING PIOS GIVEN HIGH-TEST MOLASSES ÖR NOPMAT 
CANE MOLASSES. WITH DIFFEREST LEVELS OF SUGAR 


High- Normal cane molasses plus: 


test High Medium Low SLE. of 
item molasses Sugar sugar sugar differences 
A B C D 
Initial weight in kg EA 20-8 22°38 23-0 
Final weight in kg S88 R-N Hof HRA 
Daily gain in kg 0-56 0-56 (54 EE z005 
Feed conversion, kg PËR 4-00 4-25 $80 + 0-38 


feed of 90 per cent 
D.M./kg gain 
Composition of carcass*® 
(percentage) 
Muscle plus inter- 56-2 5S 4 aes ao + p87 
muscular fat 


Subcutaneous fat and 32-9 ates Hpi ia 441-51 
skin 

Bone 15 14 10-2 Vid HTT 

Average of five backfat 3-23 2-89 ea Pe 2-07 # GAG 


measurements in cm 


_ * Analysis of half carcass less hair, head and feet. Comparable carcass 
data for pigs fed cereal concenttates were 58-7 per cent, 81-0 percent, 11 per 
cent and 3-15 per cent, respectively. 


All the pigs remained in excellent health and there was 
no serious diarrhoea on any of the treatments, although 
the faeces were slightly wetter on the normal molasses 
diet with the least amount of sugar, particularly in the 
early stages. There were no significant differences between 
treatments for any of the measures analysed, although 
feed conversion appeared to be slightly better on high-test 
molasses. The carcasses on this treatment tended to be 
fatter, which is surprising because feed efficiency and 
carcass fatness are usually negatively related. The mph- 
cation is that digestive efficiency is high on the high-test 
molasses diet and this is, in fact, borne out by results of a 
coneurrent metabolism trial in which the average digesti- 
bility of dry matter for eight pigs on the high-test molasses 
diet was 93-5+1-4. This observation strongly supports 
the hypothesis that the disadvantage for pigs of normal 
cane molasses lies in its high mineral content. Diluting 
cane molasses with highly digestible non-mineral-contaim : 
ing ingredients, such as sugar, effectively overcomes this 
limitation and allows both a greater usage of molasses 
and also a more efficient feed utilization than does the 
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inclusion of fibrous materials, such as bagasse pith, as 
proposed by Brooks and Iwanaga‘®. 
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Detection of Biologically Defective 
Molecules in Component | of 
Polyoma Virus DNA 


ALTHOUGH the presence of defective mutants has been 
demonstrated in several animal virus systems'-* the 
isolation in a pure form of corresponding virions or viral 
nucleic acid molecules has not proved generally possible 
so far. It is important, however, for oncogenic virus 
systems to isolate such mutants to test the hypothesis 
that defective viruses, similar to or identical with those 
already recognized, are active in initiating oncogenic pro- 
cesses. 

Introductory experiments with polyoma virus demon- 
strated that the circular supercoiled DNA fraction, com- 
ponent I (ref. 4), is heterogeneous in molecular weight®. 
From this it can be inferred that mutant virions with 
DNA complements of abnormal size are present in the 
virus population. This communication describes an 
examination of the distribution of infectivity within 
component I DNA, fractionated by centrifugation, which 
establishes the existence of biologically defective circular 
double-stranded viral DNA. An assay of increased sensiti- 
vity for infectivity of polyoma DNA (ref. 6), using diethyl 
amino ethyl dextran (DEAE-D) in conditions similar to 
those described by Vaheri and Pagano for poliovirus 
RNA (ref. 7), has considerably simplified this examination. 

Since this work was completed, evidence of physical 
and biological heterogeneity m SV40 DNA obtained from 
intact virions fractionated by density gradient centri- 
fugation has been reported®. 

Polyoma virus DNA prepared from purified small 
plaque polyoma virus with sodium dodecyl sulphate or 
by phenol extraction as previously described’ was frac- 
tionated by zone sedimentation on 5-20 per cent sucrose 
gradients containing NaCl-EDTA (pH 8-5, 002 M tris- 
HC! buffer, 0-1 M NaCl, 0-001 M EDTA) centrifuged for 
18 h at 23,000 r.p.m. in the Spinco SW 25 rotor. Fractions 
(volume 0-5 ml.) were collected and samples were taken 
for determination of DNA concentration by measurement 
of optical density at 260 mu. 

For the measurement of DNA infectivity, dilutions of 
DNA fractions at three-fold intervals were plated on 
whole mouse embryo monolayers in the presence of 
DEAE-D as described previously* with the exception that 
an incubation period of 1 h at 37° C was used throughout, 
Plaque titres were obtained from the slope of the initial 


Infectivity (pru/ml. fraction) 


Specific infectivity (pru/ug) 
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Fig. 1. Distribution of infectivity in polyoma DNA fractionated by 


sucrose density gradient centrifugation at pH 8-5. O—O, Optical 
density; @--- @, PFU/mhL: , PEU jug. 





linear portion of plots of plaque count against DNA 
dose, or with equivalent results from the slopes of 
plots of the reciprocal of plaque count against the re- 
ciprocal of DNA dose. The latter method gave linear 
plots over a greater range of DNA dose than the former 
and permitted fuller utilization. of the experimental data. 

Results of a sedimentation and infectivity analysis of 
polyoma DNA prepared with sodium dodecyl sulphate are 
shown in Fig. 1. The optical density profile shows a large 
peak skewed irregularly towards the fast-sedimenting side 
corresponding to component I and smaller peaks corre- 
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sponding to components IT and HI (ref. 4). Infectivity 
was associated with both I and I] components as pre- 
viously demonstrated using both the hypertonic®!° and 
DEAE-D (ref. 6) methods of assay. It is apparent, how- 
ever, that the infectivity of component I was not uniformly 
distributed through the peak, but was maximal at a faster 
sedimentation rate than the O.D. profile (Fig. 1, top). The 
profile of specific infectivity shows (Fig. 1, bottom) that 
fractions to the rear of the component I O.D. peak were 
of much lower infectivity than the maximum of ~ 1-5 x 
10° PFU/ug reached in faster sedimenting fractions. 
The level of activity present in these slower fractions can 
be accounted for by diffusion of molecules from fractions 
with higher average sedimentation rates and suggests that 
the majority of molecules present were non-infectious. It 
should also be noted that the peak of specific infectivity 
in the component IT region appeared at a position of 
faster sedimentation rate than the peak of optical density. 

In previous work it was established that sedimentation 
differences between fast and slow fractions of component 
I DNA persisted after denaturation of the DNA with 
alkali, To determine the distribution of infectivity im 
DNA fractionated on alkaline sucrose gradients, DNA 
extracted with sodium dodecyl sulphate from the virus 
preparation used for the experiment shown m Fig. 1 was 
centrifuged on a 10-30 per cent sucrose gradient at 
pH 12-5 containing 0-1 M NaCl, 0-2 N KOH, 0-001 M 
EDTA for 3-5 h at 39,000 in the Spinco SW 39 rotor. 
Fractions (volume 0-05 ml.) were collected, neutralized 
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and diluted to 0-4 ml. with 0-1 M NaCl, 0-001. M E 
(pH 7-0) before measurement of optical density anc P 
infectivity as before. ah 

The optical density profile (Fig. 2) showed that the. 
fast-sedimenting denatured component I DNA consisted ~ 
of two peaks at about 50S which were only partly resolved. 
Analyses of infectivity after neutralization (Fig. 2) showed. 
that most of the infectivity of DNA treated with alkali 
was present in this fraction. Moreover, infectivity was 
largely associated with the faster of the two peaks; the 
slower peak appeared inactive. In other assays values of 
specific infectivity up to two-fold higher than those shown 
were obtained in the faster peak. The lower activities 
compared with those of the neutral gradient may there- 
fore result from variation in assay sensitivity rather than 
from real differences in specific activity between untreated 
and treated DNA. 

The infectivity analyses also showed that very small 
amounts of DNA of low specific infectivity were present 
in the 30-35S region of the gradient and in the 16-185 
region. The peaks at 30-355 may represent incornpletely 
denatured forms of component I or a fraction of DNA 
relatively resistant to denaturation (Dr P. Bourgaux, 
personal communication). The peak at 16-185 corre- 
sponds to single-stranded circular and linear DNA 
molecules as are usually obtained from denaturation of 
components II and III. Peaks at about 105 and the 
meniscus probably represent degraded DNA and an 
SDS-protein complex, respectively. 

The results of gradient fractionations at both pH 8-5 
and pH 12-5 demonstrate that about 50 per cent or more 
of the DNA present in component I is non-infectious in 
the DEAE-D assay. It seems most probable that non- 
infectivity is directly related to the presence of low 
molecular weight circular supercoiled DNA molecules®. 
The possibility that non-infectivity results from con- 
figurational differences which modify interaction of DNA 
with the cell is unlikely for the following two reasons: 
first, configurational differences should be minimal after 
strong alkali treatment and thus separation in alkaline 
gradients should be solely on the basis of molecular 
weight; second, heterogeneity of infectivity was also 
apparent in the component II peak at pH 8-5 which is 
free from the configurational complexities that result from 
supercoiling. 

The very low infectivity in the slower sedimenting 
parts of the 205 and 508 peaks may indicate that genetic 
complementation to initiate productive infection between 
molecules lacking different cistrons occurs only rarely or 
not at all in this system, or that deletions from the DNA 
are not random in position in the molecule. Further 
experiments are necessary to investigate these possi- 
bilities. 

At a more trivial level, the present results, in conyunc- 
tion with the demonstration of the presence of cellular 
DNA (refs. 11 and 12), help to explain the generally 
reported large ratios of particle : infectivity obtained for 
intact polyoma virus. It is possible that most of 
the encapsidated DNA is intrinsically non-imfectious. 
Similarly, variation in specific infectivity of different 
preparations and different strains can perhaps be antici- 
pated as a result of variations in the factors responsible 
for shortening of the virus genome. 

The results obtained so far show that in physical and 
biological heterogeneity there are clear similarities between 
polyoma virus and SV40. In the latter system partial 
separation of viruses with distinct properties by density 
gradient. centrifugation has proved possible. If sufficient 
separation could be achieved, the much higher efficiencies 
of infection obtainable with intact virions compared with 
DNA would be of advantage in determining biological 
activities. Unfortunately, the presence of cellular DNA 
in some polyoma virus capsids??? complicates similar 
experiments with polyoma virus and it may be necessary 
to develop other methods of fractionation or selection. 
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Characterization of defective mutants of both SV40 
and polyoma and identification of factors responsible for 


their appearance should assist both the determination of 


the relative oncogenic activities of non-defective and 
defective DNA molecules and the elucidation of mecha- 
nisms of viral DNA synthesis in mammalian cells. 
We thank Mr Alan Wardle for assistance and Drs 
Alison Newton, D. A. Ritchie and M. G. P. Stoker for 
helpful discussion. 
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Restoration of a Potassium-requiring 
Sodium Pump in Squid Giant Axons 
Poisoned with CN and Depleted of 
Arginine 

MICROINJECTION of high energy phosphate compounds 
such as ATP and phosphoarginine (ArgP) into CN- 
poisoned squid giant axons restores sodium extrusion to 
normal levels!. Only the latter compound, however, 
also restores the ‘‘K-free effect”, that is to say, a 30-70 
per cent drop in sodium efflux when the axon is transferred 
to potassium-free seawater?, Furthermore, treatments 


Giant axons from Loligo pealei were mounted in a micro- 
injection chambert; cooled artificial seawater (ASW) 
was made to flow past the axon, and 3 min samples were 
collected and assayed for radioactivity. Four different 
solutions were used: (a) “normal” ASW (composition 
in mmoles/l.: NaCl, 423; KCI, 9; CaCl, 93; MgCl. 
23: MgSO,, 25-5; EDTA, 0-1; Na hydroxyethylpiper- 
azine-ethanesulphonate (HEPES), 2; pH 7-8); (6) K-free 
ASW (KCI being replaced by NaCl); (¢) CN-ASW: and 
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id) K-free 
NaCN). 

In a first series of experiments, a suitable amount of 
“NaCl, dissolved in 0-5 M K,SO,, was injected over a 
length of 15 mm. A second microinjection capillary was 
introduced into the axon and left in place; it contained a 
mixture of rabbit creatine phosphokinase and Mn++- 
activated beef liver arginase in such amounts as to give 
final axoplasmic concentrations of about 200 and 10 1w/mL., 
respectively. After monitoring the efflux of °2Na into 
ASW and K-free ASW, the mixture was injected, care 
being taken to overlap completely the ?2Na-loaded region; 
isotope efflux into ASW, K-free ASW and CN-ASW was 
then followed for several hours. 

The enzyme injection had no deleterious effect { Fig. 1); 
if anything, a small transient drop in Na efflux was ob- 
served in two out of four axons. The K-free effect was not 
altered, nor was the ability of the axon to recover from 
CN inhibition. At the end of the experiment, 40-60 
per cent of the injected kinase activity was still present. 
As for the arginase activity, it was found in parallel 
experiments that within 30-45 min after injection, arginine 
and ArgP levels had dropped to less than 5 per cent of 
their original values. ArgP is not a substrate for arginase, 
but in the presence of arginine phosphokinase, ADP 
and an ATP-consuming system, ArgP is hydrolysed 
to ornithine; no appreciable pH change is to be expected 
as a result of this hydrolysis. 

These preliminary experiments show that creatine 
phosphokinase, arginase and Mn*? (final concentration 
~0:3 mM) have no detectable effect on sodium efflux; 
that the injected enzymes are sufficiently stable: and that 
axons so treated can be essentially depleted of arginine 
and ArgP. 

A second series of axons were loaded with both 
enzymes + 7*Na; the second microinjection capulary, left 
inside the axon, contained K phosphocreatine to give an 
axoplasmie concentration of about 15 mM. Efflux of 
“Na into different ASWs was then followed. It is seen 
(Fig. 2) that CN poisoning rapidly dissipates the K-free 
effeet—requirement for external K disappears and the 
Na flux rises. Injection of phosphocreatine, however, 
promptly restores the K-free effect to almost its previous 
level; efflux into normal ASW is unchanged. In ten 
fresh axons the Na efflux into K-free ASW was on the 
average O41 of that in ASW: after CN poisoning and 
phosphocreatine injection, the K-free efflux was 0:60 
of that in ASW. These results corroborate observations 
made by Mullins and Brinley? on two axons internally 
dialysed with solutions containing 5 mM ATP+0-5 mM 
ADP (without ArgP), and the Na efflux of which into 
K-free ASW dropped 29 and 32 per cent below that in 
ASW. 

In a third kind of experiment (not shown) axons were 
again loaded with Na + arginase +creatine phospho- 
kinase. While the axon was bathed in K-free ASW, 


CN-ASW (the latter two containing 2 mM 
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Fig. 1. Rate constant of efflux of Na from axon into ASW with (G) 

and without (@) potassium, Arrow indicates time of injection of 

creatine phosphokinase + arginase. Temperature 13°C. Axon No. 122067, 
excitable throughout the experiment. 
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Fig. 2, Rate constant of efflux of Na from axon injected with creatine 
phosphokinase + arginase, into ASW with (©) and without (@) potas- 
sium, Arrow indicates time of injection of phosphocreatine. Tempera- 
ture 14° ©. Axon No. 13168, excitable throughout the experiment. 


creatine was injected (axoplasmic concentration ~ 20 mM, 
expected to lower the ATP/ADP ratio to around unity): 
sodium efflux into K-free ASW promptly rose. In axon 
40368, for example, the rate constant for sodium efflux 
at 12° C was 26x 10-3 min- in ASW; efflux into K-free 
ASW was 0-38 of that value before, and 0-80 after, injection 
of creatine. 

In conelusion, it seems that the presence of ArgP 1s 
not required for the Na pump to be dependent on external 
K, but that a high axoplasmic ATP/ADP ratio is sufficient. 
Conversely, a low ATP/ADP ratio, however obtained 
(ineipient CN poisoning; hydrolysis of injected ATP; 
injection of creatine + creatine phosphokinase), will make 
the sodium efflux relatively independent of external 
potassium. It remains to be determined whether the ratio 
itself, with its thermodynamic implications, is important, 
rather than the absolute level of ADP, possibly acting as a 
co-factor or modifier of the pump. 

This work was aided by a grant from the US National 
Institute of Neurological Diseases and Blindness. A 
part of this work has been briefly presented elsewhere’. 
I thank the director, Marine Biological Laboratory, 
Woods Hole, Massachusetts, for the use of facilities; 
Dr L. J. Mullins for his hospitality, advice and comments: 
and Arleatha Randclph for technical assistance. I was 
supported by a training grant from the US N ational 
Institute of General Medical Sciences. 
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Effect of Pure Natural and Synthetic 
Secretin on Brunner’s Gland Secretion 

in Dogs 

Florey and Harding:-? discovered the hormonal control of 
Brunner’s gland secretion and suggested that secretin 1s 
the controlling hormone, but because their work was with 
an impure preparation the possibility remained that 
some hormone other than secretin was concerned. The 


name duocrinin was suggested for this hypothetical 
second hormone”. 
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Early experiments on this matter by one of us* shu 
that as crude pig secretin was purified the t 
stimulating potency increased in parallel wit 
content. Later experiments (Newton, P 
Heatley, unpublished results) showed that th 
for material which was subsequently found to be about P3 =- 
per cent pure. Pure natural secretin has, however, 
recently been shown to be devoid of activity towards 
Brunner’s glands in the dog, whereas a less pure prepara- 
tion did have such activity’. This work reports prelimin- 
ary attempts to confirm this important observation using 
pure porcine secretin, both natural and synthetic. 

Mongrel dogs of either sex had subcutaneously trans- 
planted duodenal fistulae prepared by the method of 
Florey and Harding’. Six weeks later the neurovascular 
connexions were divided so that the fistula survived by 
virtue of its newly acquired subcutaneous blood supply, 
and would be stimulated only by blood-borne agents. In 
some dogs Heidenhain gastric pouches were also fashioned. 
In all dogs gastrointestinal continuity was re-established 
by gastroduodenostomy. All animals were allowed to 
recover for 2 weeks before secretory studies were begun, 
and were fasted, except for water, for 24 h before an 
experiment. 

In preliminary control experiments duodenal secretory 
volume was recorded at 20 min intervals for several hours 
before and after feeding, and only those animals exhibiting 
a secretory response to feeding were used for the secretm 
tests. 

Two secretin preparations were used-—the pure natural 
pig secretin of Jorpes and Mutt*, and the synthetic 
material of Bodanszky and colleagues’. They were 
dissolved in sterile saline containing 0-01 er 0-001 N HCI 
at concentrations of 15-100 clinical units/ml... and were 
given intravenously with aseptic precautions. Duodenal 
juice was collected in a glass funnel covering, but not 
touching, the fistula and was measured at intervals of 20 
min in a graduated centrifuge tube attached to the stem 
of the funnel. 

Both natural and synthetic secretin gave a well marked 
increase in output of duodenal secretion (Figs. 1 and 2). 
Table 1 summarizes the results of twelve experimenta 
in three dogs with pure natural seeretin; similar documen- 
tation with synthetic material was not possible with the 
limited amount available. Both hormone preparations 
were also effective in inhibiting the gastric secretory 
response which occurs with feeding. 

These results appear to be diametrically opposed to 
those obtained by Cooke and Grossman’, although their 
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Fig. 1. Duodenal secretion in response to pure natural pig secretin 
and to feeding in a dog with a transplanted duodenal fistula. 
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Fig. 2, Duodenal secretion in response to synthetic secretin and to 
feeding in the same dog reported in Fig. 1, 


dogs did respond to impure secretin. Our animals had 
the pedicle cut whereas theirs did not, but it is difficult 
to believe that this is the explanation of the divergent 
results. Their dogs gave no response to 1 pound of 
‘Friskies’ (made by Carnation Co., Los Angeles, Cali- 
fornia), but responded only to 3-4 pounds; we rejected 
those dogs which did not respond to 1 pound of canned 
horse meat (‘Alpo’, from Allen Products Co., Ine., 
Allentown, Pennsylvania). It is conceivable that the 
selection of dogs on the basis of feeding response also 
introduces a bias towards secretin sensitivity. 


Table 1. RESULTS OF TWELVE EXPERIMENTS IN 3 DOGS WITH SUBC UTANEOUSLY 
TRANSPLANTED DUODENAL FISTULAE CONTAINING BRUNNER’S GLANDS 


Standard deviation 
of twelve experiments 


Mean consecutive 
20 min secretion values 


0-3 mil, 0-07 

0-3 ml, 0-03 
(30-50 U of secretin given intravenously) 

0-6 m, 0-34 

0-5 mi, O-11 

3 ml. 0-04 

0-2 mi, 0-03 


Although we are convinced that pure natural and syn- 
thetic secretin can stimulate the denervated duodenum 
of certain dogs, this does not rule out the possibility 
that other hormones may also do so. 

We thank Dr Miguel Ondetti of the Squibb Institute for 
Medical Research, New Brunswick, New J ersey, for a 
gift of synthetic secretin, and Mr Cleveland Clark for 
technical assistance. 
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lonic Permeability of the Guinea-pig 
Taenia Coli Muscle 


WITHIN less than 2 yr, two diametrically conflicting views 
of the ionic permeability of the guinea-pig taenia coli 
muscle have been published in Nature’. The first! 
assumed by analogy with frog skeletal muscle- that 
the membrane is permeable to Cl. The intracellular 
Cl was then calculated from Donnan considerations 
and the values so obtained seemed to agree quite well 
with estimates based on electrophysiological measure- 
ments of inhibitory postsynaptic potentials. The second 
report? does not refer to the first, but it confirms still earlier 
data® on the “anomalous” osmotic behaviour of taenia 
coli muscles. The muscles do not gain weight on pro- 
longed exposure to isosmotie KCl-enriched media. They 
lose weight when exposed to media that are made hyper- 
osmotic by addition of KCI. 

These findings contrast sharply with those on frog 
skeletal muscles**, arthropod muscles’-* and lobster 
axons’®. They are, however, similar to findings on squid 
giant axons’, and have been similarly interpreted", Like 
the squid giant axon, taenia coli musele appears by osmo- 
metric criteria to be effectively as impermeable to Cl as 
it is to Na. This interpretation is now decisively con- 
firmed by the data of Fig. 2 of Brading and Tomita’. 
The muscles lost weight on exposure to media made 
hyperosmotic by addition of 154 mM of KCI, KNO, or 
KC,H,SO;. The loss persisted during an exposure of the 
muscles for 2 h to these hyperosmotic media, The authors 
note that their data are not compatible with the hypo- 
thesis that the membrane is permeable to Cl and N O, and 
that the anomalous osmotic effects are caused by “active” 
control of intracellular Cl (ref. 6). It is not unlikely, 
however, that a Cl-regulating “pump” mechanism may 
play a part that is analogous to the part of the Na-pump 
in volume regulation of frog muscle fibres®:1!, 

Brading and Tomita? assume that the muscle fibre is 
permeable to NO,, because of some electrophysiological 
data’ as well as because of their own observation (ref. 2, 
Fig. 1) that the muscles exposed to an isosmotic KNO, 
medium gained 10 per cent in weight. Electrophysio- 
logical data, however, are inadequate to establish whether 
the membrane is permeable to Cl (ref. 10) in squid axons 
or to Cs in lobster muscle fibres’. Another example that 
has immediate relevance for taenia coli is that of lobster 
axons which are exposed to hyposmotie media!*-4%, When 
the medium contains a permeant anion (Cl) the axon 
responds to the osmotic challenge with a reversible 
swelling (ref. 11, Fig. 16). When the anion is impermeant 
(propionate) the osmotic challenge induces little swelling, 
but on returning the axon to the control medium the fibre 
undergoes a marked shrinkage. It has been shown!415 
that the latter results from an efflux of K that is caused 
by an increased permeability of the membrane for K in 
response to a hyposmotic challenge. In both hyposmotic 
media the axons undergo depolarization. In the Cl-saline, 
however, the depolarization is a result of dilution cf 
intracellular K by entry of water. In the propionate- 
saline, on the other band, the depolarization is a result 
of a net loss of intracellular K (ref. 15). Some of the 
anomalous volume changes that occur seasonally in frog 
musele have also been ascribed to K efflux. 

The weight loss of taenia coli muscle of 15 per cent 
in isosmotie KC,H,SO, (ref. 2) and of 10 per cent in 
isosmotic KC,H,SO, (ref. 6) may well be caused by 
changes in K permeability induced by the experimental 
conditions. No experiments to interpret the anomalous 
osmotic effects appear to have been done, however. If 
the different weight changes in KNO, on the one hand, 
and KC,H,S80,, on the other, are a result of movements 
of ions and of obligatory movements of water, return of 
the muscles to their respective control media should 
result in different final states®. 1115.15, Definitive data on 
this score are desirable because the results already avail- 
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able on taenia coli muscle raise several theoretical ques- 
tions". The findings reinforce the conclusion" :'* that 
the membranes of different cells exhibit a large variety 
of different properties and a wide range of dynamic 
characteristics in their reactions to various challenges. 
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Effect of Post-coital Unilateral 
Ovariectomy on Implantation in Mice 


UTERO-OVARIAN relationships have been studied exten- 
sively!-*. While there is reliable evidence for a local 
influence on the ovary by the uterine horn of the same 
sidet®, evidence for the reciprocal effect—that of the 
ovary on the ipsilateral uterine horn—is much less con- 
vineing. At the request of Professor Melampy of the 
University of Towa, experiments were undertaken in 
Cambridge to see if such an effect could be demonstrated 
in mice by means of unilateral ovariectomy performed at 
varying times after coitus. Similar experiments were 
carried out independently at the Royal Veterinary College 
in London, and because the findings are very alike it was 
decided to report them jointly. 

Unilateral ovariectomy under ether or avertin anaes- 
thesia was performed at varying times after coitus. 
Because of the known tendency in some strains of mice 
for greater numbers of eggs to be shed from the right 
ovary than from the left®, the operations were carried out 
on alternate sides. No difference in effect was found 
between the two sides and they have not been reported 
independently. Results from females in which remnants 
of ovarian tissue were seen at autopsy are tabulated 
separately. 

In series 1, the females, which belonged to a random bred 
albino strain (P) of known fertility, were autopsied 
between days 8-14 post coitum. Eight females in which 
there was evidence of damage to the ovarian tubes were 
discarded. The results of the first series are shown in 
Table 1 from which the following conclusions are drawn: 
the removal of one ovary within 60 h of coitus greatly 
reduced the number of animals becoming pregnant, and 
only 55 per cent of females in which unilateral ovariectomy 
was performed within this time were pregnant compared 
with 85 per cent of sham-operated controls. Of the 
females which were pregnant, all but two contained 
implants in the uterine horn of the intact side only. 

Similar results (Table 2) were obtained in the second 
series of experiments in which mice derived from the T.O. 
strain were used. These were kept under a system of 
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reversed lighting, the room being dark from 6 amet pne 
Coitus and ovulation thus took place about mid-morning 
and the vaginal plug was found during the afternoon. ino 
this series, pregnancy failed in seventeen out of forty-six 
females (37 per cent). In twelve out of the twenty-nine 
pregnant females (41 per cent), implantation had been 
prevented on the operated side. Moreover, atnong the 
seventeen females pregnant in both horns the number of 
implants counted on the operated side (4:94 0°4) was 
significantly less than that on the intact side (2 £ 0-3). 

This unilateral reduction of fertility is reminiscent of the 
observations on rats recently reported by Lammuing and 
Little?, who stated that ‘‘complete unilateral ovariee- 
tomy 86-88 h p.c. caused a highly significant reduction 
(P <0-001) in the number of corpora lutea represented 
by embryos in the ipsilateral uterine horn”. 

In the third series, ovariectomy was always carried 
out within 54 h of coitus; the females were autopsied 
between days 5-7 and the non-pregnant uterine horns 
were flushed with isotonic saline to recover blastocysts. 
The results are shown in Table 3. 

As in the previous experiments, the proportion of 
females remaining pregnant was reduced and again only 
the uterine horns on the intact side contained implants. 
Unimplanted blastocysts were recovered from the uterine 
horn on the operated side from twenty-one out of twenty- 
six females (80 per cent) in which implantation had taken 
place on the intact side. In contrast, blastocysts were 
recovered from only three out of twenty-three non- 
pregnant females; that is, from three out of forty-six 
horns. It should be emphasized, however, that although 
several blastocysts were usually recovered, no attempt 
was made to relate their number to the rate of ovulation 
in the corresponding horn. When the ovary was incor- 


BFFRCT OF UNILATERAL OVARIECTOMY ON IMPLANTATION IN P 
STRAIN MICE 
(Series 1 autopsy days 8-14 p.c.) 
Uterus pregnant 


Table 1. 


Approx. inter- 


val between 
coitus and No. of In both Onintact On operated In neither 
operation (h) females horns side only side oniy horn 
Ovariectomy 
< 34 17 il & 
36 20 10 1G 
60 24 ne 1ł ii 
84 17 li i 5 
108 7 5 2 
132 2 1 i 
Sham operation 
<24 13 9 1 3 
38 16 8 2 
60 18 15 4 
R4 li { 4 
108 5 5 
132 I i 


* In both females the horn of the operated side contained a single resorb- 
ing embryo at autopsy. 


EFFECT OF UNILATHRAL OVARIECTOMY ON IMPLANTATION IN TO. 
SPRAIN MICE 


(Series 2) 
Uterus pregnant 


Tabe 2. 


Approx. inter- 


yal between No. of 
coitus and females In both Onintact Ga operated Tn neither 
operation (h) horns side only aide only hork 
29 4 i 3 l 
54 2 16 9 _ 17 
Total 46 17* 12 17 


* Mean number of implantations in each horn: intact side @240-3,n=17; 
operated side 4-9 40-4, g =17. 


Table 3. RECOVERY OF BLASTOCYSTS FROM THE NON-PREGNANT WORNWS I” P 
STRAIN MICE 


{Series 3 autopsy days 5-7 p.c.) 


Pregnant Not pregnant. 
Operated 
within Total No. with No. from which No, from 
hoursof Ne.of implants blastocysts were No. of which 
coitus females onintact recovered from females blastocysts 
side onerated side were recovered 
36 29 13 16 18 3 
80 20 13 Hi 7 4 
Total 49 28 21 23 T 
(21726 80 (7/46 i5 — 
per cent) per cent} 
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Table 4. EFFECT OF INCOMPLETE UNILATERAL OVARIECTOMY ON IMPLANTA- 
TION IN P STRAIN MICE 
Pregnant 
No. of In both (in intact 
females horns side ony 
1 § 4 2 G 
3 5 5 0 


Series Not pregnant 


pletely removed, unplants were found in both horns 
(Table 4). 

The results shown in Tables 1-4 imply a local control of 
each uterine horn by the ipsilateral ovary during the first 
2 days of pregnancy. The fact that unimplanted blasto- 
cysts were found on the operated side indicates that the 
eggs were not prevented from reaching the uterus and 
suggests that either their progress along the uterine tube 
was altered or that the preparation of the uterus for im- 
plantation was impaired. In those animals in which 
pregnancy was completely prevented, the removal of 
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cysts are able to survive but not to implant in the operated 
horn. | 
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Interaction of Visual Stimuli 


Ir has been known for a long time that colours ean be 
seen if a disk bearing a suitable black and white pattern 
is rotated at certain speeds. This was first observed by 
Fechner! in 1838, but is more often demonstrated in the 
form of a top designed by Benham? (Fig. la), which 
when spun produces rings of different colours. The effect 
has been studied in some detail’, but it has remained a 
vision, 

Another effeet, which is less well known but even more 
striking, was discovered by Bidwell’. He found that 
clockwise rotation of the black and white disk shown in 
Fig. 1b in front of a coloured object caused the object to 
be seen in its complementary colours, while a black 
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pattern on a white background behind the disk was seen 
as brillant white on a grey background. Although this 
effect has been studied more recently’, it has again 
remained an isolated phenomenon with no adequate 
explanation. 

The two phenomena are related by the fact that in both 
cases a given area of the retina is illuminated in turn by 
the black and white or the coloured pattern, and by a white 
stimulus of longer duration. To obtain the colour reversal 
effect of Bidwell’s disk, the coloured stimulus must be 
immediately followed by the longer white stimulus. With 
Benham's top, if the pattern shown in Fig. le is rotated 
clockwise the inner group of lines is followed by white 
and appears as rings of a bright red colour, while the outer 
group of lines is preceded by white and appears as blue 
rings. 

The two intermediate groups of lines are preceded and 
followed by white stimuli of unequal duration and appear 
as rings of less distinct colours. Reversing the direction 
of rotation reverses the order of the colours of the rings. 
With both Benham’s top and Bidwell's disk the optimum 
effect is obtained when the disk is rotated at about 5 r.p.s., 
so that in both cases the coloured or patterned stimulus is 
seen for about 25 ms and the white stimulus for about 
75 ms. 

The principal difference between the two phenomena is 
that the colours seen in Benham’s top only occur at the 
borders of the lines, the red being within the thickness 
of the line and the blue being outside the line, while in 
Bidwell’s disk the colour or black-white reversal occurs 
over the whole area of the stimulus. The colours of 
Benham’s top are seen over a wide range of luminance 
(1-300 ed/m*), while Bidwell’s reversal phenomenon is 
only seen at relatively high luminance (over 300 cd/m?) 

Both phenomena are presumably caused by interaction 
of the effects of the two stimuli, the white stimulus in some 
way modifying the effeets of the earlier coloured stimulus 
so as to produce the complementary colour. The following 
observations, which do not appear to have been reported 
previously, may give some indication as to the location 
and nature of this interaction. 

In an attempt to determine at which stage of the visual 
system the interaction was occurring, the two stimuli were 
presented to the corresponding retinal areas of different 
eyes. ‘The disk shown in Fig. 2 was rotated clockwise at 
about 5 r.p.s. and observed through two parallel tubes, 
the ends of which were close to the disk in the positions 
shown by the dotted circles. 

The outer part of the disk was thus seen by the left 
eye and the inner part by the right eve. Most of the 
observers were able to alter the convergenee of their eyes 
so that the two fields were wholly or partially overlapping. 
The stimulus was placed behind the disk, and was seen 
with the left eye through the gap in the disk, followed hy a 
white stimulus to the corresponding retinal area of the 
right eye. Black and white patterns or coloured stimuli 
were used. There was no trace of the red eolour seen in 
Benham’s top, and no sign of any black-white or colour 
reversal as in Bidwell’s disk for the range of luminance 
m Which these effects are usualiy seen. This observation 
shows that the appearance of a coloured stimulus on one 





a h 
Fig. 1. e, Benham’s top: b, Bidwell’s disk. 
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Disk used for presenting stimuli to different eyes. Dotted circles 
show position of ends of parallel tubes. 


Fig. 2. 


eye is not modified when a white stimulus is presented to 
the corresponding retinal area of the other eye. This sug- 
gests that the cause of both effects occurs before the nerve 
pathways from the two eyes join together; that is, in the 
retina or possibly in the lateral geniculate body. 

In most previous studies of the colour reversal effect 
the size of the white stimulus has been considerably 
greater than that of the coloured stimulus. To test 
whether this condition was necessary, the relative sizes 
of the two stimuli were altered. The colour reversal effect 
was first obtained with the two stimuli both presented 
to the right eye. A bright orange circular stimulus (ford 
607 spectrum orange filter) of 1° 20’ diameter and 30 ms 
duration was immediately followed by a large circular 
white stimulus of 10° diameter and 80 ms duration. Both 
stimuli were centred on the fovea. The luminances were 
adjusted so that the colour reversal effect was clearly 
seen, the smaller stimulus then appearing to be of a 
blue-green colour. Observations were then made while 
gradually reducing the diameter of the larger white 
stimulus until it was of the same size as, and thus co- 
incident with, the orange stimulus. The smaller stimulus 
continued to be seen as blue-green, although the colour 
was not quite so distinct at this point, probably because 
it was not seen contrasted against the larger white area. 
A further observation was made using an annular white 
stimulus, such that the dark centre of the annulus just 
coincided with the extent of the orange stimulus. In this 
case no trace of the blue-green colour was observed. This 
suggests that the colour reversal effect is due to an inter- 
action of the effects of the two stimuli in the same retinal 
area, and not to the spreading of the effects of the white 
stimulus to neighbouring areas of the retina. 

There is no satisfactory explanation for either of these 
two phenomena, but it is known that there is a delay in the 
visual system, probably chiefly at the retinal level, which 
is greater for less intense stimuli and is greater for coloured 
than for white light. Interaction may therefore occur if 
a second stimulus occurs before the first stimulus reaches 
the brain. This interaction must presumably take the 
form of interference with the transmission of colour signals 
from the retina to the brain. 
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Hypertension and Stress 


Most investigators agree that people with hypertension 
have a hyperactive vasopressor response to “stress”, but 
whether repetition of such pressor responses can lead to 
permanent elevation of blood pressure remains debat- 
able!~. 
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Using several forms of chronic stress, we have tried tooo < 


induce or to aggravate existing hypertension in _ 
These rats had a strong genetic tendency to high. 
pressure: every animal of this strain rapidly © 


significant hypertension from high NaCl intake; unilate al 


renal artery compression; administration of cortisone; or 
adrenal regeneration®-*. The sensitivity of these animals 
to insults commonly used to produce experimental 
hypertension made them seern unusually suitable for 
testing the ability cf chronic psychological stress to do so. 
Male weanling rats were allowed free access to tap water 
and one of three standard chows containing 0-4 per cent 
NaCl (low salt), 4 per cent NaCl and 8 per cent NaCl 
(high salt), respectively. Blood pressures were measured 
in standard conditions and statistical significance was 
assessed, as deseribed earlier’*, Observations were 
usually continued for 4-6 months. 

In the first three experiments, intermittent electro- 
shocks served as the primary stressful stimulus. A 
special (‘‘stress’’) cage had a steel floor in which a 30 V 
shock lasting 5 s could be imposed randomly at a variable 
rate and tallied automatically. This subconvulsive 
shock produced discomfort without damage: during the 
first seconds the rats squealed and ran about but then 
became immobile until the shock stopped. The rats 
grew normally but were irritable, Two bright lights and 
a loud buzzer directly above the cage could give either 
signal for 2 s immediately preceding the electric stimulus 
or a signal and electric stimulus could operate with random 
independence. 

The first experiment used random electroshocks only 
in three groups of five sibling pairs, each group on only 
one of the three chows. One rat from each pair was m 
the stress cage and its sibling in a control cage. After 4 
and 6 months blood pressures had reached a plateau in 
the groups on 0-4 per cent and 4 per cent NaCl chow, 
respectively. The rats on high salt chow developed such 
fulminating hypertension that analysis of this study 
necessarily ended after 6 weeks. 

The second experiment involved interruption of a 
conditioned reflex between sound or light signals and the 
electroshock. Six sibling pairs were divided between 
stress and control cages and maintained on 4 per cent 
NaCl chow. After a preliminary 24 h conditioning period 
to associate light signal and shock, the circuit was set to 
provide a daily 4 h reinforcement of the conditioned 
reflex and for the other 20 h to trigger signal and shock 
independently and randomly. The signal alone produced a 
frozen immobility for 8-10 s followed by a slow return to 
normal activity. In the fifth week the sound signal 
replaced the light, again starting with a 24 h conditioning 
period and after the ninth week the signals were alternated 
weekly. Shocks and signals were each administered at 
average rates of 100/day for 6 months, at which time blood 
pressures had reached a plateau. 

The third experiment was designed to test whether stress 
would impair the expected improvement from Natl 
restriction, in rats with early NaCl-induced hypertension. 
Twenty-five rats were fed 8 per cent NaCl chow for 5 
weeks, and then one member from each of six matched 
pairs was put in the stress cage, its partner in the control 
cage and, simultaneously, all rats were started on low salt 
chow. The experimental procedures used in the second 
experiment were continued for 5 months on the low salt 
regimen. 

In the fourth experiment crowding was used as stress", 
Among thirty rats on 4 per cent NaCl chow, twenty 
animals were crowded and ten were not; similar groups 
were maintained on low salt chow. In cages used for 
crowding, a movable partition allowed for growth without 
free floor space. Observations were continued for 6 
months. 

The results, summarized in Tables 1-4, indieate that 
these forms of stress failed to induce, or exaggerate 
existing, hypertension. The possible exception, in 
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Table i 


Diet (percent NaC) 8 per cent 4 per cent Ü+ per cent 


Duration 6 Weeks 16 Weeks 8 Months 
Control Stress Control Stress Control Stress 
ti 5 5 5 5 4 5 
Ave. blood pressure 230-0 228-4 206-6 1948 44-5 4438 
(mim Hed ¢+ S.E.) (12-03) (908) (4:90) (15-43) (8-20) (6-31) 
Ave. weight (g) 268 265 414 406 410 402 
ESEJ (11-9) (7-6) (10-6) (5-4) (102) (20-9) 
Shocks/day (ave.) ü 16 i a 0 36 


First experiment: 
unconditioned rats on different intakes of NaCl. There was no statistically 
significant difference in average blood pressure or weight between any stress 
group and its control (P > 0-05). One rat in control (0-4 per cent NaCl group 
died during the third month: blood pressure at end of second month was 
133 mm Hg. The rate at which hy pertension developed was the same among 
test rats and their respective controls, 


Table 2 


Diet 4 per cent Natl 
Duration 6 Months 

antral Sfress 
H 6 G 


Ave. blood pressure nm He) +w, E.) 
Ave, weight (R(t S.E.) 409 (9°23) 399 (6-6) 
Second experiment: effect of intermittent electroshocks on blood pressure 


of conditioned rats on 4 per cent NaCl. Streas group received an average of 
100 shocks/day. There was no statistically significant difference (P > 0-05) 


174-7 (43) 14-7 (7-4) 


between the average blood pressure or weight in the two groups. Hyper- 
tension developed at the same rate in the two groups, as well, 
Table 3 
Diet Low NaCl (@-4 per cent} 
Duration 5 Months 
O Control Stress 
Start End Start End 
H 8 had 7 7 
Ave. blood pressure (mm 183-0 156-4 133e 1GO-4 
Heit SE.) (3-22) (3°43) (5:3) (4-5) 
Ave, weight (2) (+ 5.F.) 247 450 243 430 
(8-0) (7-2) (7-0) (13-7) 


Third experiment: effect of intermittent electroshocks on recovery from 
early, mild NaCl-induced hypertension on conditioned rats. Stress group 
received an average of 100 shocks/day. The final average blood pressure and 
weights of control and stress groups were not significantly different although 
the blood pressure of the stress group remained suggestively higher than that 
of the controls (169-4 against 156-4 mm Hg, 01> P>0-05). Three deaths 
eceurred in first week (two test, one control); in eachinatance a new matched 
pair was added. 


Table 4 


Diet 4 per cent Nati 


Duration (of crowding) 


_ Low Nath 4d percent) 
5 Months 


Crowded Control Crowded Control 
it 16 9 15 10 
Ave, blood pressure (mm Hg) 16608 175i 136-8 147-2 
CESE.) S (6:4) (5:3) (2-1) (3:8) 
Ave, weight (g) (+ SB.) 426 460 — 468 505 
(77) (7-0) (6-5) (7-9) 
Fourth experiment: effect of crowding on blood pressure of rats. Average 


blood pressure of both crowded groups was lower than controls although only 
in the low Nat'l groups was this statistically significant (0-025 > P > 0-1). 
Both groups of crowded animals weighed less than their respective controls 
(P<0-01); each group on 4 per cent NaCl chow weighed less than the corres- 
ponding group on 0-4 per cent NaCl chow (P <0-01). Ten animals that died 
from respiratory tract infection during the early weeks of the study have not 
been inechided in the analysis of resnits. 


Table 3, suggests that stress may have impaired the 
expected improvement from a low salt diet: a larger 
sample might settle this question. The lower blood 
pressure of crowded rats compared with their respectiv 
controls could reflect smaller food mtakes, for final 
weights were less in the crowded rats. It is known that 
increased population density diminishes growth primarily 
because of a reduction in food intake? Food intakes 
were not measured here but, if the crow aoa rats ate less 
chow, ther NaCl intakes decreased part passu: this 
implies that restriction of NaCl was more important than 
any effect. of crowding. 

Our findings do not support the popular concept that 
stress 1s a usual or common aetiological factor of hyper- 
tension. The experiments were designed to avoid bodily 
harm vet produce environments which are considered in 
experimental psychology to be strongly stress-producing. 
The observation times were long compared with those 
of the other accepted procedures we have tested’ and 
we therefore consider it unlikely that further prolongation 
would have modified the conclusions. The ineffectiveness 
of these powerful stresses in highly susceptible animals 
should suggest caution in attributing to “‘stress” a general 
or primary role in inducing chronic hypertension. 


effect of intermittent electroshocks on blood pressure of 
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Cortical Synapses and Reinforcement: 
a Hypothesis 


Most theories of learning assume some change in the 
synaptic conductivity of cortical pathways! ?. Facilitation 
by use alone, however, will not account for the most 
characteristic feature of learning—that what is learned 
are those motor responses which lead to a satisfactory or 
adaptive state of affairs for the organism?—, 

A theory of cortical function which seems to overcome 
this difficulty has been proposed by Beurle®:?. In this 
theory, waves of neuronal activity are conducted across 
the cortical mass from sensory input to motor output. 
Use of particular pathways is assumed to lead to sy naptic 
potentiation, but a “diseriminator’ or sensor of satis- 
factory states of affairs, comparable perhaps with the 
hypothalamus, is postulated to distribute its output to 
the cortex in general and to facilitate the passage of waves 
associated with biologically advantageous situations. It 
appears to have been overlooked, however, that informa- 
tion about the results of motor action can be available only 
after the passage of the activity leading to the motor 
output. The mechanism as postulated will seleet those 
patterns of behaviour succeeding rather than leading to 
beneficial responses. and there seems to be no reason to 
think that this result would be adaptive for the organism. 

A simple modification of Beurle’s theory which would 
overcome this difficulty at the expense of introducing a 
further postulate is as follows: (1) input and output are 
connected by travelling waves of cortical neural activity 
as in Beurle’s theory; (2) by itself the passage of a wave 
does not lead to any permanent change in synaptic con- 
duetivity (by contrast with the original theory) but leads 
to a short-term change in the cells involved in the wave 
such that they are picked out from a background of cells 
not so activated ; (3) such cells are rendered sensitive by 
the short-term change to a reward signal (that is, dis- 
criminator output) in such a way that if such a signal 
occurs before the end of the decay time of the change the 
synaptic connexions between the cells are made more 
effective. 

The function of the discriminator in this theory is to 
select’:* from the traces made available in short-term 
form those which lead to an adaptive outcome. Such a 
function can only be performed, however, given the 
existence of the postulated short-term trace mechanism. 


NATURE, VOL. 219. AUGUST 17, 1968 


It may be thought that reverberating circuits could fulfil 
this role!®-!2, That this is not so can be seen by con- 
sidering the ‘effect of a reward signal on such a circuit. 
This will be to establish the synaptic connexions leading 
to reverberation (that is to say, those involved in activity 
at the time of the reward signal) and not those on the 
path which led to the adaptive motor output. 

Some evidence for the existence of a short-term trace 
mechanism in the cortex may be adduced from experi- 
ments on the effects of positive d.c. polarization of the 
cortex!?}4, Such effects are presumably related to the 
specific orientation of the pyramidal cell dendrites; a 
more discrete and patterned change occurring as a result 
of wave activity might have a shorter time course and 
could conceivably correspond to the short-term trace 
mechanism postulated. 

The reward system (that is, discriminator output) as 
conceived here converts a configuration of cells identified 
by the postulated short-term change into a pattern of 
cells more permanently established by an increase m 
their synaptic interconnectedness. Such a system must 
have a distribution to all parts of the cortex. <A fibre 
bundle with this characteristic has recently been demon- 
strated!’ by the fluorescence technique for catecholamines, 
and it is also of interest that, on the basis of a pharma- 
cological analysis of the self-stimulation phenomenon 
originally described by Olds and Milner'®, Stein’? had 
previously proposed that a noradrenergic system was 
involved. 

A theoretical analysis of learning such as this imphes 
two further features. The short-term mechanism would 
constitute a process through which all memory traces 
would have passed before reaching a long-term or per- 
manent store, and would therefore be a measure of “rate 
of change of memory”, a possible defining feature of con- 
sciousness!*!9, It will also follow that new sensory inputs 
will lead in general to short-term trace patterns of cells 
the synaptic inter-connexions of which have previously 
been strengthened by the discriminator. An organism 
with such a mechanism will learn to perceive’. 

The principal suggestions which arise from this analysis 
are: (1) that travelling waves of neural activity in a 
randomly connected cell mass can form the basis of a 
learning mechanism as proposed by Beurle, only given 
the existence of a short-term characteristic of cortical 
cells such as that postulated in (2) and (3) earlier; (2) that 


reinforcement (in Skinner's sense‘) could be a function of 


a distinct neural fibre system for transforming cortical 

synaptic connexions from a short into a long-term form. 
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Affinity of Neurones in Regenerat 


b 


CLASSES of neurones which are capable of forming syna jses Ae 
with other classes (as distinct from those which actually 
do so in normal growth) can be defined only by allowing 
the neurones to show—by their growth in abnormal 
conditions—what anatomical patterns of connexions they 
will form and what they will not. It remains to be shown 
that the orderly connexions that are formed in the 
normal process of development are but a fraction of the 
possible connexions that can be revealed by transplan- 
tation, As a result of numerous transplantation experi- 
ments and the analysis of the resultant synaptie patterns 
it may one day be possible to delineate sets and subsets 
of neurones by their preferences and aversions for synaptic 
contact with other sets and subsets which are so revealed. 
Where a single neurone can be individually recognized 
again and again in different preparations, these experi- 
mental tests lead to conclusions about the determination 
of character of single cells, otherwise only groups of 
neurones can be distinguished. 

Observations of this kind have been made on regen- 
eration of the optic tract of lower vertebrates after 
rotation of the eye! and after operations on the retina?; 
on regeneration of axon terminals into sympathetic 
ganglia? or into musclet; and upon the growth of Mauthner 
fibres in rotated or transplanted amphibian embryo 
tissue’, The general conclusion from these studies on 
vertebrates is that growing nerve fibres are sensitive 
to delicate chemical signals by means of which they grow 
towards and identify their post-synaptic cells with sufi- 
cient specificity to permit a gross functional, but not. 
necessarily a detailed anatomical, recovery. Regen- 
erating axons can find their approximate normal des- 
tinations when regenerating along an abnormal path, as 
in the regeneration of the optic tract of Xenopus along the 
track of the oculomotor nerve*, or in the growth of an 
antennule in place of an eyestalk in the spiny crayfish, 
Panulirus’. 

Apart from the large number of experiments required, 
there are two outstanding barriers to progress im this 
field. In vertebrates only certain isolated examples of 
giant neurones are individually recognizable, either m 
the same animal after growth. or in different members 
of the same species. A normal anatomical connectivity 
pattern cannot therefore be worked out m sufficient 
detail to give information about single cells as distinet 
from types of cells. 

Second, most of our information on synaptic patterns 
comes from physiological studies which reveal physio- 
logical pathways, not anatomical connectivity patterns. 
Usually there are numerous alternative explanations of 
physiological pathways in terms of anatomical connec- 
tivity and it is the latter which is of interest. It is there- 
fore important to find preparations which have a constant 
and knowable anatomical connectivity pattern and also 
which can be tested functionally and by eleetrophysie- 
logical methods. The projection of the primary visual 
cells of insects upon the second order cells closely ap- 
proaches this ideal. 

The compound eye of an piper’: consists of: an array of 
several thousand facets: behind each facet hes the g 
of retinal cells which ee the Seine. F he 
PAN A of which there are abide two 





which run to he first Iig lobe S o a 
immediately below. The lamina is a regular array of 
synaptic structures which from their shape are called 
optie cartridges. Here one group of primary retinula 
fibres (the short fibres) terrninate and form synapses 
with the second order neurones. Each optie cartridge 
corresponds to one ommatidium, but the retinula fibres 
of an ommatidium do not necessarily all terminate in 
the same cartridge. In Diptera (flies), fibres of six of 
the retinula cells of a single ommatidium run to six 
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Fig. §. The projection of the retina upon the lamina in so far as it is known in the locust. Behind each facet 
of the eye lie eight retinula cells, six of which have short axons. At least four of these six run to one pair of ist 


order (ganglion) cells in the lamina, forming synapses in elongated cartridges. 
retinula fibre which runs direct to the next synaptic layer, the medulla. 


different cartridges, and each cartridge receives at least 
ene fibre from each of six ommatidia’. The connec- 
tivity pattern is such that the six fibres converging on 
a cartridge are from six retinula cells which have the 
same visual axis relative to the axes of the fly although 
they spring from six neighbouring ommatidia’. The 
two retinula cells that differ from the others in each 
ommatidium of the fly have terminations that are as 
yet undescribed in terms of the rest of the array. 

In the locust the receptor elements within a single 
ommatidium are fused and have the same visual axis’: 
therefore the projection of their receptor fibres on the 
cartridges of the lamina can be expected to be different 
from that in the fly. Golgi preparations reveal as much 
of the projection as is shown in Fig. 1. This anatomically 
observed projection in the locust accounts for the physio- 
logical convergence of responses of several retinula cells 
of one ommatidium upon each cartridge. Work is in 
progress on the exact tracing of the other four fibres of 
each ommatidium. 

The lamina of the locust contains a total of five or 
six anatomical types of neurones or their processes, but 
the connexions of most of these elements 
are not relevant to the present results. Each 
optic cartridge of the lamina has two second 
order ganglion cells, and, in addition to 
the types mentioned, there are both hori- 
zontal and centripetal fibres in the lamina 
(Fig. 2). 

Sheing off the retina in the second instar 
hopper of the locust Schistocerca gregaria at 
the level just below the basement membrane 
cuts all the fibres of the projection of the 
retina on the lamina below (as indicated 
by the line in Fig. 1). The eye was lifted off, 
rotated through 180°, replaced and held in 
place with a touch of wax. The reversed 
colour pattern of the rotated eyes showed 
that the rotation persisted and that the eye 
was not replaced by a newly regenerated 
structure (Fig. 3). 

The functional recovery of the eyes was 
tested in the adult locusts about 3 weeks 
later. The ocelli and the intact right eyes 
were covered with two coats of a quick 
drying thick black paint which is known to 
be effective in preventing vision in the same 
conditions because normal animals with 
painted eyes make no optokinetic responses. 


There is also at least ore long 
Actual fibres are iHustrated in Fig. 2. 


From twenty-four animals operated as small hop- 
pers, twenty-two gave head movements in the same 
direction as rotation of the drum and two failed to respond 
at all. None made head movements in the opposite 
direction to the drum. 

The animals were then tested for physiological continuity 
between the visual cells and the large nerve fibres of 
the ventral cord which are very sensitive to shadows 
moving across the eye. The three ocelli and the normal 
right eye were removed completely with a razor before 
the animal was pinned out for dissection. A control 
test showed that normal animals in which all five light 
receptors were removed gave no responses of large fibres 
in the ventral cord, but it is certainly necessary to remove 
the ocelli. In addition to the large contralateral fibre 
used by others!!! there are several ipsilateral and contra- 
lateral neurones in the prothoracic-mesothoracic eon- 
nectives which respond to shadows crossing the eyes. 

Eleven out of twenty inverted eyes which were tested 
showed electrophysiological continuity with one or 
another of the fibres of the ventral cord. The fact that 
this is not the same success rate as that found with the 





Fig. 2. Drawing of anatomical fibre types of the locust lamina from Golgi preparations. 

a, Second order (ganglion) cell of the lamina; 6, short retinula fibre terminals; e, a slightly 

different type of b; d, long retinuis fibres to medulla; e, horizontal fibres; f, arborizations 

of fibres presumed to be efferent. ie une of se along the top of this figure, cuts 
res 6, ¢ and d. 
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optokinetic response suggests that one 
type of response is mediated by the short 
retinula cell fibres and the other by the 
long retinula fibres which may not be so 
successful in regenerating through the 
lamina as far as the next neuropile layer, 
the medulla, where they normally termin- 
ate. 

The fact that motion perception is not 
reversed implies that the regenerating 
receptor cells do not reform their origina! 
connexions, but that instead they make 
new functional connexions with cartridges 
which he below them in the new orienta- 
tion of the eye. A histological check 
confirms that retinula fibres behind the 
rotated retina have grown straight down 
to the lamina below. 

Although there may be differences 
between the retinula cells as receptors in 
dorsal and ventral parts of the eye (as in 
several examples of insects studied), the 
result presented here suggests that regen- 
erating retinula fibres from one part of 
the eye establish synapses with whatever 
part of the lamina they happen to meet 
as they grow inwards. In the establish- 
ment of connexions, fibres of type a (Fig. 
2) apparently are all members of a set A Fig. 3 
within which no regional differences 
or gradients across the eye show them- 
selves in this test. There may be 
many errors in this regeneration. The percentage of 
retinula fibres which form connexions in the lamina that 
are effective for motion perception at deeper levels need 
not be very high because the responses in both the tests 
used are integrated over all parts of the eye. This question 
of exact regrowth is being examined further. 

The projection of one regular layer of neurones on 
another regular layer (Fig. 44) can show either of two 
extreme modes of regeneration, or all intermediate 
possibilities. In Fig. 4B we have the situation after 
regeneration of the optic tract of a fish or amphibian. 
The optic fibres from different regions of the retina find 
their way back to their original regions of the optic tectum, 
as shown by tracing pathways anatomically'* or physio- 
logically". In this case there must be some kind of chem- 
ical representation of the dorsoventral and antero- 
posterior gradients across the eye, and a corresponding 
central representation in the tectum which is ready to 
accept the projection from the periphery. In the language 
pf sets, every neurone reveals itself in regeneration as a 
unique (or almost unique) member of a different set. 
which is not suggested by its normal morphology 

The other extreme is suggested by the result with the 
regeneration of rotated locust eyes (Fig. 4C). The rotated 
eye establishes new connexions which show no sign of 
the rotation. There are no regional differences in synaptic 
formation across the eye although the few fibres orig- 
jnating on one ommatidium may have a special relation 
among themselves and go to one cartridge. If this is so, 
we must infer that the orderly arrangement of fibres 
(Fig. 1) which is so obvious in the normal animal orig- 
jnates in specificities that exist in the embryonic eye, or, 
more likely, because the compound eye increases in size 
by addition of facets at its edge, and synapses form at 
the progressive extension of the lamina. Confusion by 
the growth of axons into cartridges not belonging to 
them is thereby avoided because a particular spatial 
pattern of connexions within one set of potentially 
equivalent neurones is the product of the pairing off of 
partners which are available for forming synaptic contacts 
only at short periods as they become mature. In a pro- 
gressively growing structure there is no requirement for 
pach fibre to be distinct from its neighbour, as is neces- 
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A, Normal compound eye of adult Schistocerca. B, Eye after removal in the second 


hopper stage and regeneration with 180° rotation. 
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Fig. 4. A, Abridged version of the projection of the retina upon the 

lamina showing the position of the cut. B, Regeneration of fibres back to 

their original connexions after 180° rotation, so causing reversed motion 

perception. C, Regeneration of fibres back to whatever second order 

cells they find below them in the lamina, so causing normal motion 
perception. 
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sary where an ordered connectivity pattern is formed in a 
projection where all fibres grow and form synapses simul- 
taneously. 
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Disappearance of Catecholamines 


from the Circulation 


ADRENALINE and noradrenaline have a half-life in the 
circulation of less than 20 s, or less than one circulation 
time!. In 1905 Elliott? coneluded that “adrenalin 
disappears in the tissues which it excites”, and since then 
there have been many studies of the way in which the 
catecholamines are removed from the circulation. Some 
of these have shown their destruction or removal by the 
liver and other abdominal viscera®t, Analysis of different 
tissues, after the injection of radioactive adrenaline or 
noradrenaline, showed that most unchanged catechol- 
amines were found in the heart, spleen and glandular 
tissues; skeletal muscle took up the least5-*. 

We have compared the disappearance of adrenaline and 
noradrenaline in the pulmonary circulation and in the 
hindquarters of dogs and cats, using the blood bathed 
organ technique’? to give a continuous estimation of the 
catecholamines in the circulation. 

Cats of either sex (weighing 2-4 kg) were anaesthetized 
with ethyl chloride and ether; anaesthesia was then 
eee aR oe | ae mg/kg intrav pee 
with kalonon daad ae a a SD 
anaesthesia was maintained with chloralose (100 mg/kg 
intravenously) and supplemented when necessary with 
pentobarbitone (5-10 mg/kg intramuscularly or intra- 


venously). The trachea was cannulated and the lungs 
were ventilated mechanically when necessary. Poly- 


ethylene cannulae were tied into a femoral or carotid 
artery and into a femoral or jugular vein for removal and 
replacement of blood. Mean arterial blood pressure was 
recorded on a kymograph by a mercury manometer 
attached to a sidearm of the arterial cannula. 

To assay circulating catecholamines a rat stomach 
strip® and a chick rectum? were used. This combination 
distinguishes between circulating adrenaline and nor- 
adrenaline, because both the rat “stomach and the chick 
rectum relax to adrenalme, but only the rat stomach 
relaxes to noradrenaline’®’. The isolated organs were 
suspended in polypropylene chambers and superfused?! 
in cascade with Krebs solution while the animal was 
being prepared. Their movements were recorded on a 
kymograph with auxetonic! levers of 16/1 magnification 
and with an initial load on the assay organs of 1-3 g. 

Heparin (1,000 1v/kg) was injected intravenously and 
the assay organs were then serait with arterial blood 
delivered by a roller pump at 10-15 ml/min. The blood 
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was collected in a reservoir and returned to the animal, 
either by gravity or through a second channel in the roller 
pump. 

To measure the removal of catecholamines in the 
pulmonary circulation the assay organs were bathed in 
femoral arterial blood, and intravenous infusions of cate- 
cholamines were compared for their effects on the assay 
organs with infusions given into the ascending aorta. 
The infusions were given for a long enough time to achieve 
steady state conditions. They were made through a 
fine polyethylene catheter which was pushed down a 
carotid artery until the pulse pressure recorded through 
it showed that the tip was in the left ventricle. It was 
then withdrawn until the tip lay just above the aortic 
valves in the region of turbulent blood flow. Any loss 
or uptake of catecholamines in the heart chambers or 
pulmonary circulation would lead to a reduced arterial 
concentration of catecholamines and therefore a reduced 
effect on the assay organs when compared with the aortic 
infusions. Table I shows the results obtained in four 
dogs and eight cats. No loss of adrenaline in the pulmon- 
ary circulation could be detected except m one dog in 
which 9 per cent disappeared. In two cats, there was no 
change in the concentration of isopropylnoradrenaline 
There was a significant 
foes ee ear een rie m dhe pulmonar: v arculation of both 
dog and cat, however. In six estimations in three dogs, 
an average of 19 per cent noradrenaline was lost from the 
intravenous infusions, and im nine estimations in five 

cats an average of IS per cent was lost. Thus although 
esi i passes unchanged through the pulmonary 
circulation there is a decrease in concentration of nor- 
adrenaline which can be as much as 35 per cent. 


Table 1. LOSS OF CATECHOLAMINES IN PASSAGE THROUGH THE PULMONARY 


CIRCULATION 
Weight = Adrenaline Noradrenaline lsoprenaline 
of infusion Oa Infusion wi Infusion % 
. animal rate Lv. loss rate iv. loss rafe iv.  lpss 
Dog (wai ke (ugike (ut /kye 
No. per min) per min) per min} 
I li kg —— =a 005 dg a es? 3 
OL 0 0-05 fk- a n 
? 12 kg ($ 7 ü sadiaan me M ba | abana 
0°25 0 ta 33 -e 
3 12-5 kg 0-16 Q = ed ~ 
032 0 J= — 
0-48 0 ao - — oe 
+4 7-8 keg 0-65 9 0-65 26 — _ 
me, o 1-3 F E ne 
= —- 1-95 10 e a 
Mean r2 19 
Cat 
No. 
i 28 kg O18 rr ~ ~- oe 
0°36 Q = m ~ 
2 39 kg 32 0 0-32 36 em ~ 
G-GA Q 0-64 30) me 
3 1-8 kg O28 OQ = “a =a 
4 2-5 kg 0-2 0} 4 Is (+1 0 
5 3O ke 0-35 0 le - — == 
6 25 kg i — = DG 0 Ord 0) 
7 +3kg =~ : m 1-0 12 — — 
aiee sm PEREA Bee } j; 4 ie sais 
es, EE 2} i D aed ene 
-== katas 2-0 25 — — 
x 20 kg — —~ 2-0 Wo = — 
Mean 0 18 


One of the experiments is illustrated in Fig. 1, in which 
infusions of adrenaline and noradrenaline were made into 
a cat. The upper panels show responses of blood pressure 
and of the rat stomach strip bathed in arterial blood to 
intravenous and intra-arterial infusions of adrenaline 
at 2-5 and 1-25 ug/min. No difference was detected m the 
responses of the rat stomach to these mfusions. With 
noradrenaline, however, an intravenous infusion of 25 
ug/min gave a smaller relaxation of the rat stomach than 
did ar infusion inte the ascending aorta; and a similar 
result was obtained with infusions of 1:25 ug/min. The 
last section of tracing shows a an intravenous infusion 
of noradrenaline (1:5 ug/min) gave the same arterial 
concentration as 1 ug/min infused into the ascending 
aorta; thus 35 per cent of this infusion disappeared in 
the pulmenary circulation. The rates of infusion which 
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of a rat stomach strip bathed in arterial blood (RSS upper trace). 


shows that the concentration of adrenaline reaching the rat stomach strip is the same afte: 
intravenous or intra-arterial infusions; thus adrenaline does not disappear in the pul- 


monary circulation 
in the lungs, tor intravenous infusions givi 
intra-arterial infusions. 


a lower arterial 
Time, 10 min: vertical scales 5 em and 


were used were well below the maximum rates of secretion 
attainable by the adrenal medulla. For example, during 
haemorrhage, the dog adrenal gland Can secrete adrenaline 
at a rate of at least up to 12 ug/min™ and in 
adrenal 


weight /mint'! 


Various 


conditions the cat gland Can secrete up to 5 


"yo ko bods 
The disappearance of noradrenaline from the pulmonary 
circulation has also been demonstrated in 


other ways. 


noradrenaline from the 


labelled 


Lungs isolated from dogs remove 


perfusing hlood**, [afusions of noradrenaline 


into rat lungs perfused with saline are concentrated 
in the lung tissue. The uptake is a saturable process, 


Each section shows the blood pressure of cat 2 (BP lower trace) and the relaxation 


The lower set of records shows that some noradrenaline disappears 
blood concentration than 
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but only about 20 per cent ol the radio - 


activity held ın the lung remains as 
noradrenaline’? 
These results allow wo mteēresting 


conclusions to by drawn First, if a 


mixture of adrenaline and noradrenaline 


Is released trom the adrenal] medulla 


some of the noradrenaline will be removed, 


thereby increasing the proportio) 


adrenaline ın the mixture of cati 


cholamimnes before it reaches thi Arle ria 


that the 


j 
CoOncelrvahtl 


circulation. It ts 
loss of noradrenaline occurs in the heart 
chambers and Nort In the | INES, alti much 
this seers unlikely in view of the loss u 
lung 


isolated XS pPperinents l hus ii 


can no longer be assumed that measu 


ments oj the catecholamine Ontent n tni 


blocd will give the sam 


ALT nal venous 


proportions of adrenaline ind noradrer 


alne as do measurements it arteria 
blood. Indeed, noradrenaline ma have 
little significance isa circulating hormorn 
ts release into the blood stream m 


only be a means of replenis 


the lungs. Second, drugs which imnterter 


with uptake or storage ot n radrenaline 
thei 


effects orn the eardiovasciilal = \ =r ery _n 7 


may cause some ol potentiating 


| only by preventing uptake in the peri 

The top set of records i ' 
pheral tissues Dui also ry ntertering it} 
uptake in the lungs, thereby allowing 


more of the inipected 
Hg reach the 


To measure 


arteria] side OI rhe circulation 
the disappearance t cati 
cholamines in the hindquarters, the 
bathed im blood A fine polyethyvlens 


catheter was pushed retrogradely up a femoral artery 


ASSAY URSUS weri 


carotid arterial 
that its tip lay in the abdominal aorta, just above the ilia 
bifurcation. Infusions of catecholamine through this cathi 

lheir effects 


or the assay tissues were comp red with those of INnETrAvVeTi 


ter reached the hindquarters of the anima! 


Ous infusions through a catheter in the femoral vein. thus 


allowing estimation ol the amount of an intra-arterial intu 


sion which disappeared in one circulation through the hind 


quarters. The results were similar in cats 
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(three experiments}. by iTA ytd 95 IDS 


ments) and dogs 
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Fig. 2. The tracings arefrom an experimentin a 24 kg dog 


g. ‘Lhe lower record is of blood pressure (PP) and the upper one of the relaxation 


ofa ratstomach strip (RSS) bathed in arterial blood. Infusions of adrenaline were made either into the lower aorta (intra-arteria}) to reac! 


the hindquarters or intravenously, 
hindquarters. 


From an intra-arterial infusion of adrenaline (25 g/min for 20 min) about 5 wg/min traversed the 
Similarly, from an infusion of 50 g/min for 10 min, only about 15 wg/min came through the hindquarters inne 


10 min: vertical scales 5 cm and mm He. 
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cent of the intra-arterial infusions of adrenaline or nor- 
adrenaline disappeared in one passage through the hind- 
quarters. Part of an experiment on a dog (24 kg) is shown 
in Fig. 2. The relaxation of the rat stomach strip during 
an intra-arterial infusion of adrenaline (25 ng/min) showed 
that less than 5 ug/min was passing through the hind 
quarters (> 80 per cent removal). Steady state conditions 
were reached within a few minutes, and even though the 
infusion was maintained for 20 min, the hindquarters 


continued to abstract the adrenaline, removing a total of 


about 400 ug. Similarly, from the intra-arterial infusion 
of adrenaline at 50 ug/min, given for 10 min, about 35 
ug/min or 350 ug disappeared (70 per cent removal). 
These results fit well with those previously obtained'’ 
and contrast strikingly with the experiments on distribu- 
tion of catecholamines!:*, in which it was found that the 
uptake in skeletal musele was small. 

What process could be responsible for the immediate 
disappearance of the catecholamines from the circulation ? 
Uptake of catecholamine into tissues was suggested by 
Burn’? and has since been shown to be important in the 
disposition of circulating catecholamines®.*.2°-22, The 
demonstrations that uptake of noradrenaline by the tissues 
can be correlated with the richness of adrenergic innerva- 
tion® and that sympathetic denervation by surgical?.24 or 
immunological**.**> means reduces the uptake of nor- 
adrenaline have led to the conclusion that uptake by the 
tissues takes place chiefly in sympathetic nerve fibres?’. 
It is in turn assumed that this uptake into nerve fibres 
accounts for the rapid removal of catecholamine from the 
bloodstream*’. This assumption is probably unwarranted 
for several reasons. First, in the experiments in vivo, up- 
take into nerve fibres has only been demonstrated minutes 
or hours after injection of the catecholamines. These are 
long time intervals when compared with the rapid removal 
during a single passage through the hindquarters and 
substantial re-distribution may have taken place. Second, 
the relative importance of tissue uptake, as measured by 
Axelrod et al. in the mouse®:*, was considerably greater 
for noradrenaline than for adrenaline, but in our experi- 
ments both catecholamines were almost completely 
removed in a single circulation through the hindquarters. 
Third, Gillespie and his colleagues®*-*? have shown that 
noradrenaline was taken up in vitro not only into adrener- 
gic nerve fibres, but also into smooth muscle, collagen and 
elastic tissue. The noradrenaline taken into smooth 
muscle resisted washing out, as did that in nerve fibres, 
whereas that taken up by collagen and elastic tissue was 
easily washed out. Concentrations of phenoxybenzamine 
which prevented uptake into nerve terminals and smooth 
muscle had no effect. on uptake into collagen and elastic 
tissue. Avakian and Gillespie® suggested that the smooth 
muscle cells possess a transport mechanism for the intra- 
cellular uptake of noradrenaline and that this uptake 
may be the same as that designated as Uptake, by Iver- 
sen?” ‘The almost complete removal from the bloodstream 
of large quantities of adrenaline or noradrenaline in a 
single passage through a peripheral vascular bed may be 
a result of a similar process. Whatever the mechanism, 
it is unlikely to be explained by uptake into sympathetic 
nerves, and must contribute greatly to the physiological 
disposition of circulating catecholamine. 
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Simultaneous Recording of Core 
Temperature and Energy Expenditure 
during the Hibernation Cycle of 
Mesocricetus auratus 


WHEN an animal hibernates, it undergoes a striking 
lowering of body temperature and metabolic rate. The 
exact time relationship between the initial decline of 
these two parameters is not certain. 

Lyman! reported the relationship between rectal and 
cheek pouch temperatures and metabolic rate of the golden 
hamster while entering hibernation, during hibernation, 
and while waking from hibernation. The differential 
rates of change between metabolic rate, respiration rate, 
heart rate and body temperature have been reported for 
several hibernators’-*. The exact time relationship be- 
tween the onset of the decline in body temperature and 
metabolic rate has not been determined. 

This experiment was undertaken to record continuously 
and simultaneously oxygen consumption and core tem- 
perature (abdominal cavity) during the three phases of 
hibernation (entry, hibernation and arousal) to establish 
the differential rate of change between body temperature 
and oxygen consumption of the golden hamster. 

Sexually mature male hamsters (Mesocricetus auratus) 
were housed in individual cages in a cold room (4° + 2° C). 
The animals had free access to feed and water, and were 
given paper hand towels for nesting material. The room 
was illuminated for 8 h daily (from 0800 to 1600 h). 

Oxygen consumption was measured by an indirect 
open circuit calorimetry system which has been described’. 
Core temperature was measured using a radiotelemetry 
system shown in Fig. 1. The biotelemetry principles and 
systems have been recently reviewed’. 

While the hamsters were in deep hibernation, a ventral 
midline incision {approximately 1-5 cm long) was made 
and the temperature telemeter unit (size: 15x03x07 
cm; weight: 0-7 g) was implanted in the abdominal 
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Weight: 9,7 gm. 
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Block Diagram of the Rodiotelemetry System. 
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Fig. 1. 


cavity. The animals were then allowed a recovery period 
of 2-3 weeks. After the re-establishment of their hiberna- 
tion cycle, individual hamsters were transferred from 
their cages to the respiratory chamber for a test period of 
two hibernation cycles. Their feed and nesting material 
were also moved in order to maintain familiar surround- 
ings. An adjustment period of 4-6 h was allowed before 
collection of data started. After the adjustment period, 
the respiratory chamber was positioned over the antenna 
and both recorders (temperature and oxygen) were syn- 
chronized. During the entire test period the animals were 
not disturbed. Data were successfully obtained on ten 
animals. 

A typical recording of a hibernation cycle as character- 
ized by core temperature and oxygen consumption is 
shown in Fig. 2. Measurements began during a wakeful 
state to establish the normal metabolic rate and body 
temperature. Oxygen consumption varied from 2,000 to 
3,200 ml./kg/h and body temperature varied from 35-8° 
to 37-4°C. 

During entrance into hibernation, oxygen consumption 
decreased first, followed within 20 to 30 min by core 
temperature. The decrease in oxygen consumption was 
sharper than that of the core temperature. Oxygen 
consumption reached a minimum level within 3 to 4 h. 
It took core temperature 8-10 h, however, to decline to 
a minimum value, which was approximately 1° C greater 
than the room temperature. Lyman?‘ reported the same 
time relationship between the initial decline of oxygen 
consumption and body temperature in the woodchuck 
and ground squirrel. Lyman’s data on the hamster, 
however, showed that cheek pouch temperature and 
oxygen consumption started to drop at approximately 
the same time. 
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Fig. 2. A typical example of the simultaneous recording of core 
temperature and oxygen consumption during one hibernation cycle. 
@—— $, Oxygen consumption; © — @ — @, temperature. 
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t During deep hibernation, the cor 
perature was consistently 0-5°-1- 
the room temperature. Oxyge 
tion varied between 40 and IT 

On arousal, oxygen consumption rose = 
sharply until it reached a peak within 
60-90 min, then declined to near normal in 
approximately 30 min. Core temperature 
elevation commenced 10-20 min after the 
initial increase in oxygen consumption and 
normal body temperature (365° C) was 
reached within 120-160 min from the start 
of arousal. The differential rate of change, 
during the arousal period, in core tempera- 
ture and oxygen consumption differs from 
those found by Lyman!, who reported that 
cheek/pouch temperature reached 10° C 
after 90 min, 19° C at 120 mm, 30° C at 
150 min and 36°-37° C at 190-210 min. 

Using this system to measure body 
temperature and oxygen consumption, 
as indicators of activity during the hiberna- 
tion cycle, gives the exact time relationship 
between body temperature and oxygen 
consumption of the undisturbed animal. It is clear 
that during entry into and arousal from hibernation the 
effect is first on oxygen consumption, second on body 
temperature. This conclusion was reached by other 
workers for different hibernators*~. 

This work was supported by the Space Science Research 
Center of Missouri. 
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Storage of Light Energy and 
Photosynthesis 


BIOLOGICAL systems must be expected to possess branches 
of longitudinal electric modes (polarization waves) based 
on the electric dipole layers at cell membranes and on 
certain frequently occurring molecular dipoles (for 
example, H-bonds (ref. 2 and my contribution and Careri’s 
remarks to the Conference of Theoretical Physics and 
Biology, Versailles, 1967, to be published)). Frequencies 
of the order 10''—10'* s-! (that is, in the water gap} are 
expected. From very general theoretical considerations 
I have been able to show!” that if the energy supphed to 
these modes exceeds a critieal value then it is no longer 
thermalized. Instead it is stored in a highly ordered 
(coherent) fashion in the polarization wave with lowest 
frequency in a manner closely related to Bose condensa- 
tion. 

I have now found that the absorption of light m amor- 
phous insulators may lead to a similar storage in the 
branch of electronic vibrations. This might be important 
in the understanding of photosynthesis where the light 
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absorbed by a plant is transformed into chemical energy 
with an extremely high rate of efficiency. In some ways 
the storage of absorbed light energy in a single mode, 
that is, in a coherent fashion, is comparable with the 
storage in laser states: the stored energy is in both cases 
available in steps of more than a single quantum, a 
feature which might be required in photosynthesis in the 
mitiation of certain chemical processes. In contrast to 
laser states, however, the mode in which the energy is 


stored has only a small probability for re-emission of 


photons. 

It should be remembered that light absorption in this 
context leads to the excitation of excitons. These excitons, 
through their interaction, can be considered to form 
branches of both longitudinal and transverse modes? very 
similar to the widely investigated case of polarization 
waves in ionic crystals. In an extended medium absorp- 
tion of light leads in the first place to excitations in the 
transverse branch, near a particular wave number. Inter- 
action with the surroundings treated as a heat bath 
then may lead to a transfer of the excitation energy to 
other modes in the exciton-polarization waves, in particu- 
lar to the mode with lowest frequeney which then becomes 
strongly (coherently) excited. This mode usually has 
a very small chance only for re-emitting photons. This 
transfer of energy is caused by anharmonic effects and 
is therefore particularly efficient in amorphous materials 
and in materials of such small size that surface effects are 
not negligible. 

The basic units in the photosynthetic process have 
linear dimensions below that of the wavelength of light. 
It may not have been realized by workers in the field that 
in isolation such small units absorb not only in the fre- 
quency range of the bulk material, but also at other 
usually higher frequencies which are shape-dependent 
and fall into the range of longitudinal modes (see, for 
example, ref. 4 where earlier literature is reviewed). 
Some of these effects are likely to be retained when the 
individual units are not isolated but stacked in some way. 
it might be that some of the essential properties of the 
photosynthetic materials are results of such size effects 


previous treatment stationarity requires 


{s — Mnp — (1 + 2p) exp( — hop kT) he p = 


PP (1 +r) expl = hok T) + yT) Si 
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(1 +n) exp — ho /kT) = rul + np exp(—hoykT)) d) 


where nj represents the number of quanta in a mode of 


frequency or On introduction of u by (use N = Sr) 


exp(—hu/kT) = {p+ ZU + na exp —hej/kT))/(9+ yN) (2) 
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one obtains after summation of (1) over / 
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Also from (1) and (2) 
m= (1+ pipi yl — exp — hu/kT)Jexp(he p/kT) yn; (4) 


where 
| 


exp(h(a,—uj/k2')— 1 

is a Bose distribution. (2) and n> 0 require Òu < w; 
An upper limit of m is obtained as u approaches wp To 
obtain N, summation over a involves summation over 
nj and thus approaches an s-independent limit as long as 
ny is continuous in a), that is, in the absence of Bose 
condensation. Equation (3), on the other hand, shows 
that N must grow indefinitely as s grows. Thus if s 
exceeds a critical value then Bose condensation. that is. 
strong excitation of the mode with the lowest frequency 
O, Must occur. 

This does not take account of loss due to processes 
involving more than one quantum he, at a single step 
which may occur when condensation in œ, has occurred, 
The extreme case that these processes are of the same 
order as the total of single quantum (p~) processes 
is found to require y to be of the order p exp 
(he,/kT). Now in bulk material o/y is of the order of the 
total number of modes and hence volume dependent. 
Small volume in conjunction with strong anharmonicity 
thus favours the possibility of transfer of the stored 
energy in steps of more than one quantum, 

This communication thus shows that in the conditions 
prevailing in the photosynthetic units: (i) absorption of 
light should show at least two peaks, one resulting from 
the bulk properties and a second from surface influences: 
(11) the absorbed energy may be stored in a highly coherent 
manner and can be transferred not only in steps of one. 
but also of two or more quanta. Detailed investigation 
is required, of course, to show to what extent these proper- 
ties are of importance for photosynthesis. 

H. FRÖHLICH 
Department of Theoretical Physics, 
University of Liverpool. 
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Occurrence of Unusually Large 
Plants of Grateloupia in the Vicinity 
of Portsmouth 


We would hike to draw attention to a spectacular seaweed 
which, although loeally common in the Portsmouth 
area, has so far been unrecognized, at least in this form, 
in the British flora. The plant in question grows attached 
to stones in sheltered situations exposed at the lowest 
tides and in the subhttoral area. Tt is a deep brownish 
red in colour and luxuriant specimens attain a length of 
up to 60 em, making it one of the largest of the red algae 
in Britain. The erect fronds arise from a small discoid 
base and are usually alternately branched, flattened, 
spirally twisted and attenuate at base and apex. The 
fronds gradually develop spine-like protuberances from 
margins which grow into fringes of curved, pointed ramuli 
about 4 em long; similar ramuli often grow out from the 


surface of the lamina producing a plant of very distinctive 
appearance (Fig. 1). In some cases the ramuli themselves 
become flattened and produce further proliferations. 

An examimation of herbarium material has shown that 
the plant has been collected in this area since at least. 
1947 and has obviously baffled its finders: it has been 
variously ascribed to Dumontia, Halarachnion, Helmintho- 
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cladia and Calliblepharis. Studies of the vegetative 
thallus, tetrasporangia, auxiliary cell branches and carpo- 
sporophytes indicate, however, that it belongs to the 
genus Grateloupia (Rhodophyta: Cryptonemiales). With- 
in this widely distributed and extremely polymorphic 
genus its affinities lie with G. filicina (Lamour.) Ag. and 
it bears a close morphological resemblance to specimens 
in the herbarium of the British Museum (Natural History) 
from the West Indies, South Africa, Japan and Australia 
(Fig. 3). Specimens previously attributed to this species 
in Britain are rare plants of the south and west and are 
small (Fig. 2); one “superb specimen” collected in Jersey 
merited special mention by Johnstone and Croall' as being 
“quite seven inches in height”. 

There are several explanations which might account for 
the presence of this plant. It could be a mutant or hybrid 
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form, or an ecological variant, its luxuriant growth 
induced by high nitrogenous, thermal or other pollution 
factors. Although Gayral noted this latter phenomenon 
for two species of Grateloupia*, she gave no indication 
that the increase is of such proportions as to account for 
the degree of difference reported here. The most likely 
possibility is that the plant belongs to a taxon distinct 
from the usual British G. filicina and has either escaped 
notice until now (this is improbable in view of the careful 
records kept in this country around the turn of the century 
by E. M. Holmes, E. A. L. Batters and their fellow 
workers) or is a comparatively recent introduction [f 
the two are distinct, a comparison of their biology should 
reveal characters suggesting a more natural delimitation 
of taxa within this difficult genus, as was attempted by 
Ardré and Gayral’. Research is currently in progress 





Fig. 1 
Typical plant of British Grateloupia filicina (Lamour.) Ag. to same stal 


Fig. 2. 
Fig. 3. 


Plant from Portsmouth harbour. 


Typical plant of Australian G. filicina to same scale, 
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and we would be grateful for any information concerning 
the plant and its possibly increasing distribution in 
Britain. 

W. F. FARNHAM 
Department of Biological Sciences, 
Portsmouth College of Technology. 
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London, SW7. 
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Irradiated Mentor Pollen: Its Use 
in Remote Hybridization of 
Black Cottonwood 


Remote hybridization, the bringing together of distantly 
related genomes, has many useful purposes'~* but is often 
hindered by incompatibility barriers. Pollen mixes have 
been successfully used, particularly by the Michurin 
school of plant breeders, to overcome such incompatibility 
barriers'?.5. Often, these mixes eombined the pollen 
intended for syngamy with “mentor” pollen of the 
maternal species the function of which it was to stimulate 
the female floral tissue. Although the chemical nature of 
the stimulus is still poorly understeod, it is likely that 
specific enzymes and hormones play an important part 
in the process®-*, 

Numerous studies have shown that mature pollen 
grains exposed to high doses of gamma radiation proceed 
to develop apparently normal pollen tubes both in vitro 
and in vivo (reviewed by Brewbaker and Emery’, and 
Stanley). Accordingly, it has been suggested that 
irradiated pollen, although genetically inert, may well 
perform a stimulatory function!®.1, 

This communication reports the successful use of 
irradiated mentor pollen in hybridizing the North 
American black cottonwood, Populus trichocarpa T. and 
G. ex Hook. (section Tacamahaca) with P. grandidentata 
Michx., P. tremuloides Michx., P. canescens, P. alba L. 
(all of section Lewce) and P. delteides Bartr. (section 
Aigeiros). Tt also reports the successful use of this method 
in inducing haploid parthenogenesis in black cottonwood. 

The experiments described were designed to study the 
effects of remote hybridization on the incidence of haploid 
parthenogenesis in black cottonwood, and were performed 
in 1966 and 1967. They are part of an investigation of 
the usefulness of homozygous tree material in forest 
genetics research!??.14, 

Nine female trees (cottonwoods are dioecious) were 
selected from nine geographically separated natural 


Table 1. 


Section 
Tacamahaca 
P. trichocarpa P. alba + 
{control} irrad. mentor 
1966 1967 1966 1967 
Number of female trees (P. trichocarpa) g 9 9 9 
Number of catkins pollinated 620 508 326 691 
Percentage of catkins bearing seed 13-9 37°8 14-6 22°9 
Viable seedlings obtained 
Identified hybrids ac 3 5 
Questionable hybrids me = 2 
Others* 1,495 Fi.219+ a) 17 
Tatal 1.495 721,219 9 24 
Percentage of hybridization success $ 0-4 0-03 


* Includes P. trichocarpa and unclassified phenotypes. 


SUMMARY OF 
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populations in the State of Washington. Each year m 
February, branches bearing floral buds were collected 
from the trees and taken to the greenhouse, where the 
breeding was done on branch cultures (Wettstein 4). 
Pollen was extracted in the laboratory by “forcing” 
dormant male branches at room temperature. Pollen from 
species not available to us was contributed by cooperating 
agencies (Dr D. W. Einspahr, Institute of Paper Chemis- 
try, Appleton, Wisconsin; Dr R. E. Farmer, US Forest 
Service, Stoneville, Mississippi; and Dr C. Heimburger, 
Ontario Department of Lands and Forest, Maple, 
Ontario). In all but one species (P. alba) pollen was ob- 
tained from more than one tree per species. Mentor pollen 
(black cottonwood) was exposed in air-dried condition to 
a cobalt-60 source for a dose of 100 kr. Pollen mixes were 
prepared by thoroughly mixing pollen of a given species 
with mentor pollen in a ratio of 2 : 1 by weight. Routine 
pollen germination tests 24 h after pollination gave 
invariably positive results, even in the case of irradiated 
mentor pollen alone. All seeds were germinated in sterile 
Petri dishes and subsequently transferred to sterilized soil. 
Seedling phenotypes were carefully examined at regular 
intervals. Leaf shape, leaf undersurface and leaf margin, 
as well as the relative length and shape of petioles, proved 
most diagnostic in distinguishing hybrids from P. tricho- 
carpa phenotypes. To screen for haploids, chromosome 
counts were made from root or shoot squashes. 

In both years all five possible hybrids (Table 1) were 
obtained. (The data from 1967 are more realistic than 
those from 1966: in 1966 an unusual heat wave caused 
much branch mortality before seed shedding; additional 
seedlings were lost because of the use of an inappropriate 
miticide.) The P. trichocarpa x P. grandidentata and P. 
trichocarpa x P. tremuloides hybrids are reported here, as 
far as I know, for the first time. Brayshaw'® studied 
natural populations in Alberta, in the contact zone of 
P. balsamea (section Tacamahaca), P. tremuloides and P. 
deltoides var. occidentalis. He described a two-way hybrid 
the putative parentage of which involved all three 
species; however, he found no simple hybrid between P, 
tremuloides and any member of the section Tacamahaca. 
Natural hybrids between P. trichocarpa and the Eurasian 
species P. alba and P. canescens are not known, and 
artificial hybrids have been produced with few clones 
only (Schreiner, E. J., personal communication). Finally, 
P. trichocarpa and P. deltoides hybridize freely both in 
natural and artificial conditions. Although much variation 
was found among the nine females in their ability to 
hybridize, the pooled values of hybridization success were 
remarkably constant from one pollen species to another 
and did not reflect the differential phyletic relationships 
between black cottonwood and the five species tested. A 
similar constancy relative to pollen species tested held in 
the percentage of female catkins bearing seed, particularly 
in the 1967 experiments. Conventionally, most para- 
meters associated with hybridization success are a function 
of the degree of relationship among the species involved. 
My data, combined with earlier experience in poplar 


BREEDING RESULTS 
Polen species 


section 
Section Letuce Aigeirog 


P. deltoides + 
irrad. mentor 


P. tremul. + 
irrad, mentor 


P. grand. + 
irrad, mentor 


P, ranee, + 
irrad. mentor 


1966 1967 1966 1967 1966 1967 1985 1967 
9 9 S 9 g 9 9 9 
789 659 629 599 605 658 750 770 
125 Nd Or “97-5 33 217 T5 29-2 
5 35 7 18 3 = 23 64 
4 os 5 Q g 3 17 7 
55 117 15 62 14 103 56 157 
“64 152 a7 ag 7 176 96 298 
0-3 0-2 O5 e1 0-2 0-4 E 0-3 


+ The seeds from only 165 of the 192 seed bearing catkins were germinated. , , , a ; . 
t Number of identified hybrid seedlings per catkin pollinated/number of control seedlings per catkin pollinated (this is probably an underestimate of 
hybridization success for it does not take into account that the control pollen was not a mix of unirradiated and irradiated pollen), 
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hybridization, suggest that the similar responses to five 
widely different pollen species were conditioned by the 
irradiated mentor pollen, common to all. If so, it would 
mean that the high irradiation dose (100 kr.) administered 
to the male gametophyte, although destroying its genera- 
tive function, did not greatly affect its stimulatory func- 
tion, thus allowing the initiation and survival of hybrid 
embryos. Non-irradiated mentor pollen, not tested in our 
experiments, would probably cause equal, if not more, 
stimulation; however, it also would result in embryos 
of the maternal species competing with and possibly elimin- 
ating hybrid embryos. Presumably, irradiated mentor 
pollen is also effective in other angiosperms. Its useful- 
ness in hybridization will always be restricted to those 
crosses involving functionally compatible genomes. 

All hybrids tested had chromosome counts of 2n = 38, 
the normal diploid number for all known poplar species**. 
In addition to the hybrid seedlings, however, we also 
obtained in both years many seedlings with maternal 
(black cottonwood) phenotype. Many were diploid, some 
were haploid, and a few were chimaeras with both haploid 
and diploid cells, probably resulting from the spontaneous 
diploidization of haploid tissue during embryogeny. 
Further details on the aspects of haploid induction will 
be published elsewhere. At present, we can say that, m 
the case of black cottonwood, remote hybridization 
involving irradiated mentor pollen is effective in inducing 
haploid parthenogenesis in some females but not in 
others; and that the frequency of success in the responsive 
females is low. 

I thank Deanna L. West, Kathleen Hopps, Monique E. 
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Dr K. S. Bawa for technical assistance; and Dr Wilham 
B. Critchfield for criticism of the manuscript. This work 
was supported by the US National Science Foundation. 
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Poisonous Alkaloids in the Body Tissues 
of the Cinnabar Moth (Callimorpha 
jacobaeae L.) 


Callimorpha jacobaeae L. (the cinnabar moth) has a bril- 
lant red and blackish warning coloration (aposematic), 
and is a day-flying moth known to be unacceptable 
to a wide variety of vertebrate predators’. The 
larva, which feeds on groundsel (Senecio vulgaris L.) and 
ragwort (Senecio jacobaeae L.), has a black and yellow 


warning coloration and is rejected by many birds, mame 







mals, reptiles and amphibians; it is, however, pre 
by various arthropodst. When roughly han . 
imago ejects or leaks out a pungent secretion mixed wit 
yellow haemolymph from its prothoracic glands*. The 
adult moth contains a remarkably high level of histarnme 
in its body tissues (700 pg/g)—a substance frequently 
associated with poison glands in invertebrates**. 
Windecker! has shown by several thousands of experi- 
ments that the active repellent qualities of this species- 
which he assumed were their taste, smell and possibly 
the chemical effect they exert on the mucous membrane 
of the mouth or tongue—reside in the skin of the larva 
and in the haemolymph of the imago and pupa. There is 
a latent period lasting 8 weeks in the latter stage, which 
immediately follows pupation, and during this time it is 
acceptable as food to the same range of vertebrate pre- 
dators. There is also some evidence that both adult and 
larva possess other repellent qualities (probably some 
form of indigestibility) which act after ingestion and are 
independent of taste or smell'’. | 
In view of these facts we consider it extremely unlikely 
that any of the poisonous alkaloids present in the plant’? on 
which Callimorpha jacobaeae feeds could be the actively 
repellent factor, even if ingested or stored by the 
larva or transmitted to the imago, because presumably in 
this case no latent period after pupation would be evident. 
Furthermore, the alkaloids in question are slow acting 
substances!! and their effects would scarcely be associated 





and imago. 

Populations were reared separately on Senecio vulgaris 
and S. jacobaea. The total alkaloids were isolated by 
partition of the methanol soluble material, which was 
obtained by maceration of both plant and insect in 
methanol, between chloroform and 1 N sulphuric acid. The 
buff coloured aqueous acidic solution was treated with zine 
dust to reduce to the free bases any nitrogen oxides which 
were present. Concentrated ammonia was added to make 
the solution basic, and this, followed by isolation with 
chloroform, gave the total alkaloids (Table 1). Analysis 
of the total alkaloids which were present in the plants by 
gas-liquid chromatography" gave the composition shown 
in Table 2. 

Identification of the chief component from each source, 
with the exception of the imago alkaloids, was confirmed 
by isolation and comparison of its mass spectrum with 
that of an authentic sample. The composition agrees 
well with the literature! for S. jacobaea; however, 
integerrimine has not previously been reported as a 
constituent of S. vulgaris. The results of a similar 
analysis of the insect alkaloids are shown in Table 3. 

From its mass spectrum the metabolite (0,,H,,NQ,), 
present in the pupa and imago, appears to contain the 
retronecine nucleus with a modified ester substuiuent: a 
further metabolite is present in the defensive secretion. 


Table 1. TOTAL ALKALOID CONTENT OF FOOD PLANTS AND MOTHS 


Parcentage 
Source Wt. (me) dry wt, 
S. jacobaea* 60 #107 
X. vulgarist 825 14s 
Cinnabar pupae reared on S. jacchaea FT PRS 
Cinnabar imagos reared on S., jacohaca 20 1-26 
Cinnabar pupae reared on S. viudgaris 62 OS 


* Collected on December 4, 1967. We anticipate the total alkaloid content 
may be subject to seasonal variation. 
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Table 2. COMPOSITION OF ALKALOIDS PRESENT IN FOOD PLANTS* 


Plant. species Alkaloid Quantity 

S, jacobaea L. Senecionine +t 
Seneciphyhine +t + 
Integerrimine +++ 
Jacobine + 
Jacozine ~ 
Jacoline + 

S. vulgaris L. Senecionine bp tt 
Seneciphyliline + + 
Integerrimine ++ + 


+ +++ + Represents the chief components in each species, relative 
proportions of minor components represented by different number of + signs. 
~ Represents absence of compound. 

* Determined by gas-liquid chromatography on a Pye 104-14 gas chroma- 
tograph equipped with a flame ionization detector and a 1 per cent SE 30 on 
190-120 mesh Gas Chrom Q column, operating at 175° C with an argon carrier 
gas flow of 35 ml/min. 


Table 3, COMPOSITION OF ALKALOIDS PRESENT IN THE PUPAE AND IMAGOS 


OF CINNABAR MOTHS 
Insect source Alkaloid Quantity 


Cinnabar pupae reared on S. jacobaea Senecionine tt et + 
Seneciphylline 
Integerrimine 

Jacobine 

Jacoline 

Metabolite (°,,H.,NO,3* 
Senecionine 
Seneciphytline 
Integerrimine 

Cis Has NO; 

Senecionine 
seneciphylline 
integerrimine 

CHa NO, 


* Composition determined by high resolution mass spectrum. 


4 
+ + 
+ 


Cinnabar imagos reared on S. jacobaca 


bbb t 


Cinnabar pupae reared on 8, vulgaris 


HEr EE htt etatat 


+b + 


(The structures of these compounds are at present being 
investigated and will be reported in due course.) The 
presence of metabolites is of considerable interest for a 
related compound has beer isolated from the hair pencil 
secretion of the male butterfly Lycorea ceres ceres Cramer", 
which is known to feed on species of Gonolobus (personal 
communication from Eisner), a plant which does not 
apparently contain alkaloids closely related’! to those 
present in S. jacobaea and S. vulgaris. Fresh material 
is needed for examination for the presence of further 
metabolites, particularly of the pyrrole type!. Alkaloids 
and their metabolites have previously been isolated 
from a number of insects feeding on tobaeco plants 
(Nicotiana tabacum L.)'® and two compounds resembling 
the alkaloids of Glycosmis arborea L. (ref. 17) have been 
isolated from a millipede’®. 

Evidently, the cinnabar moth has an efficient storage 
mechanism by means of which it removes and retains the 
poisonous alkaloids present in the plants on which it 
feeds. The larva ingests these substances and they are 
carried through to the imago, in one case at least, in 
higher concentrations than was found in the food plant. 


The part they play-—-if any~as active deterrents remains 
enigmatic. In the egg and larval stage, however, par- 
ticularly the early stages, the cinnabar moth obtains 


murect benefits from the presence of these poisons (or 
other repellents such as taste or smell) in Senecio, for this 
plant is left severely alone by large herbivores. In pas- 
tures heavily grazed by cattle or rabbits, the herbage 
surrounding the plants is closely cropped, thus removing 
essential cover for certain arthropod predators of the 
cinnabar (personal communication from Dempster and 
Harris), and greatly reducing their toll of the eggs and 
larval stages of the moth. 

We thank Professor ©. C. J. Culvenor for authentie 
samples of the alkaloids shown in Table 2, and Dr John 
Dempster and Dr Peter Harris for supplying the informa- 
tion regarding arthropod predators. 
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Presence in Murine Sarcoma Virus 
Stocks of a Third Component which 
alone initiates Cellular Conversion 


STOCKS of mouse sarcoma virus (MSV. Moloney strain)? 
are known to contain Moloney leukaemia virus (MLV) 
as well as MSV, and induce foci of altered cells when 
inoculated on to monolayers of mouse or rat cells {con- 
version phenomenon)?>$, 

When the log of the product (number of foci multiplied 
by the virus dilution) is plotted against the log of the dilu- 
tion, a curve similar to that shown in Fig. | is obtained. 
Provided that the range of dilutions is sufficiently large, 
curves drawn from the results of nine different experi- 
ments are very similar in appearance. The curve can be 
divided into three parts beginning with lower dilutions of 
MSV: (1) a plateau indicating a proportional relationship 
between the number of foci and the dilution; (2) a slope 
indicating that the number of foci varies approximately 
as the square of the dilution; (3) another plateau implying 
the same linear relationship as in (1). The reliability of 
this curve is confirmed on the one hand by the fact that 
the three parts were reproducible in several experiments, 
and on the other by the fact that each point has been 
determined from the mean of the number of foci counted 


in four Petri dishes (diameter 50 mm) for the lowest 


dilutions, and in ten dishes for the highest dilutions. 
This type of curve can be best understood if one assumes 
the existence in MSV stoeks of at least three different 
constituents. 


Log (f x d) 





Log d 


Fie. 1. Typical titration curve of MSV (experiment No, 85) based on the 
focus forming activity of the virus on Swiss mouse embryo cell mono- 
f ; 
Ayes. 
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As demonstrated by Hartley and Rowe’, the two-hit 
part of the curve suggests that two different particles, 
MSV and MLV, are required for focus initiation. At the 
lowest dilution (first part of the curve) MLV is presumed 
to infect all the cells, and any cell infected with MSV is 
converted. By extrapolation, the ratio of MLV/MSV can 
be appreciated around 5 x 104. 

The evidence for the presence in MSV stocks of a third 
component which has not previously been described 1s 
derived from the analysis of the third part of the curve. 
The linear relationship which exists at higher dilutions 
between the number of foci and the dilution suggests that 
there are viral particles which are able to mitiate a focus 
without the aid of MLV, because at these dilutions the 
cells are not saturated with MLV. 

The hypothesis that MSV-MLV aggregates could 
account for the third part of the curve seems unlikely, 
for the viral suspensions were filtrated before inoculation 
through a 0-45 ‘Millipore’ membrane and no aggregates 
were found in the electron microscope. This third con- 
stituent could represent about one-third of the defective 
population of MSV particles. 

The nature of these non-defective particles is still a 
matter of speculation. They could be (a) either a con- 


taminant of MSV stocks, (b) an MSV--MLV recombinant if 


MSV and MLV are closely related, or (c) a non-defective 
MSV population. Another possibility could be that the 
probability for MSV to initiate foci without helper virus 
is low but not nil. 

Investigations are now in progress in our laboratory to 
isolate foci produced at high dilutions of MSV stocks and 
to study the type of virus eventually released from these 
cells. 
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Use of Viruses as Carriers of Added 
Genetic Information 


Usg of viral RNA or DNA information in the control of 


genetic deficiency and certain other diseases, including 
cancer, has been suggested by transduction with bacterio- 
phage’ and by the recent report of the reduction in levels 
of blood arginine in certain animals and man as a result 
of infection with the Shope papilloma virus, which 
induces a virus-specific arginase’. 

Theoretically one can use information which is either 
innately part of the virus, transduced from other genomes, 
or synthesized in the laboratory and attached to viral 
nucleie acid, the virus bemg the vector. To test the latter 
hypothesis, we decided to ‘add nucleotide sequences to a 
viral nucleic acid to see whether specific effects of such 
information could be detected in infected cells. Tobacco 
mosaic virus (TMV) was chosen because its RNA is 
infective and can be purified in relatively large quantities*. 

Tobacco mosaic virus was obtained from Dr Max Lauffer 
of the University of Pittsburgh and so was the Turkish 
variety tobacco seed. Dr. A. Knight, Virus Laboratory, 
University of California, Berkeley, provided some purified 
TMV-RNA for our early e experiments. 


and O'Connor, T., Proe. Amer. Assoc. Cancer 
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Turkish tobacco plants develop a systemic disease after’ 
inoculation of the bottom leaves of the plant, indicating | 
that replication of input TMV-RNA must occur. 
RNA of the virus was purified following extraction te 
standard methods’, and then examined for homogeneity 
in a glycerol density gradient. Polynucleotide phos- 
phorylase was chosen to add polynucleotides to the 
TMV-RNA, because the particular enzyme derived from 
M.1 ysodeikticus requires an RNA primer and incorporates 
the primer in the polynucleotide sequence’. We incubated 
I mg of TMV-RNA, 1 mg of adenosme diphosphate 
(Pabst), 0-2 u of polynucleotide phosphorylase (Cal- 
biochem), and 10 umoles of ’sodium pyrophosphate/mi. 
for 2h at 37° C, following the method of Singer‘. 

The product of the reaction usirg MC-ADP was purified 
by phenol extraction’? and examined in a glycerol density 
gradient for the size of the polymer produced. The RNA 
was centrifuged out at 35,000 r.p.m. ip the Beckman 
SW-39 rotor at 10° C for 15 h. The RNA-poly A was then 
redissolved in 0-1 M sodium phosphate buffer, pH 7, and 
the tobacco plants were inoculated. Control plants were 
inoculated with purified untreated RNA or with com- 
mercial polyadenylic acid (Miles Laboratories) plus un- 
treated RNA in the same concentration as the experi- 
mental group of plants. 

Tobacco leaves were picked at varying intervals from 
1 to 3 months after infection with RNA. The frozen leaves 
were ground with a mortar and pestle and extracted with 
0-1 M phosphate buffer, pH 70. The virus and other 
particulates were centrifuged out at 22,400 r.p.m. for 1 h 
in the Beckman No. 30 anglehead rotor. The viral super- 
natant was adjusted to 5 per cent with trichloracetic 
acid and centrifuged, and the precipitate was discarded. 
Tungstic acid was added to 0-25 per cent to the super- 
natant, the pH was adjusted to 2-0, and the precipitate 
was centrifuged and saved. (The tungstie acid precipitate 
should contain any polylysine present in free form’.) The 
precipitate was then dissolved in water, with alkali added 
to the amount required for solubilization. ‘This solution 
was then dialysed overnight, and the material outside the 
tubing used for further analyses. In the et ar ly experiments 
this dialysate was treated with trypsin at 25° C, pH 8, for 
20 min to free the lysine oligomers from any other proteins 
to which they might have been cov alently bonded. 
Control tryptic digestions of polylysine showed the pro- 
duction of maximal amounts of tri and tetra- lysine in 
these conditions. This digest was then apphed directiy 
to a carboxymethyl cellulose column for separation of the 
lysine oligomers. In later experiments, when it was found 
that the trypsin step was unnecessary, the dialysate was 
concentrated and applied to a Beckman type PA 35 
column for basic amino-acids (8 per cent crosslinked 
sulphonated styrene copolymer resin} on a Beckman 
amino-acid analyser, and eluted with 0-38 M citrate 
buffer, pH 4-26, at 55 ml./h. 

Preliminary work had shown that with these technicpues 
ivsine oligomers from one to six were all eluted at the 
position of lysine. The oligolysines were collected and 
the eluate was concentrated with a flash evaporator at 
50° C under vacuum; the peptides present were then 
desalted with a ‘Sephadex G-10° column. After desalting, 
the material was concentrated and applied to a 40 x 0-9 cm 
carboxymethyl cellulose (Whatman CM 23) column in a 
l to 2 ml. volume. Elution was with a line AT NaCl gradient, 
0-0-83 M, at a flow rate of 55 ml./h (ref. 6). The eluate 
was either run directly through the amino-acid analyser 
to measure the peaks or collected and tested for the 
presence of ninhydrin-positive material in the tubes. 
When peaks were found, the remaining material in the 
tubes was hydrolysed w ith 6 N HCl for 18 h and the 
hydrolysate was tested for amino-acid content on the 
amino-acid analyser. The Beckman Spinco Model 120C 
was used with a microcuvette and an electronic range 
card to increase sensitivity. 

Fig. 14 shows the size distribution of 
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Fig. 1 (A and B). Sedimentation profile of TMV-RNA. TMV-RNA 
was purified by phenol extraction and spun in a linear glycerol density 
gradient, 18-61 per cent glycerol, for 125 min at 89,000 r.p.m. in a 
Spinco SW-39 rotor, and analysed at 260 mø in an Isco 6-5 cm flow 
cell. Fractions were collected subsequently on filter paper disks, sent 
through a cold 5 per cent TCA and a 25° C 5 per cent TCA wash, dried 
with acetone, and then counted in scintillator vials in a 100 per cent 
toluene/0-4 per cent BBOT mixture. se MC-ADP used was 67-4 mCi/ 
mmole, 


TMV-RNA; much of the RNA was fragmented as is usual 
in these preparations of TMV-RNA?. Fig. 1B shows 
the optical density and radioactivity profile of the poly-A- 
modified RNA made from this RNA in a “C-ADP reaction 
mixture after a phenol purification step. Identical con- 
centrations of ADP, RNA and enzyme were used in this 
reaction as in the normal reactions. The heavy peak 
present in the original RNA has been almost completely 
modified, and a new smaller peak primarily derived from 
the nput TMV-RNA has appeared. This degradation was 
a feature common to all the polynucleotide phosphorylase 
reaction mixtures, and probably reflects phosphorolysis, 
that is, the reverse reaction. 

A similar glycerol density gradient was sampled and 
used for infectivity tests. All were positive up to 
tube 25; only tubes | to 3, the degraded peak, 
showed reduced infectivity as was manifested by an 


Table 1. 
Control TMV peakst 
infected plants 
60 2 original leaves 


Polylysine hydrolysate 
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increase over 10 days in the latent period to visible 
infection. The material corresponding to tube 25 should 
have the largest amount of poly-A attached to the RNA 
judging from its rapid migration through the gradient. 
When non-fractionated TMV-RNA-poly-A was compared 
with untreated RNA, there was no difference in the 
infectivity judging from either the latent period to 
visible disease or by titring the RNA using Xanthi 
plants and counting the local lesions which were induced. 
Batches of polynucleotide phosphorylase vary, so in 
some examples, a diminution in infectivity would be 
expected to result from the degradative effects. 

The radioactivity present at the low OD region, tubes 
15-25, is also a common feature of this reaction with 
TMV, and presumably consists of a small number of very 
large polymers. The large peak for tube 7 had about 
18 moles of terminal adenosine/moles of RNA, while the 
peak for tube 4 had about 7/mole, correcting for the 
molecular weights of both peaks. The very large radio- 
active peak for tube 1, which has virtually no optical 
density counterpart, is chiefly poly-A, either from an 
unprimed reaction or from one primed by small oligo- 
nucleotides. To summarize, the modified RNA consisted 
chiefly of two chief components of viral RNA (with an 
average of 18 and 7 moles of A added/mole of RNA, 
respectively), some very large polymers and a very small 
amount of poly-A. 

The sequence of elution of lysine oligomers (obtained 
by partial acid hydrolysis of commercial polylysine) from 
the carboxymethyl cellulose column was determined first. 
The elution profile was then compared with the profile 
obtained from plants infected with unmodified control 
TMV-RNA. 

In Table 1 it is evident that both tetra and penta- 
lysines have been isolated from the experimental material. 
The small arnount of arginine and histidine found is at 
the same level of background contaminating amino-acids 
as taken from the column and hydrolysed from a position 
containing no discernible peak. Because of the sensitivity 
of these techniques, trace amounts of contaminating 
amino-acids are almost always found. In the RNA 
control material a small peak moving at 380 min was 
found. This peak was barely distinguishable from back- 
ground, and was certainly not polylysine, as shown by 
amino-acid analysis. Polylysine was also absent in the 
TMV-RNA plus commercial poly-A control, indicating 
that the poly-A must be attached to the virus RNA to 
be effective. 

The induction of pclylysine in tobacco plants infected 
with poly-A-modified TMV-RNA is clear. The small 
influence of trypsin on the recovery of lysine oligomers 
suggests that the polylysines induced are not necessarily 


TIME OF ELUTION OF PEAKS FROM CARBOXYMETHYL CELLULOSE* AND THEIR AMINO-ACEID CONSTITUTION FOLLOWING HYDROLYSIS 
TMV-RNA + commercial 
poly-A-infected plants 
37 g original leaves 


Poly-A TMV-RNA 
infected plants 
10 g original leaves§ 


Poly-A TMV-RNA peaks 
infected plants 
35 mg original leaves f 


Size Time Time Amino-acid comp. Time Amino-acid comp. Time Amino-acid comp. Time Amino-acid comp. 
(min) (min) (mmoles) (min) (mumoles) (min) (memoles) (min) imamoles)} 
Mone 158 155 Lysine 21-3 156 Lysine 4°3 155 Lysine = 140 Lysine 1-4 
Arginine 12:5 Arginine 2:5 Arginine =m Arginine 0 
Histidine!) Histidine 0-4 Histidine -- Histidine trace4 
Dimer 240 235 Lysine 205 254 Lysine 0-9 240 Lysine ao 220 Lysine 26°38 
Arginine 48-9 Arginine 0-6 Arginine ~~ Arginine 2-4 
Histidine 5-0 Histidine 0-4 Histidine -— Histidine trace 
Trimer 330 Q None Q None ü None 326 Lysine 52 
Arginine trace 
Histidine trace 
3530 Lysine 223 370 Lysine 1-0 
Arginine 4-6 Arginine 0-7 
Histidine Histidine trace 
Tetra 425 0 None Q None 428 Lysine 204-8 420 Specimen lost 
Arginine 6-0 
Histidine i} 
Penta 515 Q None i None B17 Lysine 223-7 480 Lysine T4 
Arginine 73 Arginine 0 
Histidine ü Histidine 0 


* Linear 0-0-83 sodium chloride gradient. , , , i 
T At least twice as much extract as estimated from starting material supplied as applied to column designated poly-A RNA, 


t Background: lysine—9-7, arginine—8-0, histidine—trace%. 


$ Background: lysine-—trace4, arginine—trace4, histidine—trace 4. 
l Not separable from ammonia peak. 


© Less than 0-2 mymoles, 
~~ Not determined. 
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attached to other proteins synthesized from the virus 
-= information. It may be that the trypsin treatment not 
-< only freed polylysines from protein, however, but also 

hydrolysed any released to the monomeric or dimeric 
form, which made it impossible to distinguish the poly- 
lysine from the lysine present in control plants. 

Whether the newly synthesized virus in plants infected 
with the modified RNA contains the added information 1s 
not yet known. The protein coat of this virus was not 
distinguishable from ordinary TMV virus protein coat by 
amino-acid analysis. There is no reason to believe, how- 
ever, that the subunits of the protein coat could not 
polymerize to an extent to cover such added information. 

Isolation of polylysine from plants infected with poly-A- 
modified TMV-RNA shows that sequences of nucleotides 
can be added to a virus RNA in vitro and the virus used 
as a vector to transmit the desired information. The fact 
that Turkish variety tobacco plants give this result 
indicates that the input TMV-poly A is being replicated 
in vivo to account for the systemic effect. Now that it is 
known that both the RNA’ and DNAS of viruses can be 
replicated in vitro it seems that the next step is to build 
a meaningful sequence on a virus RNA or DNA, replicate 
the modified virus to the amount needed, and use the 
virus to transmit the information. 

We thank Dr Virginia Merriam for advice on raising 
tobacco plants and for demonstrating virus and RNA 
inoculation. This research was jointly sponsored by the 
National Cancer Institute and by the US Atomic Energy 
Commission under contract with the Union Carbide 
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Possible Mechanism for Mycoplasma 
Inhibition of Lymphocyte Transformation 
induced by Phytohaemagglutinin 


M yeoplasma pneumoniae stimulates transformation and 
mitosis in cultures of lymphocytes obtained from sen- 
sitized individuals’, as do other antigens*. In contrast, 
M. hominis? and M. arthritidist inhibit lymphocyte trans- 
formation induced by phytohaemagglutinin (PHA). We 
have examined the effects of different species of Myco- 


Table 1. 








plasma on lymphocyte cultures in an attempt to: 
the mechanism of mycoplasma inhibition > 
induced transformation. i 

Most Mycoplasma species utilize either ar 
dextrose (fermenters) for energy. ant 
arthritidis utilize arginine and inhibit PHA stirnulation o 
lymphocyte cultures, whereas M. pneumoniae, a fermenter, 
does not have these properties. It became interesting 
therefore to establish whether other arginine-using Myco- 
plasma species could similarly inhibit PHA stimulation 
of lymphocyte cultures and whether the inhibitory action 
could be reversed by adding arginine to the medium. 

Six species of Mycoplasma were studied. Three utilized 
arginine: M. hominis strains PG-21, PG-25 and Botte, 
M. arthritidis strain JR-3 and M. orale type 1 stram 
19299, and three utilized dextrose: M. pneumoniae strain 
FH, M. canis strain PG-14 and M. bovigenitaliam stram 
PG-11. The mycoplasmas grown in the appropriate broth 
medium’? were inoculated into lymphocyte cultures in 
amounts of approximately 107 organisms per culture. 
The inocula and the population titres of mycoplasmas were 
determined by the dilution plate count method. 

Heparinized peripheral blood was obtained from eight 
healthy adults; it was sedimented by centrifugation and 
the white cell-rich plasma which was removed contained 
60-80 per cent lymphocytes. Cultures containing 2 x 105 
lymphocytes were grown in Eagle’s minimal essential 
medium (MEM) with penicillin (10 u/ml.), streptomycin 
(10 ug/ml.) and 33 per cent calf serum as deseribed 
earlier?. The cultures were inoculated in triplicate with 
either the broth medium (which contains yeast extract 
and horse serum), PHA, Mycoplasma organisms, or PHA 
in combination with one of the six Mycoplasma species. 
The cultures were incubated in silicone-stoppered 10 ml. 
glass bottles for 5 days at 37°+1°C. Four hours before 
collection, 6 uCi of tritiated thymidine (specifie activity 
6-7 Ci/mmole) was added to each culture. The cells were 
sedimented by centrifugation at 1,000g for 10 min, washed 
with saline and precipitated with 5 per cent trichloracetic 
acid (TCA). The precipitate was washed again with TCA 
and with 95 per cent ethanol, dissolved in hydroxide of 
hyamine at 60° C for 15 min, resuspended in 0-6 per cent 
2-5 diphenyloxazole and counted in a Packard scintillation 
counter. 

The mean c.p.m./culture in the control lymphocyte 
cultures was 8-7 x 10° (Table 1). The variation in uptake 
among the unstimulated lymphocyte cultures probably 
reflects the response of cells of some individuals to a` 
component in the medium, such as the calf serum”. After 
addition of mycoplasma medium to the lymphocyte 
eulture system, the mean response, 11-1] x 10° ¢.p.m./ 
culture, was not significantly different from that of the 
uninoculated control cultures. The addition of PHA 
alone stimulated the lymphocyte cultures and the mean 
response was 331 x 10° ¢.p.m./culture. When PHA and 
the arginine-using M. hominis were added simultaneously, 
lymphocyte stimulation was significantly imhibited and 
the mean response was 18-7 x 10° e.p.m./eulture. Similar 
results were obtained with three strains of M. hominis 
(PG-21, PG-25 and Botte) and with two other arginme- 
using species, M. orale and M. arthritidis. On the other 
hand, the three dextrose-fermenting Mycoplasma species-—- 


EFFECT OF MYCOPLASMA METABOLISM ON THE STIMULATION CF HUMAN LYMPHOCYTES TO PHYTOHABRMAGGLUTININ 


Total tritiated thymidine uptake: c.p.m./culture (x 16%) in human lymphocytes 


{‘ultures without PHA 


Subject f Mycoplasma 
Control Mycoplasma M. pneu- Control 
medium M. kominis moniae 

1 53 23-5 37 43-0 394-9 

2 2-1 0-66 — 2-4 138-9 
3 6-2 —* -66 20-6 401-5 
4 32°3 — — — 139-6 

5 4-4 ~ 25 — 412-2 

6 32 2+] t} 24 150 388-5 

7 (PES 18-2 1-2 — 330-8 

s 153 na — — 426-0) 
Mean 8-7 1h 0-55 22-5 331-6 


* Not done. 


PHA-stimulated cultures 
Arginine users 
M., arthri- 


Fermenters 


AY. pneu- AM. hori- 


M. hominis M. orale lidis MORHEG Ad. egnis genitaliun 
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Table 2. EFFECT OF ARGININE ON THE STIMULATION OF HUMAN LYMPHO- 
CYTES TO PHYTOHAEMAGGLUTININ AND Mycoplasma hominis 
Total tritiated thymidine 
uptake (day 5) 
e.p.m./ceulture (x 10%) 


Original medium Treatment on day 3 Stimulant 
PHA and 
None PHA M. hominis 

Eagle's medium None | 15-2 446-0 8:0 
(MEM) Replaced with MEM 5-5 346-4 477-0 
Replaced with AFM 36 145-5 46 
Add 10 mM arginine 0-4 128-4 237-5 
Arginine-free None f 21-1 174-3 11-4 
medium (AFM) Replaced with MEM 8-6 310-8 566-0 
Replaced with AFM 11 176-4 7-2 
Add 10 mM arginine 8-0 120-3 247-0 


M. pneumoniae, M. canis and M. bovigenitalium—did not 
inhibit PHA stimulation. The mean response of PHA- 
stimulated cells with the three arginine users and with the 
three fermenters was 7-4 10° and 433-8 x 10% ¢.p.m./ 
culture, respectively. When mycoplasma was added alone 
to cultures, the mean response to M. hominis and M. 
pneumoniae was 0-55 x 10° and 22-5 x 10° ¢.p.m./culture, 
respectively. Thus the three Mycoplasma species which 
were capable of rapidly and completely converting arginine 
for energy inhibited the stimulatory effect of PHA while 
none of the three fermenters inhibited the effect of PHA. 
Furthermore, the inhibitory effect of the arginine-using 
Mycoplasma was blocked by replacing the original medium 
with fresh MEM or by adding 10 mM arginine to the 
cultures. 

The results of a typical experiment on the effect of 
arginine on the inhibition of PHA-stimulation by M. 
hominis are shown in Table 2. On day 3, the original 
medium was replaced either with complete MEM or with 
arginine-free MEM medium (AFM), or supplemented with 
additional argmine and the total thymidine uptake was 
determined on day 5. When PHA and M. hominis were 
added together, the PHA effect was inhibited. The 
mhibitory effect of M. hominis was neutralized by re- 
placing the original medium with MEM or by addition 
of excess (10 mM) arginine, but not by replacing the 
medium with arginine-free medium. It was interesting 
that the lymphocytes grown in arginine-free medium could 
respond to PHA-stimulation although the response was 
less than that seen in cells grown in complete MEM. This 
finding implies that perhaps some arginine was present 
in the cells at the time they were placed in culture and 
that this residual intracellular arginine was used by the 
cells for a partial response. When the lymphocyte cultures 
were inoculated with the arginine-using mycoplasmas, 
even this intracellular arginine must become unavailable 
to the lymphocyte. 

These studies extend the observations of Copperman 
and Morton® and show that other strains of M. hominis 
(strains PG-21 and Botte) and other Mycoplasma species 
(M. arthritidis and M. orale) which use arginine for energy 
inhibit PHA-stimulation of lymphocyte cultures. The 
three Mycoplasma fermenters tested which do not use 
arginine for energy did not inhibit the stimulatory effect 
of PHA. Furthermore, the lymphocytes in the arginine 
depleted cultures were not killed, for the inhibitory action 
was reversed by changing the culture medium or simply 
by adding excess (10 mM) arginine to the medium. Thus 
the effect appears similar to the inhibitory action of 
Mycoplasma on the growth of monolayer cell cultures® 19, 
The inhibitory action of M. hominis and the other Myco- 
plasma species which utilize arginine for energy on PHA- 
stimulation of lymphocyte cultures is presumably due to 
the ability of mycoplasma to deplete the available arginine, 
thus depriving the cells of an essential amino-acid. 

I thank Nancy Lee Hubbard, Donald B. Riggs and 
Marion W. Grabowski for technical assistance. 
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New Group of Virulent Bacteriophages 
showing Differential Affinity for 
Brucella Species 


BACTERIOPHAGES isolated from Brucella! are all closely 
related*-* and can be taken as replicas of the international 
reference type phage Tb of Popkhadze and Abashidze, 
which identifies the three main species of Brucella7: (1) 
Br. melitensis, which is unsusceptible (although variants 
sensitive to phage do occur); (2) Br. abortus, which is 
susceptible at “routine test dilution”’, defined as the highest 
phage dilution producing a reaction of semi-confluent lysis 
on an appropriate indicator strain; and (3) Br. suis, which 
is susceptible only at concentrations ten thousand times 
greater than the routine test dilution. Highly concentrated 
suspensions of phage Tb produce ¢ spot of hazy opalescent 
lysis on lawns of Br. suis, whicl helps to distinguish it 
from the other two species. 

New virulent and polyvalent brucellaphages have been 
isolated. They were released from representative strains 
of the three species. The phages were propagated on their 
own parent strains or on a genetically homologous strain. 
(I am indebted to Dr Elinor Meynell for advice on phage 
propagation.) 

It was thought that this form of multiplication might 
give rise to infective progeny intimately related, genomic- 
ally, to their parent cells. Phages derived from ‘“meli- 
tensis’’ or “‘suis’’ cultures had lytic capacities that were 
higher for strains belonging to the same species as their own 
parent strains, and lower for other Brucella groups. A 
“typing set” was formed by three new phages, each one 
related to each of the three fundamental species of 
Brucella. Their combined lytic affinities produce patterns 
of lysis specifie enough to be applied in the classification 
of the genus. 

For the isolation of these phages, a group of strains 
exhibiting “‘pseudo-lysis”’ was selected. This phenomenon 
was described as “spontaneous lysis’’ caused by a carrier- 
state situation’, Clearings varying in size and irregularly 
circular in shape develop in dense cell lawns. Several may 
appear in a single plate and, although well distinguished 
morphologically from genuine plaques of phage (they 
resemble the auto-plaque phenomenon described in 
Pseudomonas aeruginosa’), they give rise to mature infective 
particles. Forty-six isolates of the conventional type of 
brucellaphage were obtained from cultures affected by 
“false lysis”? 

Dense cell lawns were prepared from smooth strains 
known to produce clearings by flooding agar plates with 
broth cultures, the excess being pipetted off. The plates 
were left open to dry and then incubated. False-lytic 
clearings with the underlying agar and a little of the 
surrounding growth were cut from the affected lawns and 
immersed in 3 ml. of broth. After incubation the cultures 
were centrifuged and filtered through ‘HA-Millipore’ mem- 
branes. Drops of the filtrates were then placed on lawns 
of the corresponding parent (or homologous) strain. The 
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plates were dried and incubated. The GROUP- i GROUP -H nEn oN 
lawns usually showed wide circular Be E a T EE ER E ae ee 
clearings in the space taken by the drops B 
of the filtrates. They were in turn cut, i a ma = M , 
immersed in broth and propagated. E z i : 2 8 a j J 
The procedure was repeated serially z = = z = S ' 3 A 

« + pes o &> es rss =~ 
until the filtrates had a strong clearing x 8 £ 2 8 © 3 š 3 
effect. on the bacterial lawns. Then the i z 2 3 2 x a i 


entire affected lawn was emulsified in 
3-5 ml. of broth and left for 1 week at 


— 25° C to facilitate bursting of cells and E 
release of phage™®. At the end of this 10 
period the thawed cultures were centri- ww 


fuged and the filtered supernatants 
heavily inoculated with homologous 10 
packed cells. The mixtures were spread 


on the agar surface, dried and incubated. = ' 
This procedure was repeated as many = v3 
times as necessary. Successive “blind” 2 5 
propagations seemed to endow the $ w? 
filtrates with increasing lytic capacity. $ a 
Smooth lawns became progressively = 10 
rougher until the cells were reduced to aa 


a sticky mass rich in mucopolysacchar- 
ide. True pin-point phage plaques were WE 
then observed in the propagating lawns 
and mature infective particles were 
present in the resulting lysates. 

A few more repropagations brought 
the lysates to a convenient titre (a 
routine test dilution of about 1 x 10-77). 
Some ‘melitensis’ or “suis” strains 
seemed incapable of increasing the 
titre of their own phage suspensions, however. Phage 
propagations by the double agar layer technique" were 
unsuccessful. Albimi (Brucella) agar and broth or 
similar media and 48 h incubations were used. 

Three lysates were applied as a typing set to test 140 
strains of Brucella. (1) Melitensis phage M85, released 
from strain M85 and propagated on strain M10. (Both 
cultures were isolated from goat’s milk in 1953. Strain 
M85 is a typical Br. melitensis-1 and strain M10, although 
phage-sensitive, exhibits a genuine ‘‘melitensis-1’’ pheno- 
type.) (2) Abortus phage A422, released and propagated 
on its own Br. abortus-1 strain A422, which was isolated 
from a bovine foetus in 1956. (3) Suis phage $708, 
released and propagated on Br. suis-1 strain S708, which 
was isolated in 1956 from a swine foetus. None of these 
bacterial cultures has ever been affected by transforma- 
tion’? since isolation from the host. 

Fig. 1 shows that the species and biotypes of the genus 
have fallen into four distinct groups, each one displaying 
a characteristic pattern of lysis. In group I, comprising the 
phage-sensitive variants of Br. melitensis-1, affinity is 
greatest for phage M (reaching the routine test dilution 
in 50 per cent of the strains), lower for phage A and lowest 
for phage S. About half of the strains tested were in- 
sensitive to both phage A and phage S. Group H, formed 
by biotypes 6 and 2 of Br. abortus, has greatest affinity for 
phages M and A, both lysates reaching the routine test 
dilution except in two strains. Phage S had a lower lytic 
response. Group III comprises biotype 4 and the species- 
defining biotype-1 of Br. abortus, which are fully sensitive 
to all three phages. Group IV mcludes biotypes 3 and 1 
of Br. suis-1 together with Br. rangiferi-iarandt and Br. 
neotomae. Ten cultures of Br. suts biotype-2 have shown 
a varied degree of roughness and were resistant to phages. 
Lytic sensitivity to phage S was at routine test dilution 
but was lower to phages M and A. As in members of 
group I, three strains of Br. swis-1 were susceptible only 
to their own homologous phage. Variation in heterologous 
phage-affinity was greater in Br. suis-1 than in any other 
group of strains tested, however. 

Fifteen Br. abortus first classified as biotype-2 (lytic 
group IT) fell into lytic group IH. Conventional methods 
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Fig. 1. Typing of Brucella species with phage. For each type of Brucella, the first cotuma 
corresponds to phage M85, the second to phage 4422 and the third to phage S708. Figures 
inside columns represent the number of strains reacting at highest titre with the correapond- 
The routine test dilution of the phages was adjusted to 1x 10-*. Strains 
were classified by: CO, dependence (at isolation), H.S and urease production, and dye 
tolerance on agar plates containing 1 : 25,000 of basic fuchsin, 1 : 50,000 of thionin and 
1 : 10,000 of safranin-O. All strains in the smooth phase were susceptible to the conven- 
tional type of Parnas brucellaphage No. 10. Neg., no lysis; Und., undiluted lysate. 


of speciation showed that the cultures were of biotype-1 
(lytic group TII) as a result of spontaneous intra-specific 
mutation. Fifty cultures from other workers were given 
new taxonomic positions by this phage-typing procedure. 

Br. neotomae and Br. rangtferi-tarands (both, like Br. 
suis, strong splitters of urea) are of the “suis” group of 
strains. This work confirms Dr Margaret Meyer’s*® 
creation of biotype 4 for Br. rangiferi-tarandi. Furthermore, 
the discovery of a new phage which reacts with the “sus” 
group of strains at routine test dilution has important 
practical inplications. 

This work was carried out at the Central Veterinary 
Laboratory (Ministry of Agriculture and Fisheries), 
Weybridge, England, where I held a scholarship of the 
Calouste Gulbenkian Foundation and a fellowship of 
the FAO (United Nations). 

M. Morerma-J ACOB 
National Laboratory of Veterinary Research, 
Lisbon. 
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Arbovirus Haemagglutinins: 
Differential Susceptibility to Trypsin 


ARBOVIRUSES are rather labile viruses which are imacti- 
vated easily by several physical, chemical and biological 
agents. Cheng! showed that proteolytic enzymes destroy 
the infectivity and haemagglutinin of group B arbovirus 
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Table 1. 


Strain SIND CHIK YF WN 
Antigen preparation F SA F F 
Initial haemagglutinin titre 5127 256 5,120 5,120 
HA titre after incubation for 
30 min at 37° C: without 
trypsin 512 256 a, L20 5,120 
in the presence of trypsin* 
1 pg/ml. 512 256 3,420 5,120 
2 we/mil. 512 512 2,560 5,120 
4 gg/ml, 512 512 40 2,560 
8 agimi. at2 512 < 40 640 
16 gimi, 512 512 < 40 < 40 
32 ugjml. 12 i2 <40 < 40 
64 xg/ml. 512 512 < 40 < 40 
128 agjmh 512 512 < 4} < 40 
256 egimi. 512 512 < 40 < 46 


* Purilied trypsin, Pasteur Institute, Paris. 


but not those of group A. Thus the two groups could be 
differentiated on a structural basis. 

Since then many new arboviruses have been discovered. 
We have studied the phenomenon of trypsin inactivation 
of haemagglutinin by a quantitative method using 
viruses belonging to several groups. These experiments 
confirmed the high susceptibility of some viruses to the 
action of the enzyme and demonstrated several patterns 
of response to this treatment. 

Dilutions of trypsin were prepared in the wells of a 
haemagglutination plastic tray using borate buffered 
saline, pH 9, to obtain concentrations of 1-256 ug/ml. of 
the enzyme. To 0-4 ml. of each of these dilutions, and to 
0-4 ml. of buffered saline as a control, was added 0-4 ml. 
of haemagglutinin antigen, prepared either by the sucrose~ 
acetone technique or by three treatments with Freon 113. 
‘The mixture was incubated for 30 min in a water bath at 
37° C. Then the suspensions which were diluted in 
buffered saline containing 0-4 per cent bovine serum 
albumin and goose red cells were added. 

It is possible to determine the concentration of enzyme 
required to inactivate completely the haemagglutinin 
or to cause a significant decrease in titre (four-fold, for 
example) if there is an intermediate zone. Some antigens 
are unstable at 37° C and are then treated for 1 h at room 
temperature. Several batches of trypsin were tried. The 
principal experiments were carried out with preparations 
obtained from the Pasteur Institute (lyophilized purified 
trypsin) or from Bacto-trypsin Difco. The concentrations 
are expressed as the weight of dry powder/ml. in the final 
mixture with haemagglutinin preparations. 

The different samples of trypsin used did not haem- 
agglutinate goose red cells in concentrations of 512 ug/ml. 
and less. No haemagglutinin was obtained by treatment 
of normal mouse brain with sucrose—acetone or Freon 113 
and with trypsin at a concentration of 512 ug/ml. 

Table 1 shows the results obtained with several viruses 
from different groups: Sindbis (SIND) and Chikungunya 
(CHIK) from group 4; Yellow Fever French neurotropic 
strain (YF), West Nile Egypt 101 (WN), Central European 
Encephalitis (CEE), Saint Louis Encephalitis (SLE), 
Murray Valley Encephalitis (MVE) from group B; Bun- 
yamwera (BUN) and Calovo (CAL) from Bunyamwera 
group, and Tahyna (TAH) from the California group. It 
is clear from these results that, as Cheng has said, group 
A virus haemagglutinins are not susceptible to high con- 
are destroyed by concentrations of the enzyme ranging 
from 4 to 8 ug/ml. It is also clear that Bunyamwera virus 
is almost as resistant as group A viruses. Tahyna virus 
haemagglutinin, on the contrary, was inactivated after 
30 min at 37° C in the absence of trypsin but was pro- 
tected and even potentiated if the enzyme was present at 
a convement concentration, thus giving a pattern of 
response completely opposite to the pattern of the sus- 
ceptible viruses. This experiment was repeated several 
times with different batches of reagents and was quite 
easily reproducible. The results were identical when the 
action of the trypsin was blocked before haemagglutinin 
titration by the addition to the incubated mixture of 
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INFLUENCE OF TRYPSIN ON THE ACTIVITY OF ARBOVIRUS HABMAGGLUTININS 


CRE SLE MVE BUN CAL TAH 
F SA SA E F E 
5,120 §40 1,280 1,280 256 160 
5,120 640 160 1,280 256 < 20 
3,120 640) 640 1,280 256 < 20 
9,120 640 640 1,280 256 < 20 
320 <40 < 40 1,280 256 30 
< 40 < 40 < 40 1,280 256 160 
< 40 < 40 < 46) 1,280 256 160 
< 40 <40 < 40 1,280 256 160 
< 40 <40 <40 1,280 256 160 
< 40 < 4) < 40 640 256 320 
< 40 < 40 < 40 —_- 256 — 


+ Haemagglutination titre = 1: 512. 


erystalline soybean trypsin inhibitor in the same con- 
centration as the enzyme. 

In order to check further the significance of this finding, 
the opportunity was taken, during a visit to the Yale 
Arbovirus Research Unit laboratories, to repeat, in 
different conditions, the experiments with the California 
group virus mentioned earlier, and also to examine the 
other viruses of the group. 


Table 2. INFLUENCE OF TRYPSIN ON THE ACTIVITY OF CALIFORNIA COMPLEX 


HABRMAGGLUTININS 


Strain TAH CE LaCR TRI GUA (YF) 
Antigen preparation SA BA SA SA SA SA 

Initial haemagghitinin 

titre 1287 128 x 128 ï 1,600 
Titre after 30 min at 

°C 10 125 ï 128 3 1,600 

n the presence of try psin* i 

1 ze/ml. 10 128 8 128 8 1,600 

2 pe/ml. 10 128 8 i28 8 4,800 

4 ug/ml. 10 128 8 12 8 1,600 

8 agjml. 18 128 16 128 Š 1,600 

16 ug/ml. 160 128 4 128 8 200 

32 ug/ml. 1,28€ 256 128 256 32 < 40 

64 ug/ml. 1,280 512 «128 512 128 <4 

128 ug/ml. 1,280 1,024 128 2,048 128 < 40 

256 pg/ml. 1,280 1,024 128 2,048 128 < 40 


* Bacto-trypsin Difco. 
+ Haemagglutination titre =1 : 128, 


Table 2 shows the results obtained with Tahyna (TAH), 
California (CE), La Crosse (LaCR), Trivitattus (TRI) and 
Guaroa (GUA) sucrose~acetone treated antigens. These 
results show that with the five viruses not only did the 
antigen retain inactivity in the presence of the enzyme 
but the haemagglutinin titre increased after treatment. 

The dose cf trypsin necessary to obtain the maximum 
titre was about 32-128 pg/ml. in the conditions of these 
experiments. Further work is in progress to assess the 
possibility of using this method to improve the antigens 
used in serology. 

Other experiments were carried out to check the sus- 
ceptibility of various preparations of haemagglutinin of 
Sindbis virus. Mussgay and Rott? showed that treatment 
of infected suspensions with ‘Tween’-ether increases the 
titre of the haemagglutinin, probably by dissolving 
the lipid envelope and dissociating the particles bearing the 
haemagglutinating activity into smaller fragments. The 
susceptibility to trypsin of intact (treated with Freon) 
and “Tween’-ether treated preparations of Sindbis haem- 
agglutinin was investigated. Table 3 confirms that the 


Table 3. INFLUENCE OF TRYPSIN ON INTACT OR ‘TWEEN'- ETHER TREATED 


SINDEIS HABMAGGLUTININ 


Time of Experi- Batch Effect on Effect on 
incubation ment of intact TE treated 
at 37° C No, trypsin haemagglutinin haemagghitinin 
30 min 1 A No inactivation at Inactivation by 2 
512 egiml. pair. 
2 F No inactivation at Inactivation by 16 
512 wa/ral. pens pol. 
3 F No inactivation at Inactivation by 32 
512 gimi. gimi. 
4 F No inactivation at Inactivation by 16 
512 gimi. wep, 
th 4 F No inactivation at Inactivation by & 
512 pe/ml, ugiml. 
2h 4 F No inactivation at Inactivation by 2 


512 ug/ml. 


agimi 
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intact haemagglutinin was not susceptible, even after 
longer exposure to trypsin. On the contrary, after treat- 
ment with ‘Tween'-ether. which increased the haem- 
agglutinin titre, trypsin very efficiently destroyed this 
activity, for the concentrations causing inactivation 
(2-32 ug) were similar to those found for group B viruses. 
This result showed that the resistance of group 4 viruses 
may be a consequence of protection of the haemagglutinins 
by the lipids of the envelope: such a protection was not 
efficient in the case of group B viruses although a lipid 
envelope is also present. 

Another series of experiments was performed to study 
the possibility of using this technique (with YF virus) as 
an easy method for titrating and comparing the activity 
of different preparations of trypsin. It was possible to 
detect a concentration of 2 ug/ml. of trypsin after 30 min 
at 37° C, and after a longer period of inoculation even 
smaller concentrations could be detected. This represents 
a very sensitive and quick method of titration of the 
enzyme activity. 

Different batches of trypsin were titrated against YF 
antigen. They showed various degrees of activity accord- 
ing to their purity and state of preservation, The minimal 
dose of enzyme capable of destroying completely the 
haemagglutinating capacity of the antigen preparation 
varied between 8 and 128 ug/ml. The weakest batch came 
from a fresh solution of a trypsin powder which had been 
kept at room temperature for 5 yr in a screw capped 
bottle. 

Our results confirmed that the two group A haem- 
agglutinating antigens are resistant to trypsin. We sug- 
gest that the necessary condition for this resistance 1s 
the protection afforded by the lipid envelope, because the 
agglutinin dispersed by “Tween’-ether is sensitive to 
trypsin. The five group B virus haemagglutinins used in 
these experiments are not protected by their lipid envelope. 
for they are susceptible even in crude suspension. Bun- 
yamwera and Calovo viruses (Bunyamwera group) behave 
like group A. Haemagglutinins of the viruses belonging 
to the California complex are protected and even poten- 
tiated by trypsin: it is not yet known whether the 
phenomenon is caused by direct potentiation of the 
haevnagglutinin or by enzyme inactivation of an inhibitor. 

I thank the staff of the Yale Arbovirus Research Unit 
and WHO Reference Centre, New Haven, for hospitality 
and help. This work was supported by the Institut 
National de la Santé et de la Recherche Médicale and by 
Fondation pour la Recherche Médicale Française. 
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Cell Migration Inhibition Factor 
released by Antigen from Human 
Peripheral Lymphocytes 


Sreciric antigen markedly inhibits the migration of 
macrophages from tissue explants of animals which show 
positive delayed hypersensitivity skin tests to that 
antigen!?, The technique of migration inhibition from 
capillary tubes introduced by George and Vaughan” and 
extended by David et al.‘ is the most practical. David” 
and Bloom and Bennett’? have shown that the capillary- 
tube-migration-inhibition assay requires: (1) a non- 
sensitive, migrating macrophage cell population, usually 
obtained as peritoneal exudate cells induced by oil; (2) a 
sensitive lymphocyte cell population; and (3) specific 
antigen. A migration inhibition factor (MIF) is apparently 
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synthesized and released by the hypersensitive lympho- — 


cytes after contact with antigen*-*. Normal cells cannot be 


sensitized by incubation with antigen alone, nor by meu- 
bating them with sera from animals previously shown to 
exhibit delayed hypersensitivity to the antigen. 

The inaccessibility of peritoneal exudates as a human 
migrating cell population made it difficult to apply this 
technique to man. Although we found that freshly 
prepared human lymph node cell suspensions did not 
migrate freely, they did migrate after being cultivated 
for 72 h in tissue culture®!°. In an attempt to develop a 
more useful clinical test, peripheral lymphocytes were 
cultured for 72 h, but a good migrating cell population 
was not obtained. As another approach to the problem, 
MIF was first released into the supernatant fluid from 
separated human sensitive peripheral lymphocytes exposed 
to specific antigen. The supernatant fluid was then placed 
with non-sensitive guinea-pig peritoneal exudates. 

The method consists of drawing 50 ml. of heparmized, 
human whole blood by venipuncture. Six per cent 
‘Dextran’ is then added to a final concentration of 0-6 
per cent and the red blood cells (RBC) are allowed to 
sediment by gravity while incubating at 37° C. The non- 
sedimenting portion containing the plasma and the 
white blood cells (WBC) is then placed on cotton filter 
columns and incubated for 10 min to allow removal of 
most monocytes and leucocytes. More than 90 per cent 
of the cells that pass through the cotton filters are morpho- 
logically lymphocytes. These isolated lymphocytes are 
then washed with Hanks balanced salt solution and diluted 
in TC-199 tissue culture medium to contain 3-5 x 10° cells/ 
ml. Four experimental combinations were designed: 
(1) tissue culture medium and cells but with no antigen 
were controls; (2) medium+cells+10 ug/ml, of PPD 
antigen; (3) medium+cells+ 30 ug/ml. of histoplasmin; 
and (4) medium+cells+1:1,000 dilution of a stock 
coceidioidin solution (Cutter Laboratories, Berkeley. 
California). After 24-48 h in tissue culture tubes, each 
was centrifuged and the cell-free supernatant fluids from 
all four combinations for each lymphocyte donor were 
collected. This supernatant fluid was then dialysed 
under pressure in a boiled dialysis membrane against 
TC-199. After the samples had been concentrated ten 
times by volume, the remaining supernatant fluid in the 
dialysis tubing was removed and prepared for tissue 
culture by: (1) addition of heat-inactivated 10 per cent 
guinea-pig serum and 5 per cent foetal calf serum; (2) 
buffering to pH 7-4 with bicarbonate; and (3) addition of 
penicillin (50 U/ml.) and streptomycin (100 ug/ml.) m 
TC-199 medium. Those tubes incubated with specific 
antigen, and containing sensitive lymphocytes, represented 
the potential MIF samples to be added to the Sykes- 
Moore closed tissue culture chambers (Bellco Glass, Vme- 
land, NJ). 

To obtain the migrating cell population, outbred albino 
guinea-pigs were injected intraperitoneally with 30 mi. of 
paraffin oil. After 4-5 days, the peritoneal exudates were 
removed and washed with Hanks solution, placed in 
capillary tubes as cell suspensions, and centrifuged at 
500 r.p.m. to obtain cell pellets. The capillary tubes were 
broken at the cell-fluid interface and fastened in Sykes- 
Moore chambers with sterile silicone. The chambers were 
sealed and filled with the various combinations of tissue 
culture medium, antigen and supernatant fluid previously 
deseribed. After 36 h of incubation, the chambers were 
placed in an American Optical projection microscope and 
the area of cell migration from the capillary tubes was 
measured by planimetry: 


REND SPE ERS OER e CAL NONE OE ay O 
average area of migration without antigen 
= percentage of migration or migration index (AID) 


Using this technique of migration Inhibition, seventeen 
human lymphocyte donors were studied. Typieal results 
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are presented (Fig. 1) of the areas of migration for three 
donors, obtained when non-sensitive guinea-pig peri- 
toneal exudate cells (GP-PECs) are allowed to migrate in 
tissue culture medium with supernatant fluids collected 
from human lymphocyte tissue cultures exposed to 
antigen. The corresponding skin tests and migration 
indices are shown in Table 1. Patient S. V. is an individual 
with positive skin tests for PPD and histoplasmin but not 
for coccidioidin; cell migration was inhibited by PPD 
(MI= 30) and by histoplasmin (MI = 20) but not by coecid- 
ioidin (MI=95). Patient S. R. reacts with a positive skin 
test to PPD and coccidioidin but not to histoplasmin; 
cell migration is inhibited by PPD (MI=24) and by 
coccidioidin (MI= 29) but not by histoplasmin (MI = 93). 
Patient D. T. is sensitive by skin test to all three antigens 
and demonstrates migration inhibition to PPD (MI = 18), 
histoplasmin (MI=34) and coccidioidin (MI=21). All 
control cultures without antigen are not inhibited. Also, 
the GP-PECs were tested with antigen but without the 
supernatant fluids (Fig. 1, top line) to rule out sensitivity 
of the guinea-pig indicator cells themselves: with PPD 
(MI=96), with histoplasmin (MI=90) and with coccid- 
ioidin (MI= 104). Of the remaining fourteen donors. 
thirteen had positive skin tests to PPD, three to histo- 
plasmin and one to coccidioidin. For each donor, the 


Without antigen PPD 


Noneensitive 
GP-PECs 


8. R. 


D. T. 
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Table 1. DELAYED HYPERSENSITIVITY SKIN REACTIONS AND CAPILLARY 
TUBE CELL-MIGRATION-INHIBITION INDICES FOR THE THREE HUMAN DONORS 
EXAMINED WITH THREE ANTIGENS AND SHOWN IN FIG. 1 


PPD Histoplasmin Coccidioidin 
Patient Skin test MI Skin test MI Skin test MI 
(mm mmr) (mm mm) Ne (imm x mm) o 
S. V, + (7 x10) 30 +(10 x 10) 20) — (29 x 4) 95 
8S., R. + (90 x 12) 24 — (2 x 2) 93 +(8 x11) 20 
D T: +{11™« 14) 18 +(15 & 18) 34 +(8 x 9) 21 


inhibition of migration was specific for the antigen which 
elicited a delayed hypersensitivity skin reaction. 

Thus these experiments made it possible to identify 
sensitive and non-sensitive cell populations of peripheral 
human lymphocytes. All sensitive human lymphocytes 
showed antigen specific release of a factor capable of 
inhibiting the migration of guinea-pig macrophage-type 
cells (peritoneal exudates). This human migration inhibi- 
tion factor is presumably analogous to the migration 
inhibition factor (MIF) of the guinea-pig. The fact that 
human MIF inhibits migration of guinea-pig macrophages 
indicates that it lacks species specificity. 

By using human peripheral lymphocytes, this paper 
described a cell-migration inhibition in vitro system that 
correlates with delayed hypersensitivity skin tests in 
man. Thus this in vitro test procedure has immediate 
practical applications for studies in autoimmunity, infec- 


Coccidioidin 


Histoplasmin 





Fig.1. Areas of migration from capillary tubes and migration inhibition. Non-sensitive guinea-pig peritones!] exudates were used as indicator 


cells (top row); these GP-PECs show no inhibition by any of the three antigens. 


Human peripheral lymphocytes of patients 8. V.. 8. R. and 


J). T. were incubated with each antigen in tissue culture; the effect of the supernatant fluids (containing a "human MIF") on the migration of 


GP-PECs from capillary tubes is shown, 


See Table 1 for skin test and migration indices. 
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tious diseases, contact sensitivity and homograft rejection. 
as well as for the delineation of the molecular factors that 
mediate human hypersensitivity reactions. For three 
antigens, PPD, histoplasmin and coccidioidin, all donors 
with positive skin tests showed specific migration inhibi- 
tion. 

Using the supernatant fluids of the lymphocytes after 
incubation with antigen, our experiments suggest that 
the lymphocytes of one species can be examined for 
sensitivity with a migrating cell population of another 
species by the migration inhibition technique. l 

This work was supported By grants from the US Public 
Health Service and the US National Science Foundation. 
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High Lymphocyte Transformation 
with Non-haemolytic 
Streptococcal Product 


A VARIETY of antigenic substances can induce generally 
low percentages of transformation of peripheral blood 
lymphocytes obtained from specifically sensitive donors 
into large blast-like cells capable of division. Phyto- 
haemagglutinin, pokeweed extract, streptolysin S, 
staphylococcal filtrate and antilymphocyte serum are 
capable of inducing generally higher percentages of 
transformation in the lymphocytes of all normal subjects, 
apparently irrespective of previous sensitization (re- 
viewed in ref. 1). Streptolysin S, a haemolytic strepto- 
coccal toxin, is of interest because it has been implicated 
in the pathogenesis of rheumatic fever? and lysosome- 
mediated tissue damage*. We report here the induction 
of a high percentage of transformation of human peri- 
pheral blood lymphocytes cultured in vitro with a non- 
haemolytic streptococcal product. 

The C203U strain of group A streptococcus, originally 
described by Bernheimer as derived by mutation from a 
streptolysin S-producing strain (C2038), but itself unable 
to produce active streptolysin‘, was obtained from Dr 
Jeanette E. Winter. It was grown, collected, washed 
and incubated by the procedure outlined by Bernheimer 
for the production of streptolysin S (ref. 4), except for 
minor modifications including the addition of cysteine 
to the suspension medium, as suggested by Ginsburg and 
Bentwich’. The procedure was repeated three times and 
three batches of the resulting “C203U product” were 
obtained. The procedure was also repeated three times 
with the parent strain of C203U, that is, C203S (obtained 
from Dr Alan W. Bernheimer), and three batches of 
“0203S product” were obtained. 
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Large transformed cells after incubation with C208U product 


Fig. 1. 


for 5 days (Wright's stain; x c. 765). 


Despite meticulous care in using the same batches of 
broth and the same culturing technique, the C203U 
strain stopped growing consistently 0-5-1 h earlier than 
the C203S strain and the final optical density of the 
C203U cultures at 650 mu was consistently lower (0-315, 
0-310, 0-315) than that of the C203S cultures (0-370, 
0-385, 0-370). These observations suggest physiological 
difference(s) between the two strains besides the differ- 
ence in ability to synthesize active streptolysin S. 

After dialysis and lyophilization, the three batches of 
C203S product and the three batches of C203U product 
were tested for haemolytic activity’. That of the three 
batches of C203S product ranged from 13,200 to 20,000 
50 per cent haemolytic units (HU ,)/mg. The haemolytic 
activity of the three batches of C203U product was less 
than 1 HU,,/mg. 

Lymphocytes were cultured in vitro essentially as 
described by Hirschhorn et a/.* with the following modifica- 
tions: the cell concentration was 1 million/ml., giving 
4 million cells/4 ml. bottle; the cells were washed twice; 
and they were stained on slides with Wright's stain, one 
slide from each of the three to four replicate bottles. 
The slides were given random coded numbers and then 
read “blindly”. 

Fig. 1 shows the typical appearance under the light 
microscope of human peripheral blood lymphocytes 
cultured in the presence of C203U product and collected 
at the end of the fifth day of culture. Their appearance 
could not be distinguished from that of lymphocytes 
cultured in the presence of C203S product and collected 
at the same time. 

Three experiments were carried out to ascertain the 
degree of transformation obtainable with varying amounts 
of each of the three batches of C203U product. Lympho- 
cytes from a single donor were used in each experiment. 
Equal amounts by weight of each of the three batches of 
0203S product were also used (one batch for each experi- 
ment). The protocol of a representative experiment is 
presented in Table 1. It will be noted that doses of 25 ug 
of C2038 product per bottle (500 HU,,) or more resulted 
in cell death, while amounts up to 400 ug of the C203U 
product resulted in viable and transformed lympho- 
cytes. The maximum transformation obtained with the 
C203U product (70-3 per cent) was close to the maximum 
obtained with the C203S product (88 per cent), although 
the amount needed to obtain 50 per cent transformation 
(calculated by interpolation) was about eighty times 
greater for the C203U product. It is a moot point whether 
the lesser transforming activity of the C203U product is 
related to its lack of haemolytic activity, to the lesser 
growth of the C203U strain noted here, to both or to 
neither. 

These experiments indicate that a potent lymphocyte 
transforming factor is produced by a streptococeal mutant 
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Table 1 


Reagents added to 4 mil. of Per cent transformation 


lymphocyte suspension + SD, 
None 1542-49 
0-025 eg C208 U product S64 1-73 
v1 ,, 3 N 10-7 t348 
{}-4 a es 7 13-0 + 3-46 
1-6 TF Sr t: 15524212 
25 oe mi ‘a 14-7+5-20 
625 |, y $ 3004+231} 
2500 ‘ 63-3 + 4-62 
100-00 ,, j AP 67-0423) 
400-00 ,, i si 70:3 +173 
0-025 we C2033 produet 0-5 HE) 31-6 + 2-89 
ry} be Pe j5 (2 AU.) 4264346 
O-4 n xx es i8 HU) 64:341-73 
16 ne 3 Pe (82. HU) 65-6 + 2-89 
=o = a i (60 HU.) 67-0 + 3-46 
6-25, ii he (125 HU; 88-0 + 2-31 
2500 a s (500 HU) Cel death 

100-00 ,, Pes » (2,000 HEU, = mn 

400-00 ,, » (8,000 HU,,) is ms 


0] mi. phytohaemagglutinin 


(Burroughs-Wellcome)} 1154+ 94-0 


unable to produce streptolysin S as defined by its haemoly- 
tic activity, and raise the possibility that the substance 
responsible for lymphocyte transformation in streptolysin 
S preparations is distinct from that responsible for the 
haemolytic activity, and similar to that present in the 
C203U product. Alternatively, the haemolytic and 
transforming activities of preparations of streptolysin S 
may reside in two different sites of a single molecule, 
and the mutation giving rise to the C203U strain may 
have affected the haemolytic but not the transforming 
site. These possibilities are being investigated, and so 
is the hypothesis that the substance responsible for 
streptococcal transforming activity might depress antibody 
production when administered in vivo before immuniza- 
tion, as it has been shown to occur with phytohaemag- 
glutinin® and with some streptococcal products’. 
This work was aided by grants from the US Public 
Health Service. We thank Dr J. E. Winter and Dr A. W. 
Bernheimer for providing us with the streptococcal 
strains, and Prane Lauraityte for technical assistance. 
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Red Cell Binding of y Heavy 
Chains isolated from 
Polyalanylated Anti-Rh, IgG 


To extend biochemical studies of isolated anti-Rh IgG 
subunits (unpublished results of S. J. G.), experiments have 
been designed in which human anti-Rh, heavy chains 
rendered soluble in neutral aqueous solution show binding 
specificity for the Rh determinant. Antigenicity of the 
solubilized heavy chains remains partially intact when 
tested with homologous rabbit antisera. 
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Reduced IgG or Fab fragments refold and regain con- 
formation after removal of reducing agents!~*, Although 
it has been amply demonstrated that antibody specificity 
resides predominantly in the Fd portion of the heavy chain, 
precise contributions by and roles of heavy and light 
chains remain unresolved. Probably these vary in indivi- 
dual cases. One major difficulty has been the greater 
tendency of heavy chains to aggregate than light chains 
in neutral aqueous solution. The requirement of a neutral 
isotonic aqueous medium for recovery and demonstration 
of antibody activity is particularly true when using red 
cells as antigens. 

The heavy chains of poiy-pt-alanyl IgG prepared by 
reaction of IgG with excess DL-alanine N-carboxy anhy- 
dride are reasonably soluble in neutral isotonic aqueous 
mediat. Although they retain much of their specific anti- 
genic character’ there is usually poor recovery of hapten 
binding’. Ideally, alanine enrichment of IgG should be 
sufficient to prevent aggregation of heavy chains while 
not sterically blocking those amino-acids which confer 
specificity. The following data indicate that heavy chains 
from polyalanylated anti-Rh, IgG bind firmly and specific- 
ally to Rh positive cells and retain antigenic determinants 
recognizable by rabbit anti-heavy chain antibodies. The 
latter feature is preserved by heavy chains to a greater 
extent than by hght chains. 

Anti-Rh, IgG was prepared from a single donor who 
had been hyperimmunized over a 20 yr period (reciprocal 
serological titre, 16,384, provided by Dr Louis K. Diamond, 
Boston Blood Grouping Laboratory; unpublished results of 
S. J. G.). It was treated with pt-alanine N-carboxy anhyd- 
ride (Pilot Chemical Company)? in a weight ratio of 3:1 
(anhydride to IgG). The anhydride (300 mg) was dissolved 
rapidly in cold, moisture-free dioxane, (15 ml.) which was 
then added to 5 ml. of 0-05 M phosphate buffer, pH 7-0, 
containing 100 mg of IgG. The mixture was dialysed at. 
3° C against 0-9 per cent NaCl to remove small residues. 
The polyalanylated IgG was chain separated!*. After 
dialysis against 1 M acetic acid, removal of a small precipi- 
tate by centrifugation and concentration to 5 ml., the 
solution containing reduced and alkylated protein was 
filtered through polyacrylamide P-200 equilibrated with 
1 M acetic acid. Intact IgG or aggregate (cut I) and light 
chains (cut III) (Fig. 1) were easily soluble in 0-9 per cent 
NaCl. Heavy chains (cut IT) were soluble to a maximum 
of 5 mg/ml. Dry weight yields averaged 65 per cent. 
Effluents were not purified of unreacted alanyl polymers 
by sequential (‘Sephadex G-50’) gel filtration because of 
probable additional loss. Previous work had established 
that unreacted alany] residues excluded as a separate peak 
approximate | per cent of intact IgG (ref. 6). Despite varia- 
tions in anhydride samples the extent of alanine contamina- 
tion for isolated heavy chains should be less. Heavy 
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Fig. 1. Separation of heavy and light chains of polyalanylated anti-Rh, 

IgG ona 150 x 3-5 em column containing polyacrylamide P-200 equilibra- 

ted with 1 M acetic acid. (A) H, and IgG aggregates, (H) heavy chains, 
‘L) ght chains. 
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Double diffusion (0-7 ml. of agar) experiment with uniform con- 
Although two lines form between 
lvG (anti-Rh, IgG) and RaH (rabbit anti-human heavy chain), a single 
line of partial identity is formed with poly H (polyalanyl heavy chain 


Fig. 2. 
centration (5 mg/ml.) of antigens. 


derivative). This is shared in reaction between IgG, RaH and RalgG 
(rabbit anti-human IgG). No line forms between Rax (rabbit anti-human 
kappa chain) and poly H. 


chain enrichment, as estimated by amino-acid analysis", 
was 7:1 alanine residues per lysine (approximately 225, 
molecule) (Table 1). 


Table 1. INCORPORATION OF ALANINE INTO ANTI-Rho HEAVY CHAINS 
No, ol lysine No, ol alanine 
residues*® residues*® 
Polyalanyl! H-chain 31°7 253 


Untreated H-chain 31-3 
* Residues per molecule of heavy chain based on a chain length of 450 
residues for the unmodified subunit, 


Oe? 


[Immunological studies were performed in l per cent 
agar made up with 0-075 M veronal buffer, pH 8-6 (B2 
Buffer. Beckman Instruments). Immunoelectrophoresis 
of IgG or polyalanyl IgG demonstrated characteristic 


single bands when tested against rabbit anti-human 
heavy chain (y)*, anti-human IgGT or anti-human 


serumt (unpublished results of S. J. G.). Heavy chain 
derivatives of polyalany! IgG (0-04 mil.) formed one band 
(cationic) with anti-heavy chain reagent. For double 
diffusion tests a microtechnique (0-7 ml. of agar/slide) was 
utilized. Single applications of protein (0-02 ml.) were 
made in a uniform concentration of 5 mg/ml. Rabbit 
anti-heavy chain serum reacted strongly with polyalany! 
heavy chains forming a single line of partial identity with 
that of anti-Rh, IgG (Fig. 2). The latter, however, formed 
a second line indicating aggregation of anti-Rh IgG, 
blocked determinants or diminished heterogeneity of 
polyalanyl heavy chains. A selected population of poly- 
alanyl heavy chains was indicated by absorption experl- 
ments. That significant antigenic determinants on heavy 
chains were not blocked by alanylation is suggested by the 
sharp line partially shared with that of anti-Rh, IgG 
tested rabbit anti-heavy and rabbit anti-IgG 
sera (Fig. In contrast to tests with anti-heavy chain 
serum, weak reactions occurred when rabbit anti-IgG and 


against 


2). 


anti-human serum reagents were tested against polyalanyl 
heavy chains (Figs. 3 and 4) subsequently confirmed by 
Undoubtedly, a number of heavy chain 
determinants are unavailable in intact IgG and are more 


serological tests. 


readily recognized by anti-heavy than anti-IgG reagents. 
Rabbit anti-human serum absorbed with polyalanyl heavy 
or completely reduced alkylated heavy chains had im- 


* Rabbit antisera were produced by immunization with heavy and light 
(x or 4) chains from appropriate G myeloma proteins which were not com- 
pletely reduced and alkylated. The anti-Rh IeG contained light chains 
predominantly of the kappa class (unpublished results of S. J. G.). 

t Commercial (Hyland Labs.) reagent antisera were employed No 
further purification of anti-human IgG (fraction IT) or anti-human serum 
reagents was done, 


7 
7 


paired reactions with light chains indicating shared 
genic determinants light and heavy 
Polyalanyl light chains retained considerably less ant 
genicity than polyalany! heavy chains or unenriched light 


between Cnaws. 


chains even in tests against homologous antisera (Figs. 3 
and 5) indicative of greater interference with light chain 
Two lines, 


determinants by poly -DL-alanine. found 


with reference standard myeloma kappa chains, suggest 
heterogeneity or dimers (Fig. 9). 

Serological were performed with Rh positi 
(R2R2—cDE cDE) and Rh negative cells. Anti-Rho tae 
heavy chains or light chains (0-05 ml.) were incubated f 
2. h at 37° C ) per 


tests 


with 0-05 ml. of 2 cent 


washed red cells added dropwise to each dilution. Coated 


SUSPENSION: Di 


cells were washed, centrifuged and tubes were dec 

After repeating the cycle three times, 0-05 ml. of undilutes 
agglutinating reagent antiserum was added and the mix 
ture immediately centrifuged. The agglutinating titre ol 
coating protein was expressed as the reciprocal oil the 
highest dilution in which there was strong agglutinatior 
when active cells were resuspended. Polvalanyl heavy 
chain-coated R?R? cells were observed first to react weakly 
anti-human IgG and anti-human agents 


with serum ri 


Solid aggregation occurred after the addition of anti-human 
(but 


heavy not anti-human light) chain serun lhis 





Fig. 3. In this pattern RalgG is tested against H, poly H, poly L 

(polyalanyl light chain derivative) and IgG. Line with the latter torms 

spur, Note lack of reaction with poly L Vo line forms wit! ntreates 
heavy chains because of their insolul! 





Fig. 4 RaHS (rabbit anti-human serum) is substituted I Ra 

4 line of identity is shared by Land IgG. A second hazy umi ri witl 

L and poly H. None appears with poly L. Absorption of RaHsS t| 
poly H or L effectively reduces homologous lines 
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Fig. 5. 
standard protein in a concentration of 5 mg/mi.). In this experiment 
concentration of x was reduced to 2 mg/ml. and concentrations of L and 
poly L were increased to 20 mg/ml. Because rabbit antisera were pro- 
duced against kappa chains which had not been reduced and alkylated, 
antibodies directed against dimers probably account for one of the two 
lines formed against x and L. Note partial identity of poly L with L and 
x. A line of identity is shared by L and IgG. 


* Test anti-Rh, serum has an approximate 60:40 x: 4 ratio. 


Rax* produces a dense line with x (ka pa myeloma reference 


suggests that enhanced agglutination was specific for heavy 
chains and not caused by contaminating IgG or molecular 
aggregates. Subsequent tests were performed with a 
single agglutinating reagent. An insignificant contribution 
by contaminating light chains or polymers thereof is 
supported by the serological data. A summary of reactions 
is shown in Table 2. Preliminary elution experiments 
using polyalanyl heavy chain-coated red cells incubated 
with intact anti-Rh, IgG demonstrated effective blockade 
of Rh determinants by subunit molecules. 

Rabbit anti-heavy chain or rabbit anti-IgG reagents 
absorbed with suspensions of completely reduced and 
alkylated heavy chains failed to react with polyalanyl 
heavy chain-coated red cells. Although untreated heavy 
chains could not be detected by gel diffusion, they were 
identified on red cells by rabbit anti-heavy chain serum. 
Reaction was too weak, however, to ascertain titre. Anti- 
kappa light chain antiserum caused slight aggregation 
of polyalanyl heavy and light chain-coated red cells but 
not of cells incubated with polyalany! light chains. These 


Table 2. AGGLUTINATING TITRE OF HUMAN POLYALANYLATED SUBUNIT 
COATS TESTED AGAINST UNDILUTED SPECIFIC RABBIT ANTISERA 


Rabbit antisera* 


Anti-human Anti-human 


Coats t heavy chain lightchain Anti-human Anti-human 
(y) (x) IgG serum 
Polyalany! anti-Rh, 

heavy chains 128 (+1 8-16 16 
Polyalanyl anti-Rh, 

IgG 256-512 64 2 2 
Anti-Rh, IgG 512 512 256 512-1,024 
Polyalanyl IgG t 0 0 0 0 
Polyalany! anti-Rh, 

light chains 0 0 0 0 
Anti-Rh, light chains§ 0 2 0-1 0-2 


The agglutinating titre is the reciprocal of the highest dilution in which 

strong agglutination persisted when coated RIR? cells were resuspended. 

* Controls were provided by absorption of rabbit antisera with subunite as 
described in text. 

t Reference standard Rh negative cells treated with these preparations and 
scored as test cella were negative in all dilutions. 

t IgG control from R*R* human donor. Tests with inert subunits (heavy 
and light) were similar. 

§ Light chains in the anti-Rh, serum were preponderantly of the kappa 
class, 
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were light chain derivatives as substantiated by double 
diffusion, which also lends support to the contention that 
antigenic determinants of light chains are more signifi- 
cantly impaired by alanine enrichment than are those 
of heavy chains (unpublished results of 8. J. G.). 

These observations indicate that polyalanyl heavy 
chains derived from alanine-enriched anti-Rh, IgG have 
the ability to bind specifically with Rh determinants. 
Alanyl residues do not provide sufficient new binding sites 
on subunits of IgG to cause appreciable non-specific 
coating of red cells. 


STANLEY J. Gross* 
ZOLTAN TÖKES 
Division of Biology, 
California Institute of Technology and 
School of Medicine, 
University of California, 
Los Angeles. 


Received May 3; revised June 17, 1968. 


* Present address: 


School of Medicine, University of California, Los 
Angeles, 


‘ Buckley, C. E., Whitney, P. L., and Tanford, C., Proc. US Nat. Acad. Sci., 
50, 827 (1963), 


* Haber, E., Proc. US Nat. Acad. Sci., 52, 1099 (1964). 

* Noelken, M. E., and Tanford, C., J. Biol. Chem., 239, 1828 (1964). 

t Whitney, P, L., and Tanford, C., Proc. US Nat. Acad. Sei., 53, 524 (1965). 
* Whitney, P. L., and Tanford, C., J. Biol. Chem., 240, 4271 (1965), 

* Fuchs, 8., and Sela, M., J. Biol. Chem., 240, 3558 (1965). 

' Freedman, M. H., and Sela, M., J. Biol. Chem., 241, 5225 (1966). 

* Freedman, M. H., J. Biol. Chem., 241, 2383 (1966). 

* Haber, E., and Richards, F. F., Proc. Roy. Soc., B, 166, 176 (1966). 


e Fleischman, J. B., Pain, R., and Porter, R. R.. Arch. Biochem. Biophys., 
Suppi. 1, 174 (1962). 


“ Spackman, D. H., Stein, W. H., and Moore, 8., Anal. Chem., 30, 1190 (1958). 


Thrombin-induced Platelet Release 
Reaction and Platelet Lysosomes 


SomE platelet subcellular granules contain acid hydrolytic 
enzymes and might be classified as lysosomes'. Clotting 
of plasma rich in platelets causes loss of acid phosphatase? 
and f-glucuronidase* from the platelets. Thrombin 
induces release of serotonin':’ and adenine nucleotides’ 
from platelets concomitantly with degranulation., The 
thrombin produced during clotting probably causes the 
release of lysosomal enzymes. Kowalski et al.” were 
unable to demonstrate release of acid phosphatase by 
thrombin, but claimed that the enzyme was activated in 
the platelets and suggested that lysosomal activation was 
a step in the release process. What happens to the 
platelet lysosomes during the release reaction is uncertain. 
We have studied the action of thrombin on washed plate- 
lets: acid phosphatase and §-glucuronidase were used as 
markers for lysosomes, lactic dehydrogenase for cyto- 
plasm and cytochrome c oxidase for the mitochondria. 
Plasma rich in platelets (30-40 ml.) was obtained by 
centrifugation of human blood containing 0-0058 M 
EDTA at 900g for 15 min at 25° C. The platelets were 
washed’ twice and suspended in ¢ris-saline (0-12 M NaCl 
in 0-03 M tris-HCl, pH 7-35) containing 0003 M EDTA 
in a concentration of 1-9 x 10° cells/ml. Portions (2 ml.) of 
this suspension were incubated separately at 37° C for 5 
min with (1) 0-4 ml. tris-saline; (2) 0-2 ml. éris-saline + 
0-2 ml. 0-06 M CaCl, in 0-06 M NaCl; (3) 0-2 ml. tris-saline + 
0-2 ml. 50 NIH units thrombin/ml. tris-saline (bovine 
thrombin, Topostasine Roche, F. Hoffmann—La Roche, 
Basle); and (4) 0-2 ml. 50 units thrombin/ml. tris-saline + 
0-2 ml. 0-06 M CaCl, in 0:06 M NaCl. The samples were 
then cooled at 0° C and centrifuged at 18,500g for 5 min at 
5° C. The supernatants (extracellular phases) were collected 
and the platelets suspended in tris-saline containing 0-005 M 
EDTA (intracellular phases). All specimens were frozen 
and thawed once before determination of protein’, acid 


NATURE, VOL. 219. AUGUST 17. 1968 


p-nitrophenylphosphatase”®, 8-phenolphthalein glucuron- 
idase!t, lactic dehydrogenase’*, cytochrome c¢ oxidase 
and serotonin’. Adenosine diphcsphate (ADP) and 
adenosine triphosphate (ATP) were determined in EDTA- 
ethanol extracts’ by a firefly luminescence method’. 
More than 90 per cent of all enzyme activities, serotommn 
and nucleotides were present intracellularly in controls 
without Ca++ (Table 1). Small amounts of all activities 
were present extracellularly and probably reflected un- 
specific cell lysis. The presence of Ca** caused an increase 
in serotonin and nucleotide concentrations extracellularly 
with a concomitant decrease intracellularly. Total acid 
phosphatase activity increased extracellularly, but with- 
out change in specific activity (Table 2). 
Table 1. DISTRIBUTION OF TOTAL ENZYME ACTIVITIES AND AMOUNTS OF 


SUBSTANCES IN EXTRA AND INTRACELLULAK PHASES OF BUFFER (B) AND 
THROMBIN (T} TREATED PLATELET SUSPENSIONS 


Intracellular Extracellular 

Enzyme or substance —Ca*t +Cat* -Catt +Catt 

B B T B T B T 
Acid phosphatase 97 97 95 93 3 3 5 9 
8-Giucuronidase 98 86 98 55 2 14 2 45 
Lactic dehydrogenase 97 98 95 90 3 2 2 1 
Cytochrome ¢ oxidase 96 93 7 o4 4 7 3 7 
Protein* 9 91 93 89 5 9 & 12 
Serotonin Ot 5 78 22 9 73 22 7E 
ATP+ADP 94 45 86 3i 5 54 14 69 


Final concentrations were: thrombin, 5 NTH units/ml. and Ca++, 2 mM. 
ie anaes are relative to the activity in intracellular + extracellular phase 
= » 
* In the extracellular phases these are corrected for thrombin protein. 


Table 2. SPECIFIC ACTIVITIES OF ENZYMES* AND AMOUNTS OF ADENINE 
NUCLEOTIDES AND SEROTONIN IN EXTRA AND INTRACELLULAR PHASES OF 
BUFFER (B) AND THROMBIN (T) TREATED PLATELET SUSPENSIONS 


intracellular Extracellular 

Enzyme or substance — Cat? + Catt m Catt + Cat? 

B T B T B F B T 
Acid phosphatase (x10) G1 68 58 55 32 24 36 4-0 
8-iucuronidase {x10 16 12 1:2 08 O05 23 O4 73 
Lactic dehydrogenase( x 107%) 75 8-0 63 6-8 41 $283 17 2-2 
Cytochrome e oxid- 

ase (x10 6 7 12 il 3 4 3 4 

Serotonin (x10) 19 086 17 08 31 257 60 190 
ATP + ADP (x10) 6-2 34 30 2-7 65 352 10:5 37-0 


“In mumoles/min/ug protein except for cytochrome ¢ oxidase which is 
expressed in first rate order constant/wg protein. 
+ In mumoles/yg protein. 


Incubation of platelets with thrombin did not cause 
significant extracellular increase of the total or specific 
activities of acid phosphatase, lactic dehydrogenase or 
cytochrome ¢ oxidase. There was no significant intra- 
cellular decrease of these enzymes, which shows that they 
are not released by thrombin. Furthermore, no difference 
was found between intracellular acid phosphatase activity 
in controls and in thrombin treated samples whether or 
not ‘Triton-X 100 was present in the enzyme assay 
system. This indicated that thrombin did not activate 
this enzyme intracellularly. Incubation of platelets with 
thrombin and Ca++ slightly increased the total extra- 
cellular acid phosphatase activity, but as the specific 
activity did not increase significantly, no specific release of 
the enzyme occurred. Lactic dehydrogenase and cyto- 
chrome ¢ oxidase were not released by thrombin plus 
Catt, 

In contrast, 14 per cent of the total $-glucuronidase 
activity was found extracellularly on incubation with 
thrombin, with a corresponding reduction intracellularly 
(Table 1). Its extracellular specific activity increased 
considerably (Table 2), which indicates that 6-glucuroni- 
dase is specifically released. Inclusion of Catt gave a 
four-fold increase in the total and a three-fold increase in 
the specific extracellular activity of 6-glucuronidase, 
compared with samples treated with thrombin but with- 
out Cat+. Extracellular Ca++ does not seem to be essential 
for enzyme relcase, but it amplifies the process. 

Platelets which release 75 per cent of their serotonin 
and 50 per cent of their ATP+ADP on exposure to 
thrombin (Tables 1 and 2) release @-glucuronidase but 
not acid phosphatase. At least one lysosomal enzyme 
therefore participates in the release reaction by being 
actively released. This occurs without internal lysosomal 
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activation’, which might lead to immediate cell lysis 
unspecific loss of platelet constituents to the envi 
Retention of lactic dehydrogenase and cyto 
oxidase during release does not accord with tt 8: 
sibility. Internal lysis should produce irreversible changes 
in platelet metabolism, which is not the case, for platelets 
retain metabolic active ATP and ADP while releasing 
inert ones'?)18, and have the same rate of lactic acid 
formation before and after release’®. Neither these 
findings nor ours can be explained by loss of cytoplasmic 
material through holes in the membrane produced during 
release®®”, Release of specific substances from platelets 
occurs rather by extrusion of material located in special 
granules just as catecholamines, protein and ATP are 
released from adrenal medulla cells. 

Release of one lysosomal enzyme from platelets but 
not another might have several explanations. Acid 
phosphatase might be located in different granules than is 
8.glucuronidase**, as was suggested for platelets by Siegel 
and Liischer?*, or the former might be more strongly bound 
in the same granule than the latter. Further experiments 
support the second explanation, 
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Cytogenetic Effects of Strontium-90 
on the Bone Marrow of the 


Chinese Hamster 


NUMEROUS studies have been made with the ultimate goal 
of establishing dose effect models that will enable quanti- 
tative assessments of the damage inflicted by various types 
of radiation exposures. In most, the animals were exposed 
to whole body gamma or X-irradiation delivered at high 
dose rates. The number of chromosome aberrations 
changes as a function of total radiation dose, radiation dose 
rate and time after exposure’, so it is not clear how these 
criteria apply in interpreting aberrations produced by 
internally deposited radionuclides which give low, con- 
tinuous and non-uniform radiation dose rate exposures. 
Several workers have used in vivo or in vitro exposure to 
internal emitters and in vitro cell sampling to determine 
radiation damage’-’. These are relatively indirect, 80 
we have tried to evaluate the influence of an internally 
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deposited radionuclide on the frequency of chromosome 
aberrations produced and sampled in vivo. We selected 
“Sr (in equilibrium with its daughter *°Y) because it 
exists in abundance in a number of nuclear processes, 
and localizes selectively in osseous tissues, resulting in 
beta irradiation of both bone and bone marrow. Aberra- 
tions in bone marrow cells are readily studied in vivo and 
may also be significant in the development of haemato- 
poietic tissue neoplasms. We took two time periods, 2 
and 14 days after injection, because differences in the 
aberration frequency which may be observed as a function 
of the total radiation dose and dose rate change with time. 

Chinese hamsters were given intraperitoneal injections 
of 0, 0-2, 1, 2, 3 or 5 pCi Sr chloride or citrate/g body 
weight and were killed 2 or 14 days after injection. Four 
animals were given each dose for each period of time, but 
at 14 days after 2 and 5 uCi/g only three and one sur- 
vived, respectively. With one exception (5 uCi/g after 
14 days), 100-200 marrow cells were scored for chromo- 
some damage for each experimental point. 

Six days before injection of Sr, half the control animals 
and all the experimental animals were bled from the orbit 
of the eye to measure total erythrocyte, total leucocyte, 
haematocrit and differential white counts. Two hours 
before they were killed a second blood sample was collected 
from all animals. Both treated and control hamsters 
were then injected with 0-3 ml. of 1 per cent colchicine 
solution to block mitosis at metaphase and to facilitate 
chromosome and mitotic index scoring. The animals 
were killed with chloroform. 

Retention of Sr following intraperitoneal injection 
was measured by whole body counting on a Packard 
well liquid scintillation counter. From these data, the 
eumulative absorbed beta-radiation doses to the skeleton 
for the two time intervals were calculated with the 
equation 


Absorbed beta dose rate (rads/day) = K-Ep.C(t) FA. 


Vitis. Joe a a 
ener mCidavs-MeV 

Ex is the average beta energy of *Sr-%Y (1-13), FA, = 0-35, 
(ref. 8), the fraction of the beta energy absorbed in the 
skeleton and C(t) is the integral of the radionuclide con- 
centration with time expressed as uCi/ge-days. C(t) was 
obtained by assuming that Sr and *Y were always in 
equilibrium, that all the Sr was in the skeleton, and that 
the skeletal weight was 10 per cent of the whole body 
weight. With these assumptions, the radiation dose rate 
and cumulative dose to the skeleton were calculated. 
Because the concentration of Sr is high in bone and low 
in the marrow and the range of the $ particles from the 
*Sr-°°Y is short, the doses to the bone marrow would be 
smaller than those to solid bone. 

Deaths associated with bone marrow aplasia were 
observed between 7 and 14 days after injections of 2, 3 
and 5 uCi/g. During this period, eight of nine animals 
given a dose of 5 uCi/g, five of ten given 3 uCi/g and two 
of five given 2 uCi/g died. 

No significant effects were noted on the peripheral 
erythrocyte indices. Leucocyte counts were depressed 
at doses greater than 0-2 uCi/g. 

The mitotic index was measured by determining the 
number of dividing cells in 2,500 cells from each animal 
(Table 1). The mitotic index 2 and 14 days after injection 
is related to the calculated cumulative absorbed beta dose 
to the skeleton. Bleeding before exposure apparently 
stimulated mitosis. Fourteen days after injection, the 
mitotic index in the bled controls nearly returned to 
normal, 

At 2 days, in all hamsters but those given the highest 
doses of Sr, the mitotie index increased relative to the 
controls. This seems to indicate that surviving marrow 
cells proliferated to compensate for the cell damage caused 
by the Sr. The mitotic index of the animals killed after 
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0 R00 1,600 2,400 3,200 4,000 4,300 
Total dose (rads) 
Fig. 1. Number of chromosome aberrations in the bone marrow of 


Chinese hamsters related to the estimated total accumulated radiation 
dose over 3 time periods. 


Time period for radiation Day killed 
dose integration (days) after injection 


A 0-2 2 
B 0-14 4 
C 12-14 14 


14 days shows the same response as the animals killed 
after 2 days. This indicates that there is an increase in 
mitotic index at low levels of activity with a depression 
when the radiation dose is greater than that for which the 
cells can compensate. These results suggest that for 
animals killed after 2 or 14 days, both cumulative dose 
over the entire exposure period and the radiation dose 
rate were important in producing the change in mitotic 
index. 

The Feulgen stained? chromosomes were coded, located 
under low power and scored at x 1,500 on a phase contrast 
microscope. Chromosome exchange aberrations were 
scored when two chromosomes with abnormal chromatid 
lengths could be located in the same cell with one of the 
two chromosomes having chromatids, either twice or half 
as long as usual. If only one abnormal chromosome 
was found it was classified as an isochromatid deletion, with 
or without fragments. Deletions were scored only when 
the chromatid had moved from its original position. 
Chromosomal discontinuities which remained in position 
were scored as gaps. In hamsters injected with ®Sr, 
numerous chromosome and chromatid aberrations were 
observed (Table 2), In Fig. 1 the number of breaks per 
cell is related to cumulative beta dose to the skeleton. 
Breaks per cell represent the sum of the chromatid 
deletions, isochromatid deletions, plus 2x (chromatid plus 
chromosome exchanges plus dicentrics plus rings). 

Comparison of curve A (number of breaks per cell in the 
chromosomes of animals killed 2 days after injection) 
with curve B (total radiation dose delivered to animals 
killed 14 days after injection versus breaks per cell) 
suggests that a protracted dose is less effective in produc- 
ing aberrations that one delivered over 2 days. The 
cell population 14 days after injection was not the same 
as that at the end of the 2 day exposure period, and 
many of the damaged chromosomes were eliminated at 


Table 1. MITOTIC INDEX GF BONE MARROW FOLLOWING INTRAPERITONEAL 
INJECTION OF %8sr—y 
Activity injected ui Day of death Cumulative Mitotic Standard 
**Sr/g body weight afterinjection dose (rad) index mean deviation 
Non-bled contral a 6:3 0-79 
Bled control i Q TR 1-94 
-2 3 46 26 2°50 
O-5 11S x4 1-40 
1-0 2 J330 93 2-69 
2-0 z 460 9-3 1-04 
3-0 2 730 8-9 1-81 
50 2 1,180 55 247 
0-0 14 0 To t75 
0-2 14 196 oO 145 
0-4 14 483 9-8 1-77 
1-0 14 966 10-4 4°77 
2-0 14 1,932 TO 4-30 
3:0 14 2,898 6-2 2-22 
50 14 4,830 0-4 mam 
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Table 2. NUMBER AND TYPE OF CHROMOSOMAL ABERRATIONS AFTER INTRAPERITONEAL INJECTIONS OF Gr 
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No. of days Activity No. of cells . ee oe oe 
afterinjection = wCi/g scored CTD ICTD Gaps Cs Exe CT Exe ICTG Ring Dieentric Breaks 
2 0 204 1 0 1 0 0 0 0 G 1 
2 0-2 204 3 1 3 0 & 0 ü Q 4 
2 i 184 19 2 9 0 1 Q 0 1 25 | Pik 
2 2 232 29 l4 29 G 4 0 Q 1 ae ecg 
2 3 115 16 2 18 0 i 1 0 i ae ZS 
2 5 14L 45 15 i7 3 7 ü 1 3 88 P62 
14 0 i71 2 0 4 0 0 ü 0 0 2 0-01 
14 0-2 202 4 1 2 6 0 Q 1 9 7 0-08 
14 i 186 B 2 6 l Q 9 2 ü 13 OV? 
14 2 157 13 10 15 5 0 3 1 0 35 m22 
14 3 218 22 12 13 3 3 1 0 0 56 O26 
14 5 22 4 2 l 1 ü 0 i Q 10 O45 


CTD, Chromatid deletions. ICTD, Isochromatid deletions, Cs Exe, Chromosome exchanges. CT Exc, Chromatid exchanges. ICTG, Tsochromatid 


gaps. * Breaks= CTD + ICTD + 2(Cs Exc+CT Exc + Rings + Dicentrics). 
each mitotic cell division, so these results were not sur- 
prising. 

The number of chromosome aberrations may reflect the 
radiation dose delivered over each cell cycle instead of the 
total accumulated dose. To duplicate more closely the 
dose received by an individual cell at the two times of 
death, a second comparison was made using the radiation 
dose delivered during periods of two days before death. 
The radiation dose absorbed during the last 2 days 
plotted against the breaks per cell in animals killed after 
14 days (curve C) shows that, per unit dose, the dose 
delivered in the 12-14 day period was more effective in 
producing aberrations than a comparable dose delivered 
during the first 2 days after injection. These cells or 
their progenitors, however, have been exposed to radiation 
for a total of 14 days, and not just the 2 days before death. 
The increase in aberration frequency could have resulted 
from an accumulation of stable chromosome-type aberra- 
tions produced before the last 2 days, an interpretation 
which is supported by the number of chromatid as com- 
pared with chromosome-type exchanges seen at the two 
sampling periods (Table 2). The animals killed after 2 days 
have more chromatid but fewer chromosome exchanges 
than the animals killed after 14 days. This may be the 
result of loss of unstable chromatid exchanges at cell 
division, while the more stable chromosome exchanges 
were carried through mitosis. Some chromosome ex- 
changes noted at later time periods may originally have 
been chromatid exchanges which, following division and 
chromosomal duplication, appear as chromosome-type 
aberrations. 

A further comparison can be made using the number of 
unstable aberrations (those eliminated at mitosis), pro- 
duced per unit time, plotted against the accumulated dose 
in the last 2 days. When chromatid plus isochromatid 
deletions plus 2x (chromatid exchanges) were plotted 
against accumulated dose, the regression coefficients and 
their standard errors were 3-9 x 10-7+1-:8x 10-* breaks/ 
cell/rad for the 0-2 day accumulated dose and 5:9 x 10*+ 
1:2x10-* breaks/cell/rad for the dose accumulated in 
the 12-14 day period. No significant difference was seen 
between these two slopes (using a ¢ test). This indicates 
that radiation induces a constant number of aberrations 
per cell cycle per rad and that the variations observed are 
due to elimination of unstable aberrations after short 
time intervals and later accumulation of stable aberra- 
tions. Neither cellular cloning nor marker chromosomes 
were detected in chromosomes involved in aberrations 
seen after short periods. They may, however, be detected 
longer after injection. 

The number of chromosome aberrations scored after 
exposure of a proliferating tissue with an internally 
deposited radionuclide depends on the total accumulated 
radiation dose, the mitotic division rate of the tissue, the 
relative stability of the aberrations and the length of time 
between injection of the isotope and sampling of the tissue. 

At both 2 and 14 days after injection, the number of 
breaks per cell increased with increasing dose. The regres- 
sion coefficients and their standard errors were 4:7 x 10-*+ 
1-5 x 10-4, 0-92 x 104++0-12x 10-* and 94x 10-*+1-2x 
10-4 breaks/cell/rad for animals killed after 2 days (2 day 


cumulative dose, Fig. 1, curve A), and 14 days (0-14 day 
cumulative dose, curve B), and the 14 day treatments 
related to 12-14 day cumulative dose (curve Ç}, respec- 
tively. By comparison, when hamsters were given a 
50 h whole body exposure to ®Co y-irradiation, a value of 
4x 10-* breaks/cell/r. could be calculated for bone marrow 
cells scored 6 h after exposure’. 
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APPLIED SCIENCE 


Nose Trumpet: Apparatus for 
separating the Oral and Nasal 
Outputs in Speech 


A SIMPLE apparatus is described here which has been 
constructed to facilitate the study of the acoustic cor- 
relates of nasalization in normal speech. The apparatus 
separates the oral and nasal acoustic outputs so that the 
resulting signals can be recorded simultaneously and 
analysed separately. 

The separating technique is shown in detail in Fig. L 
A heavy metal plate is supported in such a way that it 
bisects the angle between the subject’s upper lip and 
nose, and a second similar plate is mounted at right 
angles to the first across the bridge of the nose. ‘These 
plates are formed by 3/16 inch thick alummium sheets 
the dimensions of which are 2 feet by 4 feet. The two 
flat plates are joined by a strip of aluminium 1/8 inch 
thick the sides of which are bent at an angle of 45° to a 
central section 4 inch wide by 4 feet long. A removable 
section of this thinner material (see inset in Fig. 1) con- 
tains a hole which has been carefully fitted to the subject, 
across the nasal bone and around the nasal aperture of 
the maxilla. 
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It is intended that the facial tissue along the edge of the 
hole should be compressed to form a seal between metal 
and bone so as to prevent the sound issuing from the nose 
from mixing with that from the mouth, and vice versa. 
This seal is generally good across the bridge of the nose, 
but some slight difficulty has been found in compressing 
the tissue below the nostrils without significantly altering 
the nostril areas. In practice, however, the change in 
acoustic characteristics as a result of this distortion is 
thought to be less than the degree of variability found 
between subjects. 

One microphone is placed 2-3 inch in front of the nose 
and a second is placed, below the chin, about the same 
distance from the mouth. Assuming an effective seal, the 
shortest air path between the microphones in any direction 
is 4 feet long. The inverse-square law predicts that the 
acoustic separation should be of the order of 25 dB. 
Results of acoustic measurements confirm that this degree 
of separation is achieved at frequencies around 50 Hz. 
Higher frequencies are better separated than this because 
of the reduction in diffraction effects around the edges of 
the plates as the frequency is increased. 

Structural resonances of the apparatus which were 
excited by the subject’s voice have been controlled by 
various stiffening, loading and damping techniques. The 
remaining resonances do not produce significant effects 
on the oral or nasal signals within the frequency range of 
greatest interest (30 Hz to 2 kHz). 

Figs. 2 to 5 give examples of the results obtained. 
Spectrograms are shown of the nasal signal (Fig. 2), the 
oral signal (Fig. 3), the nasal and oral signals mixed elec- 
trically to produce a signal similar to that which would 
be obtained without separation (Fig. 4), and the same 
text recorded on a different occasion without using the 
separator (Fig. 5). 

The spectrograms were produced by means of the 
JSRU Sound Spectrograph. This machine, unlike many 
others, does not use automatic gain control in the 
analysing process; therefore, intensity measurements 
obtained at different points in time on the same spectro- 
gram can be directly compared. The oral signal was 
analysed before the nasal signal. The nasal signal was 
then analysed without readjusting the spectrograph gain 
controls. This procedure is essential if correct weight is 





oe K 


NATURE, VOL. 219. AUGUST 17. 1968 


ge ou 9 nds if him g av 


Fig. 2, Spectrogram of the nasal signal. Intense low-frequency energy 
clearly distin hes the nasal consonants. Adjacent sounds m/ and /n/ 
show only slight spectral differences below 1 kHz. Nasa energy is 
present during most of the utterance. Significant coupling to the nasal 
cavity begins during /ou/, ends after the first /n/, begins again during /i/ 
and remains until the end of the utterance. The relatively fixed resonance 
near 1 kHz is that usually a with resonance within the nasal 
cavity. 


io 





0 
zg ou ond sš iD £ a 2 av 
Fig. 3. Spectro of the oral signal. The onset of nasalization ane 
ou/ causes a slight dropin theintensity of the first formant, The vertica 


ne during the second /n/ is caused by the lips parting after the articula- 

tion of the preceding /m/. The /m/ and /n/ are of similar duration and the 

change from /m/ to /n/ is naa 7 moving the tongue position with the 
ps still closed. 





Fig.1. Heavy metal plates are used to keep separate the sounds radiated 
from the mouth and nose. These sounds are recorded, by means of two 
microphones, on separate tracks of the recording tape. Inset shows a 
removable section of the apparatus which Is cut to fit the subject’s nose. 


to be given to the various components of the generally 
weaker nasal signal. 

Preliminary results using the apparatus lend support 
to previously reported observations; for example, where 
nasalization is non-distinetive (as is the case in English) 
and where velar occlusion is not essential to the 
production of the speech sound (that is, most sounds 
other than stops and fricatives), some degree of nasality 
is very common. This is particularly so in the vicinity of 
nasal consonants. 

The results confirm that the nasal output in nasalized 
vowels shows resonances which are generally associated 
with the nasal cavity structure’*. With this apparatus 
it is possible to study the behaviour of these resonances 
under different degrees of nasalization. It is also possible 
to examine antiformants* in the oral or the nasal signal 
in conditions of nasalization. This cannot be done 
for nasalized sounds if oral and nasal outputs are allowed 
to mix before being analysed. 

It is found that, when the coupling between the nasal 
cavity and the rest of the vocal tract is sufficient, spectral 
peaks in the region of the first formant are common to 
both oral and nasal outputs. Thus for /au/ in the illus- 
trations given, the first formant and the characteristic 
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Fig. 4. Oral and nasal signals mixed, Compared with Fig. 3 the first 

formant is more constant in intensity during /ou/ and is more intense 

throughout /aU/. This shows that the energy seen at the frequency of the 

first formant in the nasal output (Fig. 2) is not insignificant. Similarly 

the energy between the first and second formants, due to the characteris- 
tic nasal resonance, is present in both oral and nasal signals. 
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Fig. 5, The same text recorded on a separate occasion using a single 
microphone and no separator. Thisis very similar to Fig. 4 although the 
low frequency components during nasal consonants are slightly lesg 
intense. Again velar coupling to the nasal cavity begins during jou/ 
causing a drop in the first formant intensity, but on this oecasion the 
second occurrence of velar coupling is delayed until just before JE. 


nasal resonance near 1 kHz are visible in both the nasal 
and the oral outputs (Figs. 2 and 3 respectively). 

Another use for the apparatus is in the production of 
stimuli for perceptual experiments where the separate 
signals can be used alone, or separately subjected to 
spectral modification before being mixed. Thus in studies 
of nasal consonants the perceptual significance of transi- 
tions in the oral signal and of various spectral features of 
the nasal signal can easily be tested. 

The analysis of speech by a number of talkers is being 
undertaken at present; the results of these investigations 
will be published at a later date. 

I thank various members of JSRU for their assistance 
in the construction of the apparatus. the performance of 
the experiments and the preparation of this communica- 
tion. 

S. R. Hype 
Joint Speech Research Unit (PO), 
Eastcote Road, 
Ruislip, Middlesex. 
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GENERAL 


Naming the Units 


THERE is a general agreement among the different 
languages in naming large numbers up to and including 
one million, that is, 1,000,000 or 10°. But one enters the 
tower of Babel looking for the name of 1,000,000,000 or 
10°. In the United States it is known as one billion, in 
France as un trillion, in Germany as eine Milliarde, and 
in Russia as odin milliard. Great Britain, Italy and Spain 
have no special name for that number since the British 
billion, the Italian bilione, and the Spanish bicuento 
mean 1,000,000,000,000 or 102°. This fact causes great 
inconvenience, because in modern science a great many 
things are measured in the 10° unit. This imcludes the 
age of the universe (expressed in years), the cosmic dis- 
tances (expressed in light years), the temperatures during 
the early stages of the universal evolution and inside of 
the exploding stars (expressed in degrees Kelvin), and the 
energies of modern particle accelerators (expressed m 
electron volts). 

I should like to propose here a unified terminology 
which may help to remove ambiguity. Leaving alone the 
misleading names such as billions, trillions, wana: and 
so on, one should in each case choose special units based 
on the factor 10°. It is already becoming practice to 
speak about eons, which are 10° years each. I suggest the 
introduction of a unit of distance equal to 10° light years 
to be called one hubble in honour of the American astro- 
nomer, Edwin Hubble, who was the first to use it for 
measuring the distances between the galaxies of stars. 
Conveniently, in these units one hubble per eon becomes 
the speed of light in vacuum. I also propose tentatively 
that we use the term one inferno (“I) for the temperature 
of 10° Kelvin. 

There remains, however, a difficult problem concerning 
the energy of 10° electron volts and greater, produced in 
particle accelerators. For the Americans it is Bev (as in 
Bevatron), for the French Tev (trillion), and for the 
Germans and Russians Mev (Milliarde) which will be 
confused with a million electron volts and therefore will 
be unacceptable. The British, Itahans and Spaniards 
have no special name at all for 10°, and the situation 
will be still more confusing. I do not think that the 
presently accepted term Gev is very fortunate. My sug- 
gestion would be to name 10° electron volts after a great 
nuclear physicist, one rutherford. It is true, of course, 
that all the principal achievements of Lord Rutherford 
were made in the field of classical nuclear physics, in- 
volving only millions of electron volts. But, on the other 
hand, this man had a sufficiently great stature to be able 
to shoulder a thousand times larger load. 


G. GAMOW 


Department of Physics and Astrophysics, 
University of Colorado. 


Received JIniy 22, 1968. 


Anxiety and Economic Growth 


I sott like to report the discovery of a remarkably high 
correlation between national levels of anxiety and econo- 
mic growth rates. The discovery was made as a result of 
the following train of reasoning. The rate of economic 
growth of a nation is the rate at which it is getting richer. 
Many factors may influence this rate, but there is fairly 
widespread oe among oome lanes one 15 
force. Obviously a nation with an A wW a a 
is likely to create wealth more rapidly than one whose 
working force is less efficient. 
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Thus the ball is in the psychologist’s court. What are 
the personality factors which make for efficiency at work ? 
I have demonstrated', and so have Furneaux? and Kelvin, 
Lucas and Ojha’, that one such factor is neuroticism, 
a central concept in the personality theory built up by 
Kysenck*. All of us have found that university students 
and sixth formers who have high levels of neuroticism do 
better in examinations than those with lower levels of 
neuroticism. The person who scores high on neuroticism 
tends to be tense, highly strung, irritable and moody. 

Doing well in examinations is a particular kind of work 
efficiency. Thus it seemed reasonable to ask whether 
there might be national differences in neuroticism which 
could account for differences in economic growth rates. 
If the association between neuroticism and work efficiency 
in students holds for other kinds of work, then it seemed 
possible that populations with high levels of neuroticism 
might work with greater efficiency, which would show it- 
self in a high economic growth rate. 

Unfortunately there is little information on the levels 
of Kysenck’s neuroticism factor in different countries. 
There is, however, quite considerable information on 
Cattell’s concept of anxiety, and this is extremely similar 
to Eysenck’s neuroticism and highly correlated with it’. 
National levels of anxiety have been collected from eleven 
eountries between 1955 and 1968. The relation between 
the anxiety levels and the economic growth rates is shown 
in Fig. 1. The tendency of the high anxiety countries to 
have better economic growth rates is statistically signifi- 
cant (rho= 0-715, P< 0-01), 

The scores were obtained as follows. Economic growth 
rates are taken from the United Nations Statistical Tables. 
The derivation of the anxiety scores is more complicated. 
Scores on Cattell’s 16 personality factor (PF) test were 
obtained from Japan, Germany, Australia, Ireland, New 
Zealand, Canada, the United States and Britain. These 
scores have been collected by workers in the different 
countries and are obtainable from the files in Cattell’s 
laboratory. Anxiety scores can be calculated from 16 PF 
scores using the appropriate formula. This calculation 
places the countries in the order given, with Japan having 
the highest score and so on. 

In addition, Cattell and Schier have published scores, 
based on a different anxiety test for six advanced western 
countries. These, in their rank anxiety order from high to 
low, were France, Japan, Italy, Norway, Britain and the 
United States. We therefore have the problem of integra- 
ting this order with that obtained from the 16 PF, The 
only possibility is ranking. Some of the ranks can be 
settled without dispute. France must come first, followed 
by Japan. The United States and Britain must come in 
places ten and eleven, The two studies are in contradiction 
in the relative placing of these two, and reliance is there- 
fore placed on the later and more extensive investigation 
of Cattell and Warburton! which puts the United States 
a8 more anxious than Britain. This leaves Italy and 
Norway to be fitted into the seven places, ranks 3-9, in 
the middle of the scale. The best thing seems to be to put 
Italy into rank 4 and Norway into rank 8. This procedure 
was adopted partly because of the finding that anxiety 
seores in Italy are only a little lower than those in France 
(Cattell and Schier, page 274). This result is preserved in 
our ranking. 

While it may be felt that there is a certain degree of 
arbitrariness in the rank order given, it may be pointed 
out that the ranks allotted to the countries in the middle 
section of the scale make little difference to the correlation. 
The correlation is high principally because the exception- 
ally low growth countries, Britain and the United States, 
have the lowest anxiety scores; while Japan, an excep- 
tionally high growth country, has a very high anxiety 
score, These facts have been established in two indepen- 
dent studies using two different questionnaires. So long 
as the rank orders of the other countries in the two in- 
vestigations are preserved, they can be fitted together in 
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several ways. All final rankings will yield high and statis- 
tically significant correlations between anxiety levels and 
economic growth rates. 

Tt should perhaps be stated that anxiety scores are also 
available for some underdeveloped countries, such as 
India, and from ene communist country, Poland. These 
have been excluded because of the impropriety of lumping 
advanced capitalist countries together with countries at 
very different stages of economic development and with 
communist forms of economic organization. The anxiety 
scores from the countries have in all cases been derived 
from male university students. Though not a sample of 
the working population, university students are not an 
unreasonable sample, Their personality is likely to refleet 
the personality of the general population; they represent a 
straightforward sample in making comparisons between 
different countries; and they represent the countries’ 
leadership, whose attributes are likely to be especially 
important for economic growth. 


0 

1 x France 

ə Japan x. 
3 x Germany 

4 x Italy 


5 -x Australia 


x Ireland 


Anxiety ranks 
oo 


7 x New Zealand 


8 x Norway 


9 x Canada 





Economic growth rates, 1950-65 


Fig. 1. 


Such a high correlation demands explanation. Justice 
could not be done to such a complex matter in this 
communication. But it may be said that there are good 
reasons, to be found in the references cited, for believing 
that anxiety is a causal factor in the motivation of efficient 
work and not simply a by-product or the result of some 
common underlying factor. Thus it seems reasonable to 
suggest that the correlation reported in this letter could 
represent an important advance in our understanding of 
the psychology of economie growth. 


R. LYNN 


The Economie and Social Research Institute, 
Dublin. 
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i Lynn, R., Brit. J. Eduz. Psychol., 29, 213 (1959), 

* Furneaux, W. D., Univ. Quarterly, 17, 83 (1962). 

? Kelvin, R. P., Lucas, C. J., and Ojha, A. B., Brit. J. Soe. Clin. Psychol., 4, 
244 (1965). 

* Eysenck, H. J., The Seientifice Study of Personality (Routledge and Kegan 
Paul, London). 

t Cattell, R. B., and Schier, L H., Measurement of Neuroticism and Anxiety 
{Ronald Press, New York, 1961), 

* Cattell, R. B., and Warburton, F. W., Brit. J. Psychol., 52, 3 (1961). 





NATURE. VOL. 219. AUGUST 17, 1968 


BOOK REVIEWS 


HOW NERVES CONDUCT 


Nerve Excitation | 
A Macromolecular Approach. By Ichiji Tasaki. 
xi+201. (Thomas: Springfield, NI., 1968.) $14.75. 


Iv is well known that Dr Tasaki’s theory of nerve excitation 
is very different from the widely accepted theory of 
Hodgkin and Huxley. The difference arises not so much 
from disagreements about matters of experimental fact 
but rather about what constitutes a good theory. In 
Tasaki’s view, the Hodgkin-Huxley theory lacks a 
rigorous physico-chemical foundation. Moreover, the 
quantitative formulation of the theory is semi-empirical 
and some of the constants cannot yet be derived from 
purely physico-chemical models. Further difficulties are 
listed on page 150 of Tasaki’s new book, Nerve Excitation. 
Some of these difficulties are further examples of the 
demand for a more rigorous physico-chemical foundation. 
Others are relatively minor quibbles and it is to be 
regretted that Tasaki does not give very much indication 
of the relative importance of each objection. Thus he 
criticizes the Hodgkin-Huxley theory on the grounds 
that it does not account for action potentials in sodium-free 
media. The obvious reply is that what were mitially 
identified as “sodium channels” are not so specific to 
sodium ions as might have been supposed. It does not, 
in fact, make very much difference to the usefulness of 
the theory that under certain circumstances a number 
of other inorganic (for example, calcium) and organic 
(for example, guanidine) cations may also act as current 
carriers in the way that sodium normally does. The 
attraction of the Hodgkn-Huxiey theory from the 
quantitative point of view is that it provides a plausible 
and accurate description of the kinetics of the processes 
controlling the current flow. This description does not 
depend on the assumption that particular ions carry the 
current because the form of the equations is unchanged 
if we replace sodium ions with other charge carriers which 
may enter the “sodium channels”. Moreover, as yet, 
no other kind of theory takes full account of these kinetics. 

Tt is difficult to disagree with some of Tasaki’s main 
criticisms. There is clearly a large gap between our 
present knowledge of membrane chemistry obtained from 
work on inanimate systems and a theory of the kind 
given by Hodgkin and Huxley. Recent work on artificial 
membranes has gone some way towards closing this gap, 
but it is still too early to say whether the physical correlate 
of the Hodgkin-Huxley permeability variables has been 
found. The important methodological question, therefore, 
is whether this gap is sufficiently serious to require that 
the theory should be abandoned. It is, perhaps, important 
to note that the main criticism is not that the theory is 
actually inconsistent with physico-chemical principles. 
It is rather that the theory makes assumptions (for 
example, that we can unambiguously measure the absolute 
value of the membrane potential and of single ion activi- 
ties) which some physical chemists regard as unsatis- 
factory. Granted this, the important question becomes 
largely a matter of methodology and, on this, there are 
disagreements which cannot be resolved simply by reference 
to matters of empirical fact. The demand that a theory of 
nerve excitation should be derivable from known physico- 
chemical principles using rigorous theoretical procedures 
is reasonable as a long-term aim and it is useful to be 
reminded that current theories do not fully achieve this 


Pp. 


aim, But, if the important immediate roles of a thet 
that it should provide a convenient description of 
mental results and that it should act as a useful guide to. 
further experiments, then there can be little doubt that 
the Hodgkin—-Huxley theory has been very fruitful. The 
danger perhaps is that it has been almost too successful 
and the only antidote to this heuristic ‘“deficieney” is to 
encourage the development of alternative models and 
the experiments to test them. 

Much of Dr Tasaki’s work has been directed towards this 
aim and this book is devoted largely to desertbing his 
theory and the experiments on which it is based. The 
theory makes two major assumptions, First, that the 
membrane acts as a cation exchanger and, second, that 
changes in the cation concentrations within the membrane, 
resulting either from external concentration changes or 
from applied current flow, may change the state of the 
membrane to one in which it becomes more highly cation 
permeable, probably as a consequence of an increase in the 
density of fixed charges. The most important difference 
from the Hodgkin-Huxley theory is that the cations are 
not assumed to move through separate channels. They 
all compete for the same membrane sites. This means 
that the conductance of the membrane is to a great extent 
limited by the slower moving cations and this gives rise to 
some difficulties in explaining the large rise in conductance 
during the nerve impulse if it is assumed that only one 
cation mobility increases at a particular time. (or some 
reason, which is not clear, Tasaki also considers this to be a 
difficulty in the Hodgkin—Huxley theory. So far as I am 
aware, this theory has no difficulty in quantitatively 
accounting for the conductance and flux changes under 
normal circumstances.) Tasaki therefore assumes that 
a macromolecular change occurs which makes the mem- 
brane more permeable to all cations. The mechanism of 
this change is not, however, made clear and the theory 
will require considerable development before it can claim 
to explain nerve excitation satisfactorily without ad hee 
assumptions of a kind which remain to be described in an 
experimentally testable form. Nevertheless, the view 
that interaction of cations with fixed negative charges 
and that a macromolecular change in the structure on 
which the negative charges are located occur during 
excitation has led Tasaki and his group to interesting 
experiments on the effeets of ion substitution. In par- 
ticular he has determined the effects of a considerable 
number of homologous series of cations and anions which 
may provide clues to the molecular mechanisms involved, 
whether or not these effects are interpreted according to 
Tasaki's own theory. 

The assumption that sodium and potassium ions do 
not move through separate specific pathways in the 
membrane leads Tasaki to very different interpretations 
of some of the important experiments in nerve physiology. 
The fact that substitution of sodium by choline abolishes 
the initial inward but not the delayed outward current is 
interpreted to mean that choline reduces the rate of con- 
formational change so that the initial but not the later 
changes in membrane current are reduced. The more 
recent results using the nerve blocker tetrodotoxin are 
also interpreted in this way. Whether this suggestion 
can account quantitatively for the results is a erucial 
question, because the experiments using choline and tetro- 
dotoxin provide some of the best evidence for the separate 
channels hypothesis. It is disappointing. therefore, that 
Tasaki does not discuss this point from a quantitative 
point of view. The results with choline and tetrodotoxin 
are very easily interpreted on the view that the initial 
inward current is carried by sodium ions m normal 
physiological solutions and that choline simply cannot 
carry current through the “sodium channels’? while tetro- 
dotoxin prevents sodium from doing so. Moreover, in 
myelinated nerve, the delaved outward current, which is 
not abolished by tetrodotoxin, is abolished by tetra- 
ethylammonium ions leaving the initial inward current 
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unchanged. 
the two systems are independent, it is difficult to imagine 
what better evidence there could be for the view that 
sodium and potassium ions largely move through separate 
current-carrying channels, although, of course, this is not 
to say that the channels are permanent physical holes in 
the membrane. 

Another important question is to what extent the two 
approaches are mutually exclusive. There are at least some 
significant resemblances. The Hodgkin-Huxley theory 
also requires some conformational (or translational) 
change in the membrane molecules controlling the flow 
of current, and although the voltage dependence of the 
kinetics of this change have been described in great 
detail, the chemical basis is still unknown. It does not 
seem unreasonable to suppose that Tasaki’s experiments 
with homologous series of ions may provide some clues to 
the chemical identity of these processes. At present, 
however, both theories involve an unidentified conforma- 
tional change and Tasaki's analysis of the behaviour of 
the membrane currents under voltage clamp conditions 
bears strong formal similarities to the Hodgkin-Huxley 
equations. The particular theories may be mutually 
exclusive, but the approaches may not be. Tasaki’s 
work should be welcomed, even by those who strongly 
disagree with him, in the spirit of his preface where he 
refers to chapters describing his own approach: “Readers 
who are accustomed to thinking i in terms of batteries and 
resistances in the membrane might find these chapters 
difficult to reconcile with a purely electrical model of 
excitation; but it is important to realize that there are 
often several valid approaches to a problem which are 
not always mutually exelusive’’. D. NOBLE 


PIG IN A POKE 


In vitro Phenotypic Expression 

Immunological, Biochemical and Morphological. 
by Milton N. Goldstein. {Tissue Culture Association 
Symposium, Washington, May 31-June 3, 1966.) Pp. 
xi+ 170. (Distributed in the UK by E. and S. Living- 
stone, Edinburgh.) 87s. 6d. 


Tar title and subtitle of this short book are to some 
extent misleading; it contains the full texts of twelve 
papers by invited speakers, followed by the abstracts of 
one hundred and nineteen general communications, 
presented at the 1966 meeting of the Tissue Culture 
Association in San Francisco. The invited contributions 
were apparently designed as a symposium on the expres- 
sion of phenotype at cellular and molecular levels—hence 
the subtitle-—but as the preface points out, ‘There ean be 
no facet of biology that is not in some way concerned with 
... phenotypic expression”, and it is only by reading the 
list of titles that some idea ean be gained of the actual 
scope of the work discussed. Further, three of these 
papers are based on experiments in which tissue culture 
played no part so that they do not even, as might reason - 
ably be assumed from the title “In Vitro”, possess this 
feature in common. Add to this the fact that, while some 
of the twelve invited papers describe work which had not 
been published at the time of the meeting, others take the 
form of brief reviews, and the situation becomes still more 
confused. 

In fact these articles fall roughly into two groups, the 
larger having an immunological flavour and the smaller 
being devoted to biochemical, morphological and karyo- 
typic studies of cells. In the former category, Nossal reports 
work on the detection of antigen in potential antibody- 
forming cells; Hirschhorn shows that human per ipheral 
blood lymphocytes are capable of synthesizing immuno- 
globulin; Hiramoto and Hamlin investigate the ability 
of individual lymphoid cells simultaneously to make two 
different. antibodies; and Bach deseribes an improved 


Edited 


Together with the fact that the kinetics of 
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method of performing the mixed leucocyte culture test. 
The remaining four papers in this group by Black, Green, 
Franks and by Merchant ef al., are concerned with the 
study of specific antigens m cells in culture. 

Ephrussi provides a brief review of work on rat/mouse 
and hamster/mouse hybrid cells; Ohno discusses at some 
length the phenomenon of somatic segregation in several 
species; and Krooth describes his studies on cultures of 
cell strains derived from patients with inherited bio- 
chemical disorders. Finally, De Mars and Leroy give an 
account of cultured cells, containing unusual inclusions, 
from a case of Hurler’s sy ndrome. 

The book begins with a delightful tribute to Duncan C. 
Hetherington, retiring secretary of the association, and 
ends with a list of terms in common use in the field of tissue 
culture, with the definitions proposed by a Committee on 
Nomenclature established by the Tissue Culture Associa- 
tion. While the contents of this volume are certainly of a 
high standard, it is to be questioned whether it really serves 
any useful purpose; apart from the brief abstracts, it con- 
tains no information which could not be found elsewhere 
and, at the price, cannot really be recommended as good 
value. J. A. SHarp 


GENETICS OF INSECT PESTS 


Genetics of Insect Vectors of Disease 
Edited by J. W. Wright and R. Pal. 
(Elsevier: Amsterdam, 
490s, 


THis magnificently produced volume is the result of the 
recommendation of the World Health Organization 
(WHO) that the production of a monograph on the 
genetics of insect. vectors of disease should be undertaken. 
The task was accomplished under the editorship of J. W. 
Wright and of Rajindar Pal of the Division of Vector 
Biology and Control, in the form of six sections written 
by thirty-one prominent workers, chiefly from North 
America, on also Tom E ngland, Italy, Brazil and an 

where. 
this on a a se Pe A at a most pea 
mental level are necessary, and practically every aspect 

of genetics is considered to a greater or lesser extent. 

The first section (of about 300 pages) is one of the most 
interesting as it deals with the geneties of mosquitoes, a 
subject in which considerable progress has been made. 
Anophelines are discussed by Kitzmiller and Mason, who 
point out that a major need is the av aillability of good 
genetic markers in species easily colonized; Culex pipiens 
and its natural mutants or ones induced by irradiation, 
by Hannes Laven; Aedes aegypti, the mosquito which 
offers the greatest possibilities of genetic research, by 
Craig and Hickey; cytogenetics by Kitzmiller, who 
stresses the need for extending existing techniques to 
many species complexes and infraspecific groups, and the 
greater use of cytotaxonomy. Two of the best chapters 
are concerned with evolution and speciation of the A. 
maculipennis complex and of the A. gambiae group by 
Kitzmiller, Frizzi and Baker, and Davidson, Paterson, 
Coluzzi, Mason and Micks, respectively. These are fol- 
lowed by speculations on speciation in Culea pipiens (by 
Laven) and various species of Aedes (by MeClelland) on 
less evidence. 

The second and third sections deal with muscoid flies 
(genetics by Milani, cytology by Boyes and speciation by 
Saeca) and other vectors of disease (cockroaches by 
Cochran and Ross, acarines by Oliver and triatomids, 
and so on, by Brazilian authors). It is strange that in a 
book on insect vectors, molluscs and ticks are considered, 
while important insects, such as Phlebotomus, Culicoides, 
Simulium and Glossina receive scant attention. 

The fourth section is about populations of insects 
(Spielman and Kitzmiller) and physiological genetics 
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© (Bender and Gaensslen), and contains also three mter- 
esting chapters on the genetics of insect resistance to 
synthetic insecticides by Brown, behaviour by Mattingley, 
and vector susceptibility to parasites by Macdonald. 
Genetic control is described in the fifth section, first by 
Knipling in reference to the general principles involved in 
release of sterile males into a natural population, and 
second by LaChance in a good chapter on the induc- 
tion of lethal dominant mutants by irradiation and 
chemicals of various types including the well known 
alkylating agents. 

Techniques are discussed in the coneluding (sixth) 
section by Carroll Smith on mass-breeding procedures, 
and by Rai on methods used in cytogenetics and genetics 
of insect vectors. The latter chapter does not include full 
details of techniques and refers the reader to the original 
papers; the full descriptions of all procedures would 
probably have occupied too much space, but for certain 
essential methods like squashes, a few examples might 
usefully have been given in eatenso. 

The appendices consist of reports of WHO groups, lists 
of strains, information services, and so on, which do not 
fit in well with a scientific monograph; they are of 
ephemeral concern and if omitted the inordinate cost of 
this volume might well have been lessened. 

The book will appeal to geneticists, entomologists and 
hygienists concerned in the control of insect pests in this 
field. P. C. C. GARNHAM 


INSULIN AND ITS ACTION 


Insulin, Membranes and Metabolism 

By Peter Rieser. Pp. xii+156. (Wiliams and Wilkins: 
Baltimore, Md, 1967. Distributed in the UK by E. and 
S. Livingstone, Edinburgh.) 77s. 6d. 

THE spate of publications on the subject of insulin and 
its action shows no sign of abating. In 1961, Professor 
M. E. Krahl published a book The Action of Insulin on 
Cells; since that relatively short time ago a large number 
of research publications on insulin has appeared. During 
that period the complete chemical synthesis of insulin 
has been achieved, although the three-dimensional 
structure of the molecule is still a matter of controversy. 
The very substantial species differences in the primary 
structure of insulin have become clearer during the past 
few years, while use of the electron microscope has led 
to much understanding of the detailed processes whereby 
the insulin stored in the granules of the ĝ cells of the 
pancreatic islets is liberated and finds its way into the 
blood-stream. 

Dr Rieser in his preface makes clear that he has made 
no attempt to be encyclopaedic. He attempts to make a 
critical examination of some of the progress, and of the 
subjects of controversy, which he has found to be most 
interesting and challenging in research on the subject of 
insulin during recent years. 

The speed of advance in this field is well illustrated by 
the fact that in the introduction Dr Rieser writes with 
regard to the biosynthesis of insulin: “Fhe notion 
that the A and B chain are synthesized separately has 
been all but accepted; however, the nature of the mechan- 
ism whereby the chains, once formed, are united with the 
appropriate disulphide closures remains obscure’. Never- 
theless, with the recent isolation from the pancreas of 
“pro-insulin” and the elucidation of its structure, the 
probability has become very high that insulin is synthe- 
sized as a single peptide chain with subsequent formation 
of inter-chain disulphide linkages, and then peptide 
fission to form insulin. 

The book is divided into three parts. The first, entitled 
“Insulin Metabolism”, contains four chapters dealing 
respectively with the biosynthesis of insulin and its storage 
in the 8 cell, its secretion, insulin in the blood plasma, 






and the antagonism, inhibition and degradation of 
In the second part, entitled “Insulin Effects”, the 
is discussed in three chapters under the respective headings — 
of “Carbohydrate Metabolism’, “Lipid Metabolism” and 
“Protein Metabolism”. The third part of the book is 
about “Insulin Action’, and this section contaims three 
chapters, the first of which is entitled “Insulin Structure 
in Relation to Biological Activity”. The next chapter 
(chapter 9) discusses the “Attachment of Insulin to Cells 
and the Question of Penetration”; the final chapter 
discusses ‘Theories of Insulin Action”. 











perhaps not convincing, it is at least attractive. 
really have got little further than the idea of Sir Rudolph 
Peters, which was put forward in 1956, that hormones 
affect the cytoskeleton of cells. According to Peters the 
cytoskeleton consists of a “fluid anatomy” in the geo- 
graphy of the cell, a tenuous network of unspecified 
nature which serves to coordinate the enzymatic activity 
of the cell. This idea is of value because of the widespread 
belief that hormones act on the cell as a whole, rather than 
on any one enzyme system. According to this theory, a 
hormone could enter the cells surface and reorientate the 
cytoskeleton in such a way that a number of enzymatically 
catalysed reactions would be modified. As Dr K. i. 
Manchester has said in a review article published in 1965, 
‘Although it cannot be claimed that this is a very detailed 
description of how [insulin] acts on musele, it represents 
about as much as can be said at the present time’. Despite 
the enormous accumulation of fact about insulin and its 
action, we still do not understand the mechanism of 
action of this very important hormone. F. G. YOUNG 


RESPIRATORY DISEASES 


Occupational Mycotic Diseases of the Lung 
By F. Kováts and B. Bugyi. Pp. 212. (Akadémiai iodo: 
Budapest, 1968.) 70s. 


Dr KovAts is well known for his discovery in Hungary 
of a respiratory disease caused by fungal dusts produced 
in the splitting of paprika beans. The book starts with a 
brief but interesting history of respiratory diseases caused 
by organic dusts. A section on the elements of mycology 
is of help in understanding descriptions of the diseases 
which are looked at from the point of view of a clinician, 
with a special interest in mycology rather than pathology 
or immunology. The account of how to sample the dust 
describes the konimeter and impinger, but not more 
recent methods, There is an account of ten of the principal 
groups of mycotic diseases where growth of the fungi 
may occur in the lungs or other parts of the body. The 
descriptions are full and interesting, and refer to a number 
of papers not easily accessible in the literature. 

The second half of the book is principally concerned 
with what the authors call “‘toxomycoses’-—-that is, 
diseases thought to be caused by the inhalation of spores 
or fungal debris but in which fungi do not apparently 
grow in the lung but act as antigens or chemical or physi- 
eal irritants. Detailed clinical descriptions of a surpris- 
ingly large number of such illnesses are collected. The 
diseases described include paprika splitter’s disease, 
farmer’s lung, diseases caused by sorghum and rice-straw 
dust; asthma of millers, bakers and distillers; respiratory 
disease encountered in tea pickers, tobacco workers, 
and those working in wood and cork dust. Bagassosis is 
deseribed, and so is mummy disease; Peruvian mummies 
are said to be safer than Egyptian or Coptic! There is a 
final chapter on lung diseases in the textile industry. 

The second part of the book lacks an adequate deserip- 
tion of the recent work on the pathology and immunolog 
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which has provided a unification of a number of these 
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diseases and a separation of some of the others—for 
example, byssinosis. The translation by Mr Balazs is, 
in general, good. A few frank errors have crept in (page 
176—the safe level for cotton dust is given 100-fold too 
high; page 199—“‘cardiac output” should be “ventilatory 
capacity”). 

The book is well printed and illustrated, with an author 
and subject index and a useful list of references at the end 
of each chapter. In general the book will be of more use 
to those looking for a description of the clinical features 
of a very wide range of respiratory diseases thought to be 
associated with organic dusts than to those interested in 
understanding the underlying mechanisms. 

J. C. GILSON 


READINGS IN ANIMAL ADAPTATION 


The Adaptations of Organisms 

By Rodolfo Ruibal. (Dickenson Series on Contemporary 
Thought in Biological Science.) Pp. viii+110. (Dieken- 
son: Belmont, California; Prentice-Hall: London, 1967.) 
188. Gd. paperback. 


The Adaptation of Organisms is one in a series of paper- 
back booklets under the general editorship of E. A. 
Carlson which aims at presenting to the undergraduate 
student a selection of key research papers in selected 
fields of biclogy. The subject of adaptation encompasses 
an enormous field of biological investigation. It extends 
from considerations of change in the morphology, be- 
haviour and physiology of organisms in response to their 
environment, to the physiological elucidation of adaptive 
processes at organismic, cellular and subcellular levels, 
and from long-term evolutionary changes to phenotypic 
expressions within selected individuals. In order to avoid 
superficiality within the limitations imposed by a 110 
page booklet it is therefore necessary to restrict the 
subject matter rather severely. Dr Ruibal has confined 
his selection of papers to those dealing with the physiology 
of adaptation to the environment in selected vertebrate 
animals. The book contains eleven papers, each one 
prefaced with a short introductory paragraph. 

The first three papers discuss the adaptations of birds 
and mammals to the high ambient temperatures of the 
desert environment, dealing specifically with aestivation 
in Mohave ground squirrels, temperature regulation in 
the poor-will bird, and the role of body temperature in 
water conservation in the camel. The next three articles 
are concerned with the extra-renal removal of salts from 
the body fiuids of sea birds which are adapted to oceanic 
life, of birds and reptiles in dry environments and in the 
maintenance of osmotic balance in elasmobranchs. Then 
follow three papers on acoustic adaptations, for predator 
recognition in noctuid moths and the kangaroo rat, and 
for navigation in porpoises. Olfactory adaptation, as 
demonstrated in the navigation of homing salmon, is also 
included, as is a rather speculative and ill-chosen paper 
on pressure regulation in the middle ear of sea-lions 
during diving. 

As in all compilations of readings from papers which 
are not primarily of a review nature, the student might 
suffer from frustration at the incompleteness of the 
material presented but will undoubtedly benefit from the 
freshness of approach and thought associated with the 
original reporting of research findings. The book would 
be improved by the inclusion of a selected bibliography of 
animal adaptation, and would not have suffered by the 
inclusion of more examples from the invertebrate groups, 
where a wealth of good and recent work has been pub- 
lished. However, within the limits of the subject chosen, 
the selection of papers is a well balanced one and this 
booklet can be recommended as a useful supplement to 
the lecture notes or textbook reading of the junior under- 
graduate. P. Spencer Davies 
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PROBLEM SOLVING 


Thinking and Reasoning 

Selected Readings. Edited by P. C. Wason and P. N. 
Johnson-Laird. (Penguin Modern Psychology.) Pp. 
431. (Penguin: Harmondsworth, Middx, 1968.) 8s. 6d. 


I am not alone in having reservations about the current 
fashion for series of books “Readings in.,.”. But Wason 
and Laird have done an exemplary editorial and selective 
job in producing, not only an ‘‘aid” for psychologically 
sophisticated teachers and learners, but also for many 
intelligent “general”? readers. Not explicitly historical 
in conception, the highly significant set of papers here 
collected together is infused with a striking sense of 
coherence over some 30-40 years. Since the Wurzburg 
outbreak at the beginning of the century, psychologists 
have done a deal of thinking about thinking, some of it 
at least illuminated by ingenious experimental research. 
But as the present editors are well aware, thinking is an 
activity that tends to go on when to all appearances we 
are “doing nothing”, so that the process is not open to 
external observation. But conceived as “problem solving 
behaviour” it has become more readily amenable to experi- 
mental research. 

The present book is explicitly biased in its selection. 
The editors have distinguished sharply between the 
behaviourist trial and error learning approach and the 
Wurzburg-Gestaltist perceptual structural organizing 
conception of thinking, and their material is chosen 
essentially from the rich seam so opened up, and here 
represented initially by Maier’s (1931) early paper and 
the excerpt from Duncker’s (1945) monograph on problem 
solving. There follow twenty-seven other papers or 
excerpts—some even among the most recent of them 
being already standard content or reference material for 
many European and American courses on “cognitive 
processes” (notably Luchins and Luchins, 1950; Craik, 
1953; Miller, Galanter and Pribram, 1960; Bruner, 
1964) and all of them being directly relevant or basic to 
such discussion. Only one paper (No. 14, “On the Failure 
to Eliminate Hypotheses .. .”’—-a second look by Wason) 
is new. 

The book covers a wide range of primary source material 
which is organized in six sections, with a total of 29 
papers in all. It is obviously enormously convenient to 
have this collection of seminal material brought between 
two covers. If the weighting of the different sections 
appears to some to be mildly idiosyncratic (as the relatively 
meagre representation in part six does to me), this is no 
more than a comment from another personally biased 
viewpoint. The editors, in accordance with the plan 
for the series, make their own suggestions for further 
reading. GEORGE SETH 


MAPS OF BRITISH PLANTS 


Critical Supplement to the Atlas of the British Flora 
Edited by F. H. Perring. Pp. viii+ 159. (Nelon: 
London, 1968. Published for the Botanical Society of the 
British Isles.) 90s. 


In 1950 it was proposed that the Botanical Society of the 
British Isles should map the distribution of British 
flowering plants and vascular cryptograms on a 10 x 10 km 
basis. So for eight years Drs Perring and Walters gathered 
together over 1,500,000 field records and innumerable 
records from literature and herbaria. These records were 
eventually tabulated as dots on to over 1,600 maps show- 
ing the distribution of about 1,700 species, and the work 
was published in 1962 as the Atlas of the British Flora. 
Since then Dr Perring has been amassing data to make 
maps of specialist groups of plants which were not in- 
cluded in the Alas, and the Critical Supplement is the 
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outcome of his labours. This has nearly 400 maps of about 
-§00 taxa, and includes the critical genera Rubus (16 
-representative species), Alchemilla, Sorbus, Rhinanthus, 
- Euphrasia and Hieracium, as well as species, subspecies, 
varieties and hybrids in various other genera. Each map, 
unlike those of the Atlas, is accompanied by brief notes in 
which the method of compilation of the map, the main 
sources of information, taxonomic criteria of the taxon and 
its ecology and distribution are given. The maps are 
produced mainly from herbarium specimens which have 
been checked by experts, and are the same size as those of 
the Atlas. 

There is much useful and interesting information in the 
notes, but I found several curiosities. Under Juniperus 
communis, for example, we are told that *“ .. . all records 
received for the species which oceur outside the range of 
subsp. nana have been accepted as subsp. communis”: 
this is surely begging the question. I got the impression, 
too, that the notes give more emphasis to European than 
to British ecology and distribution: to quote but one 
example, Minuartia recurva, discovered in the British Isles 
in 1964, “is found on the mountains of southern and south- 
central Europe from Portugal to the south Carpathians”, 
but its British station is not even mentioned. 

Perhaps the worst error in the book is the map of 
Taraxacum palustre. This is reasonably plastered with 
dots, whereas it is fairly certain that there are not many 
more than a dozen sites for it in the British Isles. The 
mistake has presumably arisen because of confusion with 
the much commoner T. spectabile. 

Besides the distribution maps and text there is a two- 
page introduction, a key to herbarium abbreviations, a 
bibliography and an index. Unfortunately there are none 
of the immensely valuable transparent overlay maps 
showing vice-counties, altitude, temperature, rainfall, and 
so on, with which the Atlas was supplied. 

The book is an expensive one, but a pleasure to open. 
Anyone who found the Atlas interesting cannot help being 
stimulated by the Critical Supplement. Dr Perring is to 
be congratulated on another outstanding achievement. 

A. R. PERRY 


SPINNING AND DRAWING 


Fiber Spinning and Drawing 

Edited by Myron J. Coplan. (American Chemical Society 
Symposium held at New York, September 13-15, 1966. 
Applied Polymer Symposia, No. 6.) Pp. vii+183. (Inter- 
science (Wiley): New York and London, 1967.) 56s. 


Tas work forms the proceedings of a symposium arranged 
in 1966 jointly by the American Chemical Society Divi- 
sions of Polymer Chemistry and Cellulose, Wood, and 
Fiber Chemistry. Its eleven papers are mainly 
American in origin, but include two from Britain, one 
from the Netherlands, and one from Poland. It is likely 
to be an extremely valuable contribution to fibre science, 
as it is confined to filament extrusion and formation, a 
- subject mainly treated in the patent literature which 
makes its logical appraisal somewhat difficult. This 
publication is encouraging, as although most of the 
contributors are from industry they approach the subject 
with a strongly academic bias, but with sufficient practical 
interest to show how much “know how” has still to be 
released in this field if the subject is to form a major 
aspect of polymer science. 

About one-third of the papers deal with melt spinning, 
and tend to be biased to a theoretical mathematical 
approach, but they set out premises from which one might 
in due course be able to predict the behaviour of such 
< materials of known constitutions in a spinning sequence. 
» To summarize the papers in this field, they deal with the 
= Kinetics of polymer crystallization and orientation, the 
< formation of the molten bulge at the spinning orifice, 


filament attenuation in melt spinning, and a caleulation oe 
of filament temperature in melt spinning. ci eae 

Unfortunately no papers are included on dry (evapora-— 
tive) spinning and the comprehensive character of the 
publication suffers from this. On the other hand, the work 
contains six papers on wet spinning and a final paper m 
the broader field of the rate of formation of dislocations 
in drawing. This paper, which is a general review, brings 
into focus much work in the last decade which compares 
the deformation mechanism of polymers with those of 
dislocation, and so on, in conventional crystalline solids. 

In the series on wet spinning, the extrusion problem is 
discussed, and also the morphology of rayon filament 
formation, diffusion as it affects coagulation, and a 
mechanical analysis of the wet spinning process. These 
form a most valuable physical contribution to the ltera- 
ture on wet spinning. 

Two further papers complete the work, one on experi- 
mental studies of fibres from polymer solutions undergoing 
phase separation, and finally one on fibre formation by wet 
spinning and drawing of poly (bisbenzimidazcbenzophen - 
anthroline) which can retain approximately 50 per cent of 
the room temperature strength at 500° C. 

In such a review as this, it is impossible to detail the 
scope of the publication, but there is no doubt that it 
forms an important contribution to the fibre physics of 
the melt and wet spinning processes. The American 
Chemical Society is to be complimented on collecting 
together such a body of work, and above all in publishing 
in a field which in the past has been a comparatively 
closed subject. F. Haprrey 


EMF AND HIGH TEMPERATURES 


Electromotive Force Measurements in High-Tempera- 
ture Systems 

Edited by ©. B. Alcock. (Proceedings of a Symposium 

held by the Nuffield Research Group, Imperial College, 

London, April 13 and 14, 1967.) Pp.ix+ 227. (institution 

of Mining and Metallurgy: London, 1968.) 100s. 


DvurRtnc the past forty years or so, use of the electromotive 
force (EMF) method as a means of investigating chemical 
equilibria has been extended to ever Increasing tempera- 
tures—as have indeed most of the experimental thermo- 
chemical methods. This development is largely a result 
of the increasing interest in high-temperature materials 
and reactions. 

In the case of the EMF method, this has implied a 
continuous search for suitable electrolytes which must 
be predominantly ionic conductors at the requisite tem- 
perature. Hence the development from aqueous solutions 
to molten chlorides, glass, solid oxides and molten 
fluorides! Solid oxide solutions, such as thoria-yttria 
and zirconia-calcia, remain predominantly oxygen-ion 
conductors well above 1,000° C. The ranges of oxygen 
pressure in which ionic conductivity preponderates at 
these temperatures are still under investigation, but it is 
already clear that the EMF method employing solid-oxide 
or liquid-fluoride-electrolytes considerably extends the 
range of application of the existing methods for the 
measurement of free energies, in particular to oxide 
systems and alloy systems and, possibly, to metal car- 
bides, nitrides and so on. 

The time has come for an appraisal of our present state 
of knowledge—and it is fortunate that it was the Metal- 
lurgy Department of Imperial College that devoted rts 
annual symposium to this topie because the department's 
experience in the field is second to none. The majority of 
the papers, on which extensive discussions were based, 
were presented by the hosts (C. B. Alcock, ©. M. Diaz, 
A. D. Graves, D. Inman, J. H. E. Jeffes, Annemarie Kubik, 
E. D. Richardson, W. L. Roth, R. Sridhar, B. ©. H, 
Steele and Susan Zador). The distinguished visitors 
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who presented papers were R. E. Carter from the General 
Electric Company, Schenectady, USA, and H. Rickert 
from the University of Karlsruhe, Germany. Not only 
were the thermodynamic aspects of the EMF method 
discussed but also kinetic measurements with solid electro- 
lytes and the practical application to the determination 
of oxygen in hquid metals, such as silver, copper and iron. 
T. L. Markin (AERE, Harwell) presented a paper on 
galvanic cells reversible to fluorine ions. 

I am not normally in favour of publication of the pro- 
eedings of conferences or other forms of multi-author 
books, Where, as in the present case, however, the 
meeting deals with a small, specialized field, two days of 
discussion can cover the field nearly exhaustively, and 
one has the impression that it did indeed do so for the 
subject defined by the title. It should be added that 
much hard work seems to have gone into the editing— 
& praise one cannot, alas, often express. 

The high price obviously reflects the relatively small 
number of expected purchasers of the book, but for those 
whose work is somehow related to the subject it will be 
mdispensable. O. KUBASCHEWSKI 


ATOMIC ABSORPTION METHODS 


Atomic-Absorption Spectroscopy and Analysis by 
Atomic-Absorption Flame Photometry 

By Juan Ramurez-Munoz. Pp. xxi+681. (Elsevier: 

Amsterdam, London and New York, 1968.) 195s. 


‘THE book is divided into five sections. Parts 1 (42 pages) 
and 2 (68 pages) deal with fundamental theory and 
instrumental systems. The third part (76 pages) discusses 
the range and limitation of atomic absorption methods 
and this, together with part 4 (160 pages) on experimental 
methods, contains nearly all the information necessary 
for the analyst to determine the optimum conditions and 
most suitable calibration procedure for any particular 
problem. This is easily the clearest and most concise 
account available for practical atomic absorption analysts. 
Part 5 (42 pages) is a review of the different applications 
published to December 1967, and deals with the analysis 
of waters, “agricultural materials’ (fertilizers, plants, 
soils), biological materials (including blood, milk, bones, 
saliva), rocks and minerals, metallurgical products and Li 
and U isotopes. The bibliography contains nearly 1,000 
items. The book is concerned principally with flame 
sources as a means of producing atomic vapours, but 
other approaches such as the L’vov furnace method are 
mentioned in satisfactory detail. The translation by 
W. D. Line has preserved the evident clarity of the 
author's thought, resulting in a thoroughly comprehensive 
and readable book. J. R. BUTLER 


ADVANCES IN CIRCUIT THEORY 


Network and Switching Theory 

A NATO Advanced Study Institute. Edited by Giuseppe 
Biorci. (Electrical Science: A Series of Monographs and 
Texts.) Pp. xvi +634. (Academic Press: New York 
and London, 1968.) 256s. 8d. 


ALTHOUGH it is sometimes stated that the existence of 
computers and the emergence of system theory have made 
network theory obsolete, this apparently sophisticated 
appraisal of the situation, in fact, is at the present time 
only naive. For although computers are valuable tools 
for solving particular problems, their use does not absolve 
the circuit designer from the necessity for possessing a 
thorough knowledge of network theory. Similarly the 
adoption of block units in a system study does not 
obviate the need for a complete understanding of the 
circuits which the block units represent. Indeed, network 





NATURE, VOL. 219. AUGUST 17. 1968 


theory is still expanding in both depth and range, as is 
demonstrated by the work presented at the numerous 
international conferences which continue to be held on 
this subject and of which the NATO Advanced Study 
Institute on Network and Switching Theory, held at 
Trieste in 1966, is an excellent example. Most of the 
lectures delivered at this institute are included in the 
book under review, and many of them reached a very 
high standard. : 

The bock contains papers on several fundamental 
aspects of network theory, and among those the following 
are particularly noteworthy: the laws of energy distri- 
bution in linear and non-linear networks in the papers of 
Duinker and Adams: the generalization of network 
structure concepts in the papers by Benzaken and Kuntz- 
mann; and the discussions of state space analysis in the 
papers of Zadeh and Kuh et al. As in other branches of 
engineering, theoretical advances in network theory are 
not infrequently made in response to practieal needs and 
a good example of such a response is the studies that 
have recently been carried out on networks containing 
lumped and distributed elements, and an important 
contribution on this subjeet is given in Youla’s paper. 

One notable feature of modern network theory is that 
the classical theory of linear, lumped passive, time 
invariant systems does not remain static but is constantly 
being enlarged by new research. Among the papers con- 
tributing to these advances are those discussing single 
element networks by Boesch and Civalleri and the one 
on active network design by Spence. Network theory is 
not limited in its application to electrical circuits and 
good examples of the wider generality and applicability 
of this subject were shown by several of the papers con- 
tributed to this NATO study institute. For example, 
graph-theoretical properties were discussed by Lempel, 
Cederbaum and Myers, and combinatorial networks were 
considered by Meo, Morreale and Minnick. 

An important offshoot of network theory is switching 
theory and, as the title of the conference implies, this 
aspect was also considered. In this section there were 
basie papers on switching theory and sequential cireuits 
by Unger, Grasselli, Luccio, Susskind and Gerace. 

In conclusion, the various papers included in this 
volume contain a large amount of new material on 
network and switching theory which is important to 
workers in this field and this work should prove valuable 
to these specialists. G. S. BRaysHaw 


MOVEMENTS OF STARS 


Stellar Kinematics 
By W. M. Smart. 
1968.) 84s. 


PROFESSOR SMART has written the first book entirely 
about this subject since Eddington’s Stellar Movements 
appeared in 1914. The ideas which have been introduced 
in the past fifty years, and the prospect of a marked 
increase in the observational material during the next 
ten, would both justify the appearance of a new author- 
itative book. 

Because we can measure neither gravitational force nor 
acceleration in astronomy, stellar dynamics is essentially 
a theoretical branch of the subject. If it is to have any 
connexion With stars, it must be through stellar kinematies, 
and the revival of interest in dynamics should stimulate 
renewed attention to the analysis of observations. The 
past exchanges of ideas between theory and observation 
are evident in Professor Smart’s book. With the success 
of the kinetic theory of gases in the past century, it was 
reasonable to suggest that the distribution of stellar 
velocities should be Maxwellian. Statistical studies of 
proper-motions revealed, however, that the distribution 
was not isotropic. The observations suggested either a 
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two-stream theory-——the mixing of two Maxwellian dis- 
tributions in relative motion—or an ellipsoidal distribution. 
-The two-stream distribution has never made much impact 
on stellar dynamics, but the ellipsoidal distribution, with 
minor modifications, is still a familiar starting point for 
dynamical theory. 

In addition to its close link with dynarmes, stellar 
kinematics can also be used in the statistical determination 
of distances. Whereas the line-of-sight velocity of a star 
is obtained in linear measures, the transverse velocity 1s 
determined in angular measure. The relative distances of 
a class of star can be estimated from their apparent mag- 
nitudes. The absolute scale of distance can be found by 
requiring the same systematic motions in both radial and 
transverse linear velocities. The analysis can be carried 
out in several ways, and this application of stellar kine- 
matics has successfully confirmed distance scales obtained 
by other methods. Unfortunately this application becomes 
much less suitable when the class of objects extends over 
a wide range of distances, and Professor Smart’s advice on 
procedure under these conditions would have been most 
welcome. 

The observer who wishes to interpret the measurements 
of stellar movements he has made, and the theoretician 
who needs to compare his theories with observations, will 
both find valuable guidance in this book. With his great 
experience of analysing stellar movements, Professor 
Smart demonstrates a wide variety of methods, yet the 
reader is not allowed to forget that hazard of all statistical 
work in astronomy, the effects of observational selection. 

>. L. Camm 


OBITUARIES 


Professor Eugene M. Cheissin 


Tue sudden death of Professor Eugene Mineevitch Cheissin 
on June 26, 1968, at the age of 61, has deprived Soviet 
and world science of an outstanding biologist, who had 
made many valuable contributions to protozoology. 
At the time of his death he was Head of the Laboratory of 
Microscopy at the Institute of Cytology of the Academy 
of Sciences of USSR and Professor of Invertebrate Zoology 
in the University of Leningrad. 

Cheissin’s scientific work reveals the wide erudition 
and diversity of biological interests characteristic of the 
school created by his teacher, the distinguished Russian 
zoologist V. A. Dogiel. His earlier investigations dealt 
with the comparative cytology of the astomatous ciliates 
and with the parasitic amoebae of man, but his best 
known work is on coecidia (especially of rabbits), the 
structure and life cycles of which were described in a series 
of publications, including his thesis for the doctorate of 
biological sciences (1947) and culminating with a mono- 
graph on “The life cycles of the eoccidia of domestic 
animals” (1967). In his studies on piroplasrns, new light 
was thrown on their invertebrate cycle in ticks, necessitat- 
ing their separation from the Sporozoa. 

With the advent of electron microscopy Cheissin turned 
his attention to the study of the ultrastructure and morpho- 
genesis of diverse protozoa, to which he made notable 
contributions. He was co-author (with the late V. A. 
Dogiel and G. I. Poljansky) of the monumental treatise 
on General Protozoology (1962), which was translated into 
German (1963) and English (1965). 

During the last months of his life, as vice-chairman of 
the Soviet Organizing Committee, Professor Cheissin 
devoted all his energy to preparations for the third Inter- 
* national Congress on Protozoology to be held in Lenin- 

grad in 1969. 


“Charge Distri- - 






CORRIGENDUM. In the communication 


butions of Conjugated Molecules” by H. A. Nash, 8. R- 


Grossman and D. F. Bradley (Nature, 219, 370; 1968) 
1968 should read 1958 in ref. 5; 1964 should read 1946 in 
ref. 16; and 1684 should read 1689 in ref. 18. 


Erratum. In the communication ‘Trace Element 
Identifieation of the Source of Obsidian in an Archaeolo- 
gical Site in New Guinea” by C. A. Key (Nature, 219, 
360; 1968) the reference number of the artefacts found in 
an archaeological site in New Guinea was omitted; it is 
ANU 376. The first sentence of the third paragraph 
should read: There are three known obsidian occurrences 
in New Guinea separated one from another by distances 
of 300 miles. 


Erratum. Inthe communication “Méssbauer Absorption 
in Zinnwaldite Mica” by C. L. Herzenberg, D. L. Riley 
and R. Lamoreaux (Nature, 219, 364; 1968) the last eight 
lines of the second paragraph on page 365 should be 
replaced by the following: Spectra from polycrystalline 
specimens do show much more nearly equal intensity 
ratios, indicating that this is largely an orientation effect. 
It seems possible that paramagnetic relaxation pheno- 
mena!’ as well as an anisotropic resonant fraction’? may 
also contribute to the relative intensity ratios as well as 
to the somewhat non-Lorentzian line shapes. 


CORRESPONDENCE 


Nomenclature Madness 


Sin.—-Dr Wiener’s letter (Nature, 219, 544; 1968) adds 
little of substance to the statements about Rh nomen- 
clature which he has repeatedly made over the last twenty 
years. The analogy which he draws with the notations of 
the ABO system is a false one, for the adoption of the 
symbols A, B and O expressed a distinction between 
antigens, and between genes, which could not be represen- 
ted by a series of single arbitrary numbers for phenotypes 
(not antigens or genes). The adoption of the CDE nota- 
tion for the Rh system seemed to most workers to make a 
similar advance, not a regression as he implies. There 
ean be no doubt that it greatly facilitated thinking and 
writing about the system, and has Jed to much fruitful 
research work. 

No one denies that the main features of the Rh antigens 
are the products of a single short segment of chromosome 
in each gamete. Thus each distinct inherited set of 
antigens, however complex, must be representable by a 
single symbol, and in this sense a notation of the type first 
devised by Dr Wiener is bound always to give the right 
answers. The question is whether it gives them always in 
the most efficient way. In most sciences there are hier- 
archies of symbols representing different levels of analysis. 
For some purposes Wiener’s symbols may continue to 
be convenient, but other symbols are needed to express 
the results of deeper analysis. 

Nearly all the known facts about the Rh system can be 
represented as the effects of multiple alleles of C, D and Æ, 
with interaction between the supposedly separate though 
closely linked loci. A few of the facts appear not to be 
explicable in this way, but this is a reason for trymg to 
carry the analysis deeper still—-not for retreating to the 
exclusive use of a foolproof but relatively undiscrimimating 
notation. 

A. E. MOURANT 


MRC Serological Population Genetics Laboratory, 
St Bartholomew’s Hospital, London EC1. 
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Closing Down an Industrial Research Laboratory 


Sin,—It was until recently assumed that British 
industry suffered from a chronic shortage of qualified 
scientists and engineers (QSEs). While the need may 
remain, demand is now weak and highly selective. A 
pointed demonstration of the current situation has been 
given to those of us whose jobs and laboratories have 
been “rationalized? out of existence during recent 
company mergers and takeovers. 

The following is a brief description of what happened 
during the dissolution of a particular industrial R and D 
establishment, where the writer worked. It is hoped that 
worthwhile lessons can be drawn by other QSEs, manage- 
ments and the professional institutions. Few of us doubt 
the necessity of concentrating expensive R and D facilities, 
but the means of closing used for modern R and D estab- 
lishments need careful consideration. Not surprisingly, 
there are more accounts in the literature of the inau gura- 
tion of new research establishments than of the converse 
process. 

A significant difference from the closure of factories is 
that the QSEs affected are well educated, well informed 
professionals, trained to question previous authority and 
unlikely to accept arbitrary instructions without con- 
vineing explanation. This does not prevent the company 
management achieving its objective, but the intelligence 
and skill required may be underestimated by adminis- 
trators used to financial planning. 

Chronologically, the first symptom of trouble will be 
widespread rumours. These lead to recruiting difficulties 
and precipitate resignations. A surprising number of 
scientists, however, may remain during this phase. A 
variety of motives can be assumed, apart from inertia. 
Not least is dedication te the task in hand and an enthusi- 
astic team. 

The eventual official announcement of impending 
closure is tersely worded to minimize controversy. Those 
unfortunates from head office charged with reading it to 
the assembled laboratory staff seem to prefer an after- 
noon delivery. In this way, embarrassing lunchtime 
hospitality is avoided! All organized research immediately 
ceases. However, much remains to be done before the 
site can be cleared’ and sold or re-used. In the writer’s 
case, three months’ warning was given. From some 
points of view, longer would be preferred. It takes time 
to transfer to another location projects, information, 
research teams and equipment which the company wishes 
to retain. Those QSEs, technicians and supporting staff 
declared redundant must find new work. This entails 
interviews on and off site with recruiting teams from 
other employers and Ministry of Labour staff. 

A few dedicated individuals may complete projects for 
their own satisfaction or out of a sense of moral obligation 
to colleagues. Other staff occupy the time between inter- 
views in several ways, depending on their temperament 
and status. Obviously, much time is spent in discussing 
events and their possible outcome. A good deal of 
mutual assistance in job hunting and selection occurs. 
New and marketable skills are passed on. In a typical 
laboratory, there are usually facilities for handicrafts. 
These are utilized in less and less clandestine fashion for 
private projects. Examples are metal work, carpentry, 
car and radio repairs, photography. 

Certain services and especially heat, light, food, drink 
and cleaning must be provided to the end. Local manage- 
ment is faced with a difficult task, for its authority has 
been abrogated, yet official duties need to be organized 
and administered. 

A solution sometimes adopted is to import a “care- 
taking” administrator to preside over the orderly conduct 
of affairs. This is not a popular task and it may not be 
possible to find an individual with the necessary com- 
bination of local knowledge, tact and firmness. Other- 
wise, a very heavy burden falls on those charged with the 
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administration of the redundancy terms. The man or 
woman concerned has to understand and apply the com- 
plex legal procedures laid down by the state in accordance 
with the company’s interpretation. Union representatives, 
if any, and the inevitable “‘sea-lawyers” on the staff will 
detect the slightest anomaly in decisions regarding terminal 
payment, leave entitlement and notice period. All this 
occurs while the administrator is seeking a new post 
for himself. This frequently leads to a conflict of 
interest. 

The pattern of demand for QSEs and team leaders from 
the writer’s laboratory was somewhat unexpected. 
With regard to specialization, electronic and mechanical 
engineers and mathematicians were in great demand. 
Chemists and metallurgists found things much more 
difficult. Physicists were intermediate. 

Laboratory assistants readily found posts regardless of 
age, qualifications, experience or ability. Senior tech- 
nicians and technologists without good qualifications were 
much more difficult to place. Young, recently qualified 
graduates in all disciplines found new work readily. 
QSEs over 30 were not in great demand. The older they 
were, the more difficulty they experienced. Team leaders 
were often told they were “too senior” for vacancies they 
could readily fill. People in the 40-50 age groups faced 
severe problems, regardless of background. They were 
also penalized over pension transfer rights. 

It should, however, be pointed out that only a few of ` 
the redundant QSEs remained unemployed*one month 
after dismissal. The majority of those in employment 
have increased their salaries, albeit after some relocation 
expenses. : 

A rough breakdown of the new employment of the 
QSEs is as follows. Naturally, the sample is too small to 
be statistically significant. 


Civil ser- 


Private Transfer Emi- viceand Higher Prema 
Nature of new industry within gration national- eduta- ture 
employment present to USA ized tion retire- 
company industries ment 
°*% of QSEs moving 
to the sector indi- 
cated 60 4 4 14 14 4 


The loss to industry may well be worse than appears 
here, if individual ability is assessed. 

When moving projects, it is best to try to move the 
nucleus of the team with the project. However, any 
attempt to select an elite from a close-knit team creates 
dissension. Financial inducements are limited by the 
desire to avoid disturbing salary structures at the new 
location. Rehousing is a problem, particularly for young 
people living in rented accommodation. The lump sums 
provided under the Redundancy Payments Act are a 
capital disincentive to remain with the present em- 
ployer. 

Equipment transfer is no problem with catalogue items. 
But specially construeted prototypes are virtually useless 
to all except their original creators. 

Companywise, R and D cut-backs cannot be assessed in 
the short term. The vulnerable laboratories are those 
which are not fully integrated into company operations 
and forward planning. Large R and D centres will only 
succeed if they identify and serve the anticipated needs 
of the company. 

Difficult problems are raised for professional societies. 
Their membership includes company management and 
individual QSEs, so that a neutral stance causes least 
controversy. 

The potential in the universities for retraining the older 
redundant QSEs to fit them for a new career cannot be 
realized unless sech people can be adequately financed 
during their return to college. Hard-pressed companies 
are unlikely to provide the cash. 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the public) 


Wednesday, August 21—Wednesday, August 28 
` BRITISH ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE (at Dundee)— 
180th Annual Meeting. 
Wednesday, August 21 
At 7.30 p.m.—Dame Kathleen Lonsdale, DBE, FRS: “‘Seience and the 
Good Life” (Presidential Address). 
Thursday, August 22 


At 10 a.m.—Dr H. M. Stanley, FRS: “Research and Development in the 
Heavy Organic Chemicals Industry” (Presidential Address, Section B). 


At 10 a.m.—-Professor EB. B. Ford, FRS: “Ecological Genetica” (Presi- 
dential Address, Section D). 


At 10 a.m.—Professor BE. M. Hugh-Jones: 
Change” (Presidential Address, Section F). 


At 10 a.m.-—Sir Herbert J. Manzoni: “Transportation and Environment” 
(Presidential Address, Section G). 

At 10 a.m.—Sir David Lowe: 
Address, Section M). 


At 11.20 a.m.—Professor W, B, Fisher: “Geographical Coutributions to 
Development Schemes—World Examples with speciai reference to the 
Middle East (Presidential Address, Section E), 


At 11.80 a.m.—Sir Henry Wood: “From Robbins to 1970” (Presidential 
Address, Section L). 


At 11.45 a.m.—Sir Gordon Sutherland, FRS: “The Migration of Scien- 
tists" (Presidential Address, Section X}. 


At 2.80 p.m.—Professor W. H. J. Childs: 
(Young People’s Lecture). 


“The Impact of Technical 


“Farming for Factories” (Presidential 


“Waves and Vibrations” 


Friday, August 23 


At 10 a.m.— Professor P. J. Randle: “Metabolic Integration in Animals” 
(Presidential Address, Section I). 


At 10 a.m.— Professor J. N. Black: “Responsibility in Resource Manage- 
ment” (Chairman’s Address, Section K*). 


At 2.30 p.m.—Professor E. H. Wright Baker: ‘‘The Home, Discovery and 
Significance of the Dead Sea Scrolis” (Young People’s Lecture). 


At 3 p.m.—-Professor H. Kay: ‘“‘Psychology’s Task--Techniques, Tools 
and Training” (Presidential Address, Section J). 


Sunday, August 25 


At 11 a.m.——Official Service in Dundee Parish Church. Preacher: The 
Rev. Hugh O. Douglas, CBE, DD. 


Monday, August 26 


At 10 am—Sir Bernard Lovell, OBE, FRS: “The Influence of Radio 
oa on the Development of Astronomy’ (Presidential Address, 
ection A). 


At 10 am.—Dr 8. Buchan: “Geology in Action” (Presidential Address, 
Section C). 


_ Atil.20a.m.—Professor K. Little: “Social Effects of Technological! Change 
in Developing Countries” (Presidential Address, Section N). 


At 11.30 a.m.—Professor L. J. Audus: “Plant Growth Substances-——Past, 
Present and Future” (Presidential Address, Section K.) 


At 2.30 p.m.—Dr J. D. Carthy: “Animal Societies’’ (Young People’s 
Lecture). 


_At 2.30 p.m.-—-Dr P. P. G. Bateson: “The Development of Behaviour” 
(Darwin Lecture). 


Tuesday, August 27 


At 10 a.m.—Professor I. W. Roxburgh: ‘The Future of the Sun” (Kelvin 
Lecture). 


At 11.30 a.m.—Professor F, Oldfield: “Pollen Analysis and the History 
of Land Use” (Lister Lecture). 


_ At 2.30 p.m.—Professor C. A. Adamson: “The World’s Energy Resources” 
(Young People’s Lecture). 


Wednesday, August 28 


At 10 a.m.—Mr B. R. S, Megaw: 


“Three Royal Inauguration Rites” 
(Presidential Address, Section H). 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the folowing appointments on or before the 
dates mentioned: 

RESEARCH DEMONSTRATOR (with a good honours degree and some post- 
graduate experience and interests in some aspects of plant physiology or 
biochemistry) in the DEPARTMENT OF Botany-——The Registrar, University 
College of Swansea, Singleton Park, Swansea, South Wales (August 23). 

TEMPORARY LECTURER/ASSISTANT LECTURER in the DEPARTMENT OF 
APPLIED Prysics-—-The Registrar, The University, Hull (August 23). 

Head (with high academic qualifications and experience of the analysis of 
soils, plants or related materials by emission spectro-chemical techniques 
and of direct reading equipment, together with a knowledge of the applica- 
tions of such methods to agricultural investigations) of the DEPARTMENT OF 
SPECTROCHEMISTRY--The Secretary, The Macaulay Institute for Soil 
Research, Craigiebuckler, Aberdeen (August 26). 

SENIOR LIBRARY ASSISTANTS (3) (preferably honours graduates with 
Oo Approprine library qualifications)—The Secretary, The Queen's University, 
-Belfast, Northern Ireland (August 30). 

h ASSISTANT LECTURER (graduate physicist) in MEDICAL Puysics—~The 
. Seeretary, The University, Aberdeen (August 31). 
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ASSISTANT LECTURER (veterinary graduate) in VETERINARY PuanMa> 
COLOGY—The Registrar, University of Bristol, The Senate House, Tyndall 
Avenue, Bristol, 2 (Angust 31). . . 

JUNIOR RESEARCH FELLOW IN Botany-—-The Registrar, The University, 
Sheffield (August 31). 

LECTURER (preferably interested in aero-elasticity or the dynamic response 
of structures) in AERONAUTICAL ENGINEERING—The Registrar, University of 
Bristol, Senate House, Bristol, 2 (August 31) 

PART-TIME DEMONSTRATOR (graduate with qualifications in physical geo- 
graphy) in the DEPARTMENT OF GEOGRAPHY-——The Secretary, University of 
Edinburgh, Old College, South Bridge, Edinburgh (August 21). 

RESEARCH ASSISTANT in the DEPARTMENT OF STEROID BIOCHEMISTRY to 
participate in an investigation of the biochemistry of normal and neoplastic 
prostatic and testicular tissues—-The Secretary of the University Court, The 
University, Glasgow (August 31). 

TECHNICAL OFFICER (with experience in radioactive and vacuum tech- 
niques) in the Isotopes Laporatory-—~The Secretary, The University, 
Dundee, Scotland (August 31). 

TEMPORARY SENIOR LECTURER (with experience of lecturing In gross 
anatomy, and, in addition, embryology or neurology) in ANATOMY-— Professor 
D. A. T. Dick, Department of Anatomy, The University, Dundee, Scotland 
(August 31). 

EXPERIMENTAL OFFICER or SENIOR EXPERIMENTAL OFFICER (with ex- 
perience with electronic equipment and high vacuum systems, and preferably 
a knowledge of design drawing) in the DEPARTMENT OF PEYSS, to assist 
with the design, development and running of apparatus for studies of laser 
produced plasmas in high vacua and studies of proton-surface inferactions-—— 
The Registrar, University College of Swansea, Singleton Park, Swansea, 
South Wales (September 2}. 

University LECTURER in the GEOGRAPHY or LATIN AMERIGA- The 
Secretary of Faculties, University Registry, Oxford (September 2), 

RESEARCH ASSISTANT (honours graduate in psychology and preferably 
experience with animals) in the DEPARTMENT OF PSYCHOLOGY for work on a 
project investigating the effects of pre-natal stress in rats—-The Registrar, 
The University, Nottingham (September 3). 

LECTURER or ASSISTANT LECTURER IN SOCIOLOGY in the DEPARTMENT OF 
SOCIOLOGY and SOCIAL ANTHROPOLOGY-—-The Registrar, The University of 
Hull, Hull, Yorkshire (September 4). . 

LECTURER IN MECHANICAL ENGINEERING- The Secretary, The University, 
Dundee (September 5). . 

CHAIR OF CIVIL ENGINEERING (in the field of either concrete technology of 
soil mechanics) at the University of Sydney, Australia—The Secretary- 
General, Association of Commonwealth Universities (Branch Office), Marl- 
borough House, Pall Mall, London, SW1; or the Registrar of the University 
(September 6). ; 

LECTURER and a DEMONSTRATOR (with a good honours degree in bio- 
chemistry or other biological science, and preferably some research exper- 
ience) in the DEPARTMENT OF BrocHEMIsTRY—-The Secretary, University of 
Edinburgh, Old College, South Bridge, Edinburgh, 8 (September 7). 

LECTURER/ASSISTANT LECTURER in NUMERICAL ANALY SIS—The Secretary, 
University of Exeter, The Queen's Drive, Exeter, Devonshire (September 10). 

RESEARCH ASSISTANT IN THEORETICAL CHEMISTRY—The Secretary of the 
University Court, The University, Glasgow (September 14). 

CHAIR OF MATHEMATICAL Statistics at the University of Malava--~The 
Association of Commonwealth Universities (Branch Office), Marlborough 
House, Pall Mall, London, SW1 (London and Kuala Lumpur, September 16). 

LecTURER/SENTIOR LECTURER (with an appropriate degree and training and 
experience in pasture agronomy and preferably experience with tropical 
species) in AGRICULTURE at the University of Queensland, Auatralia-~~The 
Association of Commonwealth Universities (Branch Office), Marlborough 
House, Pall Mall, London, SW1 (London and Brisbane, September 21). 

SENIOR LECTURER or LECTURER in the DEPARTMENT OF PHYSIOLOGY, 
Monash University—The Assistant Registrar, Monash University, Wellington 
Road, Clayton, Victoria, Australia; or The Secretary-General, Association of 
Commonwealth Universities (Branch Office), Marlborough House, Pall Mall, 
London, SW1 (September 21). 

FELLOW or RESEARCH FELLOW in the DePARTMENT OF EXPERIMENTAL 
PaTHOLOGY, The John Curtin School of Medical Research, Australian 
National University--The Association of Commonwealth Universities (Branch 
Office), Marlborough House, Pall Mall, London, SW1 (September 380), 

LECTURER in CyTocENETIcs at the Hospital for Sick Children—~The 
Secretary, Institute of Child Health, 30 Guildford Street, London, WC1 
(September 30). . 

LECTURER in PAILOSOPHY at the University of Tasmania-—The Association 
of Commonwealth Universities (Branch Office), Marlborough Howse, Pall 
Mall, Loudon, SW1 (September 30). 

LECTURER IN PHYSIOLOGY; and a Lecrvrer in Hisro.oey or in Bro- 
CHEMISTRY at the University of Cape Town, South Africa-—-The Secretary- 
General, Association of Commonwealth Universities (Branch (Office), Mari- 
borough House, Pall Mall, London, SW1, and The Registrar, University of 
Cape Town, Private Bag, Rondebosch, South Africa (eptember 309}. 

SENIOR RESEARCH BiocHEMIST (medical or science graduate, preferably 
with an interest in physical chemistry) at the POSTGRADUATE SCHOOL OF 
OBSTETRICS and GYNAECOLOGY (New Zealand Medical Research Council). 
University of Auckland, New Zealand- The Association of Commornwealth 
Universities (Branch Office), Mariborough House, Pall Mall, London, SW 
(New Zealand and London, September 80). 

FELLOW or RESEARCH FELLOW in the DEPARTMENT OF STATISTICS, 
Institute of Advanced Studies, Australian National University- Ehe ABBO- 
ciation of Commonwealth Universities (Branch Office), Mariborotigh House, 
Pall Mall, London, SW1 (October 1). 

SENIOR LECTURER or LECTURER (with interests in either experimental or 
theoretical physics and preferably specially qualified in theoretical low 
energy nuclear physics) in Puysics at Victoria University of Wellington, 
New Zealand—The Association of Commonwealth Universities (Branch 
Office), Marlborough House, Pall Mall, London, SW (October 15). l 

ASSISTANT LECTURER in the DEPARTMENT OF SOCIOLOGY —— The Registrar, 
The University, Keele, Staffs. . 

BIOCHEMIST, BASIC GRADE (no previous experience is needed}—The 
Consultant Chemical Pathologist, West Middlesex Hospital, Isleworth, 
Middlesex. 

FISHERIES STATISTICIAN (male graduate in mathematica or statistics) in 
ZAMBIA to review current statistical programmes, and plan and execute 
other programmes relating to the exploitation of the natural fisheries-——The 
Appointments Officer, Ministry of Overseas Development, Room 301, Eland 
House, Stag Place, London, SW1, quoting Ref. RC 288/182 /92. 

Heap or Puoysics—The Headmaster, School House, Tonbridge, Kent. 

JUNIOR RESEARCH ASSOCIATE (recent graduate in zoology) to work under 
the direction of Profeasor R. B. Clark on some aspect of the reproductive 
biology of polychaetes—Professor R. B. Clark, Department of Zoology, 
University of Newcastle upon Tyne. 
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LECTURER, GRADE II (honours graduate qualified to teach human geo- 
graphy and the gaography of Africa to the London External Degree in 
Geography) in GEOGRAPHY—The Registrar, Hendon College of Technology, 
The Burroughs, Hendon, Londen, NWA. 

LECTURER (with a special interest in fluid mechanics and its application in 
power producing machines) in MECHANICAL ENGINEERING in the THERMO- 
FLUIDS SECTION of the MECHANICAL ENGINEERING DEPARTMENT— Professor 
W. Murgatroyd, Mechanical Engineering Department, Imperial College, 
London, SW7. 

PHYSICAL CHEMIST or PHYSICIST for research into air pollution measure- 

ment and control {the work includes the development of laboratory tech- 
niques and the application to problems at coking plants}—The Secretary, 
The British Coke Research Association, Chesterfield, Derbyshire. 
_ POSTDOCTORAL and POSTGRADUATE BIOCHEMISTS, MICRORIOLOGISTS and 
CHEMICAL ENGINEERS to join teams working on (a) kinetics of fixed enzyme 
reactors, and (4) large-scale enzyme isolation techniques—-Dr M. D. Lilly, 
Department of Chemical Engineering, University College London, Torring- 
ton Place, Londen, WC1. 

POSTDOCTORAL RESEARCH FELLOW in the DEPARTMENT OF PURE AND 
APPLIED CHEMISTRY for work which will involve chemical studies of the bio- 
synthesis of pteridine and related compounds and the application of such 
studiesin the design of chemo-thera peutic agents— Dr H. C. S. Wood, Depart- 
ment of Pure and Applied Chemistry, University of Strathclyde, Glasgow, C1. 

RESEARCH ASSISTANT (graduate in agriculture or botany, with a particu- 
lar interest in field experimentation and statistics) to investigate techniques 
for estimating cereal yields—-Fhe Acting Secretary, National Institute of 
Agricultural Botany, Huntingéon Road, Cambridge. 

RESEARCH ASSISTANT (honours graduate chemist) in the CHEMISTRY 
DEPARTMENT to join a new project on the characteristics of steroid drugs— 
oc J. W. Brooks, Chemistry Department, University of Glasgow, Glasgow, 


RESEARCH Assistant (postgraduate chemical engineer, physical chemist 
or applied physicist, with at least an MSe degree) in THERMGDYNAMIC AND 
TRANSPORT PROPERTIES MEASUREMENTS in the DEPARTMENT OF CHEMICAL 
ENGINEERING, to work in a group concerned with measuring and evaluating 
thermodynamic and transport properties in fluid systems to be used in heat 
and mass transfer research—-The Registrar, University of Manchester 
Institute of Science and Technology, Sackville Street, Manchester, 1. 

RESEARCH ASSISTANT (preferably with a degree in zoology or allied sub- 
jects) for work in experimental embryology and organ culture-—-The Secre- 
tary, ARC Poultry Research Centre, King’s Buildings, West Mains Road, 
Edinburgh, 9. 

RESEARCH ASSISTANT (preferably with previous experience with auto- 
mated methods of chemical analysis) for work on abnormalities of amino- 
acid metabolism in man—-The Clerk to the Governors, St Bartholomew’s 
Hospital, London, ECI, quoting Ref. ASC/1517, Research Project No. 35/2. 

RESEARCH ASSISTANT (with a good degree in geography or a related disci- 
pline and a strong interest in practical and applied cartography) in the 
DEPARTMENT OF GEOGRAPHY to work on an analysis of the charts of the 
Humber Estuary—-The Registrar, The University, Hull, Yorkshire. 

RESEARCH ASSISTANT (with an honours degree in psychology and/or 
Dec preferably experience in psycho-physiological research) in the 
DEPARTMENT OF PSYCHOLOGY for an investigation of automatic reactivity in 
adult criminals—The Deputy Secretary, The University, Southampton, 
quoting Ref. N. 

RESEARCH FELLOW (with a good honours degree in engineering and some 
experience in research) in the DEPARTMENT OF MECHANICAL ENGINEERING, 
to work on the application of solar energy to lifting subterranean water for 
irrigation purposes— The Registrar, Ahmadu Bello University, Zaria, Nigeria. 

RESEARCH STUDENTS (chemical engineers or chemists with a good degree 
or Grad. RIC) in the DEPARTMENT OF CHEMICAL ENGINEERING, for research 
on certain aspects of heterogeneous catalysis—-Dr R. Hughes, c/o Room 
322/N, University of Salford, Salford, Lancs. 

SCIENTIFIC OFFICER (graduate in biochemistry, microbiology, botany or 
zoology) to undertake research on aspects of virus virulence—The Secretary, 
Royal Postgraduate Medical School, Du Cane Road, London, W12, quoting 
Ref, 10/233. 

SCIENTIST (preferably with qualifications in physics, chemistry or geo- 
chemistry, and interested in conducting research in the field of spark source 
mass spectrometry) in the NATIONAL PHYSICAL RESEARCH LABORATORY, 
Pretoria, South Africa—The South African Scientific Attaché, Chichester 
House, 278 High Holborn, London, WC1, 
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The Public Schools Comunission—First Report. Vol, 1: Report. Pp. 
xvili+ 237. (London: H.M. Stationery Office, 1968.) 22s. 6d. net. [197 
, Government of Northern Ireland: Ministry of Agriculture. Leaflet No. 55: 
Rearing Dairy Herd Replacements. Pp. 10. Leaflet No. 69: Pig Housing. 
Pp. 16. (Belfast: Ministry of Agriculture, 1968.) 197 

University of Leeds. Publications and Titles of Theses, 1865-66, Pp. 187. 


(Leeds: The University, 1968.) {197. 
_ Advisory Committee on Oil Pollution of the Sea. Report for 1967. Pp. 20. 
(London: Advisory Committee on Oi] Pollution of the Sea, 1968.) {197 


Philosophical Transactions of the Royal Society of London. Series A: 
Mathematical and Physical Sciences. No. 1139, Vol. 263 (18 July, 1988): 
Contributions to the Theory of Diophantine Equations. T, On the Represen- 
tation of Integers by Binary Forms, H, The Diophantine Equation y = 23 +k, 
ira Baker. Pp. 178-208. (London: The Royal Society, 1968.) we 

2.45. 197 
_ Ministry of Power. Safety in Mines Research 1967—¥orty-sixth Annual 
Report of the Safety in Mines Research Establishment. Pp. 8844 plates. 
(London: H.M. Stationery Office, 1968.) 88, 6d. net. {197 

Lhe Zoological Record. 1065, Vol. 102, Section 9: Mollusca. Compiled by 
G. Bridgeman-Williams and Lesiey Feakes. Pp. 179. UK and Bire, 60s.: 
Overseas, 708. ($US #.40.) 1965, Vol. 102, Section 18: Aves. Compiled by 
Olga M. Theobald. Pp. 212. UK and Eire, 60s.; Overseas, 70s. ($US 8.40). 


(London: The Zoological Society of London, 1968.) [197 
_ Research Supported by the SSRC 1988. Pp. 148. (London: Social 
Science Research Council, 1968.) [227 


Ministry of Agriculture, Fisheries and Food, Buletin No. 194: The 
Control of Aquatic Weeds. By T. O. Robson. Pp. vi+ 54+ 4 plates. (London: 
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Where have all the Optimists gone ? 


Nogopy will be surprised that Dame Kathleen Lons- 
dale has vindicated the belief of those who have for 
many years complained that the British Association 
should appoint a woman as a president. She is a 
courageous and independent person, and her presiden- 
tial address earlier this week was at once arresting and 
provoking. No doubt there will be a certain amount 
of tut-tutting that the president of the British Associa- 
tion should use this public platform to complain about 
the war in Vietnam or the research being carried out 
by several governments into the development of 
chemical and biological weapons, but that is quite 
beside the point. The British Association in particular 
and the profession of science as a whole have suffered 
unduly, in recent years, from the unwillingness of 
professional scientists to say in public what they 
proclaim with great vigour in private. In other words, 
even those who dissent from some or even much of what 
Dame Kathleen had to say on Wednesday will have 
been refreshed by the way in which she said it. The 
fact that she also made a few good jokes in the course 
of her address was less predictable but none the less 
welcome, for there is always a danger that presidents 
of the British Association will be driven to excessive 
pomp by what seem to them to be the burdens of 
office. 

This said, a great many questions ery out for atten- 
tion. Not the least of them is the issue, which Dame 
Kathleen herself referred to on Wednesday, of whether 
scientists should be publicly outspoken about important 
matters, scientific or otherwise. The question has a 
particular importance for the British Association, still 
trying hard to find some continuing role for itself in the 
years ahead. It is only fair to recognize that public 
reticence among scientists seems to be more evident 
in Britain than anywhere else. But it is well known 
that professional scientists who lend their energy to 
public causes of almost any kind—-from disarmament 
to birth control—are almost certain to find their 
colleagues torn between scorn and embarrassment. A 
part of the trouble seems to be that people fear—with 
some reason—that professionally competent colleagues 
may often talk nonsense about other things, but then 
go on to make the quite unfounded inference that 
unsoundness in lay matters is certain to be regarded as 
a proof of unsoundness in other fields as well. The 
truth, of course, is quite the opposite. On a great 
many important public issues, scientists have as much 
right and responsibility to speak out, and are as likely 
to be wrong in what they say, as specialists in other 
fields. This does not imply that science is all cut and 
dried, but merely that professional etiquette requires 
that speculation should not reach too far beyond the 


limits of experimental observational evidence. ‘Things 
are very different elsewhere—in polities, for example. 
Problems will not wait on certainty or an approxima- 
tion to it. In the circumstances, there is no reason 
why scientists should feel more diffident than other 
kinds of specialists about intervention in public debates 
—~indeed, they have an important contribution to 
make. What they must remember—and what the style 
of Dame Kathleen Lonsdale’s address will have under- 
lined—is that public debate is a kind of free-for-all 
in which strictly professional reputations carry no 
intrinsic weight. It is important that there should be 
more of it. 

In passing, it is worth recalling that some of the 
British habits of professional reticence on largely 
scientific matters have recently turned out to be dam- 
aging to strictly scientific interests. The 300 GeV 
accelerator which it now seems likely that CERN will 
build without British participation (see page 779) is a 
good example. During the six or seven years in which 
the building of this accelerating machine has been a 
preoccupation at Geneva, the confrontation between 
British supporters of the machine and their opponents 
has taken place largely behind the closed doors of 
committee rooms. In the circumstances, it is not sur- 
prising that the CERN proposals for the new accelera- 
tor should be deprived of the benefit of the constructive 
criticism which open discussion could have given them. 
Looking back, the warmest supporters of British 
participation in the new accelerator would probably 
agree that their case would have been stronger if they 
had been less rigid in their demands on the public 
purse. None of this should excuse the failure of the 
Department of Education and Science to take a sensible 
initiative in the discussion at Geneva in the past few 
months, but it is a grim reminder of the damage which 
can be done by an excess of seemly reticence. This, 
too, is something which should be cured. 

These are side issues provoked by what Dame 
Kathleen Lonsdale had to say this week. The essence 
of her address was the question of whether modern 
science is compatible with what she called “the good 
life’, and by which she meant a gently hedonistic 
state of grace in which people enjoy their work, their 
surroundings and their associations with their fellows. 
On the whole, Dame Kathleen seems to belong to those 
who fear that the activities of science-—or at least the 
consequences of science—are more of a threat to the 
good life than an assurance of it. Her listeners on 
Wednesday will no doubt have been struck with the 
contrast between the tone of what she had to say and 
the cheerful optimism about the potential benefits of 
science which would have been considered the main- 
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stream of the British Association’s temperament as 
recently as the thirties. People like Wells, for example, 
were on balance optimists. It is true that they spent 
a good deal of their energy on grim warnings of the 
evils which might come about if sensible policies were 
not followed, but their real objective was to create 
a climate in which the beneficent potentialities of 
scientific research could be fully exploited. What has 
gone wrong? Were the optimists misguided, or do 
Dame Kathleen and the great company of people who 
share her views paint too black a picture ? 

Perhaps the first thing to be said is that there can 
be no simple definition of the good life. One man’s 
meat is usually somebody else’s poison. There are 
those—like Dame Kathleen, by her own account— 
who like living in the country, but other people 
genuinely find cities more congenial. In the same way, 
some people like living in tall blocks of flats while 
others cling—often, perhaps, for want of contrasting 
experience—to the view that the ability to walk 
horizontally onto fresh earth is somehow inseparable 
from the good life. Some people value more than 
others the ability to travel quickly from one place to 
another which modern aircraft can provide (which 
is not to suggest that anybody should be required to 
endure the public nuisance of the noise from badly 
sited airports). But these are only humdrum com- 
ponents of the quality of modern living. Where work 
or personal relationships are concerned, the whims of 
people and their diversity are even more apparent and 
important. This is why there is a case for thinking 
that the essential quality of the good life is the extent 
to which society allows and even encourages its mem- 
bers to exercise their diverse interests to the full, 
But by this test, there can be little doubt that people 
are now immensely more free than when the optimists 
about the potentialities of science held the centre of 


Universities on the Dole 


Wirra most university vice-chancellors still away in 
Australia and at the peak of the summer exodus, it is 
now quite obvious that the universities and the UGC 
will not be able to assess the overall effects of the 
UGC's letter of August 1 to the vice-chancellors, 
announcing the Government’s policy of a complete 
moratorium on all new building for the rest of this 
financial year, until October at the very earliest. 
Meanwhile, the Department of Education and Science 
and the Treasury have made no comment whatsoever 
on the announcement and it seems they intend to 
continue to refuse to say how large a cut they are aiming 
for. Why is the Government being so secretive? It 
ought to realize that, as a matter of expediency as well 
as of principle, policy should be public. It is, after 
ail, public money that is involved, and it is time that 
both the Government and the UGC gave up the fiction 
that university finance and development is purely a 
private matter between the UGC and the universities 
that must be shielded from public debate at all costs. 
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the stage. Not merely are the emancipated more free 
to play the parts they want to play in social life, but 
there is a much larger proportion of people emanci- 
pated from the thrall of deprivation of one kind and 
another. Moreover, this tendency towards improve- 
ment seems to be continuing. 

But what about the skeletons in Dame Kathleen’s 
cupboards—the lakes which are going sour, the noisome 
streets, the threat of hideous kinds of warfare? As 
she herself pointed out, awesome possibilities like 
these are not intrinsically novel. In any case, however, 
the view that science may somehow be responsible for 
the need to regulate social problems more forcefully 
and accurately is quite mistaken. Indeed, there is 
no doubt that if scientists were all somehow persuaded 
to abandon their present work for something quite 
different, the need for changes in society would remain 
as urgent as it is at present. The bounding growth of 
population in several parts of the world—which is not 
simply a consequence of scientific innovation—would 
necessarily imply radical changes in the pattern of 
social life. Cities, for example, would continue to 
grow. Lakes would become eutrophic. Wars would 
persist. Judging from the patchy experience of recent 
decades, scientific activities of one kind or another have 
probably done more to take the edge off problems like 
these than to exacerbate them. To be sure, three 
centuries of boom in science have not somehow banished 
all social problems, and there is now a more urgent 
need than ever of vigorous and decisive planning of 
the framework of what Dame Kathleen calls the 
good life. But is it sensible to look for anything else ? 
And is it not a risky business to give implicit support 
to the growing body of uninformed opinion which is 
only too ready to blame what is called Science for the 
continuing and admittedly awkward need that society 
should regulate its affairs afresh 3 


In trying to maintain that shabby pretence, the UGC 
has already reduced itself to little more than an extra- 
mural department of the DES, and the Government 
has thrown away public confidence in its policy for 
the universities. In the present financial situation the 
Government may well be justified in slowing down 
university development as part of a general reduction 
in public spending. No one wants to see Britain become 
bankrupt next winter, as it could well do, but the 
threat of such a disaster is no justification for shrouding 
educational policy, or anything else for that matter, 
in unreasonable secrecy. Nothing could be more harm- 
ful. 

Rumour has it that the Government is hoping to save 
as much as £15 million, just over half the total funds 
authorized for capital expenditure in the current 
financial year. It is still early days yet, and, with the 
universities caught in the middle of their annual period 
of suspended animation, it is difficult to obtain even 
rough estimates of how individual universities are going 
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to fare. But from a random enquiry, it appears that 
many, including Leeds, Surrey, Birmingham, York, 
Bradford, Nottingham, Sheffield and Aston, think they 
will escape the short term effects of the cuts. They 
either had no major buildings planned for this year or 
had signed contracts for projects before August 1; 
no doubt, as luck had it, many of the decisions were 
made just in time at the end of last term, before the 
staff dispersed. On the other hand, Lancaster may well 
have the second stage of one of its colleges costing 
£0-5 million deferred, and Bath has three projects, 
worth about £1 million in all, at stake. These include a 
large student hostel, but because the university has 
been using prefabricated industrial building methods 
it may just escape the axe. But at Essex a building 
for social and comparative studies, at East Anglia 
the second stage of an arts faculty building, and at 
Bristol the second stage of a women’s hall of residence 
all seem certain candidates for deferment. 

Although the picture may be quite different when all 
the vice-chancellors’ returns are in, it seems at the 
moment that student accommodation will, more than 
anything else, be hit by the moratorium. Apart from 
major college and hostel building schemes which are 
likely to be cut, all the universities will find that plans 
for converting private houses into student accommoda- 
tion will be severely restricted. And, unfortunately, 
with public opinion currently anti-student, the universi- 
ties may find it hard to win much sympathy about 
that. 

Without knowing by how much the Government 
intends to reduce spending on the universities it is, of 
course, impossible to say whether the UGC will manage 
to squeeze sufficient economies from the capital grants. 
If the cuts are insufficient, however, the UGC has 
already been warned that about £1 million will be cut 
from the £19 million grant made to the universities 
for purchasing equipment in the financial year 1969-70. 
Only the recurrent grants, which are chiefly used by 
the universities to pay salaries, have so far emerged 
unscathed. It is now up to the UGC to do what it 
can to select the most important building projects 
that have still to be started and ensure that they escape 
the moratorium. The UGC should also tell the Govern- 
ment that it is hopeless to expect the target of 223,000 
students by 1971-72 to be achieved unless the universi- 
ties are given some guarantee that from one month 
to the next they will have the funds for rational 
expansion. 

These developments cast a longer shadow than the 
mere threat that necessary buildings will be delayed 
for several months or even several years. This latest 
round of economies, understandable though they are, 
must surely force on the universities the question of 
whether they can safely remain as dependent on direct 
support from public funds as they have become in the 
past four decades. The issue is not the stark and old- 
fashioned quarrel based on the assertion that public 
money must always corrupt what is sometimes nebul- 
ously known as academic freedom. The truth is that, 
in a modern society, governments must necessarily 
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play a crucial part. The real question is how. this ae cs 
should best be done in modern Britain. The problem 





is to balance the benefits of massive and direct support 
from public funds against the disadvantages which are 
now becoming more apparent. Over the years, succes- 
sive British Governments have been able to sustain 
the growth of the university system at a pace which 
is unlikely to have been attained in any other way. 
By the machinery developed for distributing funds to 
the universities, it has also been possible to ensure 
that the less naturally favoured universities have been 
able to grow strong most quickly. The snag, now 
painfully apparent, is that the development of the 
universities is awkwardly linked with the ups and 
downs of national prosperity, but there are also reasons 
for believing that the universities would in present 
circumstances be much more enterprising institutions 
if they were not so spoon-fed. (One of the ironies of 
the latest arbitrary economies is that they will do 
nothing to encourage the universities most anxious ` 
to use their ingenuity to make the fullest use of scarce 
resources.) The time has probably come to explore 
other ways of balancing the university budgets, and the 
Treasury evidence to the Robbins Commission shows 
that there is no necessary conflict between public 
policy and the other methods of financing. The 
departure of Sir John Wolfenden from the UGC is 
another reason for looking again at the alternatives. 


ACCELERATORS 


Italy Backs CERN 


Since the 38th council meeting of CERN in June, 
when Professor B. H. Flowers announced that Britain 
had decided not to join the project to build a European 
300 GeV accelerator, there has been something of a 
hiatus in the affairs of the organization. The news 
last week that Italy is willing to participate in the big 
machine is therefore an important step forward. This 
brings the number of countries who have stated their 
willingness to join the project to four—Belgium, 
France and Austria had agreed to participate well 
before the British decision was made known. Whether 
or not the project now goes ahead depends chiefiy on 
the attitude of West Germany, which makes the largest 
contribution to the CERN budget—-23-3 per cent. Ib 
is clear enough that without two major contributions— 
the West German and the British—the accelerator 
could not be built. But there seems to be optimism 
in the organization that the West German decision will 
turn out to be favourable. Germany has carried out a 
technical appraisal of the project which it is felt should 
have more influence on the West German ministers 
than did the corresponding British document on the 
British Cabinet. 

While the West German government makes up its 
mind, CERN is going ahead with a revision of the 
300 GeV project in the light of the British announce- 
ment. This revision is being based on the condition 
imposed by Italy, which specified that its contribution 
should not exceed that originally calculated. It is 
now assumed that the other nations involved will take 
a similar line. Various plans for reducing the expendi- 
ture on the machine by the amount of the British 
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share are now being aired in Geneva. CERN is anxious 
not to prejudice in any way the ultimate energy and 
beam intensity of the machine, and in the first place 
it is thought that cuts will come by having only one 
experimental area instead of two, by cutting down on 
ancillary equipment, or by attaining the maximum 
energy in several steps. That CERN is optimistic of 
finding ways of bringing about a 20-25 per cent cut 
in the cost of the accelerator shows just how flexible 
the project is, something the British Government has 
so far failed to realize. It is now even clearer than it 
was in June that the curt “no” from Britain was 
unnecessary, that there was plenty of room for bar- 
gaining, and that a reduction in expenditure on the 
project was there for the asking. 

Last week’s decision by Italy has given a boost to 
the revision of the project now going on at CERN 
because it should encourage the smaller nations which 
are members of CERN to join in. The Italian contri- 
bution of 11-24 per cent to the basic programme of 
CERN makes it something of a link between France, 
' Germany and Britain, contributing between them 
64-8 per cent, and smaller nations such as the Scan- 
dinavian countries, the Netherlards, Spain, Switzerland 
and Greece, contributing the remainder. Just now the 
odd per cent or two of the smaller contributions are 
vitally important to the project. CERN is hoping 
that these countries will follow the lead now set by Italy. 

It has to be recognized that the June decision by 
Britain puts the earlier declarations from Belgium, 
France and Austria in a new light. At the 38th 
council meeting in June, these countries were urged 
to reconfirm their decisions. This they are confidently 
expected to do, as the new plans will not require any 
increase in the individual contributions they are being 
asked to make. As far as the French are concerned, 
a great deal of water has passed under the bridge 
since their verbal agreement in June last vear to 
participate, and their later written confirmation. The 
French government is, however, still felt to be favour- 
ably disposed towards high energy physics research. 

Meanwhile the Intersecting Storage Rings (ISR) 
project, which forms part of the basic programme of 
CERN and to which Britain still contributes, is going 
ahead. Construction of the ISR, which will in manv 
ways be equivalent to a conventional accelerator of 
1,700 GeV but not to be regarded as in any way a sub- 
stitute for the 300 GeV machine, has now reached the 
half-way stage, at an expenditure which is so far 5 per 
cent below the estimates. This seems to give the lie to 
the notion that the cost of CERN projects escalate in 
a manner rem‘niscent of the aircraft industry. It is 
true that the cost of the 28 GeV accelerator rose 
considerably from the original 1953 estimates, but 
CERN would have it that most of this increase was 
not to make the project realizable, but was rather an 
expansion of the investment in view of the success of 
the project. And it is impossible to deny that as 
international cooperation in ambitious scientific pro- 
jects go, CERN has been a notable success. If it 
really was escalation of the costs of the 300 GeV 
machine which worried the British Government—and 
this must be less of a fear as CERN becomes more 
experienced—then the thing to do was to suggest to 
CERN that the project be looked at again with a view 
to checking the costs and reducing them where pos- 
sible. CERN is having to do this now anyway, and 
by the look of things is succeeding. 
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BRITISH ASSOCIATION 


More Support Wanted 


As it meets this week in Dundee, the British Association 
is hopeful that it will be able to continue and ex pand 
its wide range of activities. But financial problems 
remain. This year the association has again shown a 
small surplus on its accounts, but, as the annual report 
reveals, to achieve this it has been necessary to impose 
some very strict economies. 

The largest decrease in expenditure has been a cut 
of some £2,500 in the financial aid given to area 
committees. Local activities have, however, been 
maintained with aid from local education authorities. 
In some areas, notably the West Midlands and Sheffield, 
authorities have agreed to contribute a fixed sum per 
thousand pupils on an agreed programme of activities, 
while in other areas support is to be more closely 
linked with the activities undertaken, on the basis of 
local participation in each event. Overall support 
from local education authorities and other local 
sources Increased from £4,360 in 1966-67 to £10,236 in 
1967-68. 

The branches and area committees foresee fairly 
cheerful prospects as long as the association itself 
continues to provide the administrative services. Their 
lack of administrative machinery meant that the 
whole of the £10,000 grant from the Ministry of 
Technology to branches and area committees in 
1967-68 was not used. Hopes of improving the local 
administration as increased activities demand have 
been dashed by the failure of the parent association to 
obtain an increase in its grant from the Department of 
Education and Science. This grant has been renewed 
at its previous level of £12,500. | 

Hopes for the future lie in the association’s member- 
ship and in donations from various sources. The 
question of membership has been reviewed this year 
by a special committee which is due to report to the 
general council in Dundee. One possibility is that 
local membership could be increased considerably. 
The association also hopes to be able to increase its 
income from donations from trusts, business, industry 
and individuals, many of whom are already giving 
generous support. 


PRESIDENTIAL ADDRESS 
science and the Good Life 


Ir has become customary for the president of the British 
Association to give an address that is not concerned 
with any specialized field of science. In Dundee on 
August 21, Dame Kathleen Lonsdale, president of the 
association this year, took advantage of this freedom 
to comment on some of the things about which she 
obviously feels strongly. Her topic was ‘Science and 
the good life”, and she seemed to be giving a clear 
warning that although scientists are in a position to 
give us the good life, they might just as easily deprive 
us of it altogether. 

Discussing some of the ways in which science has 
already affected hfe, Dame Kathleen argued that the 
human character has been influenced by the need to 
deal with increasingly complex moral problems. We 
feel guilty about people starving in India because with 
all the resources of science we ought to be able to help 
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them, and disasters such as floods make us feel guilty 
because we should have foreseen and prevented them. 
We do not yet feel guilty about earthquakes and 
eruptions, but as science and technology advance so 
does the range of man’s control over nature. 

Dame Kathleen discussed a catalogue of ills which 
science has brought in the wake of its advances. Indus- 
trial grime, noise, smells and fog are all the consequences 
of the commercial application of science. And, as a 
“so-called professor of chemistry and a grandmother”, 
she was unable to avoid the issue of chemical and 
biological weapons, which could be the means by which 
future generations are deprived of the good life. 

Dame Kathleen also condemned the “mfamous 
trade” in armaments, justified by the argument that 
“we need the money we get from exports, and the 
developing countries need internal security”. The real 
need of these nations, she said, is for teachers, doctors, 
nurses and engineers. But the best of these are often 
imported to Britain to replace those lost to America. 
In return for these imports of manpower we should 
offer not arms but technological aid in the form of, 
for example, roads, drains, agricultural equipment 
and radio sets. She cited the Germans, who have 
built technical colleges abroad and filled them with 
German made equipment, in order to gain a market 
for their goods. She said, “If our customers can 
afford to pay for armaments they can afford rather to 
buy the material fundamentals of a good life for their 
peoples when we have the wit and wisdom to provide 
these for export.” 

Another of Dame Kathleen’s suggestions was that 
young scientists should work for two or three years, pro- 
perly paid and organized, in those countries which are 
losing their own best scientists to other more advanced 
countries. The visiting scientists would have the 
opportunity of seeing the application of their scientific 
knowledge to the needs of people. And if the pure 
scientist has the privilege of spending much of his life 
being paid to do what he enjoys most, he cannot blame 
politicians, military men and others who misuse his 
results. Dame Kathleen believes that scientists have a 
responsibility to foresee the consequences of their 
research and to exercise their powers of influence as 
informed citizens to see that the right’choice is made in 
terms of human happiness. | 


FUEL 
More Gas 


Two more gas wells have been discovered in the North 
Sea by the Phillips Group. The wells, which are com- 
paratively small, are a few miles north of the large 
Hewett Field, discovered jointly by Phillips and Arpet. 
If the new fields had not been near to the Hewett 
Field, they would probably not have been worth 
developing—as it is, they can be developed together 
with the main field. In fact, the two new fields, 
named Dottie and Deborah by their discoverers, pro- 
duce gas without sulphur, while the main Hewett 
Field produces gas which contains sulphur. The two 
new fields are also in a different geological stratum, 
which is likely to mean that the pressure of the gas will 
be higher. Phillips has said that the initial tests 
in the Deborah Field showed gas flowing at 26 million 
cubic feet a day. Presumably the gas will be supplied 
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to the Gas Council at the same rate already agreec for 
the Hewett Field, 2-87 pence a therm. 

Renewed speculation about the possi ble formation 
of a British National Hydrocarbons Corporation is 
probably not a real threat to the Gas Council; but it is 
another example of the Labour Party's talent for argu- 
ment. The supporters of the corporation, which would 
take over the Gas Council’s responsibility for the North 
Sea gas industry, apparently see the issue as a test of 
the Government’s attitude towards nationalization. 
But the Gas Council is already a nationalized body, 80 
this is a hard argument to understand. And although 
the NHC would have a grander title than the Gas 
Council, its duties would be very similar. The hope 
of the supporters of the NHC is that it would be able 
to take a much harder line with the oil companies 
than the Gas Council so far has. In addition, when 
areas of the North Sea exploration area fall vacant in 
1970 and 1971, the NHC would be able to take them 
over and exploit them. 

The NHC has the support of the Labour Party con- 
ference, which voted in favour of it last year against 
the opposition of the then Minister of Power, Richard 
Marsh. Since the conference, more work has been done 
on the proposals. The present incum bent of the 
Ministry of Power, Roy Mason, has said that a decision 
to form the NHC would have to be taken by the whole 
‘abinet rather than by him alone. But it is hard to 
see the proposal getting any further. Whatever the mis- 
takes of the Gas Council when gas was first discovered, 
it is now generally agreed that the co uncil struck a very 
hard bargain with the companies which found gas. 
(Negotiations continue with some of the companies, 
notably Amoco, the Gas Council’s partner in discoveries 
on the Indefatigable field.) The oil companies naturally 
regard the NHC with distaste, as a first step to full- 
scale nationalization of the oil companies’ business in 
Britain. In the short run, nationalization may seem 
to offer advantages, but Britain would hardly benefit 
in the long run. The foreign earnings of British oil 
interests like Shell are very considerable; once the 
principle of nationalization had been accepted im 
Britain, it would be hard to prevent countries like 
Venezuela or Libya from doing the same. This would 
not help international British oil interests, though it 
might be a more equitable arrangement. The Govern- 
ment is likely to feel, once again, that earnings are more 
important than principles. 


RADIATION HAZARDS 


Back to Bikini 


announced the decision last week. The islands seem to 
have made a remarkable recovery, but the decision 
is nevertheless a surprising one. 

The last test on Bikini took place just over ten 
years ago, on July 22, 1958. But by then the Bikinians 
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had already spent twelve years away from their homes, 
because the first tests took place in the summer of 
1946, one in the air and the other under water. Re- 
search teams sent to the atoll by the AEC in 1964 and 
1967 observed that the islands had made a striking 
recovery. Vegetation had sprung up on the islands 
where the soil had not been disturbed, and populations 
of birds, fish and animals were back to the levels com- 
mon before the explosions. Rat populations, which 
had passed through many generations, showed no 
abnormalities when dissected, and seemed to be re- 
producing at a rate limited only by the supply of 
food. Environmental radioactivity was low enough 
for habitation, except on a few of the smaller test 
islands, 

But the expeditions also encountered less encourag- 
ing evidence. The coconut trees on all the islands had 
suffered severely and, although a few coconuts had 
survived on the more distant islands, it was thought 
that intensive planting would be necessary before the 
island economy based on coconuts could again become 
viable. The land crabs, which feed on coconuts, had 
accumulated large quantities of strontium 90 in their 
shells. Although the shell is periodically sloughed off, 
this did not produce any reduction in the amounts of 
strontium 90, because it was later observed that the 
crab eats its shell piece by piece after it falls off. In 
this way, the strontium is allowed to accumulate. 

Because of this, the AEC recommends that if people 
are to go back to Bikini, the population of land crabs 
should be sharply reduced. Scrap metal from islands 
near to the test sites should be removed, and any 
village construction on Bikini Island should involve 
covering the site with coral rock. (The AEC points 
out that this is a local custom, in any case.) And, 
because the greater part of the radioactivity which 
fell on the atoll still remains on the top of the soil, 
fruit trees should only be planted after the top two 
inches of soil have been removed. In the first place, 
settlement should be allowed only on the islands of 
the Bikini-Eneu complex, and the first villages and 
agriculture should be set up on Eneu. After a year of 
inhabitation, the body burdens of caesium 137 and 
strontium 90 should be determined, and special efforts 
should be made to see that the Bikinians get a balanced 
diet—including, says the AEC, powdered milk to 
reduce the calcium deficiency which is typical of Bikini 
residents. When calcium is absent, the body is more 
ready to take up strontium 90. All this may make 
life on Bikini rather more hectic than it used to be, 
but the Bikinians will doubtless be glad to have the 
chance of going back all the same. 


DEMOGRAPHY 
immortality Postponed 


THe rapid decline in mortality which occurred early 
in this century in many countries has now ceased and 
in some cases the crude death rate has actually in- 
creased. A number of recent studies of this pheno- 
menon in the United States, Chile, England and Wales 
make it possible to try to identify the common charac- 
teristics, and a fourth study has just been published 
on Japan (Recent Retardation of Mortality Trends in 
Japan, US Public Health Service Publication No. 1 000, 
35 cents). After the Second World War, mortality in 
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Europe and the Americas declined until about 1950, 
when retardation of the earlier mortality decline began 
to show up. In the United States, this trend was 
observed in infants and most other age groups, both 
white and non-white; it is suspected that there may be 
a specific underlying cause. In Chile, there has been 
a significant retardation in the middle-aged groups of 
men; this was attributed to infectious diseases because 
of inadequate public health services. In England and 
Wales, on the other hand, a retardation of the mortality 
trend between 1955 and 1961 was attributed to an 
imbalance between increase of coronary artery disease 
and diminishing improvements in ‘infectious and 
respiratory diseases. 

In Japan, a study of the mortality figures for certain 
diseases between the years 1900 and 1963 indicates 
that the regular rate of mortality decline changed 
abruptly about 1955 and was especially noticeable in 
the middle-aged group of males throughout the country, 
mainly because of infectious diseases: the retardation 
index was noticeably high for pneumonia, bronchitis, 
enteritis and nephritis. Possible factors influencing 
this retardation trend include virus mutati on, radiation, 
cigarette smoking, antibiotics and other drugs, changes 
in diet, air pollution, urbanization and public health 
activities. Most of these are of doubtful significance 
but need to be investigated more fully before being 
eliminated. It is certainly true that a generally de- 
creasing trend of bacterial and viral infections showed 
a breaking point about 1953-55 and the increase in 
resistant bacterial strains seems to have become more 
rapid since 1955. These factors may be essential for 


the sudden retardation of mortality, but more work 


certainly needs to be done. 


FOREIGN AID 


Change but No Change 


Despre another grim year for overseas aid, the Over- 
seas Development Institute has contrived to produce 
a reasonably cheerful annual report. In his last report 
as director, William Clark (who has now jomed the 
World Bank) writes that British devaluation has meant 
a cut in British aid of between 8 and 10 per cent. A 
ceiling of £205 million has been imposed for the next 
two years. In the United States, the smallest aid Bill 
since the war was reduced still further by Congress. 
The UNCTAD meeting in New Delhi was generally 
regarded as a failure, at least by the countries which 
were supposed to benefit from it. There is a climate of 
disillusionment with aid, just at the moment when the 
need for it is increasing, Unless the Pope’s encyclical 
on birth control has jolted people into a realization of 
what is at stake, organizations like ODI face several 
years in which they are likely to face criticism and 
even hostility. 

Mr Clark hopes that this attitude is not shared by 
the younger generation—‘“which has never lost an 
empire, nor yet failed to find a role in the world?— 
and the ODI has therefore determined to go ahead as 
before. The report argues that the “conspicuous loss 
of momentum in the advanced countries’ efforts to 
help the poorer two-thirds of the world is partly 
attributable to publie misunderstanding’, an argu- 
ment in favour of intensifying the efforts to explain 
the issues to the public. The staff of the ODI have 
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therefore continued to attend conferences and under- 
take speaking engagements, as well as continuing 
research projects. One of the newer research projects 
involves an attempt to understand the “aid relation- 
ship’, which involves the problems of how donor and 
recipient can best work together. 

Mr Clark’s successor as director at the ODI is Mr 
Anthony Tasker, who took over in May this year. 
Most of his career has been spent as a representative 
of the Booker Group of companies in Guyana, and 
from 1957 to 1964 he was a member of the British 
Guiana legislature. Before joining the Booker Group, 
Mr Tasker was organizing director of the International 
Tea Market Expansion Board. He is experienced in 
the marketing problems of the developing countries, 
which should be valuable in his new job. Too often it 
has been glibly assumed that developing countries are 
willing to accept whatever they were told was good 
for them, particularly if it is free. Many a protein 
supplement has foundered because of inadequate mar- 
keting. It is true that the ODI so far shows no signs 
of going into the business of manufacturing protein 
supplements, but marketing experience is likely to be 
of increasing relevance in overseas aid. There will be 
genuine regret at William Clark’s departure, because 
it was he who launched the ODI in 1960 and has 
sustained it since. As director of information and 
public affairs at the World Bank, he hopes to continue 
the work begun at ODI, but translated into the 
international field. 


RESEARCH 


Tur Department of Education and Science and the 
British Council have once again produced their guide 
to Scientific Research in British Universities and Col- 
leges, 1967-68 (HMSO, Vol. 1: Physical Seiences, 
£2 5s.: Vol. 2: Biological Sciences, £2 5s.; and 
Vol. 3: Social Sciences, £2). Like the volumes for 
1966-67, this new edition comes at the end of the 
academic year to which it relates, which means that 
many of the entries will be already out of date. Never- 
theless, the books serve a very useful purpose. 

Some of the inconsistencies and irritations in the 
earlier edition still persist. For example, the character 
of the descriptions of the research projects varies from 
one university to another—some spell out what each 
individual member of a department does, and some still 
lump all the projects together. To some extent, in- 
consistencies are inevitable because the compilers rely 
on the cooperation of the individual institutions, but 
this is no reason why several archaeological depart- 
ments are not included at all. 

Changes include new sections for Animal Husbandry 
(Vol. 2) and for Criminology (Vol. 3). The heading 
Mental Health in Vol. 3 has been altered to Psychiatry. 
The split between physical geography and human 
geography (the first is in Vol. 1 and the second in 
Vol. 3) is now very much clearer for the user. 

The principal changes appear to be in the third 
volume which, like the volume for 1966-67, continues 
to include several non-university institutions. This 
time there are new entries for the Advisory Service 
for the Building Industry, British Institute of Manage- 
ment, BOAC, Heating and Ventilating Research Asso- 
ciation, Library Association, Newcastle upon Tyne 
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Regional Hospital Board, and the Overseas Develop- 
ment Institute, to name a few. The subject index 
remains a little inconsistent, with some categories 
defined very precisely, while others are much broader. 


POLLUTION 
New Laws for Pesticides 


Tue US Federal Drug Administration announced re- 
cently that the amount of DDT allowed to remain on 
food sent to market is to be significantly reduced after 
January 1, 1969; for some crops the levels have been 
reduced by 50 per cent, and more than half of all the 
fruit and vegetables sold in the US will be affected. 
In Britain the Ministry of Agriculture has just sent its 
proposals for a new Pesticides Bill to well over 
100 organizations representing the food, agriculture 
and chemical industries as well as to medical veterinary 
and animal protection organizations, for their com- 
ments. Both steps are indicative of increasing govern- 
ment concern over the accumulation of pesticides in 
food. 

The aim of the proposed new Pesticides Bill is to 
tighten up controls on the sale and use of pesticides 
by covering in a single piece of legislation their licens- 
ing, use, and permitted limits of residues in foodstuffs. 
If the proposals become law, all pesticides will have 
to be licensed by a new Licensing Authority comprising 
the Ministers of Agriculture and Health, the Secretary 
of State for Scotland and appropriate ministers in 
Northern Ireland. The authority will receive the 
technical assistance of an Advisory Committee similar 
to the existing Advisory Committee on Pesticides and 
Other Toxic Chemicals, on whose report the new Bill 
is chiefly based. (The report of the existing advisory 
committee on the present safety arrangements for the 
use of toxic chemicals in agriculture and in food 
storage is apparently to be published shortly.) 

Enforcement of the new licensing regulations would 
be the responsibility of the Weights and Measures 
authorities and they would examine about 200 licensed 
products a year, analysing samples and ensuring they 
were up to standard. The new Bill would lay down 
penalties for using pesticides on crops for which they 
were not intended, deliberately using overdoses or 
using dressed seed as animal food. All users of pesti- 
cides would be required to keep records of the amounts 
purchased, how much was used and on what crops. 
All pesticides would have to be stored separate from 
seed, fertilizer or produce. The Bill would also extend 
the protection necessary for workers engaged in apply- 
ing pesticides and include for the first time under these 
provisions persons involved in food storage and the 
self employed. The ministers would be able to enforce 
residue limits in produce, irrespective of any immediate 
hazard to consumers. This would provide an additional 


Noa? 


of 1952. 
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HEALTH 


Why Do Backs Ache? 


KNOWLEDGE of the causes of backache is so rudi- 
mentary that one of the principal treatments, that of 
attaching weights to the spine, goes back to Hippo- 
erates. The Institute of Directors has now launched 
an appeal for £100,000 to investigate the origin and 
treatment of backache. Within a week of opening, 
some £10,000 has already been collected. 

Britain loses an annual ten million man-hours, as 
far as can be estimated, from backache, about half of 
which occurs in industry. This statistic, though a 
potent stimulus to the Institute of Directors, was not 
the origin of its interest in backache. One of its mem- 
bers, Mr Ernest Grundy, who is chairman of the 
Grundy engineering group, refused to take no for an 
answer when told by the medical profession that little 
could be done to cure his own backache or to cut 
down the time lost by his employees with similar 
problems. Mr Grundy presented the institute with a 
cheque for £1,000 as the basis for a fund to open a 
back research centre. 

Plans for tackling research on backache will depend 
partly on the sum of money received, but if the full 
target is achieved, about £50,000 will go to the Welsh 
National School of Medicine where Dr John Glover is 
already conducting research on back pain. Dr Glover, 
the senior lecturer in occupational health, has been 
interested in this field for some time. In 1953 he 
discovered that most commonly occurring back pains 
are associated with an area of hyperaesthesia, or 
heightened sensitivity on the skin. Although back 
pain and the areas of hyperaesthesia always occur in 
the same segmental area of the spinal cord, the relation 
between them is at present obscure. The hyper- 
aesthesia provides an objective sign for assessing back 
pain, since it is also associated with areas of altered 
electrical resistance on the skin, which is probably 
caused by slight sweating. 

Until the end of last year this research was sup- 
ported by a grant of £18,000 from the Nuffield Founda- 
tion. Dr Glover intends to make two uses of any funds 
that may be supplied by the Institute of Directors. 
The first is to continue research into the causes of 
back pain, the second is to conduct: statistically con- 
trolled clinical trials of the various methods at present 
used to treat patients. So far, there has been no 
comparative evaluation of such methods, which include 
heating or manipulating the spine, attaching weights 
to it or simply sending the patient home to bed for 
six weeks. 

The medical centre of the Institute of Directors 
plans to conduct similar trials in London. Two centres 
will probably be opened, one for private and one for 
National Health Service patients. Another project, 
which would depend on the fruits of future research, 
is to Instruct medical staff at factories or docks on the 
best ways of lifting weights and of treating back pains 
when they occur. 


CONSTRUCTION 


Building Blocks 


Beriptne components that are freely interchangeable 
are still a pipe-dream in Britain, but one step further 
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towards this goal has been made by a new publication 
on educational building from the Department of 
Education and Science (The Coordination of Com- 
ponents for Educational Building, Building Bulletin, 
No. 42, 1968; HMSO, 5s. 9d.). Interchangeability of 
components used for school buildings and for a wide 
range of other building types, a national “pool” of 
dimensionally related components, would reduce the 
variety of components which industry has to produce 
and would lead to economies in production. At the 
same time the effective range of choice open to indivi- 
dual designers of buildings would be increased. 

The local authority building consortia, for example 
CLASP (Consortium of Local Authorities Special 
Programme) and CLAW (Consortium of Local Authori- 
ties in Wales), have been outstanding in recent years 
in coordinating building programmes resulting in the 
reduction of managerial and professional work, faster 
building, and a high level of design and detailing of the 
buildings. Some privately sponsored school building 
programmes have also been successful. But it is 
recognized that there is more improvement needed both 
in terms of cost and in the choice of components offered 
to the systems. Although an enormous quantity of 
components is produced by industry for the school 
building systems, it is divided among a number 
of systems whose detailed requirements differ. Conse- 
quently the demand for some components is relatively 
small and factory production less economic than it 
might be. 

Building Bulletin, No. 24, published by the depart- 
ment in 1964 (Controlling Dimensions for Educational 
Building) was the first stage in establishing a frame- 
work for the development of a common pool of shared 
components. The broad framework of dimensions set 
out in this bulletin as being acceptable for school 
buildings has now been adopted by all consortia and 
by many privately sponsored systems. A Technical 
Coordination Working Party with representatives from 
all the consortia and the Building Research Station 
was then established to give more extensive recom- 
mendations on the performance of components. The 
latest bulletin, No. 42, was produced by the department 
in cooperation with this working party. In essence it 
tries to identify those characteristics which must be 


work, 
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ion Age Cemetery at Verulamium 


Tue largest Iron Age cremation cemetery so far exca- 
vated in Britain has been uncovered at Verulamium 
(St Albans, Hertfordshire) during the past four seasons 
by a team led by Dr I. M. Stead of the Ministry of 
Public Building and Works. This year’s dig, the last 
of the series, is to finish this weekend and the area 
excavated, less than five acres of an eighty acre housing 
development, will eventually be built on. 

The cemetery is of the La Tène III period (the Iron 
Age is divided into the Hallstatt period, roughly from 
its beginning to about 500 Bc, and the La Téne from 
then until the Roman Conquest in ap 43; the La Tene 
is subdivided into three periods, the third being the 
most recent), and seems to have been used during the 
fifty years immediately before the Roman Conquest. 
At that time Verulamium was the capital of Tascio- 
vanus, a Belgic chieftain, and probably had a popula- 
tion of between 2,000 and 5,000. It was sufficiently 
important to house a mint, and 15 coins, some with 
the Verulamium mint mark, have been found in the 
cemetery. So far, 460 burials have been excavated, 
and all but 15 were cremations. This means that 
although the Verulamium cemetery is by far the 
largest of its type yet discovered (most other con- 
temporary cemeteries which have been excavated in 
Britain contain only 10 to 30 graves), it must have 
served only a small fraction of the population of the 
town, perhaps only 350 people. 

Compared with contemporary sites, the graves 
have rich grave goods; the burial pits (see Figs. 1 and 





Fig. |. The richest of the Iron Age cremations excavated at 
Verulamium. The pots in the lower left corner were imported 


from Gaul. The cremated remains are visible beside these 

pots. There is also an iron rod in the grave, but its signi. cance 

is unknown. The scale is one foot. (Crown copyright 
reserved. Photograph by A. L. Pacitto.) 


2) typically contain between 1 and 10 pots, calcined 
human remains (either in or beside the pots) and a few 
brooches, and many of the pits must have been covered 
with wood boards and marked by small mounds. 
The richest burial excavated (Fig. 1) contained 10 pots 
some of which (bottom left, Fig. 1) had been imported 


from Gaul. Others were domestic. All the brooches 
are based on the safety-pin principle and, again, some 
were imported and others made in Britain. Apart 
from providing a vast amount of material which will 
allow greater precision in dating artefacts of this 
period, one of the most interesting features of the 
excavations is the layout of the graves. Typically, 
a particularly rich burial is surrounded by a ring of 
poorer graves, which suggests it was the custom to bury 
an important person, perhaps the head of a family 
group, in the centre with lesser members of the family 
or servants about him. 

As well as the Belgic occupation between 10 BC and 
ap 40, the excavations have produced evidence of an 
iron age settlement at least a century before the ceme- 
tery was used. This is the earliest known Iron Age 
occupation in the Verulamium area, but its extent, 
and whether there was continuous occupation through- 
out the Iron Age, has still to be established. 

Very little Samian ware, a sure indication of Roman 
influence, has been found and all the evidence suggests 
that immediately after the conquest the cemetery was 
abandoned. The Romans drove a road straight through 
the cemetery and this desecration may have contributed 
to its abandonment. Roman post holes and other 





Fig. 2. 
pot. (Crown copyright reserved. 
Pacitto.) 


A single pot burial with the human remains in the 
Fhotograph by A. L. 
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artefacts indicate that the cemetery was incorporated 
into small plots and built on until about ap 250. 
About 100 Roman coins, minted between about ap 40 
and ap 250, have been recovered but, surprisingly 
enough, the excavators have found very few coins of 
the period 250 to 400—usually by far the commonest 
on Roman sites in Britain. Dr Stead infers from this 
that Roman occupation of the site stopped as abruptly 
about 250 as the Belgic use of the cemetery stopped in 
the 40s. The explanation seems to be that about 250 
the Romans built the town walls around Verulamium 
and moved all outlying settlements within the walls. 
Nobody knows why. 


ANTIBIOTICS 
How Streptomycin Works 


from our Cell Biology Correspondent 


Ir is well known that streptomycin interacts with 
ribosomes and somehow blocks protein synthesis and 
this may be the reason why it kills cells. As long ago 
as 1961 (Nature, 192, 633), Spotts and Stanier proposed 
that in sensitive bacteria, streptom vem inhibits the 
association of 705 ribosomes with messenger RNA. 
Inevitably this proposal—made long before it was 
realized that the 708 ribosome dissociates into its two 
subunits at the completion of each round of protein 
synthesis and then re-forms at the initiation of the 
next round—has turned out to be an over-simplifica- 
tion. According to recent experiments reported by 
Luzzato, Apirion and Schlessinger in the current 
Proce. US Nat. Acad. Sci. (60, 873; 1968), streptomycin 
prevents the successful initiation of protein synthesis 
by inducing aberrant initiation complexes. In other 
words, the mRNA, 308 and 508 ribosomes associate, 
but peptide bond formation is blocked. 

Luzzato et al. added streptomycin to cultures of the 
so-called fragile mutant of E. coli which, because of 
the ease with which it is lvsed, is a useful strain for 
analysing ribosome distributions. They then measured 
the proportion of ribosomal subunits, 708 ribosomes 
and larger polysomes in the cells. After the addition of 
the antibiotic there was a striking decrease in the 
proportions of large polysomes and free 308 and 508 
subunits and an accumulation of 70S ribosomes. Pulse 
labelling experiments with this system suggest that 
ach 70S-mRNA complex that forms after the addition 
of the streptomycin is blocked so that protein synthesis 
does not commence, while identical complexes formed 
before the addition of the streptomycin continue to 
synthesize protein. Streptomycin therefore seems to 
block chain initiation but not chain elongation. 

In vitro experiments bear out this conclusion. 
Streptomycin at concentrations as low as one molecule 
per molecule of mRNA completely blocks protein 
synthesis in cell-free systems from streptomycin 
sensitive strains of bacteria programmed with R17 
RNA, under ionic conditions where initiation is de- 
pendent on formyl-methionine incorporation. On the 
other hand, protein synthesis can continue in a cell- 
free system if the initiation step is complete when the 
streptomycin is added, or if initiation is forced by high 
concentrations of Mg** ions. Furthermore, as expected, 
a cell-free system from a streptomycin resistant strain 
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is not affected by streptomycin. The exact nature of 
the initiation complex blocked by streptomycin is not 
yet known, but (RNA is required for the formation of 
the 708 ribosome-mRNA complex. 

These experiments certainly show that the blockage 
of chain initiation is sufficient to explain the bactericidal 
effect of streptomycin although they do not, of course, 
prove that this is in fact the primary event in its 
bactericidal action. On the other hand, the results do 
indicate that the misreading of the genetic code which 
streptomycin can induce plays no part in its bactericidal 
action because, at the concentrations at which the 
antibiotic kills cells, protein synthesis is blocked and 
streptomycin can have no effect on translation. 


MICROBIOLOGY 
Polyurethane Biodeterioration 


from our Microbiology Correspondent 


INCREASING commercial use of polyurethanes has been 
a noticeable trend in the plastics industry in recent 
years. The properties of these synthetic polymers 
have stimulated their application in many ways, as 
adhesives, hard-finish paints, fabric treatments and 
foams. One less attractive feature of polyurethane 
plastics is their susceptibility to biodeterioration, 
caused chiefly by fungi. In particular, it has been 
suggested that the polyester type of polyurethane is 
readily attacked by fungi, whereas the polyether types 
may be largely resistant. This view of differential 
susceptibility of polyurethanes has been based on 
reports of commercially formulated polyurethane 
products and, because the precise specifications of such 
formulations are rarely disclosed, it has not been 
possible to decide whether the observed fungal attack 
has been on the plastic itself or on some other com- 
ponent in the product. 

A critical examination of this question was made by 
Richard Darby and Arthur Kaplan at the US Army 
Natick Laboratories and their conclusions are now 
reported in Applied Microbiology (16, 900; 1968). The 
rationale of the approach was to observe the fate of a 
large series of specially synthesized polyurethanes in 
the presence of selected test fungi in the hope of 
finding correlations between polymer configuration and 
fungal susceptibility. In commercia] terms, the results 
of such a study could underwrite the design of new, 
fungus-resisting polyurethanes. A hundred poly- 
urethanes were synthesized from four diisocyanates 
and 25 diols: the latter included alkane diol esters of 
adipic acid (to produce polyesters) and polyethylene 
glycols, polypropylene glycols, alkane diols and bis- 
phenols (to produce polyethers), 

The polymerizing catalyst in these syntheses did not 
affect fungal growth of the test species, which inelu- 
ded Aspergillus, Penicillium, Pullularia, Trichoderma 
and Chaetomium. Darby and Kaplan found that the 
polyether polyurethanes were indeed poor substrates 
for fungal growth. Most of the polyethers tested were 
highly resistant to attack and only low molecular 
weight linear alkane diols or high molecular weight 
polypropylene glycols were even moderately degraded. 
The resistance of these compounds may reside in the 
length of the carbon chains between urethane linkages, 
and in the extent of methylene group substitution. 
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Studying Grasslands 


Tue International Biological Programme has just 
celebrated its first year of active work in the United 
States with the announcement of the first major grants 
to support the research projects. The National Science 
Foundation has awarded a two-year grant of $224,300 
for the management of the Analysis of Ecosystems 
programme, and the Atomic Energy Commission has 
granted $50,000 to supplement an earher $350,000 
grant from the NSF to support research on the first 
study site, the grasslands in Colorado. A critical 
evaluation of the programme issued by the House of 
Representatives Committee on Science, Research and 
Development last March after a vear of study came out 
strongly in favour of Federal Government support for 
the IBP. While these new grants are certainly not 
indicative of all-out government support, in this period 
of stringent budget cuts it seems that for the moment 
the IBP has decided that beggars can’t be choosers. 

The IBP, a cooperative effort involving over 50 
nations, is an attempt to understand the interrelation of 
the environmental systems which support life on 
Earth. The objectives of the IBP as set out in the 
original report were to conduct a worldwide study of 
organic production on the land, in fresh water and in 
the seas, so that adequate estimates could be made of 
the potential yield of new as well as existing natural 
resources, and, equally, to study human adaptability 
to the changing conditions. 

After three preliminary vears of organization and 
project design, during which the United States effort 
was coordinated by an Inter-agency Coordinating Com- 
mittee formed by the National Science Foundation to 
bring together the relevant work of all the Federal 
agencies, the active five years of the programme was 
supposed to start last July. But in the United States 
preliminary studies were still in progress and the co- 
ordinating committee was in the midst of Congressional 
Hearings about the funding of the IBP. Last Decem- 
ber the committee issued a report outlining a number of 
integrated research projects, none costing less than 
$2 million and the total coming to $77 million (Nature, 
216, 842: 1967). The proposals were impressive, but the 
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work to date is far less so; the recent grants have 
enabled work to begin on only two of the six proposed 
studies, though the National Research Council has 
stated that. “support for some of the other programmes 


looked favourable, though at lower levels than reques- 
ted”. 


The Analysis of Ecosystems programme forms the 
vore of IBP research on the ecology of the environment. 
The grasslands study is only one of six ecological 
systems that the IBP plans to study during the coming 
years, the others being tundra, deciduous forests, 
desert, coniferous forests and tropical rain forests. The 
research involves four components: the abiotic factors 
such as soil, climate and water, the plants or producers 
of food, the animals that eat the plants and each other, 
and the bacteria and fungi that regenerate the soil. 
Eleven research projects involving 26 research workers 
are planned for the first year to look at all aspects of 
the ecology—climate, hydrology, meteorology, photo- 
synthesis, herbage dynamics, large consumers, small 
animal diets, grassland birds, insects, bacteria, and soil 
and the nitrogen cycle. The effect of human inter- 
vention will be studied and attempts will be made to 
decide whether native species such as bison and 
antelope are more efficient and better adapted than 
imported species such as cattle and sheep. A com- 
parative study of land under varying conditions will be 
made to determine whether or not more water or 





ing out the soil over the long run. A Canadian study of 
grasslands has already started, a Mexican programme 


is still being developed and 2t 
proposed grassland studies, t hough none are yet very 
far under way. 

The site for grasslands study is Pawnee in the Great 
Plains, near Nunn, Colorado. It lies on the 15,000-acre 
Central Plains Experimental Range of the US Agri- 
cultural Research Service, and some support work will 
take place on another region of prairie run by the US 
Forest Service. The principal vegetation is the blue 
grama grass—‘‘the queen of the prairie” as it is called, 
because it is so widespread and hardy. Comprehensive 
productivity studies covering the use made of the 
characteristic soil and weather regime by plants and 
the animals that depend on them will be the backbone 
of the study. 


Growth and Future Plans for World 
Data Centre A: Upper Atmosphere Geophysics 


by 

C. D. ELLYETT* 
J. V. LINCOLN 
H. P. SMITH 


ESSA Research Laboratories, 
Boulder, Colorado 


Woruip Data Centres conduct international exchange of 

geophysical observations in accordance with the prin- 

ciples laid down by the International Council of Scientific 
* On leave from Newcastle University, NSW, Australia. 


Proposals for the future operation of the World Data Centre at 
Boulder, Colorado, include the provision of quality ratings by organ- 
izations submitting data, a method of holding on request or disposing 
of obsolete data, the employment of consultants, and the cataloguing 
of data not held by the centre. 


Unions. They were established as part of the fundamental 
international planning for the International Geophysical 
“$ 


Year programme: World Data Centre A (WDC-A) in the 
United States. WDC-B in the USSR. and WDC-C in 








[Inside World Data Centre A 


Fig. 1 


Western Europe, Australia and Japan, to collect data 
from the numerous and widespread observational pro- 
grammes and to make such data readily accessible to 
interested scientists and scholars for an indefinite period 
of time. The World Data Centre A, Upper Atmosphere 
Geophysics, is housed at Boulder, Colorado, and is under 
the auspices of the National Academy of Sciences. It has 
now been operational for 11 years. 

WDC-A began in a relatively small way, but has been 
growing every year, and has been considerably enlarged 
in its collecting scope over the past 18 months. Apart 
from ionospheric and airglow data, which have been its 


responsibility since the International Geophysical Year of 


1957-58, it assumed responsibility during 1966 and 1967 
for solar activity, cosmic rays and aurora. Such a col- 
lecting centre is of no value unless its data are well housed 
and catalogued, the reliability of the data is known, and 
it is used by the scientific community at large. It has 
therefore decided to look at the activities of the 
centre under these headings, see how they currently match 
up to the ideal, and make some specific proposals for 
future operation. 


been 


Arrival and Reliability of Data 


Material is sent in voluntarily from scientific institutions 
all over the world. Such material so far has been received 
with international decorum. But is this always wise ? 
Cheeks on the quality of the incoming data are largely 
left to the scientific acumen of the donors. In a few cases 
measurements are easy to make, such as the critical 
frequency of the F2 layer of the ionosphere. The instru- 
mentation and techniques for this measurement have been 
fairly standard for several decades, although even here, 
on looking back, one realizes there has been a steady 
upgrading in the instrumentation. In other ionospheric 
cases, however, the picture is far less simple. The recording 
of fmin can vary widely from station to station because 
of the nearness of man-made interference, the equipment 
power and sensitivity, and other factors, yet data are 
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usually sent in without qualification. The same may be 
said of ionospheric absorption studies. Mid- latitude rio- 
meter values are arriving in increasing quantity, but such 
values are a function of the time-constant chosen, the type 
of antenna used and the section of sky viewed, to mention 
only some of the factors involved. 

It is felt that because of this variability of data. and 
because little significant scientifie check can at present be 
made at the data centre, requests will frequently be made 
for data which have unknown variability. The same 
criticism could no doubt be made of other incoming data 
less well known to the authors. 


Housing and Cataloguing of Data 

A careful inspection of the centre by one of us an 
outsider from Australia—gives this category full marks. 
The material received is vast and growing. By March 
1968 this ineluded 10,856,700 ft of ionogram film, 708.800 
ft of all-sky camera film, and 2,000,000 sheets of graphical 
and numerical data, together with additional information 
on magnetic tape. The limited staff of seven is heavily 
overcommitted and rightly gives priority to filing, indexing 
and making known what it has. A listing of the available 
results is given in the 6-monthly Catalogue of Data, pub- 
lished under the auspices of the National Academy of 
Sciences, and much material is collated and issued in 
regular series of publications, such as the well-known F 
reports, “lIonospheric Data’ (FA) and ‘“‘Solar- 
Geophysical Data” (FB). 

The retrieval and copying of information are rapid and 
fully assisted by modern equipment. 

A growing problem, however, concerns the obsolescence 
of data. Are recorded geophysical data ever obsolescent * 
For example, sunspot counts taken two centuries ago are 
still useful, and weather data centuries old can now be 
put to surprising use in evaluating changing weather 
patterns, At the same time, newer experiments and 
methods make some data subject to less and less recall. 
The data centre at Boulder copes with this to some extent 
by storing material thought to be no longer required—at 
growing cost—in a warehouse in an adjacent town. It is 
proposed, when data seem quite obsolete, to advise in 
detail in ESSA publications, “‘Ionospheric Data” (FA), 

“Solar-Geophysical Data’ (FB), and catalogues, what is 
under consideration for destruction. (This will, of course, 
only be done in exceptional cases and will not include any 
of the major series of data.) Six months from the time 
of announcement will be given for any organization to 
request that the data under review be held, and a small 
holding charge may then be required from that organiza- 
tion. If the organization agrees. the material will be held 
indefinitely, the charge, if any, being subject to review 
at intervals of 5 years. 


seTIES 


Use of Data 


Many scientists, even within the Environmental Science 
Services Administration's radio building where WDC-A is 
housed, were unfamiliar with the data held in their own 
discipline. A series of familiarization tours have recently 
been given for cach group, and cases have arisen where, 
for example, a scientist is struggling to secure data from 
Antarctice observations, without realizing that they are 
already housed next door to him. This lack of knowledge 
is almost certain to be prevalent elsewhere in America 
and overseas. All that is necessary is to request the 6- 
monthly Catalogue of Data from the WDC-A, Upper 
Atmosphere Geophysics. 

Data supply and usage can be subdivided into three 
categories: in-house, within the USA, and overseas. The 
measurement of quantity represents problems and has 
been simplified by referring to any incoming or outgoing 
month or less of one type of data as one “bit”. This is 
not unreasonable, as there is a minimum quantity of work 
involved in recording an order, locating even a single 
result, copying and dispatching. Different types of data 





NATURE, VOL. 219, AUGUST 24, 1968 








Table 1. RECORD OF SERVICES SINCE CENTRE 
Aurora . 
Airglow all-sky Cosmic Solar 
an rays activity 
Ascaplots 
Incoming data bits 
In-house —— — ~ 26 
Other USA 30 384 270 234 
Foreign 134 149 1,700 1,137 
Total 164 633 1,970 1,397 
Individual requests 
In-house 1 = —_ 13 
Other USA 4 6 8 56 
Foreign 1 2 3 2 
Total 6 8 il 71 
Resulting in outgoing data bits 
In-house is = 40 962 
Other USA 460 66 1,369 1,984 
Foreigu 360 14 374 4i 
Total 838 80 1,783 2,987 
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CONSOLIDATED JULY 1967 TO YEBRUARY 1968 
* Solar- lonosphere 5 Botte 
a. Geg- . 4 Á ews a a 
*Solar physical Daily- lono- Nand Mises. ` 
indices data hourly plots gams topside laneous:.. 
{F series) 
— ~— 2 23 23 48 30 
~~ — 50 49 41 352 189 
— _ 1,156 158 214 H) 237 
== ne 1,238 228 278 466 Big 
== e 439 15 95 16 28 
=e 21 29 ï 31 5 
-— 8 42 27 24 i7 Zi 
Ena 29 510 50 150 F pi 
mev - 464 1,798 BM 205 aa VF? 
496 3,672 9,329 1,745 138 460 322 
40 2,528 3,168 138 216 126 228 
536 6,664 14,2905 1,971 64% AOS T27 


* It must, of course, be realized that many former requests for solar disturbance results are now covered by the issue of the monthly “Solar-Geophysical 


Data” FB reports. 


As data are increasingly assembled in this way, the number of special requests may tend to fall, so statistics of usa ge must be treated 


with caution. The total numbers of copies of publications have already been included in Table 1 under the headings of Solar Indices and Bolar-Georphysical 


Data (F series). 


or different months requested will, of course, constitute 
multiple “‘bits’’. 

Table 1 presents the number of incoming “‘bits’’ in 
the foregoing three headings for the various sub-disci- 
plines. This 1s followed by the number of individual 
requests received and the resulting outgoing “bits” under 
the same headings. 

Analysis of Table 1 by discipline indicates that many 
more “bits” of data are being supplied than are received 
during the same time. The only exception to this is in the 
case of the auroral discipline, one of the new acquisitions 
of the centre. Auroral data have not been requested to 
any extent. It should be noted that foreign sources 
supply the majority of incoming data “bits”. Also, as the 
ionospheric data are the longest series held by the World 
Data Centre, requests at present are weighted heavily 
towards this discipline. 

The growth of service over the years in the ionospheric 
discipline is shown in Fig. 2. The incoming data are given 
for one period only, but will have changed little in the 
previous three periods. Much more is going out than is 
being received, which indicates a healthy stage of usage, 
and a remarkable increase in usage is apparent through- 
out the USA. Foreign usage is now increasing, while the 
in-house requirement is falling. 

Finally, it is noted that sample ionograms are submitted 
for World Days. These are useful in allowing the WDC to 
exert some measure of quality control, by writing to the 
organization concerned where results seem to be at 
variance with the average type or standard. 


Proposals for Growth and Quality Control 


It is clear that the mechanics of the WDC is working 
well and, as evident from Table 1, that the centre is fully 
international in its scope. Nevertheless, the WDC must 
be careful not to let new growth overload existing facilities, 
as funds are limited. Overloading could easily occur if 
reprints containing data were stored. Journals and 
reprints are essentially a library function. The WDC 
receives such reprints from time to time and will in future 
note the material and the originating address, and then 
hand the reprint over to the ESSA library at Boulder. 
In this way it will be able to advise an inquirer whether 
or not it knows of the existence of some specific data, 
but it will not function as a reprint lending library. Means 
exist, either as fully referenced adjuncts to a number of 
standard journals or as ESSA Technical Memoranda, or 
such like, for extensive compilations of data to be pub- 
lished. The centre will retain these and other publications 
of pure data and catalogue them in the normal way. 

In the same general way it will not hold results of single 
specific experiments, but will simply catalogue the topic 
and the originating address where it is known. If a new 


measurement is growing in importance or in extent of 
observation, and particularly if a number of requests are 
received for it, then the WDC will endeavour to include 
it in its permanent catalogue. At present, apart from 
topside sounder data, no satellite results are held at the 
WDC. The WDC is attempting to catalogue laboratories 
where data holdings are available in the situation where 
the experimenter has not felt it suitable to furnish copies 
of his data to the WDC, but is willing to share his results 
on request. A specific example is a catalogue of Canadian 
all-sky film, which is too costly to duplicate completely 
for the WDC. 

The question of quality control of all data catalogued 
by the WDC, as discussed earlier. has to be faced. One 
means of bringing this about is to have each research 
group or organization submitting routine data make its 
own quality judgment under the headings: H, high 
quality results; G, good quality results; A, average to 
fair quality results. 

These self-gradings would be published by the WDC. 
High quality results would be expected to have built-in 
or regularly maintained parameter checks, and the whole 
system would be capable of rigid and unambiguous speci- 
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Fig. 2. Incoming and outgoing data “bits” of ionosphere information. 
(Each year” covers from July of the previous year to February of the 
date shown. } 
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fication. Data submitted without quality judgment 
would be listed as: U, unknown quality. The WDC 
proposes that the updating of the “Guide to International 
Data Exchange” include such a grading system. 

Although it may take longer to bring about, the WDC 
would like to be able to engage one or two consultants as 
soon as possible, such as the World Meteorological Organ- 
ization already does, to study world-wide quality control 
techniques and procedures. Such a person or persons 
would spend some time at the centre, perhaps engaged on 
research in a particular field, and part of the time in 
correspondence with and visiting as many as possible of 
the reporting centres. 
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The tendency not to trust someone else's data is always 
strong, and the literature contains many examples of near 
duplication of experiments already done elsewhere. This 
is often a waste of both time and money, and a step 
towards overcoming this would obviously be to have in 
the WDC an ever-growing collection of data of known 
and steadily unproving guality. 

The centre already has had many visitors, for periods 
from a day to a year or more, and welcomes any oppor- 
tunity for scientists to collect or work with their data in 
person, as this is of the greatest benefit both to the 
scientist concerned and to the centre. 

Received May 20; revised June 17, 196%, 


Is the Special Theory of Relativity Wrong? 


Since the publication of Professor Dingle’s article (Nature, 216, 119; 
1967), arguing that the special theory of relativity is incorrect, 
several comments on this issue have been received, and we propose 
in the next few months to publish a selection of these. 


The Special Theory of Relativity 


In a recent article! in Nature, Professor Dingle postulates 
a situation in which two clocks A and H, separated from 
each other but at rest in one frame of reference (the K 
frame), are moving with respect to two further clocks B 
and N, which are also separated from each other and at 
rest in another frame of reference (the k frame). 


N B—>v k frame 
A H K frame 

The distances 4H and BN are independent and arbitrary. 
The elocks A and H are synchronized by means of light 
signals in the usual way, and N is similarly synchronized 
with B. In the K frame the coincidence of A and B (the 
event Ea) occurs at t=0; of B and H (#,) at t=t;; and 
of N and A (E,) att=t,. Inthe & frame these same events 
occur at times 0, f and t,’. 

Dingle applies the Lorentz transformation to this 
situation, and obtains 


t =at, with a=(1 — zy (1) 
for the interval between E, and #,, and 
ta = at,’ (2) 
between E, and H,. He then introduces the ratio 
rate of A 
rate of B 


which from the context is evidently the ratio of the 
difference between the readings of clock A to the difference 
between the readings of clock B, the readings being taken 
at events E, and Æ, (for Dingle’s equation (3)) or E, and 
E, (for equation (4)). If for events E; and E; we denote 
this ratio by ry, we have 


t l 
rye ce = ok (3a) 
ty a 
and 
i, 
eS = re =a < l (4a) 


These are Dingle’s equations (3) and (4), except for a 
change of notation which makes it clear that equation (3) 
refers to E, and #,, while equation (4) refers to E, and E,. 
Unlike his notation, Dingle is quite explicit on this point: 


“Thus, between events E, and Æ, A advances by ¢, and 
B by t; =at, by (1). Therefore 
rate of A ay l 


CS i 
rate of B- at, a on, 2) 
with a similar statement preceding equation (4). 

Dingle then states that equations (3) and (4) (or 3a and 
4a) are contradictory; but they are only contradictory 
if one insists that ra =? Dingle has produced no argu- 
ment to show why he insists on this quality; it is clearly 
insufficient, and indeed impermissible, to denote the left- 
hand sides ‘of equations (3) and (4) by the same symbol 
and to ignore the fact that they relate to different pairs of 
events. 

The situation may be summed up as follows: E:nstein’s 
theory demands that fọ, and 7), be unequal. Dingle 
demands, without proof, that ry, and rp, be equal. There- 
fore (Dingle’s conclusion) Einstein is wrong. 

If Professor Dingle could show that the application of 
Einstein’s theory led to the result that ra (say) was both 
smaller and greater than unity, he would, of course, have 
sueceeded in disproving the special theory of relativity. 
But such an attempt is doomed to failure; if, for example, 
E, and E, are made simultaneous in the K frame by 
choosing t, =t, we have from equations (1) and (2) 


t == ly 
and 
l 
t," = ~~ by 
a 


so E, and #, are not simultaneous in the k frame. There 
is thus no unique reading in the k frame corresponding to 
t,, but two readings f, and é’; and the ratio (rate of A/ 
rate of B) is either lja or a, depending on whether E, or 
E, (in the k frame) is chosen as the event of interest. 

The way in which ry varies with the particular events 
chosen may be illustrated by considering Hy, E, Hy, Bs, 
the last being defined as the coincidence of H and N, at 
times f, (in the K frame) and ¢,’ (in the k frame). 
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We have 
E, to E, 


E, to E; 


ts a(t, + te) 


Es to E, a pee 
ts ~ at, +E 


E i to E a Vis anes ees SEE weer 
E, to EB, 





E, to E, 


with =b +t and tig =t tty 

All these r’s are what Dingle calls (rate of A/rate of B) 
for the stated events; presumably he would elaim that 
all of them should be equal, while if Einstein’s theory is 
correct they are not only unequal but (in two cases) 
dependent on t, and t, as well as on v. If, for example, we 
take a= 4, t,=2 s and t,=4 s, we have t,=6 s, t,’=1 5, 
t: =8 s and t,/=9 s. So a comparison of the clock 
records would show the events Z,, E, and E, occurring at 
regular (2 s) intervals on clock A, but at intervals of 1 s, 
78s and Ison clock B (Fig. 1). 

The first two rate ratios are 2 aid : /2, as given by 
Dingle; and the remaining four are 2/3, 2/7, 1/2 and 2. 
This does not imply any irregularity in the running of clock 
B; for it the successive events are not equally spaced in 
time, according to Einstein's theory. 


E, â E E BE, 


Clock A * . * | * | 
INE A RS OR EA OR E, TTA AN. 
0 2 4 6 R 10s 
Clock B x E a ee a ee ee E E 
() 2 4 6 8 LO s 
Fig. 1. Comparison of clock records, 









If Professor Dingle feels that events which are o 
spaced in time in one frame must be equally spac a 
another, relatively moving, frame he will no doubt 
continue to oppose a theory which concludes otherwise; 
but until this feeling is replaced by proof, Einstein’s theory 
of special relativity remains as its author left it- „self con 
sistent and intact. 

E. G. C. BURT 
Royal Aircraft Establishment, 
Farnborough, Hampshire. 
? Dingle, H., Nature,216, 119 (1967). 


The Underlying Physics of the Lorentz 
Transformation 


RECENT discussion!~? about the special theory of relativity 
suggests the need for clarification, which this note is 
intended to provide. 

Let A be an observer with assistants who can move to 
selected points fixed relatively to A. A decides to map 
out a coordinate system or grid with himself at the origin 
O. He has a rod which he uses as a standard of length 
extending from O along what is to be the y axis. He also 
has a standard clock at O. With the aid cf light signals and 
mirrors held by his assistants, A can map out a cartesian 
grid in the usual manner. In so doing be makes the 
assumption that light travels relatively to hima with the 
same velocity in any direction at any point in hus grid 
system. 

Having dealt with space, A has now to turn his attention 
to time. Again in the usual manner, 4, having issued 
the necessary instructions to his assistants with clocks, 
uses light signals to enable his assistants to “synchronize” 
their clocks with his standard clock. In this connexion 
it is well to note that “slow” and “fast” may refer to two 
elocks showing a constant difference m their res waling or 
may refer to difference in their rates of running. This will 
be referred to later on in connexion with the diagrams. 
A has now a complete space-time coordinate system, 

Let B be a new observer who, according to A, is moving 
along A’s x axis with a uniform velocity u which A and 
his assistants can measure without difficulty. Suppose 
also that B decides to make a cartesian coordinate grul 


Sh ey ite oas 
0 0 0 Q i 0 
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Fig. 1. 


A’s description. 





Fig. 2. B's description. 
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system with himself at his origin O’ so that his z’ axis 
hes along A’s x axis. B has a rod lying along his y’ axis 
extending from his origin O’ which he uses as a standard. 
He also has a clock at his origin O’ which he uses as his 
standard. B can now construct a space-time grid 1 
precisely the same way as A did. Note that B also makes 
the assumption that the velocity of light relative to him is 
the same m all directions and at all points of his space grid 
although the value he assigns to it may differ from the 
value assigned by A. 

The next problem is to correlate the space-time grids 
of A and B. One difficulty is that of determining the 
length of a rod which is moving relative to “fixed” 
observers. Two observers are required, one to note the 
coordinates of one end of the rod and one to note the co- 
ordinates of the other end of the rod. To obtaim the 
“correct” length the observers must make their observa- 
tions “simultaneously”. Fortunately, if A compares his 
standard along his y axis with that of B along his y’ axis 
and (for simplicity) finds them equal, then B will agree 
with A that they are equal. 

There now remains the problem of correlatmg A's 
standard clock with that of B. Tf it is agreed that B should 
measure A’s velocity relative to B and obtain the same 
value u then B must alter his standard clock and all his 
others to obtain this equality. This correlates A’s and 
B's clocks. At the same time it makes the velocity of light 
measured by A the same as that measured by B. 

A detailed analysis of the above procedure leads directly 
to the Lorentz transformation. The velocity of light 
appears in the formula because lhght signals were used 
in the construction of the space-time grids. The ‘‘con- 
staney™ of the velocity of light is a necessary consequence 
of the method of const ructing the space-time grids. 

Figs. 1 and 2 are drawn to scale for the case when u = 5/3 
and 1—~ (u?/e?)= 4/9. At every third unit of length a clock 
is situated. The numbers are the readings on these clocks. 

Fig. 1 shows the state of affairs at three successive in- 
stants of time on A’s clocks, so that A and his assistants 
would describe the motion of B according to the diagrams 
in this figure. It will be noted that some of B's clocks 
are behind those of A and some ahead. Also it is apparent 
that any one clock of B appears to run more slowly than 
any of A's clocks. Note also that to A it appears that 
5's grid is compressed. 

From the point of view of B and his assistants this is a 
misleading description because the observations made by 
A’s team were made at different times on B’s clocks. 
Fig. 2 shows how B's team would describe the state of 
affairs. For instance, at the instant of time according to 
B when all his eloecks read zero, the one at 2’ =6 is 
opposite A’s clock which reads 3 and is situated at 2=9 
and the one at 2’=12 is opposite A’s clock reading 6 
at the point w=18. When readings are plotted on this 
basis, which amounts to a reverse Lorentz transformation, 
Fig. 2 is the result. 


Appendix |: Mapping Space Grid 

For simplicity a two-dimensional space coordinate 
system wil be constructed. The extension to three 
dimensions will be obvious. A light signal originating at 
the origin of coordinates O has to be reflected back to the 
origin and the overall interval for outgoing and return 
journeys determined from the standard clock at the origin. 
The time interval T for the complete journey involving 
reflexion from a mirror situated at the far end of the 
standard rod at a distance L from the origin along the y 
axis is measured. Another mirror on the y axis giving 
a time interval nT will be situated at a distance nL from 
the origin. 

In a similar manner a mirror placed on the x axis in 
such a position that the time interval is again nT will be 
situated at a distance nE from the origin. Here it is 


assumed that the velocity of hight is the same im all 
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Fig. 3. Correlation of B's space grid with that of A. 
directions relative to O. 
mapped. 


Hence a space grid can be 


Appendix 2: “Synchronizing” Clocks 


A light signal from the origin O where A 1s situated has 
to be observed by A’s assistant at some other point on 
the grid. 

A clock situated at a distance nZ from the origin is said 
to be synchronized with the standard clock at the origin 
if A’s assistant observes a reading (+7'/2 on receipt of a 
signal sent from the origin where A observes a reading ¢ 
on the standard clock. This must hold for all times z, 
otherwise one clock is “running more slowly”? than the 
other. If there is a constant difference other than nT/2 
then the clocks are running at the same rate but one is 
permanently “behind” the other. Hence synchronism 
requires two conditions to be satisfied. It will also be 
noted that A and his assistant are short-sighted but they 
ean communicate with each other at leisure. 


Appendix 3: Correlation of Space Grid of B with that 
of A 


A second observer B is movmy along A’s x axis with 
uniform velocity u (as measured by A). A has an assistant 
at the other end of the standard rod and when B coming 
from A’s negative x axis reaches A then A's assistant 
makes a mark on B's plane. The distance between this 
mark and B's origin O’ is his standard distance L’ along 
his y’ axis. Thus y=y’. Now B can proceed precisely 
in the same manner as A did to map a coordinate system 
assuming that the velocity of light relative to B is the 
same in all directions. 

To find the relation between r and 2’, A must give a 
description of what B did. A light wave originating at 
O when O’ and O coincide is partly reflected by a mirror 
on the y’ axis to return to O’ at the same instant as another 
part of the same wave returns to O’ after reflexion by a 
mirror on the 2 axis. In this case y =y =x according to 
B. According to A the time interval ¢ for the first journey 
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Fig. 4. Correlation of B'a space grid with that of A. 
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is given by (ct/2)?=(ut/2)?+y* where c is the velocity of 
light as measured by A (see Fig. 3). Therefore 


ct= 2 ky = 2ka’ (1) 


where 1/k?=]1—u?/e. For the second journey the same 
time interval t =t, +f, where ect, =€, tut, and cl,=2,— ut, 
(see Fig. 4). Therefore ct=2k*z,, and therefore 2’=kz, 
relates lengths as measured by A and B. 2’ is the distance 
of a point from B's origin as measured by B; hence x’ is 
B’s coordinate of the point. x, is the same distance as 
measured by A, but at time t B’s origin will be a distance 
ut from A's origin so that w,=(x—wut), Therefore r’ = 
k(x- ut) relates coordinates. 


Appendix 4: Correlation of B's Clocks with those of A 


To correlate the clocks A again describes B’s actions. 
A light signal sent by B from his origin along his y’ axis to 
be reflected by a mirror at distance y’ back to his origin 
O’ will travel for a time tẹ = 2y’/e’ where ec’ is the velocity 
of light as measured by B in terms of his standards. A 
will say that the signal returns to B's origin after a time 
ty= 2ky/c from equation (1) because y= y’ when the reading 
on B’s clock at his origin is t'e The reading on A’s clock 
at the point x)= Ut, is ta where c't o= ct,/k, if the clocks at 
the origin gave the source readings at the instant where the 
two origins coincided. This correlates the clocks at the 
origins. 

If at time ¢’, at B’s origin a light signal is sent to a 
point 2’ from B's origin it will arrive at a time t =t, +x] 
on B's clock at the point z’. Therefore e’t’=cl)/k+ ka, 
where x, is A’s measure of B's distance za Let t, be the 
time interval as measured by A during which the light 
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Fig. 5. Correlation of B's clocks with those of A. 
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signal traverses B’s distance x’. Let x be the coordir 
in A’s system of the end point of #’ and ¢ be the 
A’s clock when the light signal arnves. Then gaubti 
t=t,e+t, and c=, tuh. Solving ta and a, in terms fo 
fand x (see Fig. 5) oe 





ae om £ 
A a A and zma ut 
C— t 


Hence ct =kiet— uzje) which together with 2° = kis — ut) 
forms a generalized Lorentz transformation, 

According to B the velocity of A’s origin w= 0 1a given 
by w =a" jt’ = ~ue’/e so that if B decides to choose his time 
unit so that w= ~u then it follows that e’=c. This is 
not a mysterious law of nature but is the outcome of using 
light signals to set up space-time coordinate systems. 

W. STEWART Brown 
Department of Physics, 
Heriot-Watt University, 
Edinburgh. 
i Brown, G. B., nat. Phys. and Phys. Soe. Bulletin 18, 71 (1987) 
* Dingle, H., Nafure, 216, 119 (1967). 
* McCrea, W. H., Nature,216, 122 (1987), 
t Farley, F, J. M., Bailey, Ja and Picasso, E., Nature, 217, 17 (G08). 
5 Essen, L., Nature, 217, 19 (1968). 
* Dingle, H., Nature, 217, 19 (1968). 
7 Clarke, A.C. W. V., Nature, 217, 20 (1968). 


Special Theory of Relativity 


As the result of a lengthy correspondence with Professor 
Dingle, I am of the opinion that the contradiction deseribed 
by him! is due to the incompatibility of {a} the concepts 
used in the special theory of relativity as ordinarily 
understood, and (b) the concept of clocks that run regu- 
larly, as understood by Professor Dingle. I believe that 
Professor Dingle agrees that this is a correct diagnosis 
of the cause of the contradiction. To resolve it, one must 
abandon either (a) or (b). Because (4), as elucidated in 
our correspondence, is equivalent to Newton's concept of 
absolute time, and because relativistic physics appears 
to me to represent nature more closely than Newtonian 
physics does, I cast my vote for the abandonment of {b} 
and the retention of (a). 

J. L. SYNGE 
Dublin Institute for Advanced Studies, 
School of Theoretical Physics, 
Dublin. 


i Dingle, H.. Nature, 216, 119 (1967). 


Hybrid 30S Ribosomal Particles reconstituted 
from Components of Different Bacterial Origins 


by 


MASAYASU NOMURA 
PETER TRAUB 
HELGA BECHMANN 


Functional 30S ribosomal subunits can be reconstructed from the 165 
ribosomal RNA of one species of bacteria and the ribosomal proteins 


from a distantly related species. 


Laboratory of Genetics, 
University of Wisconsin, 
Madison, Wisconsin 


THE structural and functional role of ribosomal RNA in 
the ribosome has long been a matter of conjecture. Suc- 
cess in the reconstitution of functionally active 308 
particles from free RNA and proteins? has now made 


it possible to study this problem experimentally. We 
have already shown! that 165 ribosomal RNA from yeast, 
18S ribosomal RNA from rat liver, or “IBS RNA 
derived by degradation from 23S E. cob ribosomal RNA 
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cannot replace E. colt 168 RNA in the reconstitution of 
“IOS? particles. Degraded Æ. coli 16S RNA is also in- 
effective. Furthermore, the inactive particles which are 
formed during reconstitution experiments using these 
various RNA molecules are found to be quite different 
physically from the native particle, most sedimenting 
more slowly than 30,5 particles as a heterogeneous popula- 
tion or forming insoluble aggregates. The molecular 
weight of yeast 165 RNA (6-5 x 105) (ref. 2) is not so 
different from that of Æ. coli 168 RNA (5-5 x 105) (refs. 3 and 
4), and the size of the “165” RNA molecules obtained from 
the 23S E. coli ribosomal RNA must also be similar to 
that of 16S ribosomal RNA‘. Thus a mere similarity in 
size does not seem to satisfy the RNA requirement for 
physical reconstitution of the particle. 

Further systematic studies have been carried out to 
investigate the role of ribosomal RNA using several 
heterologous bacterial ribosomal RNAs as well as Æ. coli 
168 ribosomal RNA modified by specific chemical treat- 
ments. We have found that functionally active hybrid 
30S ribosomal particles can be reconstituted from 168 
ribosomal RNA and ribosomal proteins from distantly 
related bacterial species in various combinations. 30S 
particles obtained from these species show differences 
from each other both in the base sequence of their 16S 
ribosomal RNA and in the electrophoretic pattern of their 
protein components. We describe this finding here, 
together with some additional experiments carried out 
to assess its significance. 


Reconstituted “30S” Particles using RNAs and Proteins 
of Different Species 

Ribosomal components from three bacterial species 
which are distantly related to E. coli were selected for this 
mvestigation. Both Azotobacter vinelandii, a nitrogen 
fixing organism, and Micrococcus lysodeikticus were 
selected for their remarkable differences from Æ. coli in 
DNA base composition (Table 1). Bacillus stearothermo- 
philus was selected because its ribosomes are thermo- 
stable®* and because both the overall base composition? 
and the terminal base sequence!® of the ribosomal RNA 
are known to be different from those of E. coli ribosomal 
RNA (Table 1). Both 16S ribosomal RNA and proteins 
from the 305 particles (‘total 308 proteins’’) were pre- 
pared from these bacteria as well as from #. coli using 
methods similar to those previously used for Æ. colt! (see 
legend to Table 2). The RNA preparations were free from 
protein, and likewise, protein preparations did not contain 
any significant amount of RNA (cf. control experiments in 
Table 2). Reconstitution of the particles was usually 
performed using the conditions found to be optimum for 
an E. coli RNA-#. colt protein system (except where 
specified; see below). The activity of the reconstituted 
particles was assayed using a poly U directed phenyl- 
alanine incorporation system in the presence of E. colt 
£08 ribosomal particles. (In some experiments involving 
components from B. stearothermophilus, B, stearothermo- 
philus 50S was used.) 

It was found that both A. vinelandii and B. stearothermo- 
philus 16S RNAs are as efficient as Æ. colt 16S RNA in 
the reconstitution of functionally active “305” particles 
using Æ. colt ribosomal proteins (Table 2, experiment 1). 
Zone sedimentation analysis of these “hybrid” particles 
(AE and BE) showed that both sediment at about 305, 


‘Table 1. BASH COMPOSITION OF THE DNA AND RIBOSOMAL RNA USED 
Ribosoms!] RNA 
DNA* 5-terminal — 

(% G+ ©) “St + Ct sequence (168) 
E. colt fo 53 AAAUG 
A. vinelandii 66 _ A 
B. stearothermophilus 47 61 UXXAXGt 
M. tysodetkitcus 72 54 mennee 


* Data from refs. 28 and 29. These values were confirmed in this study by 
measuring the buoyant density of the DNAs. 
Data from refs. 0, 19 and 80-32. 
t Data from ref. 10. 
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Table 2. ACTIVITY OF “HYBRID RIBOSOMES” RECONSTITUTED FROM RNAS 
AND PROTEINS WITH DIFFERENT ORIGINS 
Experi- Particles 
ment reconstituted from Activity 
No, RNA Protein Cpm. Per cent 
1 E E 12,975 103 
A E 12,879 104 
E E 12,855 103 
M E- 3,810 36 (19, 32)* 
(Control E. coli 305) {12,498} (100) 
2 E E 4,559 88 
A E 4,159 80 
E A 1,783 34 
A A 4,227 82 
— E 0 0 
oo A 0 G 
(Control Æ. coli 305) (5,1283) (100) 
3 E E 1,826 89 
B E 2,372 116 
E B 780 88 
B B 1,305 64 
— B 25 1 
(Control Æ. coli 305) (2,045) (100) 


E, Escherichia coli; A, Azotobacter vinelandii; B, Bacillus stearothermo- 
philus; M, Mierececeua lysodeikticus. 


* Variable results were obtained depending on experiments, 

168 ribosomal RNA was prepared from 70S ribosomes by treatment with 
phenol in the presence of bentonite (0-2 per cent) and duponol (2:5 per cent), 
followed by sucrose gradient sedimentation (5-20 per cent in SSC (0-15 M 
NaCl, 0-015 M Na citrate) containing EDTA (10-* M), 25,000 r.p.m., for 20 h. 
16S RNA was finally recovered from the pooled fractions by alcohol precipi- 
tation, and dissolved in SSC. 

Total 308 proteins were prepared from purified 30S ribosomal particles as 
follows. 305 particles in TMA I buffer (10 M tris-HCl, pH 7-8, 102 M 
MgCl, 3x10 M NH,Cl, 6x 10° M mercaptoethanol) were mixed with an 
equal volume of 8 M urea-4 M LiCl and allowed to stand in an ice bath for 
24-48 h. In the case of B. stearcthermophilus 308 particles, LICI concentra- 
tion wasincreased to 3-5 M (final concentration), and the mixture was kept for 
48-72 h. Precipitated RNA was removed by centrifugation, and the super- 
natant was dialysed against PME 1 (5 x 104M H,PO, neutralized to pH 7-4 
with KOH, 17x10 M Mel, 3» 104 M CaCl, 1M KCI, 6x 10-* M mer- 
captoethanol), 

Reconstitution of “30S” particles was achieved as before! using 165 RNA 
(40 OD** units) and total 30S proteins, except that the reconstitution 
mixture was incubated at 40° È (experiments 1 and 2) and 50° C (experiment 
3)for 10 min. The reconstituted particles were recovered by centrifugation 
at 30,000 r.p.m. for 12 h and the peljeta were suspended in TMA I. 

Aliquots containing 1 OD™ unit of the particle preparations were 
analysed for their activities in poly O-directed incorporation of “C-phenyl- 
alanine in the presence of 2 OD units of native E. coli 50S (experiments 1 
and 2) or B. stearothermophilus 508 (experiment 3). Incorporation assay 
was carried out at 37° C for &) min (experiment 1) or 30 min (experiments 
2 and 3) as described! * 3, Much of the added RNA in the final reconstituted 
“30S particle preparation” was recovered (70-100 per cent) except in the 
reconstitution from Aficrococeus RNA and E, coli proteins, In the latter 
case, recovery of particles wae variable, and sometimes low because of the 
formation of insoluble aguregates. 


as do the control particles (EE) reconstituted from E. coli 
16S RNA and #. coli proteins (Figs. 1 and 2). On the 
other hand, 165 RNA from M. lysodetkticus was not nearly 
as effective in reconstitution of active ribosomal particles 
using the same Æ. coli proteins (3-36 per cent, Table 2, 
experiment 2). Most of the particles recovered from the 
reconstitution mixture sedimented more slowly than 30S 
particles. The M. lysodeikticus 16S RNA molecules used 
in the experiments were physically intact as judged by 
their sedimentation behaviour. The possibility cannot be 
excluded, however, that the ineffectiveness of the recon- 
stitution is a result of some undetected damage in the 
RNA, rather than of some incompatibility between the 
M. lysodetkticus RNA and E. coli proteins. In contrast 
to the A. vinelandii and B. stearothermophilus systems 
{compare Table 2, experiments 2 and 3) we have so far 
been unable to reconstitute functionally active “30S” 
particles from M. lysodetkticus 16S RNA and the homo- 
logous M. lysodetkticus proteins, and so we have been un- 
able to confirm the functional intactness of the M. lyso- 
deikticus 16S RNA preparation used in these experiments. 

With homologous A. vinelandii 16S RNA, A. vinelandii 
proteins proved to be highly efficient in the reconstitution 
of active “30S” particles in conditions optimal for the 
H. colt reconstitution system. The particles (EA) recon- 
stituted from E. coli 165 RNA and A. vinelandii proteins, 
however, consistently showed an activity which was only 
about 40 per cent that of the particles reconstituted using 
either the reverse (AE) or homologous (AA) combinations. 
The partially active reconstituted particles (EA) were 
quite homogeneous as judged by zone sedimentation 
analysis, although they sediment a little more slowly 
than other reconstituted particles (Fig. 1). Somehow 
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Fig, 1. Sucrose gradient sedimentation patterns of the particles reconstituted from 168 RNA and 
proteins with different origins (2. coli and A. vinelandii). Four different particles obtained in experi- 
ment 2 of Table 2 were analysed. The particles (about 5 OD*** units) were mixed with a small 
amount of standard 30S particles labelled with “C (about 0-1 OD** unit) and dialysed against TMA 
II buffer (as TMA I, but the concentration of Mg++ is 3x 10-*M). The samples were put on a sucrose 
gradient (5-20 per centin TMA II buffer) and centrifuged at 39,000 r.p.m. for 3 hin the cold. Fractions 


were collected from the bottom of the tubes, suitably diluted, and both the 0.D*** and acid-precipit- 


able radioactive RNA were analysed. Oe 
E. coli ribosomal proteins. Similarly [EE], 


articles reconstituted from Azotcbacter 165 BNA and 
zA], and [AA] are the three other types of reconstituted 


particles used in experiment 2, Table 2. 


the compatibility between E. coli 165 RNA and A. 
vinelandit proteins is not as perfect as that between RNA 
and protein with the homologous or reverse combinations. 
We have not yet determined, however, whether the 
reduced activity of the EA particles is a result of the 
uniform impairment of the entire population or the 
presence of a heterogeneous population in which the num- 
ber of active ribosomes is reduced to 40 per cent of that of 
control particle (AA or AE) preparations. 

Reconstitution of functionally active particles using 
B. stearothermophilus RNA and proteins was not very 
effective at 40° C, the optimum temperature for the E. cola 
reconstitution system. Reconstitution was found to be 
fairly efficient between 50° and 60° C, with an optimum at 
about 55° C, and the reconstitution of hybrid “3067 
particles using 16S RNA and total 30S proteins of both 
E. coli and B. stearothermophilus was carried out at 50° C 
(Table 2, experiment 3, and Fig. 2). Although the particles 
(BE) obtained by combination of B. stearothermophilus 
RNA and Æ. coli proteins were very active, as described 
before, the particles (EB) of the reverse conbination were 
only partially active, as were the control Bacillus recon- 
stituted particles (BB); the activity of EB particles was 
frequently weaker than that of BB particles. The signifi- 
cance of this has not been established. Although the 
sedimentation pattern of the EB particles sometimes 
showed heterogeneity (Fig. 2c), the peak was at about 
30S. (In other experiments, the EB particles were more 
homogeneous than shown in Fig. 2 and sedimented 
at 305.) 

In preliminary experiments, the activity of the hybrid 
BE particles was assayed by following the incorporation 
of “C-valine directed by a natural mRNA, RNA from 






or the control reconstituted homologous particles. 
In a simultaneous assay using poly U, all three partiel 
showed about the same activity. It seems then that th 


hybrid 30S ribosomes are at least partially active in’ ae 


protein synthesis which is directed by natural mRNA. 
On the other hand, the fact that the activity with an £2 
RNA system is clearly less than that observed with a 
synthetic messenger is possibly significant (see discussion 
on B. stearothermophilus) and is now being investigated. 


Sequence Homology among Various 168 Ribosomal 

RNAs 

Ribosomal RNAs from various bacterial species are 
known to have a similar overall base composition", 
Furthermore, they exhibit more sequence homology than 
the bulk of the bacterial DNA*?-'5, This suggests that 
some of the base sequence has been “conserved” in diver- 
gent evolution. The results described in the previous 
section show that some functional property of 168 
ribosomal RNA has also been conserved m evolhition, 
namely, its ability to interact successfully with various 
sets of 30S proteins derived from a fairly wide range of 
bacterial species; thus, conservation in function may 
reflect. conservation in base sequence. 

The known evolutionary conservation of base sequence 
is not, however, absolute. The sequence homology be- 
tween distantly related bacterial species tested has been 
found to be limited!*-! and B. stearothermophilus ribosomal 
RNA is known to have a bulk base composition quite 
different from that of E. coli (refs. 8 and 9; compare 
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different origins (E. coli and B. stearothermephilus), 
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Sucrose gradient sedimentation pattern of the particles reconstituted from 16S ENA and proteins with 
Four different particles obtained in experiment 3 of Table 2 


were analysed. Experimental procedures used and the notation of particles ([BE], etc.) are the same as those 
used in Fig. 1. 


Table 1). The extent of the sequence homology of 16S 
RNA among bacterial species used in this work was 
examined using the DNA-RNA hybridization technique. 
Experimental results are presented in Fig. 3, and show 
that, although A. vinelandu 16S RNA can compete quite 
effectively with Æ. coli 16S RNA for sites in Æ. coli DNA, 
the difference in the competition efficiency from that of 
homologous E, coli 16S RNA is clear. Both P. stearo- 
thermophilus and M. lysodeikticus 168 RNA showed a 
definite but limited ability to compete with E. coli RNA. 
These results show that the reconstitution requirement 
for a specific base sequenee in ribosomal RNA is not 
absolute. A large part of the base sequence in 16S 
ribosomal RNA can thus apparently be varied without 
detrimental effect on its ability to recognize ribosomal 
proteins and form functional “308” particles. This would 
suggest that only some portions of the RNA chain interact 
with the proteins while other portions do not participate 
directly in this interaction. According to this view, the 
regions which interact with the same proteins would have 
specific base sequences which are common or very similar 
among different bacterial species; on the other hand, the 
regions which do not participate in the interacticn would 
have base sequences which differ greatly among bacterial 
species. The possibility cannot be excluded, however, 
that the “non-conserved”’ regions of 165 ribosomal RNA 
also participate in interaction with protein; these regions 
with base sequences which differ with species might still 
have the same conformation essential for functional inter- 
action. 

It is usually accepted that ribosomal RNA consists of 
both helical regions and non-helical, single stranded 
regions. Cotter, MePhie and Gratzer'® have suggested 
that it is the non-helical single stranded regions which 
interact with the ribosomal proteins. This hypothesis, 
which is at least compatible with our suggestion, is now 
amenable to direct experimental investigations. 
© In contrast to bacterial ribosomal RNA, yeast (Sac- 
charomyces lactis) 16S ribosomal RNA showed no signifi- 
cant sequence homology to #. coli RNA (Fig. 3), in agree- 
ment with a previous report“, This is consistent with 


our earlier observation that yeast 16S ribosomal RNA 
cannot replace Æ. coli RNA in the reconstitution of 30S 
particles with Æ. coli proteins’, 


Possible Conservation of Specific Structure among 
Ribosomal Proteins from Different Species 


Previous studies have shown that the electrophoretic 
and chromatographie patterns of ribosomal proteins are 
different among different bacterial species!?18, Total 309 
ribosomal proteins from the four bacterial species used in 
this study were compared using polyacrylamide gel electro- 
phoresis. As expected, the electrophoretic patterns were 
quite different from each other (Fig. 4). 

As discussed in the previous section of this article, the 
reconstitution of functionally active hybrid 30S particles 
suggests that certain specific regions of ribosomal RNA 
can interact with the corresponding functionally equivalent 
proteins from several different bacterial species. Accord- 
ing to this view, the specific parts of these ribosomal 
proteins which interact with the ribosomal RNA would 
have structural features in common with corresponding 
proteins from different bacterial species. 


Heat Stability of Hybrid “30S” Particles of RNA and 

Proteins from E. coli and B. stearothermophilus 

As we have described, a large part of the base sequence 
in 16S ribosomal RNA can apparently be varied without 
producing a detrimental effect on its ability to reconstitute 
functional “30S” particles. This might be taken to mean 
that the “‘non-conserved” regions of 16S ribosomal RNA 
are not essential for ribosomal function or assembly. 
As we noted, however, the possibility exists that the ‘‘non- 
conserved” regions participate somehow in interaction 
with proteins through their conformational structure. 
Furthermore, it is possible that other functions or special 
features of ribosomes, which were not assayed in our 
experiments, depend on more subtle interplay between 
some structure of RNA and of proteins which are not 
involved in the physical assembly of ribosomal particles. 
(As we have noted, incorporation assays involving natural 
mRNA suggest that such is indeed the case.) 
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for sites in DNA. DNA-RNA hybridization was performed using a 
method similar to that described by Nygaard and Halli”. Theincubation 
mixture (total volume 2-0 mi.) contained heat denatured E. coli DNA 
(50 ug), * P-E. coli 16S ribosomal RNA (about 5 ug, 5 x 10* c.p.m.,), non- 
radioactive 16S ribosomal RNA of various origins as indicated, NaCl 
(0-9 M, Na citrate (0-09 M, pH 7-0). After incubation at 60° C for 2 h, 
the mixtures were diluted five-fold with 2 x SSC (NaCl 0-3 M, Na citrate 
0-03 M), and filtered through ‘Millipore’ nitrocellulose membranes 
(t HA). Filters were dried for 1 h at 37° C, and subsequently for 1 h 
at 5° C, and then treated with pancreatic (10 ug/ml.) RNase at 30° C 
for 15 min, washed with 2 x SSC, and dried. The amount of **P-RNA 
retained on the filter was measured. The figure of 100 per cent corres- 

nds to 0-05 we of *P-16S RNA (0-1 per cent of DNA). The broken 
ine represents the values with homologous Æ. coli 16S RNA expected 
on the basis of the dilution factor and of the change in position on the 
saturation curve ; (C) Yeast; (A) B. stearothermophilus; (A) M. lyso- 

deikticus; (@) A. vinelandii; (O and ©) E. coli. 


Our experiments on the nature of the thermostability 
of B. stearothermophilus ribosomes also suggest that the 
non-conserved region of 16S ribosomal RNA is also impor- 
tant. B. stearothermophilus is a thermophilic bacterium 
and grows best at about 60°-65° C. Ribosomes isolated 
from this organism were found to have a thermal stability 
far greater than that of ribosomes obtained from most 
of the other mesophilic bacteria*-*'*, Ribosomal RNA 
from such thermophilic bacteria was shown to have a 
higher content of GC (refs. 8, 9 and 19; compare Table 1), 
and higher Tm in the temperature melting profile®:**:'", 
Although some workers have suggested that such proper- 
ties of rRNA might be related to the thermostability of 
the ribosome*'*, others argued that the thermostability 
may be a function of interaction between RNA and 
protein®®. Because we could reconstitute hybrid 308 
ribosomal particles using RNA and proteins from E. coli 
and B. stearothermophilus as we have described, we have 
examined components responsible for the thermostability 
of the ribosomes. 

Four different reconstituted “305S” particles prepared 
as in experiment 3 of Table 2 were examined for their 
thermostability. Preliminary experiments showed that 
heating of 30S particles at 65° C for 5 min gave a clear 
difference between Æ. coli 30S and B. stearothermophilus 
30S; the former became completely inactive, while the 
latter retained 60-100 per cent of the original activity, as 
judged by poly U-directed phenylalanine incorporation 
or poly U-direected phe-(RNA binding assays. Experi- 
mental results presented in Table 3 show that only particles 
(BB) reconstituted from both Bacillus RNA and Bacillus 
proteins have a thermostability comparable with that of 
native Bacillus 30S particles. Hybrid 30S particles (BE) 
with RNA from Bacillus and proteins from Æ. coli were 
heat labile, as were native Æ. coli 30S particles or recon- 
stituted Æ. coli 30S particles (EE). The hybrid 305 
particles (EB) with RNA from Æ. coli and protein from 
Bacillus showed a thermostability which was slight but 
definitely greater than that of [BE] or [EE] particles. 
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Table 3. HEAT STABILITY OF RECONSTITUTED "305" RIBOSOMES 


Particles Relative activity after heat 
reconstituted from treatment for 5 min (per cent) 

RNA Proteins 30° € 55° C 65° C 

E E 100 65 0 

B E 100 56 0 

E B 104 97 ll 

B B 100 92 58 

E. coli 305 100 63 0 

B. stearothermophilus 305 100 96 77 


Four different “305" particles prepared as in experiment 3 of Table 2 were 
tested for heat stability. Particles were kept at 55° C or at 65° © for 5 min, 
transferred to a 30° C bath and kept for 5 min, and finally cooled in ice. The 
control particles were kept at 30° C for 5 min and then cooled in we. These 

rticles were then assayed for their residual activity ryt gs Agee nog 


neorporation of “C-phenylalanine in the presence of Æ. coli 

Activities are expressed as the percentage of those of the control particles 
treated at 30° C. Assays of incorporation activity using B. slearothermop 

50S particles as well as assays of poly U-directed "“C-phe-(RNA binding™ in 
the absence of 50S particles gave essentially the same results. 


We conclude that the thermostability of B. stearothermo- 
philus ribosomes requires properties of both the RNA 
and the proteins specific to B. stearothermophilus. Proper- 
ties of either component alone are not sufficient to confer 
complete thermostability. Bacillus proteins by themselves 
must have some special properties which are directly 
related to thermostability. Bacillus RNA is needed to 
make the ribosomes thermostable, either because of special 
properties (such as those reflected by its higher content of 
GC) and/or because of a special heat stable interaction with 
protein, which is not needed for ribosome function at 
lower temperature. Thus base sequences of non-con- 
served regions of 16S ribosomal RNA also seem to be 
important. 


Effect of Nitrous Acid on 165 Ribosomal RNA 


To examine further the functional significance of the 
base sequence in the ribosomal RNA structure, we began 
an investigation of the effects of chemical modification of 
the 16S ribosomal RNA on the reconstitution activity. 
We have found that the activity of E. coli 16S RNA is 
very sensitive to treatment with nitrous acid (Fig. 5). 
Treatment was carried out at pH 4-2 at 5° C in the presence 





E A B M 


Fig. 4. Polyacrylamide gel electrophoresis of 305 ribosomal proteins 

from A. vinelandii (A), B. stearothermophilus (B), E. coli (E) and M. 

lysodeikticus (M) at pH 4:5. coe ao used were similar to those used 
previously™, 
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Table 4, BASE ALTERATIONS DURING INACTIVATION OF E. coli 16S RNA WITH 
NITROUS ACID 


No. of bases altered per 


Reactions 16.59 RNA molecule per 36 min 
C- 4 
AHX t8 
G->X i-i 
(- AG)* (2-0)* 
Total altered bases S31 to 4-0 


Data shown in Fig, 6 were used for the calculations. The change in ( 
follows simple first order kineties up to 96 h, and the change in the firat 36 min 
was calculated by simple extrapolation. The experimentally observed 
change in A best fits first order kinetics if 54 per cent of the total adenine is 
assumed to be in a reactive state (presumably in a single stranded region, see 
Cramer and Erdmann*), The amount of altered adenine during the first 
36 min was therefore calculated by extrapolating the experimental valucs 


using thisassumption. Kinetics of the appearance of X was similar to that of 


HX and, on the average, the rate was two-thirds that of HX. In this experi- 
ment, the inactivation followed approximately 2 hit kinetics and one effective 
hit corresponded to 36 min HNO, treatments. 


* Schuster and Wilthelm*™ found that only 55 per cent of the G which 
disappeared after treatment with nitrous acid was accounted for by xanthine 
produced. Assuming the same situation in our experiment, we can calculate 
total loss of G as 2-0 base residues/86 min. 


of 10°? M Mg++. In the conditions used, the inactivation 
followed 2 to 3 hit kinetics. Nitrous acid can react with 
adenine (A), guanine (G) and cytosine (C) of RNA and 
convert them to hypoxanthine (HX), xanthine (X) and 
uracil (U), respectively*!)*2, From the results of chemical 
analysis of base alterations (Fig. 6) combined with an 
assay of the biological activity of the treated RNA, we 
have concluded that only a few (six to eight) base altera- 
tions are sufficient to destroy completely the reconstitu- 
tion activity of one 16S ribosomal RNA molecule (Table 4). 

The possibility of effects of nitrous acid other than 
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Fig. 5. Inactivation of E. coli 168 RNA with nitrous acid at pH 4-2. 
E. coli 16S RNA was first dialysed against Na acetate (0-02 M, pH 4-2)- 
Mal, (10~* M) buffer at 0° C. The dialysed RNA solution (about 2 mg/ml.) 
was mixed with an equal volume of NaNO, solution (2 M NaNO, 0-02 M 
Na acetate, 10 M MgCl, pH +2) and kept at 5° C. As a control, an 
aliquot of RNA solution was mixed with the same buffer but containing 
2M KCI instead of 2M NaNO, (curve 3), The mixture was divided into 
aliquots of 2-2 ml. and kept in small test-tubes which were sealed with 
silicone stoppers, At various indicated times, samples (2-2 ml.) were 
taken and mixed with 9 ml. of 3 M K phosphate buffer (pH 8) to stop 
the reaction. Samples were then dialysed against PMK HI buffer con- 
taining no mercaptoethanol and then against ordinary PMK TI buffer, 
and used for the reconstitution of 305” particles with E. coli total 8308 
proteins as described in Table 2. Incorporation activity of the recon- 
stituted particles was analysed and expressed as a percentage of the 
activity of the particles reconstituted using untreated 16.5 RNA. Results 
of two independent experiments are plotted (curves 1 and 2). Another 
part of the reaction mixture was placed in a stoppered flask and kept at 
5° C for 5 days in the same way, Aliquots (2-2 ml.) were taken every 
24 hand used for chemical analysis (see Fig. 6). The pH of the reaction 
mixture was checked every 24 h and, whenever any slight inerease was 
observed, adjusted to 4-2 with acetic acid, 





NATURE, VOL. 219, AUGUST 24, 1968 





> OCN a 
F bd kA e 
ha 20 O 
£ 
z 
Š 
P 
o DD 
= 
£ 10 HX 
g 
= X 
OESIE TE 
Q 24 48 72 96 120 
Time (h) 
HNO, treatment. 


Fig. 6, Base composition of E. coli 16.8 RNA after treatment with nitrous 
acid. Samples in experiment 2 of Fig. 5 were analysed for their bage 
composition according to the method of Schuster and Wilhelmas. 
Guanine (G) could not be analysed satisfactorily and the data are not 
included. The ratio of adenine (A) to cytosine (C) and uracil (U) of the 


control sample (no treatment with nitrous acid) was the same as the 

published data™, and therefore the values 24-8 per cent, 23-1 per cent, 

and 21-1 per cent were assigned to A, C and U, respectively, normalized 

against the published valse of 31-0 per cent for G. X, Xanthine, 
HX, hypoxanthine. 


sunple deamination of the bases was considered. The 
RNA treated with nitrous acid was dialysed against 10-2 M 
EDTA to remove Mg*+, and examined by sucrose gradient 
sedimentation. Neither chain scission nor any other 
obvious change in physical state could be detected. 
Another known effect of nitrous acid is cross-linking of 
double stranded DNA*.?*, We cannot exclude such an 
effect on the RNA as being responsible for the observed 
inactivation. We also do not know the relative sensitivity 
of single stranded regions to helical regions®*-*? in our 
experimental conditions. Thus more studies are necessary 
to identify the specific change in RNA responsible for 
the inactivation. The data, however, suggest that 
most of the base sequence of the RNA is probably impor- 
tant. 

Properties of the inactive particles reconstituted with 
RNA treated with nitrous acid were studied. On a sucrose 
gradient, the inactive particle preparation with a few 
per cent remaining activity sedimented considerably more 
slowly than the standard 30S particles (Fig. 7). The 
pattern of proteins extracted from the inactive particles 
did not, however, show any obvious difference in poly- 
acrylamide gel electrophoresis from that of the normal 
total 30S ribosomal proteins. These results show that 
nitrous acid destroys the ability of the RNA to be folded 
into the normal compact particle, without any obvious 
effect on its ability to bind ribosomal proteins. They 
also indicate that the inactivation cannot be explained by 
lesions in parts of the RNA molecule which are necessary 
for the function of the particle but not for its correct 
physical assembly. 


Information Gained about the RNAs 

(a) We have shown that hybrid “305° ribosomes 
prepared from RNA and proteins with different bacterial 
origins are active in in vitro polypeptide synthesis. The 
hybrid ribosomes were prepared using components 
derived from E. coli, A. vinelandii and B. stearothermophi- 
lus in various combinations. Thus, some functional 
property of 15S ribosomal RNA has been conserved in 
evolution, namely, its ability to interact successfully with 
various sets of 308 proteins derived from a fairly wide 
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Fig. 7. Sucrose gradient sedimentation pattern of the particles reconsti- 
tuted from proteins, and 16S RNA treated with nitrous acid. Particles 
reconstituted in experiment 2 of Fig. 5 (using RNA treated with nitrous 
acid for 0, 1, 2 and 3 h, respectively) were mixed with a smal amount of 
standard Æ. "coli 308 particles labelled with +C and their sedimentation 
patterns were analysed and compared with that of standard 308 partirien: 8. 
The experimental ‘procedures were similar to those described in Fig. 1 


range of bacterial species. This may reflect the known 
conservation of a part of the base sequence among various 
bacterial species. (b) Because a large part of the base 
sequence of the 16S ribosomal RNAs from these bacterial 


species varies from species to species, we conclude ~ that 
the requirement for a specific base sequence in rib: a 
RNA in the reconstitution is not absolute. We suggest 


that only certain small regions (‘“‘conserved”’ regions). of ae 
16S RNA are directly involved in the specific interaction eS É 








with ribosomal proteins in the assembly of ribosomal- 
particles. (e) The specific part of ribosomal proteins 
interacting with the ribosomal RNA may have a struc- 
tural feature in common with corresponding proteins 
from different bacterial species; that is, such a structural 
feature may also be conserved during evolution. {d} 
“Non-conserved” regions of the 165 ribosomal RNA, 
which have different base sequences depending on bacterial 
origins, may not be involved in the direct protein mter- 
action which results in physical assembly. Yet they may 
have important functions in the finished ribosomal 
particles. This is exemplified by our finding that the 
unusual thermostability of B. stearothermoph: wus s ribosomes 
depends on combinations of special properties of both 
their RNA and protein components. (e) Treatment with 
nitrous acid makes 1658 ribosomal RNA unable to assemble 
the functional ribosome, without causing physical degrada- 
tion of the RNA. Further systematic studies of the com- 
patibility between ribosomal RNAs and ribosomal pro- 
teins with different bacterial origins, combined wi 
approaches using specific chemical modification. of RNA 
or proteins, would facilitate identification of the sites and 
the nature of interaction of various components. in. the 
organized ribosome structure. 3 
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The Molecular Basis of Visual Excitation 


by In 1967 Professor Wald, together with Professors H. K. Hartline 


GEORGE WALD 


Biological Laboratories, 
Harvard University 


As a graduate student at Columbia University, I was 
introduced to vision by Selig Hecht im a particularly 
provocative way. Hecht was one of the great measurers 
of human vision, like Aubert, König and Abney before 
him. But he was not content merely to measure. He 
wanted to understand what lay behind the measure- 
ments, what was going on at the molecular level in vision. 

There a door was opened for him, while still a graduate 
student at Harvard, by the great Swedish physical chemist. 
Svante Arrhenius. Hecht has told me of the excitement 
with which he read Arrhenius’s new book Quantitative 
Laws in Biological Chemistry’. It offered the hope of 
translating accurate measurements on whole organisms 
into the simple kinetics and thermodynamics of chemical 
reactions In solution. 

In this vein Hecht applied his measurements and those 
of earlier workers to constructing a general conceptual 
model for the photoreceptor process. A photosensitive 
pigment, 8, was dissociated by light into products, P+ A, 
one of them responsible for excitation. In turn P+ A, or 
a variant, P+B, recombined to regenerate S. In con- 
tinuous light these opposed reactions achieved a pseudo- 
equilibrium, a photostationary state, that underlay the 
steady states of vision in constant illumination?. 

I left Hecht’s laboratory with a great desire to lay hands 
on the molecules for which these were symbols. That 
brought me to Otto Warburg in Dahlem, where I found 
vitamin A in the retina’. There were good reasons to look 
for it there, as I found out later, and that is the way I 
wrote my paper. Dietary night blindness, a condition 
already known in ancient Egypt, had been shown in 
Denmark during the First World War to be a symptom 
of vitamin A deficiency’; and Fridericia and Holm® and 
Tansley! had shown that vitamin A deficient rats synthe- 
size less rhodopsin than do normal animals. But vitamins 
were still deeply mystericus, and at that time one hardly 
expected them to participate directly m physiological 
processes. I think this was the first instance of so direct 
a connexion, though Warburg and Christian were already 
analysing the first yellow enzymes’, and shortly their 
chromophore riboflavine would prove to be vitamin B, 
(ref. 8), 

After that, things happened quickly. I went to Karrer 
in Zurich, who with Morf and Schépp had the year before 
established the structure of vitamin A (ref. 9), to complete 
its identification in the retina. Then I went on to Meyerhof 
in Heidelberg, to do something else; but with a shipment 
of frogs that had gone astray, I found retinene, an inter- 
mediate in the bleaching of rhodopsin, on the way to 
vitamin A (ref. 10). Years later Ball, Goodwin and Morton 
in Liverpool showed that retinene is vitamin A aldehyde". 
At Morton’s suggestion the names of all these molecules 
have recently been changed, in honour of the retina, still 
the only place where their function is understood. Vitamin 
A is now retinol, retinene is retinal (Fig. 1); there is also 
retinoic acid. 

That early Wanderjahr im the laboratories of three 


+ 


Nobel laureates--Warburg, Karrer, Meverhof-—opened a 


and R. Granit, received the Nobel Prize for Medicine. The article 
that follows consists of most of the lecture delivered by Professor 
Wald last December when he received the prize in Stockholm. 


new life for me: the life with molecules From then on 
it has been a constant going back and forth between 
organisms and their molecules—extracting the molecules 
from the organisms, to find what they are and how they 
behave, returning to the organisms to find in their 
responses and behaviour the greatly amplified expression 
of those molecules. 
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Fig. 1. Structures of retinol, and retinol, (vitamins A, and A,)and their 
aldehydes, retinal, and retinal, (formerly retinines 1 and 2). 


A basic characteristic of the scientific enterprise is its 
continuity. It is an organic growth, to which each worker 
in his time brings what he can; like Chartres or Hagia 
Sofia, to whieh over the centuries a buttress was added 
here, a tower there. Hecht’s work was most intimately 
bound up with that of men who had worked generations 
before him: Hermann Aubert in Breslau!?, Arthur 
König in Berlin, Abney in England. Now Į entered 
into such a relationship with Willy Kühne of Heidelberg. 
Kühne had taken up rhodopsin immediately on Franz 
Boll’s discovery of it in 1877'5, and in two extraordinary 
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years he and his co-worker Ewald learned almost every- 
thing known about it for another half-century’®. It was 
largely on the basis of Kithne’s observations that I could 
conclude that rhodopsin is a protein, a carotenoid-protein 
such as Kühn and Lederer had just shown the blue 
pigment of lobster shells to be”, that in the retina, under 
the influence of light, engages in a cycle of reactions with 
retinal and vitamin A (refs. 10 and 18). 

I owe other such debts to past workers in far-off places. 
Kéttgen and Abelsdorff had found the visual pigment 
from eight species of fish to have difference spectra dis- 
placed considerably toward the red from the rhodopsins 
of frogs, owls and mammals’®. Trying to check this 
observation at Woods Hole, I was surprised to find the 
same rhodopsin—retinal—vitamin A cycle in fishes there as 
frogs®®. It turned out that Kéttgen and Abelsdorff had 
worked entirely with freshwater fishes. On turning to 
them, I found another visual pigment, porphyropsin, 
engaged in a cycle parallel with that of rhodopsin, but 
in which new carotenoids replace retinal and vitamm A 
(ref. 21). On the basis of these observations, it was 
suggested that the substance that replaces vitamin A in 
the visual system of freshwater fishes be called vitamin 
A, (ref. 22). In what follows I shall call it retinol,, and 
its aldehyde retinal,. These substances differ from their 
analogues in the rhodopsin cycle only im possessing an 
added double bond in the ring (Fig. 1)”. 

Shortly afterwards, it emerged that such familiar eury- 
haline and hence potentially migratory fishes as salmon, 
trout and the “freshwater” eel possess mixtures of rhodop- 
sin and porphyropsin, in which the system commonly 
associated with the spawning environment tends to pre- 
dominate. Other such euryhaline fishes as the white 
perch and alewife possess this system virtually alone”. 
The bullfrog has porphyropsin as a tadpole, and changes 
to rhodopsin at metamorphosis*. The sea lamprey, 
Petromyzon marinus, possesses mainly rhodopsin on its 
downstream migration to the sea, but on going upstream 
as a sexually mature adult to spawn has changed to por- 
phyropsin®*. Denton and Warren having shown that the 
rhodopsins of deep sea fishes have spectra displaced to 
shorter wavelengths than those of surface forms (that is, 
tO Amax about 480 my)*’, it developed that the European 
eel at sexual maturity, preparatory to migrating to the 
Sargasso Sea to spawn, transfers from its previous mixture 
of rhodopsin and porphyropsin to deep-sea rhodopsin”*. 
The chemical pattern of visual systems maintains close 
relationships with the evolution, development and way of 
life of these and other animals*®. I am glad to say that 
the pursuit of molecules has not taken me out of biology, 
but led me more deeply into it. 

Let me now leave this history and say where it has 
brought us. 

All the visual pigments we know are built on a common 
plan. All of them consist of retinal bound as chromophore 
to a type of protein, called an opsin, found in the outer 
segments of vertebrate rods and cones and the analogous 
rhabdomeres of invertebrate eyes. In vertebrates, the 
two retinals, 1 and 2, join with two great families of opsins, 
those of the rods and those of the cones, to form the four 
major pigments of vertebrate vision®®: 
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The retinols are oxidized to the corresponding retinals — 
by alcohol dehydrogenases. The first such enzymes we 
examined, those of frogs and fishes, used DPN as oe 


enzyme". Other systems have since been found that. re 
prefer TPN as coenzyme, and recent work, ag TOW: 


seems inevitable, is multiplying the numbers of such 
enzymes, some of which may act preferentially on retinol 
among the alcohols (hence retinol dehydrogenases)". 

In physiological conditions the equilibrium between 
retinol and retinal lies far over toward reduction, so far 
that retinol is oxidized to retinal only to the degree that 
the latter is trapped out of the system. Jn vitro that can 
be done with hydroxylamine, which condenses spon- 
taneously with retinal to form retinal oxime: C,,H,,HC= 
0+H,NOH—C,,H,,HC=NOH+H,0. In the retina, 
opsin performs this function, trapping retinal as fast as it 
appears, to form the visual pigments**. Thus it is opsin 
that regulates how much retinol is oxidized, and visual 
pigment synthesized. 

Along with this parallelism of structure, the visual 
pigments exhibit an extraordinary parallelism of chemical 
behaviour. The reactions one finds with any of them are 
usually found, with minor variations, in all the others. 
The opsins, like other proteins, are species specific, and 
often are multiple within a species, as in man. With the 
different opsins go differences in absorption spectrum, 
stability, the kinetics of bleaching and regeneration, and 
other properties. Yet all the visual systems we know 


represent variations on a central theme. The vertebrates 


play this out to the end. The invertebrates tend to cut 
it short at various levels. The action of light on the 
known invertebrate pigments ends with the production of 
retinal, in most instances still attached to opsin. Also 
all the known visual pigments of invertebrates have 
retinal, as chromophore™4, 

Some years ago Collins, and Morton and Pitt™, provided 
good evidence that in rhodopsin, retinal is bound to opsin 
in Schiff base linkage, by the condensation of the aldehyde 
group of retinal with an amino group of opsin: C,,H,,HC== 
O +H,N-opsin—>C,,H,,HC=N-opsin+ H,O. Bownds in 
our laboratory has recently identified this amino group in 
cattle opsin as the e-NH, group of lysine. He has also 
analysed the neighbouring covalently bound amino-acids; 
together with lysine they constitute a decapeptide seg- 
ment of the composition: ala, phe, thr pro ile ¢-N-retinyl 
lysine**, Cattle rhodopsin as usually prepared has a 
molecular weight of about 40,000 (ref. 37). Ifthe molecule 
is spherical, its diameter is about 40 A. The chromophore, 
though its molecular weight is only 282, is about 20 A 
long. It looms surprisingly large therefore in the structure 
of rhodopsin. 

To make visual pigments demands not only retinals 
1 or 2, but the right shapes of these molecules*’. The 
retinals possess four carbon-to-carbon double bonds in 
the side-chain, each of which might potentially exist in 
either cis or trans configuration (Fig. 2). The most stable 
and prevalent form is the all-trans. The first double 
bond at C 7 is always trans, since hindrance between the 
methyl groups on C 1 and C 9 prevents the 7-czs linkage 
from forming. The 9 and 13-czs forms are common; but 
the 11-cis linkage was recognized to be highly improbable, 
since it too involves a large overlap, between the methyl 
group on C 13 and the hydrogen on C 10. A czs-linkage 
always represents a bend in the chain; but because of this 
steric hindrance the ll-cis molecule is not only bent but 
twisted at the cis linkage. This departure from planarity, 
by interfering with resonance, was expected to make the 
molecule so unstable that one hardly expected to find 197-55, 

Nevertheless it has turned out that ll-czs retinal, once 
prepared, is reasonably stable provided if is kept dark; 
and all the visual pigments we know that have been 
analysed to this degree possess as chromophore I1-cvs 
retinal, or retinal, (ref. 39). 

When, however, a visual pigment is bleached by light, 
the retinal that emerges is all-trans. It must be re- 
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Fig. 2. Structures of the all-trans, 9-cis and 11-cis isomers of retinol and 


retinal, 


isomerized to the ll-cis configuration before it can take 
part again in regenerating the visual pigment. Hence a 
cycle of cis-trans isomerization is an intrinsic part of 
every visual system we know (Fig. 3). 

The 9-cis isomer, which is closest in shape to ll-cis 
retinal, also combines with the opsins to yield light-sensi- 
tive pigments that behave much as do the visual pig- 
ments*’. We call them the iso-pigments: isorhodopsin, 
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Fig. 3. Diagram of the rhodopsin system, showing the isomerization 

cycle. The bleaching of rnadopsin by light ends in a mixture of opsin and 

all-trans retinal. The latter must be isomerized to 11-eis before it can 

regenerate rhodopsin. While that is happening. much of it is reduced to 

all-trans vitamin A, most of which in turn is esterified'***>, These pro- 

ducts must be isomerized to or exchanged for their li-cis configuration 
before engaging in the resynthesis of visual pigments. 


All-trans retinol 
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isoporphyropsin®*, and so on. None of them has yet 
been identified under physiological conditions in a 
retina. So far as we yet know, the iso-pigments are 
to be regarded as artefacts. 

As a prelude to what is about to be said, it 
should be understood that when any single geo- 
metrical isomer of retinal in solution is exposed to 
light, it rapidly isomerizes to a steady state mixture 
of all the possible isomers, in proportions that 
depend on the wavelength of the light, and even 
more on the polarity of the solvent3?3%, In 
such a homopolar solvent as hexane, about 95 per cent 
of the final, steady state mixture is all-trans: whereas 
in such a polar solvent as ethanol, about 50 per cent is 
distributed among cis configurations, and a surprisingly 
large fraction, about 25-30 per cent, ends as I1-cis 
retinal. Though thermodynamically improbable, this 
is one of the most favoured configurations of ret- 
na] 48d, to, 

A few years ago Hubbard and Kropf showed that the 
only action of light in vision is to isomerize the chromo- 
phore of a visual pigment from the 11-cis to the all-trans 
configuration’. Everything else that happens—chem- 
ically, physiologically, indeed psy chologically—represents 
“dark” consequences of this one light reaction. 

This photochemical step can be isolated by bringing a 
visual pigment to very low temperatures. For example, 
if rhodopsin in a 1:1 mixture of water and glycerol is 
brought to liquid nitrogen temperature (about — 190° C), 
at which the solvent vitrifies, its absorption spectrum 
narrows, rises and shifts slightly towards the red (Fig. 4)4. 
Exhaustive irradiation with blue light shifts the spectrum 
farther towards the red, ending with the production of 
a steady state mixture, in which part of the chromophore 
is still 11-ezs, hence still rhodopsin, and the rest has been 
isomerized to all-trans to form the photoproduct, pre- 
lumirhodopsin (Amax 543 mu). At this point irradiation 
with orange light drives the spectrum back to its original 
position: the orange light, by re-isomerizing the all-trans 
chromophore to 11-cis, has re-converted all the prelumirho- 
dopsin back to rhodopsin. Long irradiation with green 
light ean drive the spectrum to still shorter wavelengths, 
by isomerizing the 1l-eis chromophore to 9-cis; the pig- 
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Fig. 4. Interconversion of rhodopsin and prelumirhodopsin by light at 
liquid nitrogen temperature. Cattle rhodopsin in 1 : 1 glycerol-water 
(1) is cooled to — 195° C (2). On long irradiation with blue light (440 my) 
the spectrum moves to (3). The light has isomerized the 11-¢is chromo- 
phore of rhodopsin to a steady state mixture of rhodopsin and prelumirho- 
dopsin (all-trans). Irradiation with orange Hight (600 my) re-isomerizes 
all the all-trans chromophore back to il-eis: it is now again all rhodopsin 
(H. Reirradiation with blue ight brings it back again to the steady state 
mixture (5). On warming in the dark to 25° C, the prelumirhodopsin 
in this mixture bleaches to all-trans retinal and opsin, the retinal condens- 
ing with hydroxylamine to yield retinal oxime (Amax 367 maj; the rho- 
dcopsin in the mixture remains unchanged. This product was re-cooled 
to ~ 195° and its spectrum recorded (6). Finally it was warmed again 
and bleached completely to all-trans retinal oxime and opsin (7). From 
ref, 42, 
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Fig.5, Intermediates in the bleaching of cattle rhodopsin as they appear 
by irradiating at liquid nitrogen eee cae and then gradually warming 
in the dark. Irradiation at — 195° C yields steady state mixtures of 
rhodopsin (11-cis) with prelumirhodopsin (all-trans) and isorhodorpsin 
(9-cis} in proportions that depend on the wavelength of irradiation. On 
warming in the dark, prelumirhodopsin goes at certain critical tempera- 
tures over a succession of all-trans intermediates to a final mixture of 
all-trans retinal and opsin. 


600 


ment is now isorhedopsin. Irradiation of the isorhodopsin 
with blue light again yields the same steady state mixture 
of rhodopsin and prelumirhodopsin as before. In this 
way one can go back and forth without loss as often as 
one likes among rhodopsin (11-czs), prelumirhodopsin 
(all-trans) and isorhodopsin (9-czs). At liquid nitrogen 
temperature this is a perfectly reversible system. 

Comparable changes occur in squid rhodopsin’, chicken 
iodopsin“’, and, as I have just learned from Yoshizawa, 
now back in Osaka, in carp porphyropsin. It is interesting 
that in all these cases the prelumi photoproduct, though 
the first step in bleaching, is a more intense pigment 
than the visual pigment itself, its spectrum both shifted 
towards the red and considerably taller than that of the 
visual pigment. 

As already said, the irradiation of rhodopsin with blue 
light at liquid nitrogen temperature produces a steady 
state mixture of rhodopsin and prelumurhodopsin. On 
gradual warming in the dark, the latter goes, at specific 
critical temperatures, through a progression of inter- 
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mediate stages—-lumirhodopsin, metarhodopsin i : 
rhodopsin [1—representing stepwise changes in. the 
formation of opsin (Fig. 5). Finally, the Sehifi 
linkage hydrolyses to yield all-trans retinal and 
In the course of these transformations new gr 
opsin are exposed: two sulphydryl (—SH) grou : 
molecule**, and one proton-binding group with pK about 
6-6, perhaps imidazole’. 

Literal bleaching in the sense of loss of colour occurs 
mainly between metarhodopsins I and IT. Visual excita- 
tion cn have occurred by the time meta IT is formed 
(Fig. 7). This stage is reached within about | ms ait 
AN A body temperature**. All subsequent changes 
are much too slow to be involved in excitation. 

Up to metarhodopsin IT, the all-trans chromophore has 
remained attached to opsin at the same site. So long as 
that is so, the absorption of a photon, by isomerizing the 
all-trans chromophore to 11-cvs, immediately regenerates 
rhodopsin (Fig. 4). 

We have been in the habit of saying that light bleaches 
visual pigments. What it does, however, is to isomerize 
the chromophore. The end of this process, if it is a l 
to go to completion, is a steady state mixture- 
of the chromophore, in proportions that depent 
wavelength of irradiation and the relative 
efficiencies of the photoreactions. A first photon 
by rhodopsin can isomerize its ll-cis chromed 
all-trans, the initial step in bleaching. The absorptiu 

a second photon, however, by any of the all-trans inter- 
ee of bleaching can re-isomerize the chromophore 
to ll-cis, regenerating rhodopsin; or to 9-cis, forming 
isorhodopsin. Light not only bleaches visual pigments, 
but can regenerate them or the iso-pigments, depending 
on the circumstances. 

The final stages of bleaching still present problems. 
Under conditions that promote a surge of metarhodopsin 
TI—notably the exposure of a rhodopsin solution or dark 
adapted retina to a short, intense irradiation and recording 
its consequences in the dark——one finds it flowing in part 
back into the form of a more highly coloured product, so 
that the absorption in the visible region, having fallen 
(metarhodopsin IT), rises again (Figs. 5 and 7). I saw this 
happening long ago in solutions of frog rhodopsin“; and 
we have recently followed this change in cattle rhodopsin 
solutions and frog retinas*®. This seems also to be what 
Hagins observed after flashing excised rabbit eyes (his 
product C)#*. This product (imax about 465 my) resembles 
metarhodopsin I in spectrum and has sometimes been 
confused with it. It may be called “‘pararhodopsin”. 
It is formed from metarhodopsin H in the dark, and more 
rapidly in the light. Light also drives it back to meta- 
rhodopsin II, so that, depending on the wavelength of 
irradiation, one can push this intermediate back and forth 
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Stages in the bleaching of rhodopsin. The chromophere of rhodopsin, 11-czs retinal, fits closely a section 


of the opsin structure. The only action of light is to isomerize retinal from the 11-cis to the all-trans configuration 

(prelumirhodopsin). Then the structure of opsin opens progressively (lumi and the metarhodopsins), ending in 

the hydrolysis of retinal from opsin. Bleaching occurs in going from metarhodopsin I to IT; and visual excitation 

must have occurred by this stage. The opening of opsin exposes new chemical groups, including two -—SH groups 

and one H+-binding group. The absorption maxima shown are for prelumirhodopsin at —190° C, lumirhodopsin 
at — 65° C, and the other pigments at room temperature. 
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between these two states. In the dark, pararhodopsin 
decays to retinal and opsin‘**. Whether it is an essential 
intermediate or a bypass in the bleaching of rhodopsin, 
and whether on irradiation it can directly regenerate 
rhodopsin, all require further analysis’. 

I must confess to having become somewhat bored with 
such minutiae of the final stages of bleaching, which 
come much too late to have anything to do with visual 
excitation. They have suddenly taken on a new interest, 
however, owing to an astonishing development. Having 
had nothing to do with this, I can praise it freely. For 
generations past the chemistry of vision and its electro- 
physiology have travelled separate paths. Suddenly 
many of the details of the bleaching and regeneration of 
visual pigments are emerging in a new class of electrical 
responses. 

The arrangements are familiar by which one measures 
an electroretinogram (ERG) (Fig. 8). An active electrode 
on the cornea and an indifferent electrode elsewhere on 
the eye or on the body connect through an amplifier to an 
oscilloscope. On exposing the eye to a flash of light there 
is a silent period lasting at least 1-5 ms even in a mammal, 
and much longer at lower temperatures; then a biphasic 
fluctuation of potential, the characteristic a and b 
waves of the ERG. One would suppose that the latent 
interval before the response represents the time needed 
to bleach the visual pigment to the critical stage, and 
for secondary events, including the large build-up of 
amplification, that lead to the response. 

About three years ago K. T. Brown and Murakami 
found a new electrical response that fills in this interval— 
the early receptor potential (ERP) (Fig. 8)5!. It has no 
measurable latency. Ordinarily it takes a flash about 
1 million times as intense as would produce a moderate 
ERG to evoke an ERP of about the same amplitude. The 
ERP also is biphasic, consisting of a rapid cornea-positive 
wave (R1) followed by a slow cornea-negative wave (R2). 
In the cold (5° C and below), R1 appears alone®?. 

It is becoming increasingly clear that the ERP has its 
source in the action of light on the visual pigments them- 
selves. One can get an ERP in retinas cooled to — 30° C, 
heated to 48° C, bathed in glycerol solutions, or fixed in 
glutaraldehyde. All it requires is intact—and oriented— 
rhodopsin. In the membranes that compose the rod 
outer segments, rhodopsin is almost perfectly oriented®*, 
If the orientation is destroyed by heating, the ERP goes 
with it44, 

A recent experiment demonstrates the immediacy of 
these relationships. A flash of light acting on the rhodop- 
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Fig. 7. Intermediates in the bleaching and regeneration of rhodopsin. 

Wavy arrows represent photoreactions, straight arrows thermal (“dark”) 

reactions. The interrelationships of pararhodopsin with the final products 
of bleaching still present problems. 


NATURE, VOL. 219, AUGUST 24, 1968 





b ERG amplifier 
a 
E 
ROO ms 
ERP 
RI 
IOC E R2 
Sms 


Fig. 8. Diagram to show the essential hook-up for observing an electro- 
retinogram (ERG) or early receptor potential (ERP) in a dark adapted 
vertebrate eye, Each of these responses is a biphasic fluctuation of 
potential, involving cornea-positive (upward) and cornea-negative 
(downward) components, Unlike the ERG, the ERP has no measurable 
latency. For both types ef response to be comparable in amplitude, 
the flash that stimulates the ERP must be of the order of 1 million times 
more intense. 


sin of a dark adapted retina having evoked the usual 
ERP, another flash acting on an intermediate stage of 
bleaching (probably para and metarhodopsin IT) so as to 
photoregenerate rhodopsin produces a biphasic ERP of 
reversed polarity (Fig. 9)'°¢. That is, the isomerization 
of the rhodopsin chromophore from Il-cis to all-trans 
having triggered reactions that produce the normal 
ERP, the reverse isomerization from all-trans to 1l-cis 
induces similar changes of potential reversed in sign. 

Such experiments with rat and squid retinas have begun 
to identify individual components of the ERP with the 
photoreactions of specific intermediates in the bleaching 
of rhodopsin**2.6. It is hard to see how intramolecular 
changes of this kind, presumably involving charge dis- 
placements, can generate changes of potential between 
the front and back of the eye; but there is no doubt that 
they do, and we can cnly hope eventually to understand 
them. There is as yet no evidence that the ERP generated 
by rhodopsin itself is part of the mechanism of excitation; 
obviously the action of flashes of light on intermediates 
of bleaching, though they generate various forms of ERP, 
do not excite. At the least, the ERP offers a new and 
powerful tool for studying the reactions of the visual 
pigments in situ. 

For many centuries man was the only object of visual 
investigation. Recently he has again become for many 
purposes the experimental animal of choice. In certain 
ways experimenting with man offers unique advantages. 
With other animals one can pursue biophysics, but only 
with man also psychophysics. Moreover, human genetics 
is by now probably better understood than that of any 
other animal; and with man one does not have to seek 
out mutant forms—-their curiosity and anxiety bring 
them in. 

A few years ago Paul Brown designed and built a 
recording microspectrophotometer im which one could 
measure the difference spectra of visual pigments in 
small fragments of retina®*, With this one could record 
the difference spectrum of the visual pigments in the 
rod-free area of the human fovea. Just as the spectrum 
of human rhodopsin agrees with the spectral sensitivity 
of human rod vision 5’, so the spectrum of the foveal pig- 
ments accounts for the spectral sensitivity of human 
cone vision®’, 

The human cones, however, are the receptors of colour 
vision. Since Thomas Young it has been recognized that 
normal human colour vision is trivariant: it involves the 
interplay of three independent variables. A prevalent 
thought for many years past has been that it involves 
three types of cone, each with its own visual pigment. 

By irradiating human and monkey foveas with deep 
red light in the microspectrophotometer, we were able to 
bleach the red-sensitive pigment alone and measure its 
difference spectrum (Amas about 565 mu). When red light 
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Photoregeneration of the early receptor potential (ERP) in the 
eve of an albino rat. Both the test flash and the bleaching Tight were 
composed of long wavelengths primarily absorbed by rhodopsin. The 
blue photoregenerating flash contained wavelengths absorbed by longer- 
lived intermediates of bleaching (apparently mainiy metarhodopsin H 
and pararhodopsin}. The control trace was obtained from a second eye 
subjected to the same bleaching light and test flashes, but without the 
interpolated blue flash. 27° CL The first test flash yields a normal 
ERP. The bleaching light having removed rhodopsin, a second test 
flash yields nothing, even though the amplification is increased (see 
gain index at right). A blue flash, photoregenerating rhodopsin, yields 
an ERP of reversed polarity. The third test flash, yielding again a 
normal ERP ugh gain}, shows that the bine flash did regenerate 
rhodopsin. The control flash shows that without the interpolated blue 

flash, no response is obtained (high gain). From ref. 55a. 


Fig. 9. 


caused no further change, yellow light induced a renewed 
bleaching that yielded the difference spectrum of the 
preen- sensitive pigment (Amax about 535 my)’. Pre- 
sumably there was also a blue-sensitive pigment that 
eould not be measured adequately with these arrange- 
ments. 

Shortly afterwards it proved possible to measure in the 
rnicrospectrophotometer the difference spectra of the 
visual pigments in single 
human and monkey retinas. Such measurements were 
made simultaneously and independently in our labora- 
tory and by Marks, Dobelle and MacNichol at Johns 
Hopkins University. They showed that primate 
retinas possess, in addition to rods with their rhodopsin, 
three kinds of econe—-blue, green and red-sensitive-—-each 
containing predominantly or exclusively one of three 
eolour-vision pigments, with Amas at about 435, 540 and 
565 mu (Fig. 10). 


The red and green-sensitive pigments, after beimg 
bleached by light, are regenerated by adding li-eis 


retinal in the darkS*. The same seems to be true of the 
blue-sensitive pigment. Since all the visual pigments 
of the primate retina, rod and cone apparently have the 
same chromophore, Il-czs retinal, they must differ in 
their opsins. 

The iodopsins, with Amas near 560 mu, and cyanopsins, 
with Amas near 620 mu, are widely distributed among 
animals. JIodopsin is the major. perhaps the only cone 
pigment in the chicken, pigeon’, cat. snake and frog®*: 
just as cyanopsin seems to be the cone pigment of such 
retinol, animals as the tench and tortoise®!, a freshwater 
turtle and frog tadpoles®*, In the few vertebrates whose 
colour vision systems have been analysed, these pigments 
are apparently the red-sensitive components. So m man 
and the monkey, the red-sensitive pigment of colour 
vision is apparently iodopsin®*S; just as it Is cyanopsin 
in the goldfish** and carp. Recently, pairs of visual 
pigments resembling in spectrum rhodopsin and iodepsin 
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Ww. S, Stiles fet 
In my application of this oa, prey eye ‘is continu 
ously adapted to bright coloured lights, each of which so 
lowers the sensitivities of two of the three colour vision 
mechanisms that. the measurements report primarily the 
properties of the third system. So, for example, exposure 
of the eye to a br illiant yellow light 50 S bhe sensi- 
tivities of the green and red-sensitive systems that meas- 
urements of the spectral sens sitivity ¢ are dominated by 
the blue-sensitive system. Sumnilarly exposure to wave 
bands in the blue and red, hence purple light, isolates 
the green-sensitive system; and exposure to bright blue 
light isolated the red-sensitive system. The sensitivity 
curves measured in this way come out much as do the 
difference spectra of the pigments measured in the miero- 
spectrophotometer (Fig. 12). 

With this simple procedure one can inquire inte mechan- 
isms of colour blindness®. Just as normal human colour 
vision is trivariant (trichromatic), that of the usual con- 
genital colour blind is divariant (dichromatic). Theoretic- 
ally the reduction from three variable to two could occur 
in many ways, and at any level in the visual pathways. 
By now, however, I have examined a reasonably large 
number of dichromats with this procedure; and each of 
them apparently lacks one of the three colour mechanisms, 

the other two remaining normal and fully functional (Fig. 
11). Depending on which component is lacking, the th ree 
major classes of dichromat can be characterized as bine, 
green or red blind. 

Every schoolboy learns that colour blindness is caused 
by a sex-linked recessive mutation. "That is true, however, 
only of red and green-blindness. About 1 per cent of 
men are red- blind, about 2 per cent green-blind, whereas 
both conditions are very rare in women. Blue- blindness 








also is very rare, and not sex-linked, affecting only about. 
1 in 20,000 persons, about 40 per cent of whom are 
women ’®, 
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Fig, 10. Difference apectra of the visual pigments in five human pafa- 
foveal cones: ene blue-sensitive, two green-senaitive and two red- 
sensitive cones. Each of these difference spectra was obtained by 
recording in the mic rospectrophotometer the dark” and then the 
“hieached” spectra from 640 to 380 ma and againin the abies. tion, 
Then the “bleached” spectra were subtracted from the * fark” 
and both curves averaged. The absorbances at Amex, a : 
upper right, indicate the amounts by which these preparations bleach 
in the course of the two recordings. The second recording, from 380 bo 
A406 my, always displays a somewhat smaler absorbance, geing fo 
bleaching. From ref. Sie., 
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three colour vision, but make abnormal colour matches. 
Examined by my procedure, they yield the same type of 
result as red or green-blinds, showing that one of their 
three colour mechanisms is abnormally insensitive, 
so much so that my procedure does not detect it; in 
addition, to account for their abnormal colour matches 
this aberrant system must be displaced in spectrum. In 
one instance, that of a blue-blind subject who was also 
green-anomalous, the displaced sensitivity curve of the 
green-receptor could be measured®, It lay about midway 
between the normal green and red-sensitive curves, a 
position that accounts well for the abnormal colour 
matches, 


=4 
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Fig. 11. Measurements of spectra} sensitivity with a standardized selec- 
tive adaptation procedure in a normal subject (trichromat), and typi- 
eal subjects representing each of the three main classes of colour blind- 
ness (dichromats). In the normal eye this procedure displays the 
spectral sensitivity of the dark adapted fovea (I), and those of the blue, 
green and red-sensitive systems (B, G, R), as measured respectively on 
intense yellow, purple or blue backgrounds. Each of the colour blinds 
reveals the operation of only two of the three colour vision pigments; in 


+ 


each case the attempt to measure the third pigment reveals only one of 

the other mechanisms at a lower level of sensitivity. The crossed out 

symbols B, Gand R represent such unsuccessful attempts to measure the 
missing systems in the colour blind eves. 


One of the triumphs of modern biology is to have 
shown that the usual business of a gene is to specify the 
amino-acid sequence of a protein. For many years 
geneticists have been unable to decide whether red and 
green-blindness involve one or two gene loci on the 
X-chromosome. I think the demonstration that two 
different proteins, two opsins, are needed to form the red 
and green-sensitive pigments settles this issue**. 

Normal human vision requires the synthesis of four 
different opsins: one in the rods, to make rhodopsin, 
and three in the cones, for the colour vision pigments. 
Each of these must be specified by a different gene. It 
seems reasonable to assume that two such genes, lying 
close together in the X-chromosome, specify the opsins 
of the normal red and green-sensitive pigments (Fig. 12)®°, 
Mutations in these genes that result in the failure to form 
either pigment probably account for red or green-blindness. 
Other mutations at the same loci, resulting in the forma- 
tion of abnormally small amounts of visual pigments 
with displaced spectra, may account for red and green- 
anomaly. All these conditions breed true, the normal 
condition being dominant to colour anomaly, which in 
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Fig. 12. Diagram showing a hypothetical arrangement of genes that 
specify the three opsits which, with li-cis retinal, form the blue, green 
and red-sensitive pigments (B, G, R) of normal human colour vision. 
Two such genes on the Y-chromosomes are assumed to determine G and 
R. Mutations in these genes that result in the production of less effective 
pigmenta, displaced in spectrum, are responsible for colour anomaly; and 
other mutations that result in the failure to form functional visual 
pigments result in colour biindness. The normal condition is dominant 
to red or green-aromaly, which in turn is dominant to red or green- 
blindness. The location of the gene for the opsin of the normal blue- 
sensitive pigment is not known; but the mutation responsible for 
blue-blindness seems clearly to be autosomal, since this condition is 
almost equally distributed between males and females: and it may be 
dominant to the normal condition. 


turn 1s dominant to colour blindness as expected. The 
mutation responsible for blue-blindness must be auto- 
somal; and there is some evidence that it is inherited as an 
irregular dominant, though too few blue-blind genealogies 
are yet available to characterize the genetics reliably”). 

A recent investigation, taking off from earlier observa- 
tions by König”? and Willmer and Wright”, introduces 
an altogether different aspect of colour blindness. A 
small, central patch of the normal fovea, subtending a 
visual angle of about 7 to 8 min and hence hardly 
larger than the fixation area, is blue-blind in the sense of 
lacking functional blue-sensitive cones (Fig. 13)74. This 
is a matter of retinal topography, not of size of field, for 
blue-sensitive cones are well represented in a field of this 
size fixated elsewhere in the fovea or in the peripheral 
retina. Blue-blindness, though by far the rarest form of 
congenital colour blindness, appears to be the usual 
condition of the fixation area of the fovea. 

This intrusion of colour blindness at the centre of the 
normal fovea recalls the old and often repeated observa- 
tion that other, more peripheral areas of the normal 
retina are red or green-blind; and that areas still further 
out are totally colour blind (Fig. 14). It is difficult to 
make good colour vision experiments in such outlying 
areas, and much remains to be done. Nevertheless it 
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Fig. 13. Blue-biindness of the fixation area of the normal fovea. Spectral 
sensitivities of the blue, green and red-sensitive cones (B, G, R), meas- 
ured in a 7-5 min field fixated either centrally or 7/16° from the 
fixation point. At the centre of the fovea, though G and R are well 
represented, all attempts to measure B result only in finding G or R at 
lower levels of sensitivity. As soon as the field is moved away from the 
fixation area, B appears; simultaneously G and R decline somewhat in 
sensitivity, owing probably to smaller densities of cones. From ref. 74. 





NATURE, VOL. 219. AUGUST 24, 1968 


7 X Monochromatic 
Blug) ind fixation, \ 
e? are) | 


oe 3 
iar 


Dichrormatic 
{red-green bl ind) 


ao 


Fig. 14. Diagram to indicate approximately the distribution of colour 
function over the normal human retina. The fixation area is blue-blind, 
in the sense of lacking functional blue-sensitive cones. From there to 
about 20°-30° from the fixation point is trichromatic. Beyond this 
range, to perhaps 70°-80° out, the retina behaves as though red or green- 
blind; and still further out as totally colour blind (monochromatic). 
The nature of peripheral colour blindness and its mechanisms are still to 
be explored; yet it seems possible that all the classic forms of colour 
blindness are represented in various zones of the normal retina. 


now seems possible that all the classic forms of colour 
blindness, including total colour blindness, are represented 
in the normal retina. 

What we regard as normal trichromatic vision appears 
now to be only the special property of a broad annulus 
of retina stretching from the blue-blind fixation area at 
the centre to about 20°-30° out (Fig. 14). Most of the 
normal retina is colour blind. The mechanisms of colour 
blindness in the peripheral retina—-whether the lack of 
certain classes of cone or the reduction or fusion of nerve 
channels from the cones-—-must still be explored. 

However this comes out, it raises an altogether different 
kind of problem from that of congenital colour blindness: 
not what pigments the organism can make, but how it 
distributes those pigments and the cells that contain 
them. That takes us from molecular genetics to questions 
of embryogeny and cell differentiation. The human 
retina, with its complex topography and radial zonation, 
may be a particularly fortunate place to study such 
problems. 
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Rosalind Franklin and the Discovery of the 


Structure of DNA 


by In this article Dr Klug discusses Dr Franklin's contribution to the 
A. KLUG discovery of the structure of DNA in the light of accounts given by 
MAC Laboratory of Molecular Biclo Professor Watson in his book The Double Helix and by Dr Hamilton 
Cambridge y e in a recent article in Nature. 


ROSALIND FRANKLIN made crucial contributions to the 
solution of the structure of DNA. She discovered the B 
form, recognized that two states of the DNA molecule 
existed and defined conditions for the transition. From 
early on, she realized that any correct model must have 
the phosphate groups on the outside of the molecule. 
She laid the basis for the quantitative study of the dif- 
fraction patterns, and after the formulation of the Watson- 
Crick model she demonstrated that a double helix was 
consistent with the X-ray patterns of both the A and B 
forms. 

Watson's account in The Double Helix does not pretend 
to tell more than one side of the story. The article by 
Dr L. D. Hamilton (CDNA: Models and Reality”, Nature, 
May 18, 1968) does not do justice to Franklin's work*. 

The importance of Franklin's work has been lost sight 
of, partly because of her untimely death. Because, as 
her last and perhaps closest scientific colleague, I am in 
a position to fill in the record, I have endeavoured here to 

* For example, although both the A and B types of X-ray patterns given 
by DNA fibres are discussed, it is not stated that it was Franklin who dis- 
covered the B structure and also took the particular photograph referred 
to by Watson in the passages queted by Hamilton. kewise her role in 
demonstrating the validity of the Watson—Crick model for both the B and A 
forms—once it had been proposed—is not brought out: ref. 4 Is omitted. 
Hamilton refers, like Watson, to her “anti-helical” view, a term which does 
not fairly reflect her attitude from about the end of 1952 onwards, This 
might be more accurately described as one of questioning; the question 


being whether the structure of B—undoubtedly helical in her view—also 
applied to the crystalline structure A. 





Fig. 1. 


give an account of what Franklin was doing in the period 
before the discovery of the Watson—Crick model, to place 
the helical question in context. and to summarize the 
contributions she made to the proof of the structure, I 
have not attempted to deal with the well recognized 
contributions made by the other protagonists in the story 
except in so far as they touch directly on her work. 


The Published Record 


Rosalind Franklin published, together with her student, 
R. G. Gosling, five papers on DNA!*. Much of the 
material in these papers is not readily intelligible to the 
non-crystallographer, which may account for the lack of 
attention they have received. I have used chiefly these 
published sources, supplemented by reference to Gosling’s 
thesis and to Franklin’s notebooks and reports which 
passed to me on her death in 1958. 

The first two papers!:* were sent to press in March 1953 
before Franklin knew of the Watson—Crick model. The 
first? describes the observations on the types of X-ray 
diagram given by highly orientated specimens of sodium 
DNA at different humidities. Two forms of DNA fibres, 
named A and B, are described and the conditions are 
given for producing them. In this paper are reproduced 
the beautiful X-ray photographs which were used in the 
subsequent analysis of both forms (Fig. 1). The accom- 
panving paper in Acta Crystallographica describes quanti- 





B 


X-ray diffraction patterns of the A and B forms of the sodium salt of DNA, reproduced from ref, 1. 
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tative measurements on the X-ray pattern of the A form 
and gives the plan of the crystallographic campaign on 
which Franklin had set out. . 

The next paper? was one of the pair from King’s Col- 
lege®? which accompanied the announcement? of the 
Watson—Crick model in Nature on April 25, 1953. In this 
paper Franklin and Gosling show, by application of 
helical diffraction theory to their key photograph of the 
B form, that the B structure is compatible with a double- 
helical structure of the type proposed by Watson and 
Crick, although differences of detail are found from the 
proposed model. In a communication* published in 
Nature in July 1953, which has often been overlooked, 
Franklin and Gosling show conclusively by crystallo- 
graphie analysis that the A form also contains two-chain 
helical molecules! with somewhat different helical para- 
meters, but of essentially the same type as found in the 
B structure, and therefore also compatible with the 
Watson—Crick model (Fig. 2). The demonstration of the 
correctness of the structure is thus doubly convincing 
because the double-helical strueture may be arranged to 
fit the X-ray data of both forms. The last paper sent to 
Acta Crystallographica® in 1954 contains an mterpretation 
of the three-dimensional Patterson function of the A 
structure which enables the orientation of the helical 
molecules in the unit cell of the crystal to be deduced and 
presents a detailed picture of the arrangement of the 
phosphate groups. 


Historical Outline 

The following outline of events may help to put this 
summary of Franklin’s work into historical perspective. 
Before 1951, Wilkins at King’s College had succeeded m 
obtaining well orientated thin fibres from a specimen of 
DNA prepared by Signer at Berne. A research student, 
London), had found that a bundle of these fibres gave 
X-ray fibre photographs showing a high degree of crystal- 
linity, and therefore a much more detailed pattern than 
those produced by Astbury and Bell in 1947. It became 
evident that a photographic system of higher resolving 
power might be expected to show more fine structure in 
the diagram. Furthermore, the bundle of fibres could not 
easily be maintained in parallel alignment and it was 
evidently desirable to be able to work with single fibres 
of small diameter. In January 1951, Franklin was 
appointed Turner—-Newall Fellow at King’s College with 
the support of Professor J. T. Randall, who suggested 
that she, with Gosling under her supervision, should 
undertake a systematic X-ray investigation of DNA 





Fig. 2. Diagram (for reference} to show the principal differences between 
the A and B forms of DNA. The ribbons symbolize the phosphate—augar 
chains, and the rods the pairs of hydrogen-bonded bases holding the 
chains together. In the A structure, in which the molecules are tightly 
packed in a crystal, each chain contains eleven nucleotides in the axial 
repeat distance of 28 A. In the B atructure, in which the molecules are 
essentially free, there are ten nucleotides in the axial repeat of 34 A. 
The molecule is 30 per cent shorterin the A than in the Bform, (Drawing 
adapted from ref, 9.) 
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Fig. 3 (from ref, 4). Cylindrical Patterson function of ergetal 
deoxyribonucleate, thatis, the A form. The two curves 
the theoretical Patterson function for two smooth cows 
9A separated by 14 A (half their pitch) in the ax: 
agreement is even better when account is taken of 
real structure contains not smooth helices but eleven 
evenly spaced along such helices: the Grosses mark the 
for intra-helical P--P vectors. (The remaining peaks oF 
produced by inter-helical P-—P vectors, See Fig. 2 of 
and also ref. 5.) 
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direction, a microcamera was later designed speci 
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for the purpose of photographing specimens inclined to 
the X-ray beam at a series of angles, 


The Discovery that DNA had Two Structural Phases 


Simultaneously with the improvements in Xray tech- 
nique, & systematic search was also initiated to find the 
best conditions for producing fibres with high erystal- 
linity, starting from the observation of Wilkins and Gosling 
that high humidity was required to produce goed photo- 
graphs. This work showed—-for the first time—that at 
very high humidities a well defined structural change 
BY. It was realized that all the earlier published X-ray 
patterns of DNA corresponded to a mixture of the erystal- 
line form, structure A, obtained at about 75 per cent 
relative humidity and already found by Wilkins and 
Gosling, and this new structure B found by itself only at 
higher humidities. This different structure, structure B, 
showed a lower degree of erystalline order—that is, a 
paracrystalline structure—-and, once formed, it persisted 
for a wide range of humidity and water content. The 
change from A to B was shown to be reversible. The 
existence was demonstrated of intermediate states con- 
sisting of mixtures of A and B, so explaining for the 
first tume the difficulties of earlier workers who had been 
attempting to interpret such mixtures as a single phase. 

These structural changes discovered when the water 
content of the fibres was varied suggested to Franklin 
that the fundamental structural unit of DNA was a group 
of polynucleotide chains (“molecules” in her terminology 
at the time) so arranged that the phosphate groups are 
exposed and accessible to water. The group of chains 
would be linked together by hydrogen bonds between the 
bases which would be in the centre of the molecule turned 
inwards from the water. This, of course, is a correct. 
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picture. It was arrived at by the following reasoning. In 
structure B the structural units of DNA would be rela- 
tively free from the influence of neighbouring molecules, 
each unit being shielded by a sheath of water. In support 
of this view, Franklin cited the electrometric titration 
studies of Gulland, Jordan and Taylor (1947), which were 
entirely consistent with the conclusion that the phosphate 
groups he on the outside of the structural unit. Because 
the change from the crystalline structure A to the wet 
para-crystalline state B is readily and rapidly reversible, it 
seemed reasonable to suppose that the molecules or small 
molecular aggregates of the wet state could easily be 
derived from the grouping existing in the crystal structure. 
In structure A one might therefore also expect to find a 
small group of chains held together as a unit by hydrogen 
bonds between their base groups, and these units linked 
in erystalline array by intermolecular phosphate bonds, 
mediated by cations and water. 

The careful, systematic experimental work, which made 
possible the characterization of the two states of DNA, 
also led to the production of the best specimens. When 
photographed on the high resolution apparatus, these 
specimens gave photographs of exceptional quality in- 
cluding the particular B pattern photograph—dramatieally 
described in Watson’s book as the key photograph (Fig. 1). 
The reason for this is that it shows in a direct manner that 
DNA in the B form is a helix with an axial repeat of 34 A 
and an axial spacing between nucleotides of 3-4 A. The 
model building by the Cambridge workers which gave the 
correct phosphate- sugar backbone was carried out to fit 
these parameters?®. 


Analysis of the Diffraction Patterns 


The paper, in which these results and interpretations 
are presented, was submitted for publication on March 6, 
1953, before the announcement of the Watson—Crick 
model in April, but it was only published in September!. 
In this paper, the chief purpose of which is to report the 
observations on the different states of DNA and to present 
preliminary interpretations, Franklin states clearly that 
the B pattern photographs she had obtained were very 
strongly characteristic of a helical structure. (This refers 
to the “helheal cross”’ as it is now sometimes called.) Her 
notebooks at this time show that, although Franklin 
knew the B pattern to correspond to that of a helical 
molecule made of a number of intertwined, coaxial chains 
each containing ten nucleotides per turn, she was not 
certain about the number of chains. Her measurements 
of density and water content on the A and B forms had 
indicated that there were either two or three chains per 
DNA molecule. She was applying helical diffraction theory 
to the B form and by Mareh 195 53 she was in favour of two 
chains per molecule. Measurements of the position of the 
innermost reflexions on the non-equatorial layer lines of 
the X-ray pattern pointed strongly to the presence of two 
ehains, but the intensity distribution on the equator was. 
by its nature, more difficult to mterpret. This analysis of 
the B pattern in terms of helical diffraction theory is 
given in her April paper with Gosling in Nature?. But in 
March she apparently did not feel convinced enough of 
the relevance of this analysis (because she had not solved 
the A form) to embody it in the paper referred to here. 
In any case, a premature proposal would have been 
contrary to her pohey. At the same time she was studying 
the Patterson function of the A structure, which also 
indicated there were only two chains passing through ne 
lattice points of the primitive unit cell, but her notebooks 
indicate that she did not understand the detailed elation 
between the two forms. 

Indeed, despite her diseovery of the simpler B pattern, 
Franklin’s attention throughout 1952 was mostly directed 
towards the A pattern rather than the B, even though 
it did not lend itself to such immediate interpretation 
because it corresponded to a structure in which the 
molecules were not free but packed in a crystal lattice. 
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The A structure offered the possibility of an objective 
erystallographic analysis because of the greater wealth 
and precision of the diffraction data available (Fig. 1). 
If correctly interpreted, the A pattern would yield more 
precise information about the DNA molecule, though, of 
course, any proposed model for DNA must be capable of 
forming either structure A or structure B. Franklin was 
proposing to analyse the Patterson function calculated 
from the X-ray data on the A pattern, perhaps even to 
obtain a direet solution of it by superposition methods. 
(The Patterson function, in essence, presents the informa- 
tion contained in the X-ray pattern in a generally more 
useful form for interpretation in terms of structural 
models: it embodies no assumptions, using nothing other 
than the observed intensities. In the case of nucleic acids, 
the principal features in the map of the Patterson function 
relate to the distribution of the phosphate groups, for 
these are the heaviest in the structure.) Most of the second 
paper in Acta Crystallographica® concerns the problem of 
treating the experimental data to deduce integrated 
intensities of reflexions from the fibre diagrams of the A 
structure-—again a model piece of pioneering work which 
was to be the basis for later quantitative work in this 
field. 


Alternative Structures for the A Form 


In the Acta Crystallographica papers of March 1953, 
which were intended to be the first of a series, Franklin 
offers no interpretation of the configuration of the mole- 
cules in the crystalline A form. The A diffraction pattern 
shows an absence of reflexions near the meridian, as would 
be expected for a helical structure, but it does not show 
the characteristic “helical cross” observed in the B pattern. 
This type of pattern could also be given by alternative 
structures in which rods or sheets are inclined to the 
fibre axis. In Franklin’s view, a thorough and quantitative 
analysis, by use of the Patterson function, could decide 
between the possibilities, without resorting to any assump- 
tions. 

It is relevant to note that at an earlier stage in 1951—52, 
before the quantitative data had been collected, Franklin 
had been thinking of a helical structure for A, in agree- 
ment with the view of Wilkins and Stokes. This is clear 
from the report on her first vear’s work which she sub- 
mitted in connexion with her Turner~Newall fellowship. 
The unit cell of the crystal in a plane perpendicular to the 
fibre-axis was near-hexagonal, that is, of a type which 
lends itself to the packing of cylindrical molecules, and the 
cylindrical molecule would itself be produced by the pack- 
ing of a number of co-axial helical chains. The reason 
for Franklin’s reversal in 1952 of this (correct) view in- 
volves technical matters which are dealt with at greater 
length in the appendix. Briefly, a diffraction pattern 
produced by inchned rods or sheets would also show 
departures from cylindrical symmetry (in the “form 
function”), and there was some clear evidence of such 
departures. Franklin, instead of dismissing these observa- 
tions as resulting from a small perturbation in the mole- 
cular structure produced by the interactions in the crystal 
lattice (as Crick argued), seems to have been swayed by 
them into first questioning and then doubting whether 
the A structure was helical at all. She had early on ob- 
served a large decrease in length (30 per cent) of the fibres 
during the B to A transition, strongly suggesting some 
intramolecular re-arrangement. Could it be that the 
helices of the B state had been completely unwound to 
produce a quite different structure in the A state? But. 
whatever the case, any tentative opinion she held about 
the structure would, according to her plan of campaign, 
be settled by the analysis of the Patterson funetion: “No 
attempt will be made to introduce hypotheses concerning 
details of structure at the present stage., 

In summary, then, her resistance in the winter of 
1952-53 to a helical structure, as described by Watson 

(Continued on page 843) 
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Tue pages which follow embody an attempt by the 
members of the staff of Nature to draw attention to 
fields of science in which research seems recently to 
have been particularly interesting or even startling. 
Nobody claims—and nobody should think—that this 
> necessarily restricted survey is exhaustive. Most 
© readers will easily think of topics which could profitably 
_ have been included. Even if there have been few 
developments in the past year which can match the 
-discovery of pulsating stars for sheer surprise, recent 
deeades seem to have brought a particularly rich 
and uniform harvest of understanding and benefit. 
It is easy to devise tests to show how much has hap- 
pened in the recent past. One thing to do is to ask the 
simple question whether it is credible that what seems 
now to be a fairly thorough understanding of the inter- 
planetary medium and its interaction with the several 
sources of energy on the Sun can have been provoked 
out of virtual ignorance in the short space of a decade. 
In the same sense, it is really quite remarkable that 
molecular biology has been transformed from an infant 
science into something which is now mature, if neces- 
sarily incomplete (see page 826) in an interval of time 
which is equally brief. But geophysics is also booming, 
as is the study of animal behaviour. Elsewhere, tradi- 
tional studies are spilling over into new and sometimes 
unexpected fields. In other words, there are plenty of 
signs that things are going well. 

There are several reasons why it is important that 
this truth should be plainly recognized and well 
remembered. For one thing, this simple lesson should 
be a valuable counterpoise to the natural tendency to 
disenchantment with new developments in science. 
It is natural enough that the achievements of the 
immediate past should seem shrunken in comparison 
with what seem to be the problems of the immediate 
future, but that is strictly a subjective impression. 
It is also understandable that people who have been 
preoccupied with the practical problems of scientific 
research—the search for grants, for example, or the 
recruitment of people—should often be oblivious to 
the genuine and sustained interest of what they and 
their colleagues have accomplished. This backlash, 
as much a product of success as anything, unfortun- 
ately chimes in all too well with the tendency for 
people outside the profession of science to adopt 
somewhat jaundiced views about the directions in 
which and the pace at which good work is being carried 
on. The most serious loss arising from this mis- 
appreciation of the true state of affairs may be that the 
community as a whole is robbed of what should be a 
delicious sense that the great works originally set in 
train by the giants of the past still flourish. But there 
is also, of course, a danger that unreasonable disen- 


British Association—Dundee, 1968 
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chantment will have unhealthy effects on science + 

whole. The meeting of the British Association. at 

Dundee is a good occasion for remembering this. ` es 
Already there are many threatening signs. After — 

some decades of sustained expansion, the volume of 

scientific research which the governments of countries 

like the United States and Britain are prepared to 

support has ceased to grow as quickly as in recent 

years. The most obvious reasons for this slackening — 

off are different in the two countries. In Britain, a : 

chronic financial crisis and the need—genuine € pn Se 

to keep public expenditure within bounds 

reinforced by the growing acceptance of 1 

that scientific research in the pure sense is | 

than technological development of the kin 

bring quick rewards. That there should be : 

in this direction is understandable, but it will 

for the Government to get the balance right and to do 

this without damaging the quality of science as such. — Bee 

In the United States, on the other hand, the problems 

which have prompted the recent wave of economizing 

are different—foreign wars and the manifest problems 

of how best to deal with race, poverty and planning — 

make urgent demands on public attention and s ome. 

times generosity. To some extent, these developments 

may bring good results—it will do no harm, for 

example, if some of the ambitious and often ill- 

considered plans for the exploration of space which 

have been designed in recent years were to be replaced 

by potentially more valuable programmes of research. 

Unfortunately, however, it seems very much as if the | 

consequences of these economies will be unpleasant- 

and damaging. The cloud is certainly bigger than a 

man’s hand. The most worrying aspect of this wave 

of public economy is that it seems also to draw strength 

from a general conviction that scientific research is an 

optional item in public expenditure. A few years ago 

it was common for people to behave as if scientific 

research was a panacea. Now the pendulum seems to 

be swinging too far the other way and everybody could 

be the loser. 
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Vintage Year for Astronomers 


ASTRONOMERS were completely taken aback b y the 
announcement in February this year of the discovery 
of pulsating radio signals from space!—as well they 
might be, for the signals have a regularity which 
hitherto had only been associated with man made trans- 
missions. Before they made their announcement, the 
group at the Mullard Radio Astronomy Observatory at 
the University of Cambridge, who made the discov ery, 
carefully investigated the signals for any indication 
that they were coming from an extra-terrestrial form 
of life. What they were looking for were variations 
in the interval between pulses, due to the Doppler 
effect, which would have occurred if the si gnals were 
coming from a planet in orbit around a star. Two 
weeks of recording showed only Doppler variations in 
the periodicity of the pulses which could be attributed 
to the orbital motion of the Earth. What is more, the 
Cambridge group had discovered four sources of 
pulsating radio signals, all with more or less similar 
characteristics, but in different parts of the sky. 


Radio Sources Counted 

Even without the discovery of pulsars, as they have 
come to be called, the previous months would have 
been an exciting time for astronomers. Much of what 
has happened has concerned the continuing question 
of cosmology—the study of the universe considered as 
a whole. The pattern, if one can be discerned, is of 
the steady state theory gradually gaining ground 
at the expense of the big bang cosmology. Much of 
this hinges on counts of radio sources which, reduced 
to its essentials, is a way of checking whether the 
universe is more densely packed with sources as the 
counts are extended to really faint objects at remote 
distances in the universe. Because of the time taken 
for signals from these distant sources to reach the 
Earth, this is equivalent to seeing whether in the past 
the density of objects in the universe was any different 
from what it is now. The steady state theory suggests 
that the universe looks more or less the same, from 
any position and at any time in the past, present or 
future, whereas according to the big bang cosmology 
the universe started in a highly compressed state as a 
“primeval atom”, which exploded and developed 
into the system of galaxies observed today. Recently 
this question seemed to have been settled by counts 
made by the Mullard Radio Astronomy Observatory 
at Cambridge which seemed to show that—as predicted 
by the big bang theory—radio sources are more 
packed at distances corresponding to earlier days in 
the history of the universe. 

New counts of radio sources reported from Australia 
by a group using the 210 foot Parkes telescope have 
thrown open the interpretation of these measurements? 
again, for the Australians found no evidence that 
distant sources are any more densely packed than 
predicted by the steady state theory. There is, 
however, a crucial difference between the Australian 
count and the earlier results from Cambridge. Because 
the Australians carried out their survey at a frequency 
of 2,700 MHz, much higher than the 178 MHz and 





407 MHz of the Cambridge measurements, the 
Australians suggested that the reason for the dis- 
crepancy may be in the spectra of the radio sources. 
The reply from Cambridge? is that there is in fact 
little discrepancy between the counts: what there 
was can be explained by statistical uncertainties caused 
by the small number of sources observed in the hi gh 
frequency survey. In any case, the outcome is that 
the value of counts of radio sources as evidence against 
the steady state cosmology has been questioned until 
the problem can only be resolved by more extensive 
counts at high frequencies, and a better knowledge of 
the spectra of the sources. The problem has since 
become more confused by the latest survey from 
Cambridge, at 408 MHz, which shows a cut-off in the 
number of very weak sources?. The Cam bridge group 
say it is clear from this that at an early epoch the sources 
underwent a change which may have had something 
to do with galaxy formation. 


Challenge to Steady State Theory 


black-body temperature of 3° K was detected>. If, as 
seems likely, this microwave background radiation 
fills all space, the implications to cosmology are 
profound, for its existence had already been predicted 
as a relic of events early in the history of a big bang 
universe. The notion is that the high density of 
radiation which existed when the universe was in its 
compact form would by now have degraded to micro- 
waves such as those observed, 

All is not happy with this explanation, however. 
For one thing, if all the helium in the universe were 
produced comparatively recently from hydrogen, it 
would have formed as a by-product an energy density 
of about 6 x 10-1 erg em? (corresponding to a tem- 
perature of about 3° K). The coincidence between 
this and the measurements of the background radiation, 
which has an energy density of 4x 107 erg cm, is 
disconcerting to say the least. According to the big 
bang theory the energy density of the background 
radiation decreases as the universe expands, so that 
the correspondence with the energy density of the 
conversion of hydrogen into helium would have to be 
an accident which just happens to occur at the epoch 
we are living in. The supporters of the big bang 
theory would point out, however, that estimates of 
the amount of helium in the universe may well be 
wrong by a factor of 100, so that the energy density 
from the conversion may be uncertain to two orders 
of magnitude. 

Cosmologists are, however, finding it hard to account 
for the microwave radiation on the steady state theory ; 
known radio sources do not seem to radiate strongly 
enough at microwave frequencies to account for the 
strength of the background radiation. But evidence 







NATURE, VOL. 219, AUGUST 24, 1968 


-> coming to light that the spectra of some radio sources 


show an upturn towards higher frequencies is holding 
out some hope for the steady state theory. For 
example, signals at centimetre wavelengths have been 
received from two apparently normal radio galaxies, 
while their emissions at metre wavelengths are too 
weak to be picked up. Gold and Pacini of the 
‘ornell-Svdney University Astronomy Centre, New 
York, have worked out what properties radio sources 
should have to account for the microwave back- 
ground’. They have considered the possibility that 
the background radiation comes from radio sources 
which have so far gone undetected except for the 
summation of the flux from them. One way of 
testing this would be to measure the spectrum of the 
background radiation at lower frequencies: unfor- 
tunately this is hard to do because of interference by 
radiation from the galaxy. Another possibility is to 
see how homogeneous the background radiation is— 
from such measurements it is possible to see what 
space density of sources, and what average strength, 
would be required to account for the radiation. The 
question then would be whether such sources could 
be present without being detected individually. 

Hoyle and Wickramasinghe of the Institute of 
Theoretical Astronomy, University of Cambridge, 
and Reddish of the Royal Observatory, Edinburgh, 
have also had something to say about the microwave 
background’. They have been struck by the coinci- 
dence between the energy density of the radiation 
and the energy density of the conversion of hydrogen 
into helium, and argue that the energy densities 
are the same because of the way the vast tracts of 
dust seen to be present in galaxies control the 
evolution of the universe, much as the rate of the 
reactions in a nuclear reactor is controlled by cadmium 
rods. Much of interstellar dust is now believed to 
consist of graphite flakes with a mantle of solid 
hydrogen—what Professor Hoyle and his colleagues 
have done is to look at the way hydrogen condenses 
on interstellar grains, by working out the density 
of hydrogen gas in equilibrium with solid hydrogen 
for a range of temperatures believed to be charac- 
teristic of interstellar space. The temperatures at 
which the densities of hydrogen gas corresponding 
to galaxy formation and to the formation of stars 
within galaxies are in equilibrium with solid hydrogen 
are remarkably close to the 3° K of the microwave 
background. Professor Hoyle and his colleagues 
explain the coincidences in the energy densities by 
saying that the formation of galaxies, and the formation 
of stars within galaxies, goes on readily when hydrogen 
is condensed on the grains as a solid, but not when it 
is gaseous. This means that the formation of galaxies 
and stars proceeds until the energy from the conversion 
of hydrogen into helium raises the background tem- 
perature enough to evaporate the solid hydrogen 
(about 3° K). Thus a feedback system is set up which 
keeps the background temperature at the level corre- 
sponding to the condensation of hydrogen on dust 
grains, accounting for the similarities in the energy 
densities of the background radiation and the energy 
production from the reaction converting hydrogen to 
helium. The three astronomers say that if there are 
delays in the process, the evolution of the universe 
could well occur in bursts of activity with quiescent 
gaps in between, rather than steadily. For example, 














there may be a delay so that galaxy forma 
star formation do not begin until the tem 
falls well below the temperature corresponding to- 
condensation of solid hydrogen on dust grains. 
means that once it starts there will be a b 
galaxy and star formation, and the energy ir 
conversion of hydrogen into helium may rat 
temperature well above the temperature for ~ 
evaporation of hydrogen from the grains. The barst 
of activity then stops, until the expansion of the 
universe and the reduction in the energy output of - 
stars allow the temperature to drop back to a lower 
level. 


Galaxy Formation 

The question is, why should galaxy formation and 
star formation go on when solid hydrogen is condensed 
on the dust grains but not when the hydrogen is 
gaseous? The answer seems to be that the inter- 
galactic magnetic field may be too high to allow = 
to form from hydrogen gas. When the hy 
condensed on grains it can more readily sl 
magnetic fields. . 

The way in which solid state processes: 
densation of hydrogen on graphite—e 
evolution of the universe could find a pl 
the steady state and the big bang t 
Professor Hoyle, who has long been a 
supporter of the steady state theory, says 
of the appeal of this cosmology is that it a 
for delicate feed-back processes to have 1 
effects. This is not the case with the bigo 
mology; according to this theory the a 
universe is something like 20 thousand millio ia 
of the same order as the age of the galaxies. 



















Electrodynamics and Cosmology 

Recently Hoyle and Narlikar have tackled cosmology 
from a fresh point of view, and have become convinced 
that some of the basic properties of atoms are linked to 
the large scale structure of the universe’. What they 
have done is to extend the theory of electrodynamics to 
discover its consequences in quantum physics, estab- 
lishing a link between local electrodynamics and cos- 
mology, and raising the exciting possibility of testing 
different cosmologies by experiments on local systems. 
Attempts to bring together electrodynamics and quan- 
tum theory, in a theory of quantum electrodynamics, 
have not been entirely successful. The difficulty is that 
although the predictions of quantum electrodynamics 
—chiefly certain features in the spectrum of hydrogen 
—agree perfectly well with experiments, there is one 
blemish. The good agreement has only been possible 
by a lack of rigour in the mathematical framework of 
the theory. This seems to be because the theory of 
quantum electrodynamics is incomplete, but exactly 
where the fault lies is by no means certain. It may be 
in the approximations which have had to be made, or 
it may have something to do with the way the 
mathematics of the theory is set up. 

The story starts in the last century, when Maxwell 
devised the first systematic theory of electrodynamics. 
Later this was successfully integrated with the special 
theory of relativity. An alternative approach to 
electrodynamics in place of the field theory of Maxwell 
is in terms of the interactions between particles an 
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approach considered by Professor J. A. Wheeler and 
Professor R. P. Feynman in the late 1940s, and by a 
number of scientists before them. The way two 
particles mutually interact is not hard to grasp, but 
difficulties appear when the interaction of a particle 
with itself is required and electrodynamics only gives 
the right answer by some rather shaky reasoning. 
Professors Wheeler and Feynman got over this by 
saying that what seemed to be the interaction of a 
particle with itself was in fact the effect of distant 
parts of the universe on the particle. 

Professor Hoyle and Dr Narlikar were interested in 
this from the cosmological point of view—they wanted 
to find out whether electrodynamics could give any 
hint about what was the correct cosmology. When 
they extended the work of Professors Wheeler and 
Feynman to quantum theory, they found that a 
certain phenomenon to do with the spectrum of 
hydrogen—the Lamb shift-—-which hitherto had only 
been understood in terms of the self-action of particles, 
can in fact be explained as having its origin in the 
effect of the universe. What is more, not all cos- 
mologies give the right answers—the two Cambridge 
scientists say that of the well known cosmological 
models only the steady state model meets the necessary 
conditions in an unambiguous manner. The question 
which will be asked about this is whether cosmology 
can really have such profound implications on the 
physics of small scale systems such as atoms. This 
notion is likely to give rise to a deal of discussion and 
many astronomers, and physicists, will no doubt take 
a lot of convincing. 


Pulsars 


On the other hand, pulsars are quite a different 
problem, which at present does not seem to have 
implications to cosmology. Oddly enough, the Cam- 
bridge discovery which has so shaken astronomy came 
out of investigations which have been going on at 
Cambridge for some years to study events much 
nearer the Earth. Since the last century scientists 
have realized that the influence of the Sun on the 
Karth is more than the obvious effects of heat, light 
and the tides. Recently, the way in which events on 
the Sun can produce a variety of effects in the Earth’s 
upper atmosphere (aurora and geomagnetic storms are 
just two examples) has become a major field of study— 
solar-terrestrial relations. Although the environment 
near the Earth, and the Sun itself, have been receiving 
a great deal of attention lately with the advent of 
rockets and satellites, so far little is known about the 
ionized material streaming out from the Sun making 
up what is known as the solar wind and acting as a 
link between the Sun and the Earth. 

What the Cambridge astronomers have been doing 
is to look at the way radio waves from space are 
scattered by irregularities in the solar wind. The 
technique is to measure the fluctuations imposed by 
the irregularities in the radio signals from compact 
cosmic radio sources—quasars, for example. It was 
during this work, using a large radio telescope brought 
into action in July last year, that signals were dis- 
covered from the object later to become known as 
CP 1919. The signals were recognized as unusual by 
their amplitude fluctuations, which were greater than 
expected from the solar wind. Because of this, the 
Cambridge group at first thought they were picking 
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up interference, but this would not account for the 
fact that the position in the sky from which the signals 
seemed to come was fixed. When the lack of parallax 
showed that the source must be outside the solar 
system, the possibility that the regularity of the signals 
meant they were coming from a space probe, or a 
terrestrial radar set investigating the planets, was 
eliminated. 

It is the periodicity of the signals, typically about 
one per second, and the regularity with which the 
periodicity is maintained, which are proving so hard 
to explain. For example, the period of CP 1919, the 
pulsar which has been studied in greatest detail, was 
given by the Cambridge group in their first paper as 
1-3372795 + 0-0000020 s. This value is no longer 
accepted because of what seems to have been a counting 
error, and the true period is said to be 1-33730113 + 
0-00000007 s (ref. 10). The rate of pulsing of one of 
the pulsars is said to be maintained to one part in 
1,000 million million, making it one of the most 
rhythmic phenomena known. 

Although many astronomers have at the back of 
their minds the possibility that the signals are coming 
from sources the nature of which has not yet even been 
suspected, the majority view is that superdense stars 
are somehow involved. The most likely contenders 
just now are white dwarf stars—stars having planetary 
diameters but masses similar to that of the Sun, so 
that their mean densities are of the order of 10° g em, 
At the high densities which must exist in the interiors 
of these stars, matter becomes degenerate, which means 
that it is completely ionized, and the electrons and 
positive nuclei are squashed closer together than is 
possible for normal atoms. Several hundred white 
dwarfs are known to exist, and are thought to be the 
last stage in the evolution of certain kinds of star— 
the Sun is an example—or to be parts of the remains 
of supernovae explosions. 

The attractive idea originally put forward b y 
Hewish and his colleagues that the signals may be 
coming from radial oscillations of the elusive neutron 
starsi now seems to be out of the running. Neutron 
stars were expected to represent one step in the 
evolutionary process after white dwarfs, and to have 
a core so dense that the electrons and positive ions 
are crammed together into neutrons. According to 
the calculations, however, the radial oscillations of 
these hypothetical stars are expected to be of the 
order of milliseconds, too rapid to account for the 
sort of pulsation periods involved. 


No Explanation 

Until recently, the shortest pulsation period thought 
to be possible for white dwarfs was 8 s (ref. 11). The 
discovery of pulsars has stimulated work on the 
behaviour of superdense stars, and revised calculations 
by Faulkner and Gribbin of the Institute of Theoretical 
Astronomy at Cambridge University have shown that 
vibration periods as short as 2 s are possible!2, When 
rotation of the star is taken into account, even shorter 
periods become possible, down to 0-9 s for uniform 
rotation and 0-1 s for non-uniform rotation}. 

The number of known pulsars is now nine: the 
Cambridge group have added two more to their 
original score of four!, and others have been found 
by a team from the Harvard College Observatory, led 
by Dr G. R. Huguenin, who are carrying out a systema- 
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Radio Astronomy Observatory, and by Turtle and 
` Vaughan’! of the Cornell-Sydney University Astronomy 
Centre using the one-mile cross at Molonglo Radio 
Observatory. Table 1 lists the characteristics of the 
pulsars which have been discovered so far; it is hard 
to believe that the list will not be added to before 
long. The distances of the pulsars listed are of the 
order of 100 parsec (1 parsec = 3 x 10% km ~ 3-26 light 
yr). 


Table 1. CHARACTERISTICS OF PULSARS 


Period (s) Distance (pc)* 

CP 0834 1°27379 + 0-00008 120 
CP 0950 0-253071 + 0-000008 30 
CP 11338 1:1850 + 0-0004 60 
CP 1919 133730113 + 0-00000007 160 
iP 0808 1-29223 + 0-00003 100 

UP 0825 071446 + 0-00010 180 
+ HP 1506 0-73965 + 0-00002 150 
$ PSR 1749-28 0-5621. — 
PSR 2045-16 1-961 oo 


* Assuming an interstellar electron density of 0-1 cm-*. 

+ Harvard pulsar. 

+ Turtle and Vaughan propose the nomenclature PSR followed by an 
abbreviated form of the right ascension and declination. 


White Dwarfs 

What is surprising is that if pulsars really are white 
dwarfs at these distances, they ought to have been 
identified with an optical object. So far, however, 
there has been no convincing optical identification. 
Earlier this year, Ryle and Bailey of Cambridge 
University seemed to have identified the pulsar CP 1919 
with an eighteenth magnitude blue star!’ (CP stands 
for Cambridge pulsar, and 1919 is an abbreviated 
form of the right ascension of the pulsar position: 
19h 19m 37s 0+0s2). The hunt was then on for 
light fluctuations from this star, at first with no 
success until May this year when, at what must 
have been a dramatic conference at the Goddard 
Institute of Space Studies, New York, light flashes 
from CP 1919 were reported by two groups in the 
United States!®. Astronomers from the Kitt Peak 
Observatory, Arizona, using photoelectric equipment, 
had detected small light fluctuations from the blue 
star, or thereabouts, having a period double the interval 
between radio pulses. Later Dr Cudaback arrived 
from Lick Observatory with data which seemed to 
show optical fluctuations having a wide variety of 
periods not locked accurately to the radio pulses, and 
including the double period and its harmonics. For- 
tunately for the theoreticians, who would surely have 
found this unusual result a stumbling block in their 
theories, Dr Cudaback has since withdrawn his state- 
ment. The trouble seems to have been irregularities 
in the running of a tape recorder used in the statistical 
analysis of the data, introducing spurious periodicities. 

The lack of optical identifications may cast doubt 
on the estimates of distance, based as they are on a 
value for the electron density in interstellar space 
which astronomers freely admit may well be out by a 
factor of ten, or it may mean that if pulsars are indeed 
white dwarfs they must be old and therefore faint. 
The statistical distribution of pulsars in space—if this 
is meaningful when only nine pulsars are known— 
tends if anything to support the distance estimates. 
For one thing, pulsars do not seem to show any prefer- 
ence for the plane of the galaxy. It would, however, 
be unusual if many of them were outside the plane, 
so their distribution suggests they are comparatively 






tic search using a 300-ft telescope at the US National — near within the thickness of the galaxy. 4 











indication is that if the distances have been ` 
overestimated, so that pulsars which are at 
galactic latitudes are in fact well outside the g 
disk, their signals would be expected to sho 
dispersion than signals from pulsars at similar 
but low galactic latitudes embedded in the 
the galaxy. This is because signals from low l 
have to pass through regions containing a much hig 
concentration of ionized hydrogen than signals ¥ 
have only to pass through the thickness of the galaxy. 
That higher dispersions are not found in signals from 
pulsars at low galactic latitudes shows that all the 
signals are passing through regions of similar density 

of ionized hydrogen, so that they are all, in astronomical 
terms, local objects at distances similar to those 
measured, 

The way in which radial oscillations of a star suc 
as a white dwarf may give rise to radio signals s 
as those observed is another feature of the 
which is proving no less difficult. [t seems. 
that an incoherent mechanism for the r 
be ruled out. For instance, assumin 
from CP 1919 come from the entire surf 
dwarf at the measured distance, the brig 
perature during a pulse is at least 10° "F 
Synchrotron radiation, for example, cannot i 
the high intensities which have been measured. The 
Jodrell Bank group, in the first of their series of papers 
on pulsars, point out that if the pulses from CP 1919 — 
are coming from the entire surface of a white dwarf 
star, then the pulse power is 10% W (ref. 21). To 
account for the discovery made by the Jodrell Bank 
group that the pulses seem to be made up of separate 
components showing a high degree of linear polariza- 
tion, Lyne and Smith have suggested that the emission. 
of pulses may somehow be analogous to the radio 
pulses emitted by cosmic ray showers”. f 

Whether or not white dwarf stars hold the clue to 
these fascinating signals from space, it is certain that 
a new class of radio source has been discovered. In 
the six months following the announcement of the 
discovery of pulsars there has been a wide assortment 
of ingenious and imaginative explanations apart from 
the white dwarf hypothesis. Just now no astronomer 
would like to wager what explanation will eventually 
turn out to be correct. 
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How Living Things Began 


EVER since the pioneering experiments of Miller and 
his contemporaries in the early 1950s, interest in 
attempting to simulate the conditions on Earth before 
the origin of life has been. increasing steadil y. And last 
year the origins and distribution of life were even the 
subject of a special discussion meeting held by the 
Royal Society'. The subject is obviously one for 
speculation, but experiments can be done as well. 
There is little likelihocd, in the near future, of synthesiz- 
ing protein and nucleic acid systems which self- 
replicate, but that has not deterred an increasing num- 
ber of research groups from doing ex periments designed 
to see what biological molecules can be obtained from 
mixtures of gases that were probabl y present in the 
primeval atmosphere. 

The primeval atmosphere was almost certainly a 
reducing environment containing h ydrogen, methane, 
ammonia, hydrogen sulphide and hydrogen cyanide, 
so it seems reasonable to speculate that b iological 
molecules somehow arose from the condensation 
products of these gases and water. In the past year 
an impressive number of amino-acids, nucleic acid 
bases and carbohydrates have been made from sim ple 
inorganic molecules. The basic experimental set-u p 
for this type of work is to take a mixture of the gases 
and subject them to electrie discharges or irradiate 
them and then react the products of this step with 
water and finally analyse for the biological molecules. 


General Considerations 

When Miller?, in 1955, found that mixtures of 
ammonia, methane and water vielded several amino- 
acids after they had been subjected to electrical 
discharges the idea that proteins first arose in the seas, 
where amino-acids made in this way reacted with each 
other, was put forward. But this presents a problem: 
how did sufficient quantities of the amino-acids 
accumulate in the seas to allow their condensation 
into proteins to occur? This, of course, is one of the 
great general problems of the origin of life: if the 
experimental simulations are any guide, the amount 
of biological molecules likely to have been produced 
from the gases in the primeval atmosphere is very 
small. It now seems more likely that life first arose in 
small, probably fresh water, pools continually subject 
to drying by evaporation rather than in a continuously 
wet environment. As the pools dried out, the concen. 
tration of organic material in them might well have 
become sufficient to allow them to react to form 
polymers. Indeed it may be that life began in micro- 
pools on the surfaces and in crevices of rocks or the 
soil where minerals may have played a part in catalysing 
the polymerizations. Once the living systems had 
arisen they could then have evolved in the sea, into 
which they would certainly have been washed. This 
scheme of things (see Hinton in reference l) accounts 
for the apparently contradictory requirements of high 
concentrations of biological molecules to allow poly- 
merization and of a continuously aqueous environment 
to allow the evolution of living systems once they had 
arisen. Indeed Eugster and Jones? have recently gone 
so far as to suggest that pools around alkaline springs 


may have been one of the places where life arose. 
Today hot alkaline springs are rare, but they believe 
they were much more common on the primeval Earth 
and an alkaline medium was probably the most 
suitable environment for the initial synthesis of 
organic macromolecules. Moreover, silicate gels, 
which could act as substrates for the accumulation 
and preservation of organice molecules, are sometimes 
found in alkaline springs, for example at Lake Magadi 
in Kenya. 


Origin of Proteins 

Whatever the site of the origin of life, recent work 
on the chemistry of the process suggests that the gas 
hydrogen cyanide played a central part. Matthews 
and Moser? have shown that, when the condensation 
products of a mixture of hydrogen cyanide and 
ammonia are hydrolysed with water, no fewer than 
fourteen amino-acids are produced. But even more 
important than that, they found that the first pro- 
ducts of hydrolysis were polypeptides (polymers of 
amino-acids), not free amino-acids. In other words, 
this result suggests the possibility that proteins arose 
directly from simple organic gases rather than from 
amino-acids which in turn had arisen from inorganic 
gases, In fact Matthews and Moser believe that the 
free amino-acids found by other workers were produced 
by the complete hydrolysis of polypeptides. 

The mechanism by which polypeptides arise directly 
from condensed hydrogen cyanide is complex, but the 
key step seems to be the polymerization of hydrogen 
cyanide first to form a dimer and then to form a 
polymeric chain of the dimer. The side chains of the 
polymer can react with other hydrogen cyanide mole- 
cules to give rise to the more complex side chains of 
the amino-acids. The fourteen amino-acids in the 
polypeptides that Matthews and Moser synthesized do 
not include any of the sulphur containing amino-acids 
or the amino-acids with aromatic side chain groups. 
That is not surprising, however, because the mixture 
of gases that they began with did not include acetylene, 
which can give rise to aromatic side chains, or hydrogen 
sulphide or any other sulphur containing gas. 

The first synthesis of a sulphur-containing amino- 
acid, methionine, in prebiotic conditions was, however, 
reported this year by Steinman, Smith and Silver. 
They took as starting material an aqueous solution of 
ammonium thiocyanate which they irradiated with 
ultraviolet light, whereupon the solution turned cloudy 
suggesting that the ammonium thiocyanate had 
polymerized and precipitated. When this precipitate 
was isolated and hydrolysed with water, one of the 
peoducts was unambiguously identified as methionine. 
At first sight ammonium thiocyanate may seem far 
removed from the simple mixture of inorganic gases 
which are usually used to simulate primeval condi- 
tions, but in fact ammonium thiocyanate is one of the 
chemicals produced by sparking mixtures of ammonia, 
water, methane and hydrogen sulphide. 

It now seems certain that all the amino-acids could 
have arisen from inorganic gases and no doubt the 
tally of those made in simulation experiments will 
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how they were polymerized into large proteins. If 
Matthews and Moser are right, it may be that this 
problem is irrelevant. Very large polypeptides, in 
other words very small proteins, might have formed 
directly from inorganic polymers, but that is far from 
proved. 


Nucleic Acids 


Work on the prebiotie synthesis of nucleic acids and 
their precursors has lagged behind that on proteins, 
which is understandable because nucleic acids are 


same basic structure. In biological systems they are 
synthesized enzymatically from four su bunits, the 
nucleoside triphosphates ATP, GTP, TTP and CTP in 
DNA and in RNA, UTP replaces TTP. (See page 825 
of this supplement.) Each of these nucleoside tri- 
phosphates consists of a five carbon atom sugar, a 
pentose sugar, with an organie base attached to one 
of the carbon atoms and three phosphate groups 
attached to another. 

No one has succeeded in making a nucleoside tri- 
phosphate, let alone a nucleic acid chain, in prebiotic 
conditions, but Ferris, Orgel and Sanchez have made 
adenine, guanine, cytosine and uracil from the products 
of electrical discharges on mixtures of nitrogen and 
methane. The two most abundant products of such 
discharge reactions are hydrogen cyanide and cyano- 
acetylene; moreover, hydrogen cyanide can be oxidized 
to cyanogen by electrical discharges in the gaseous 
phase or by photo-oxidation in solution. Thus eyano- 
acetylene and cyanogen as well as hydrogen cyanide 
are plausible molecules for prebiotic simulations and 
probably had central roles in prebiotic chemistry. 

In 1966 and 1967, Ferris, Orgel and Sanchez reported 
that adenine can be obtained from hydrogen cyanide 
and guanine from hydrogen cyanide and cyanogen. In 
May this year they® reported the synthesis of cyto- 
sine from cyanoacetylene and once cytosine is made 
it is a simple step to obtain uracil by hydrolysing the 
cytosine. 

Cytosine is made by the reaction of cyanoacetylene 
with cyanate in aqueous solution at 100° C. This 
yields the stable intermediate cyanovinylurea which is 
rapidly converted to cytosine in good yield (95 per 
cent) at high temperatures or in strongly alkaline 
conditions; at lower temperatures or at neutral pH 
the process is slower. Furthermore, the concentration 
of the reactants required to give good yields of cytosine 
is quite low, which makes the reaction all the more 
plausible for prebiotic conditions. The only snag is 
that both cyanate and cyanoacetylene are unstable, so 
the range of prebiotic environments in which the 
synthesis could have occurred is restricted. 


Bases Synthesized 


Four of the five nucleic acid bases have now been 
synthesized, but we do not know how they were linked 
to a sugar moiety or how they were phosphory- 
lated, and until they are phosphorylated they cannot 
form nucleic acids. Naturally occurring phosphates 





keep growing. The much more difficult question is such as phosphoric acid and sodium phospha: 


react with biologically interesting molecules: st 
the nucleoside adenosine. But an answer to- 
problem comes from the recent work of Ponn 
peruma’* and his colleagues, who have shown 
when simple phosphates are heated in sol 
form polyphosphates which are natural phospho 
agents: when mixed with adenosine, for examph 
spontaneously convert it into adenosine mono a 
phate and decompose in the process. Thus in prebiotic 
conditions thermal processes may have converted 
simple phosphates into phosphorylating agents. 


Crigin of Sugars 

As long ago as 1861 Buterlow demonstrated that 
formaldehyde could be converted into a mixture of 
monosaccharides when heated in aqueous solution in 
alkaline conditions, and this formose reaction, as it is 
called, has been studied on and off ever since, but all 
the experiments involved highly alkaline conditions or 






















considered realistic simulations of the pre 
thesis of sugars; the conditions used were 
extreme. Last November, however, - 
Ponnamperuma and Reid and Orgel, sin 
and independently, reported the synthesis 
from formaldehyde in milder conditions, bu 
still reservations about whether they are. 
mild to warrant consideration as potential 
conditions. | 

Reid and Orgel followed up earher re 
relatively pure ribose, the sugar of R 
obtained by boiling solutions of formal 
calcium carbonate, but they used carbonat 
a catalyst instead. Carbonate apatite is, 1 
slurry of apatite, calcium phosphate, in carbon 
When strong solutions of formaldehyde (0-5 M} were . 
boiled with the slurry, over 40 per cent of the product: 
was sugars, pentoses and hexoses. When the experi- 
ment was repeated with an 0-01 M solution of formalde- 
hyde sugars were again obtained. Gabel and Ponnam- 
peruma have done virtually the same experiment; they 
used alumina. kaolinite or illite as catalyst, with more 
or less identical results. The question is, is it plausible 
to suggest that on the primeval Earth there could 
have been 0-01 M solutions of formaldehyde? Reid 
and Orgel are inclined to think not. They do not 
think the formose reaction as they themselves or 
others have done it is a realistic model. They also 
point out that even if formaldehyde was the prebiotic 
precursor of ribose some method for stabilizing the 
sugar must have existed. One obvious possibility 
would be the condensation of the sugar with a base, 
such as adenine, but their experiments to bring about 
this condensation failed. 

In summary, it is quite obvions that although great 
progress has been made in simulating the origin of 
biological molecules there is still a very great deal to 
learn: so far the surface has only been seratched. 
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New Materials make their mark 


Ix engineering, there are few new ideas, only new mat- 
erjals, And the past year has seen exciting development 
in the class of materials known as composites. These 
materials gain their properties by the interaction of 
strong internal backbones surrounded by a matrix 
material which holds it all together. The most dramatic 
evidence that materials like these had arrived came 
when Lockheed selected Rolls-Royce to build the 
engines for the Lockheed 10-1] airbus. As is now 
well known, the Rolls 2-11 engine incorporates con- 
siderable amounts of a composite material called Hyfil, 
a resin reinforced with carbon fibres. 

Although composite materials like Hyfil have come 
to the fore with a rush this year, it is important to 
be clear that there is nothing new in the principle 
involved. Bone, for instance, is a composite material, 
composed of crystals of apatite in a collagen matrix: 
bamboo is another, consisting of cellulose reinforced 
with silica. Attempts to produce composite materials 
are really attempts to imitate nature, and they take 
various forms. Reinforced concrete, for instance, 
uses rods or networks of steel embedded in the concrete 
matrix to give added strength and impact resistance. 
A more subtle approach is to embed the steel wires 
under stress, so that when the final product is under 
load it performs better. An example of this is the 
pressure vessels which have been designed for British 
nuclear reactors. In these pressure vessels, the steel 
cables pass through passages in the concrete, and 
can if necessary be replaced during the life of the 
reactor. Motor car tyres also use the principle; Mich- 
elin X tyres have steel bracing which strengthens 
the material and also increases its stiffness, so that. 
more of the surface of the tyre remains on the road 
under cornering load. And composite materials do 
not even require elaborate technology; mud and 
wattle is the simplest of all, and David Fishlock! 
has pointed out that Eskimos make ingenious use of 
composites based on ice. By freezing moss into a 
matrix of ice, Eskimos can produce materials with 
less brittleness; the final material is comparatively 
ductile, which means that it is far less likely to crack. 


Composite Structures 

All these materials illustrate a principle of compo- 
site materials, which is that the final product bears 
little relation to the materials that go to make it up. 
As in all good design, the whole is greater than the 
sum of its parts. This property of composite materials 
makes it possible to use as components materials 
which have many desirable properties, but which 
would be useless alone. The most obvious class of 
materials here are the ceramics, like glass, boron or 
graphite, which have very high ratios of strength 
to weight. The difficulty with materials like these 
is that they perform best under the sorts of conditions 
which would not normally be met with. Ceramics 
perform best when they are free from surface faults 
and cracks; once faults are introduced into the surface 
of ceramic materials, much of their strength is lost. 

The answer is to incorporate the ceramic into the 
composite material in small pieces, so that cracks 


can only travel for limited distances, instead of through 
the entire component. The most familiar use of 
ceramics, and still the most important, is the use of 
glass in glass-fibre. Glass fibres can be produced 
very easily, and are strong. If they are incorporated 
into resin, which protects the surface of the glass 
fibres from damage, their strength can be retained, 
producing materials with excellent properties. Hyfil 
is a very similar material, in which the glass 
fibres have been replaced by carbon fibres of great 
strength. 


Whiskers 


It has been known for some time that it is possible 
to produce very perfect specimens of carbon in the 
form of whiskers. In 1960, R. Bacon? published 
work which showed that very fine whiskers could be 
produced by striking an arc on to a block of carbon. 
The way in which these whiskers grow seems to produce 
a structure almost entirely free from dislocations, 
small faults which weaken materials produced in the 
conventional way. Metallurgists have long lived with 
the frustrating knowledge that the theoretical strengths 
of metals, calculated from the bond energies, are 
hundreds of times greater than the actual strengths. 
The reason for this is the presence in the crystal 
structure of discontinuities, which under stress travel 
across the metal, unzipping the bonds as they go. 
Whiskers, it seems, are free of these discontinuities, 
which is why Bacon was able to produce carbon 
whiskers which had the highest tensile strength then 
recorded. The whiskers were about twenty times 
stronger than steel, but unfortunately so far it seems 
to be impossible to scale up the process and produce 
bulk material with the same strength. 





Structure of fracture surface in carbon fibre composite, taken by scanning 
electron microscope. 
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It has, however, been possible to produce a material 
from textile fibres which has many of the properties 
of whiskers. It seems that the desirable properties of 
these carbon fibres are caused by their surface perfection 
rather than by the absence of dislocations, but this is 
not absolutely clear. The way the fibres are made 
remains a commercial secret, but it appears to go 
in three stages. (1) Oxidation of the textile fibre in 
air at 200°-300° C. The raw material may be a fibre 
such as polyacrylonitrile. (2) Carbonization of the 
fibre, which calls for a temperature of around 1,000°C. 
(3) A final heat treatment which converts the fibre 
to graphite, at 2,600° to 3,000° C. 

So far Rolls-Royce seems to have been the most 
successful commercial company in developing the 
difficult technology, which was discovered by three 
scientists at the Royal Aircraft Establishment at 
Farnborough®. Instead of treating the process as a 
batch process, scientists at Rolls-Royce have been 
able to develop ways of operating it continuously’. 
The polymer fibres are first flattened into a sheet, and 
then passed through the three manufacturing stages. 
They pass through three furnaces, isolated from one 
another because the first two production stages give 
rise to gas emission. In the first stage, the important 
problem is to control the rate at which the oxidation 
takes place, to prevent the fibre burning away com- 
pletely. In the final stage, the heating of the fibres 


a 


is achieved by passing through them an electric 
current supplied by the graphite rollers through 
which they are passing; this, of course, is a very much 
simpler method of heating than heating the entire 
furnace to 2,600 to 3,000° C. 


Tensile Strength 

The carbon fibres which are produced by this 
process have a tensile strength of 350,000 Ib ft/in.*, 
between four and five times the strength of the original 
polymer, and the melting point of the carbon fibre 
is high—about 3,800° C. To produce the composite 
materials, the fibres are laid out in the direction of 
the principal stresses; thus in a turbine blade, most 
of the fibres run from the root of the blade to the tip, 
with a few running in diagonal directions. The carbon 
fibres are laid out and lightly impregnated with 
resin, and then the laminations are laid together. 
A heat curing process hardens the epoxy resin, pro- 
ducing a component which requires virtually no further 
treatment. 

Rolls-Royce has published figures showing the 
properties of Hyfil. These show that while the tensile 
strength and flexural modulus are very similar to 
those of steel, the density of Hyfl is very much lower: 


Table 1, PROPERTIES OF HYFIL (ROLLS-ROYCE) 


. ; UTS Flexural 

Density (cons/in.*) modulus Gb/in.?) 
Aluminium 098 2T 10 10* 
Titanhim 0-163 65 18 108 
Steel 0-280 70 30 108 
Glass composite O74 73 7 40" 
Hyf 0-065 75 25 10° 
The Atomic Energy Establishment at Harwell 


has also carried out work with earbon fibres, and has 
been able to produce 1,000 ft lengths. It has published 
figures for the specific strengths of a variety of materials 
(that is, the strength per unit density) and the specific 
modulus (see charts). 

Although the carbon fibres themselves can with- 

























stand very high temperatures, the matrix inte 
they must be put is less satisfactory. Res 
epoxies and polyimides can give good serv 
temperatures up to 250° C, and can be tak D 
400°C for shorter periods, but because of tl 
tations, the Hyfil blades in the 2-11 engi 
only at the cold end of the engine, for the far 
and outlet guide vanes. Already Hyfil blad 
been fitted to Conway engines and operating © 
perience is being gained. Lae 
But carbon fibre reinforcement of plastics does o 
have its drawbacks. The principal one, apart from. > 
indifferent thermal behaviour, is that the material 
produced is highly directional in its properties. 
Designers accustomed to working with m : 
used to materials which perform equally well in any 
direction, and for some applications these are essential. 
Work has therefore continued on method 
forcing conventional metals with fibres o 
so as to improve properties m one € 
retain reasonable performance in other 
at the same time. i 















SPECIFIC STRENGTH 
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Titanium 
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SPECIFIC MODULUS 
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Titanium 
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The charta show the ratio of strength to density and stiffness te densiti 
Me 


for various materials, GRP is glass reinforced plastic, CRP carbon fbi 
reinforced plastic, 


One example of a metal-based composite is an 
aluminium alloy produced by Rolls-Royce. Silica 
fibres are coated with a film of aluminium and pressed 
into the desired shape. Scientists at the Explosives 
Research and Development Establishment have used 
silicon carbide whiskers to strengthen aluminium 
alloys, and report that a system with 18 per cent 
of distributed silicon carbide whiskers produces 


twice the normal stiffness in one direction. The 
overall stiffness of the system could be reproduced 


in a resin only if the material contained 42 per cent 
of longer whiskers, which would, of course, be more 
expensive. Work at ERDE has also included the use 
of asbestos as a fibre, and good results have been 
obtained with plastics reinforced by asbestos fibres 
having a good length,diameter ratio. 

' Fishlock, D., The New Materials (John Murray, 1907), 

è? Bacon, R., J. Ap. Phys., 31, 283 (1960). 


3 Watt, W., Phillips, L. N. and Johnson, W., Engineer, May 27, 1908. 
* New Scientist, 38, 564 (1968). 
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New Discoveries and Appraisals in 


Palaeoanthropology 


New fossil finds in East Africa and elsewhere, revisions 
of the dating of the Pleistocene—the most recent 
geological period—and comparative studies of the bio- 
chemistry, ecology and behaviour of modern a pes and 
monkeys are revolutionizing palaeoanthropology—the 
study of human evolution through analysis of the fossil 
record leading to modern man. Discoveries of pre- 
human and human fossils remain very important, of 
course, but there is a noticeable trend to see the fossil 
remains in a much wider context. Palaeoanthropology 
is like a giant jigsaw puzzle; pieces are added one by 
one as discoveries in the field are made or old material 
is reappraised and the overall picture of the origin of 
man becomes clearer. But, unlike most jigsaw puzzles, 
this one will always have some pieces missing, and this 
results in speculation and controversy which are as 
much in evidence today in the literature as earlier in the 
history of the study of human evolution. D. Pilbeam 
summarized the story of human evolution at last year’s 
meeting of the British Association in Leeds!. In this 
report, some of the points he mentions are discussed 
again together with some additional recent develop- 
ments. 


Taxonomic Confusion 

There continues to be. for exam ple, confusion over 
the taxonomy and evolutionary relationships of the 
fossils found. All too often a new discovery has been 
named afresh as distinct from other genera without, 
some say, necessary consideration of the natural varia- 
tion within one genus. Fortunately in the past few 
years there has been considerable rationalization of the 
names given to early Hominidae, the zoological 
category which includes both extinct and living man, 
but many palaeoanthropologists maintain that there are 
still far too many different genera in the family. Part 
of the trouble is that although a fossil can be described 
and classified when first found, it may take several 
years for a full description to be made, involving as it 
does detailed measurements and com parisons with other 
material. As Phillip V. Tobias of the University of 
Witwatersrand has recently remarked?: “Not a year 
passes now without new and important discoveries 
being announced: the rate of d iscovery threatens to 
outstrip the rate at which fossils can be studied and 
compared, described and published—for palaeoantihro- 
pologists are spread very thinly on the ground. Despite 
this, we need more (not lass) precise and careful studies 
of all new discoveries——and re-studies of many old ones 
in the light of newer knowledge and concepts”. Many 
would agree with that view, and they must have 
welcomed his detailed and painstaking study of the 
early hominid form Australopithecus (Zinjanthropus) 
boisei published last year, eight years after its discovery’. 
This hominid, known variously as “Dear Boy”, “Nut 
cracker Man” and “Zinj”, was found by Mary Leakey 
in the Olduvai Gorge, Tanzania, in 1959, but palaeo- 
anthropologists have had to wait until now for a de- 
tailed analysis of the material which is the most com- 
plete early Pleistocene hominid skull ever found. It is 
interesting that Tobias’s monograph will probably 
cause as much controversy both on general and detailed 


points as it solves, and Professor Elwyn Simons con- 
cluded his review? of the book b y saying, “It seems that, 
as Is often the case following great discoveries such as 
the cranium of Olduvai hominid 5 and important and 
exhaustive studies such as Tobias’s monograph, we 
are left with more new questions to ask than those the 
find has answered”. More details of this skull will be 
discussed later. 


Geological Dating 

Although new fossil finds are continually adding 
pieces to the picture, they have to be seen in the context 
of the geological time scale. Recent changes in the 
dating of the Pleistocene during which man evolved 
from the australopithecine stage to the pithecanthropine 
stage and finally to modern Homo sapiens have had an 
important effect on palaeoanthropology. For a long 
time, the Pleistocene was thou ght to have begun one 
million years ago. With the introduction of palaeo- 
magnetic and potassium argon dating, now partly 
supported by the fission track method, it has been 
shown that the period extends back another 2 to 3 
million years or more*, Estimates of the extent of 
the lower Pleistocene especially of the earliest period, 
the Villafranchian, have been those most radically 
affected by radiometric dating. This period, once 
considered as relatively brief, is now seen as lasting 
2-5 million years, and comprising three-quarters of the 
total Pleistocene. The exact time of the boundary 
between the Pleistocene and the preceding period, the 
Pliocene (which began about 12 million years ago), 
remains uncertain, chiefly because of the different 
methods at present in use for correlating marine and 
continental deposits in different parts of the world. 
There are dangers, for example, in correlating exactly 
the African Pleistocene with European glacial dating. 
It has been shown there are discrepancies in the dating 
of the Pliocene/Pleistocene boundary amounti ng to a 
million years or more. For general purposes, however, 
until more absolute dates are known, the Pleistocene 
can safely be said to have begun 3+0-5 million years 
ago?®, 

These changes in Pleistocene dating have had a 
direct effect on ideas of the antiquity of the Hominidae. 
The date of the appearance of modern looking man 
remains unchanged at about 40,000 years. To some 
extent, the period of time occupied by the pithecanthro- 
pine stage of human evolution (Homo erectus) has been 
altered, but the largest difference concerns the antiquity 
of the still earlier hominids, the australopithecines. 


Pithecanthropines 

The pitheeanthropines (Homo erectus) now appear 
to have lived from about 0-35-1-0 million years ago in 
the early middle part of the Pleistocene. They are 
characterized by having essentially human teeth and 
jaws, an upright stance, and a primitive hand-axe 
culture, but they still retain ape-like features of a 


* A long-lived and naturally oceurri ng isotope of potassium, “K decays to 
argon “A. By measuring the ratios of A produced to the remaining ®K, the 
time of the origin of the rocks can he dated, Results of K/A dating can be 
checxed in part by the method of fission track dating. Basically, the method 
depends on the examination of tracks in crystal or volcanic glass induced by 
spontaneous fission of uraninm-238. 
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flattened shape to the skull cap, very prominent eye- 
brows, a comparatively small brain case and lack of a 
forehead. They are now known to have had a very wide 
distribution because remains have been found as far 
afield as Hungary (Vértesszdllés), Algeria (Ternifine), 
Tanzania (Olduvai), South Africa (Swartkrans), Java 
and China (Lantian and Peking). Some of the finds 
are disputedly pithecanthropine; for example, the 
Vértesszillés fossil may be a subspecies of Homo 
sapiens’, and the remains from Swartkrans, originally 
known as Telanthropus capensis and now classified by 
J. T. Robinson of the University of Wisconsin as 
Homo erectus, may be proved to be a variant of the 
australopithecine community contemporancous with 
Telanthropus at Swartkrans. A date of 350,000 years 
has been given to remains from Ternifine (originally 
Atlanthropus mauritainicus) and one of 500,000 years 
for the specimens from Bed 2 at Olduvai. The oldest 
H. erectus remains are those from Java and China. The 
finds from the Trinil beds at Sangiran in Java have been 
calculated by K/A analysis of tektites to be about 
710,000 years old. The fossils from the lowest strata at 
Sangiran, the Djetis Beds, are even older, although 
there does not seem to be an absolute date for these. In 
a recent paper’, G. H. R. von Koenigswald of Utrecht 
Jniversity, who has studied the latest fossil finds from 
Java, draws comparisons between the sequences at 
Olduvai and Sangiran. For example, the Trinil Beds 
from which four pithecanthropine skulls are known 
are correlated with the upper part of Bed 2 at Olduvai, 
and the upper part of the Djetis beds, from which 
six jaws and one skull have been found, are correlated 
with the lower part of Bed 2. He concludes that there 
is a parallelism in hominid evolution between East 
Africa and Java, and goes so far as to suggest that the 
lowest part of the Sangiran section is older than 
Olduvai Bed 1 and that the Djetis hominids and the 
other fauna found in association with them are of 
Palaeontologists will, however, 


Africa. An interesting point in the paper by von 
Koenigswald is the novel suggestion that one of the 
pithecanthropines from the Djetis Beds may have been 
attacked (and eaten) by a crocodile. During re- 
examination of a jaw originally found in 1953, von 
Koenigswald found a line of deep holes which are 
exactly fitted by crocodile teeth. This is the first 
evidence of a fossil hominid being attacked in this way. 
Early man quite possibly lived by the banks of rivers, 
and, as von Koenigswald says, “it is the crocodiles that 
have swallowed the evidence of our evolution”. 


Evidence of Teeth 

Von Koenigswald also gives some technical details 
of the jaw belonging to ‘ Pithecanthropus dubius” from 
the Djetis Beds. He has found that the two premolar 
teeth have two completely separated roots, a mesial 
and a distal one, from which detail he assumes that 
this pithecanthropine is the most primitive hominid 
known from Java. In another jaw from Sangiran, 
that belonging to P. modjokertensis (=H. erectus 
modjokertensis), both premolars have one root as in 
modern man, and in other jaw material from Sangiran 
classified as Meganthropus (probably H. erectus), both 
premolars similarly appear to have only one root. 
There have been suggestions that Meganthropus (like 














Telanthropus) should be reclassified as an au 
pithecine. J. T. Robinson for one says that the 
strong similarity between the teeth of Meganthre 
and Australopithecus, but according to von Koe 

wald, australopithecines have two roots to thei 
molars, and this, together with other mor 
and zoogeographical factors, suggests to von 4 
wald that the two genera should be kept se 
If the premolars of australopithecines and Pithe 
thropus dubius are similarly two-rooted it could br | 
that P. dubius was an australopithecine. Von Koenigs- 
wald, however, dismisses this possibility because he 
says that the pithecanthropine has too many human 

characteristics. Perhaps the last word here should go to 

Sir Wilfrid Le Gros Clark. who writes in his recent book 

on the australopithecines (ref. 9, pages 49-50): “The 

teeth of these two groups of hominids [ Meganthropus 

and Australopithecus] are not taxonomically relevant. 
characters for making a differential diagnosis: 
them. What is needed to establish Robinson 
that australopithecines existed in Java in 
Pleistocene is the discovery there of cra: 
and also those of the post cranial skeleto 
more reasonable to infer... that Megan 
all nothing more than a representative < 
more heavily built individuals of Homo 
fact, the relative difference in jaw @ 
between Meganthropus and accepte 
Homo erectus is no greater than may be | 
the various races of the single species Ho: 































Australopithecines 
It is the antiquity of the still earlier fe 
the australopithecines, that has been so chi 
techniques of dating geological format 
1925, no hominids were known from dep 
Pleistocene age, but in that year a i 
anatomist, Raymond Dart, described a n 
hominid from the early Pleistocene, the “i 
Australopithecus africanus. The first specime 
from Taung in South Africa, but since its discove 
large number of other specimens of Australopithe 
have been recovered from other sites in South 
(Sterkfontein, Kromdraai, Swartkrans and 
pansgat). In 1959, the first australopithecine o 
South Africa was reported by L. 8. B. Leakey, ` 
A. (Zinjanthropus) boisei mentioned earlier from the 
lower and oldest bed of the Olduvai Gorge deposits. 
Since then, possible australopithecines have been found 
in other localities in Tanzania (Garusi, and Peninj on 

















franchian age. This is A. boisei, at one time re- 
ferred to as Zinjanthropus boisei, and recently 
described by Tobias*. The date of 1-75 million years 
was not immediately accepted because it had been 
thought that the earliest deposits at Olduvai were of 
Middle Pleistocene age. Palaeomagnetic datings of the 
basalt flows in Bed 1 and fission track dating of voleanic 
glass have since confirmed the K/A dates, and there now 
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seems little doubt that the basal deposits at Olduvai are 
nearly 2 million years old. When Bed 1 was dated it was 
believed that the Olduvai australopithecines were very 
much older than any found in South Africa. The 
antiquity of the South African deposits is doubtful, 
but it was thought that the remains were at the most 
between 0-5 and 1-0 million years old. It was con- 
jectured therefore that australopithecines first evolved 
in East Africa and that members of the group subse- 
quently migrated into the Transvaal where they sur- 
vived to a later date. Now it seems that even this is 
doubtful because there is a strong likelihood that the 
South African deposits are comparable in age with the 
ones in Hast Africa, or even older. 

Until very recently, the Olduvai Australopithecus 
was the oldest australopithecine found, but in 1967 
Bryan Patterson of the Museum of Comparative 
Zoology, Harvard University, announced his discovery 
of an australopithecine older still. The specimen, 
found in the Kanapoi area, Kenya, in 1965, consists 
of the lower end of an upper arm bone and is thought 
to be 2-5+0-2 million years old, older than A. boisei 
by about 0-5 million years. 

From Omo, two French workers, C. Aram bourg and 
Y. Coppens, have described an australopithecine jaw 
of early Villafranchian age!, one of several discoveries 
made recently by an international team of French, 
Kenyan, American and Ethiopian members. The 
specimen, without tooth crowns but with tooth roots 
in position, has been given the new name of Paraustralo- 
pithecus aethipicus because it is claimed it differs from 
all other known australopithecines, being rather primi- 
tive. It seems likely, however, that this find is a geo- 
graphical variant of Australopithecus. Results from the 
Omo deposits as a whole!! suggest that the series extend 
from the end of the Pliocene through the earliest 
Pleistocene. They are likely to be important therefore 
in determining the Pliocene/Pleistocene boundary. 
Work is in progress in the Omo valley at the moment 
and if hunches are right there should be some important 
finds there both of hominids and other fauna. 


True Hominids 


Most palaeoanthropologists have accepted for some 
time now that australopithecines are truly hominid, 
and that although they are ape-like in some respects, 
they have definite human characteristics which clearly 
distinguish them from the ape family, Pongidae. These 
features include an essentially human dentition, of 
small incisors vertically placed in the jaw and molar 
and premolar teeth similar to those in Homo erectus 
and H. sapiens, a human palate and a bodily posture 
approaching that of modern man. Despite their rela- 
tively small brains, they were also capable of manipula- 
tive movements for the manufacture of primitive tools. 
With regard to the last point, simple stone tools have 
been found associated with australopithecines at 
Makapansgat, possibly at Swartkrans, and at Olduvai. 
Dart also maintains that they had a well developed 
“osteodontokeratic culture’ of bone, tooth and horn 
tools which they may have used before they started to 
fabricate stone tools; but more about tools later. 

From Sir Wilfrid Le Gros Clark’s analysis of Australo- 
pithecus® one would think that the question of australo- 
pithecines being hominids and not pongids was settled 
once and for all. It is interesting to find therefore that 
according to B. G. Campbell” there is still a body of 
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opinion that maintains that Dart’s hypothesis about 
the phylogeny and taxonomic relationships of Aus- 
tralopithecus is invalid and that Australopithecus 
has features more ape-like than man-like. This attem pt 
to invalidate Dart’s theory is exceptional now, although 
there was a time in the early history of the discoveries 
in the 1920s and 1930s when very few people were on 
Dart’s side. 


Status of Paranthropus 


Even though the hominid status of Australopithecus 
is not really questioned today, there remain consider- 
able areas of disagreement about the significance of the 
differences separating the representatives of australo- 
pithecines so far found. These differences of opinion are 
over the genus Paranthropus, the so-called robust aus- 
tralopithecine from Swartkrans and Kromdraai which 
some—for example, Robinson—prefer to leave as a 
separate genus, but which others say is a species of 
Australopithecus; over A. boisei from Olduvai which 
Robinson thinks should be included in Paranthropus; 
over the number of species within Australopithecus: and 
most controversial of all, the taxonomic and phylo- 
genetic significance of Homo habilis, so named by 
Leakey from Bed 1 at Olduvai, but considered by many 
palaeoanthropologists, including Sir Wilfrid Le Gros 
Clark, to be australopithecine. Regarding Paranthro- 
pus, C. K. Brain of the Transvaal Museum also accepts 
its generic status. In a recent paper’, Brain writes 
of the Swartkrans deposits from which Paranthropus 
was described by Robert Broom in 1948, and where 
excavations began again in 1965 after a dormant period 
of 12 years. Disagreements aside, the Swartkrans 
deposits are interesting because they provide a large 
hominid sample from a comparatively restricted time 
span. Although perhaps a million years old, the 
deposits probably cover no more than 20,000 years. 
Brain is hopeful therefore that detailed studies of 
the remains will allow an assessment of variability 
within a hominid population at that moment in time. 
Recently, in the course of sorting breccia from the 
deposits recovered from mining between 1930-35, twelve 
new australopithecines have been found. The finds 
include the most complete endocranial cast of an 
australopithecine skull yet found at South African 
sites. A collection of 28 stone artefacts has also been 
found}$, 

The differences of opinion over Homo habilis are as 
alive today as when the fossils were first described by 
Leakey in 1960 from deposits at Olduvai 300 yards 
from where A. (Zinjanthropus) boisei was found. The 
two must have been almost contemporaneous. The 
bones include, among other fragments, portions of 
some of the cranial bones, a number of teeth, the 
greater part of two jaws, an almost complete skeleton 
of the foot, and a quantity of hand bones. It is chiefly 
the foot bones that show close resemblances to those of 
Homo, and because the braincase appeared to be 
somewhat larger than that of a few South African 
australopithecine skulls, Leakey and his collaborators, 
P. V. Tobias and J. Napier, concluded that the fossils 
belonged to a very primitive species of Homo rather 
than to Australopithecus. These workers still hold 
to this view. In a recent paper, Tobias revises the 
cranial capacity of H. kabilis from 680 ce to 657 ec: 
but compared with new estimates of the mean cranial 
capacities of A. africanus (430 cc), he concludes that 
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the value for H. habilis is significantly greater. Th 


various australopithecines so far described and Homo 
habilis are geographically separated populations of one 
species. 


Hominids and Tools 

Despite these controversies, however, it is generally 
accepted that there were early hominids living in the 
early Pleistocene between l and 3 million years ago, 
able to run and to make tools for weapons and for 
preparing food, and in spite of quite small “‘ape-sized” 
brains probably capable of quite high levels of co- 
operative behaviour, for hunting and so oni. It is 
interesting to note here that this stage in human 
evolution, before the stage of hand-axe cultures around 
500,000 and thereafter, lasted at least four times as 
long as have all subsequent stages. Agriculture has 
only been in existence for the past few thousand years. 
Tools were, however, probably in use before the early 
Pleistocene, because the front teeth of Australopithecus 
are already reduced in size and are human-like in shape. 
Apes and monkeys have much larger canines for de- 
fence and aggression. 

In the past few years there has been a rash of papers, 
in the journals Man and Current Anthropology and else- 
where, discussing and presenting new evidence on tool- 
using behaviour and its association with tooth reduction 
in human evolution. The subject has become popular 
enough to appear on the screen, in the recent film 
2001—A Space Odyssey, which at the beginning por- 
trays the world of the man-apes and how they came to 
use tools. This is interesting when the scorn which 
greeted some of Dart’s papers on the subject in the 
1950s is remembered. The subject still, however, 
remains controversial and the following statement by 
Jane B. Lancaster in her recent review on the evolution 
of tool-using behaviour might not be accepted in 
some anthropological circles: “The rapid acceleration 
of cultural advances, once traditionally thought to be 
a natural consequence of tools of any sort, came late 
in the history of tool-use and was probably associated 
with specializations in the human brain that allowed 
the skilled use of many different kinds of tool.” 


Miocene and Pliocene Remains 

The accumulating discoveries of australopithecines 
are gradually fitting together to give a picture of human 
evolution. So far no australopithecines have been 
found in undisputed Pliocene deposits. There have, 
however, been some discoveries in the past 8 years 
which indicate that there were definite hominids in 
existence in the late Miocene and early Pliocene periods 
between 10-15 million years ago, and Leakey now 
claims that he has found hominids in Kenya dating 
back to the middle and early Miocene which are some 
20 million years old. Some dispute this latest claim 
and would classify Leakey’s finds as ancestral to the 
modern apes rather than to man. But controversy or 
no, it does seem that the parting of the ways between 
apes and man can probably be extended back to 
around 30 million years ago, rather than only 5 million 
years as originally thought. It is likely that important 
behavioural changes associated with morphological 
changes distinguishing hominids from apes took place 
during the Miocene and the Pliocene, and that by the 
end of the Pliocene hominid features such as dental 
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reduction, facial shortening, skilful hands 

adapted hind limbs had been acquired 
15 million years ago there were almost def 
belonging to the genus Ramapithecus, í 
jaws of which have been found in Indi 
It was a reappraisal by Simons and hi 
tors in 1961 of a fragment of a jaw U 
from the Mio-Pliocene deposits of the 
India that led him to suggest the m 
form in the Hominidae. Subsequently, of 
were referred to the same genus, and it 
placed in the Hominidae although n 
remains have yet been recovered. Le 
made discoveries from the upper Mioce 
Fort Ternan in Kenya which he deseribes 1 
name of Kenyapithecus wickeri. It has sinte. 25 
suggested by Simons that Kenyapithecus is synonymous 

with Ramapithecus brevirostris. A summary of the 

history of Ramapithecus remains has recently been _ 
published by Simons", and there is a useful short. — 
account of these early hominids by M. H. Day”. — 
Last year Leakey announced recognition of material 

from the early Miocene from Rusinga and Songhor in 
Kenya which he allocated to a new species K. afri- 
canus'®. In this same species he included materiai 
known as Sivapithecus africanus. (This and another 
species of Sivapithecus, together with Proconsul, the 
East African fossil pongids, are included in the pongid 
genus Dryopithecus by Professor Simons.) Despite this 
disagreement Leakey holds to his view that the name 
Kenyapithecus africanus is valid and that it qualifies 
as the oldest member of the Hominidae known at 
present. A new find by Leakey of a jawbone of K. 
africanus adds fuel to the controversy”. It gives 
support to his view that the mandible of this form has 
definite hominid features such as the arrangement of 
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SOME OF THE EARLY HOMINID LOCALITIES WITH THEIR APPROXIMATE AGE 
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teeth in it, the rounded chin regions, the shape of the 
teeth, the projections on the biting surfaces of the teeth 
and so on. Leakey maintains that although Kenya- 
pithecus africanus was contemporaneous with Proconsul 
it differs in other respects. He suggests therefore that a 
pre-Miocene Proconsul-like stage may have divided 
into two branches, resulting respectively in Proconsul 
and Kenyapithecus. Discoveries of more material, 
particularly lower limb bones, must be keenly awaited 
by other palaeoanthropologists to see if Kenyapithecus 
africanus really was a hominid in stance. A further 
interesting point made by Leakey this year? is that 
K. wickeri from the upper Miocene beds at Fort 
Ternan may have had a simple stone tool culture. He 
describes examples of mammalian bones which have 
depressed fractures of the sort that could have been 
made by a blunt tool of some kind. He also mentions 
a small broken skull with a depressed fracture with a 
semicircular outline that has removed the back of the 
skull. Particularly interesting perhaps is the discovery 
of a peculiar lump of lava showing several battered 
edges and according to Leakey “every appearance of 
having been used to smash bones”. There could, of 
course, be many reasons for the shape of the stone. It 
is also not known how upright Kenyapithecus wickeri 
was, nor if its hands could have manipulated tools. 
One suspects that many people will be very sceptical 
of Leakey’s claims. It will be interesting to sec what 
else he finds from these Miocene deposits in Kenya. 


Behaviour and Evolution 

As has been indicated, the study of palaeoanthro- 
pology is no longer the prerogative of palaeontologists. 
Students of primate behaviour are contributing to the 
knowledge of human evolution. Now, too, immuno- 
logists and geneticists are becoming interested in the 
phylogenetic relationships of man and apes, though 
some of their results do not appear always to coincide 
with the fossil record. Among those who have con- 
tributed to this field are B. Chiarelli, who has worked 
on the serum proteins of primates, and M. Goodman, 
who has studied the immunological reactions between 
different species. V. M. Sarich and A. C. Wilson? 
have recently proposed that apes end man had a more 
recent common ancestry than is usually supposed now 
on the basis of immunological resemblances between the 
serum albumins of apes and man. They regard dryo- 


pithecines as ancestral to both apes and man and think 
the division was only about 5 million years ago. This 
somehow conflicts with fossil evidence discussed 
earlier. On the genetic side Chiarelli has recenti y 
investigated the origin of the human karyotype?? or 
set of chromosomes. 


Jigsaw Unfilled 

The study of human evolution is getting much 
broader in its outlook. There remain many matters 
to be settled: these include the taxonomy of Australo- 
pithecus, and the early species of Homo and the bound. 
ary between them; and the hominid status of the 
Miocene and Pliocene remains. Huge pieces in the 
jigsaw remain to be filled, but perhaps new discoveries 
at Olduvai, Fort Ternan, Omo and Swartkrans and other 
localities will help fill the gaps. The scope of research 
ahead is indicated by the following details reported by 
Tobias in 19677. “Dr Leakey estimates that there are 
150 miles of exposures at the Olduvai Main Gorge. 
To date they have worked perhaps 3-5 miles. They 
know forty-six or forty-seven sites worth excavating 
in the Gorge-—-and to date have excavated some 
thirteen sites.” The finding of early human remains 
is only just beginning. 
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Molecular Biology Comes of Age 


Tue changing interests of many of the world’s out- 
standing molecular biologists, who now see the function 
of the nervous system as the most challenging problem 
in biology and ripe for study at the molecular level, 
are a sure sign that the golden age of the molecular 
biology of bacteria and bacterial viruses is over. 


2 But that is not to say that the study of bacteria and 
> bacteriophages is now the dull or even trivial matter of 


-filling in a few remaining gaps in our understanding of 
> the central dogma 
DNA->RNA-> Protein 


.. The broadest outlines of this equation have become 
< lore in the past ten years. DNA, the genetic material, 
= self-replicates; the two complementary strands of 
the molecule unwind and act as templates for the 

synthesis of new complementary strands, the com- 
= position of which is determined by the rules of base 
pairing discovered by Watson and Crick in 1952. But 
what is the mechanism of this process; what enzymes 
are involved? These are unsolved questions. It is 
scarcely an exaggeration to say that the only firmly 
established fact about DNA replication in vivo is that 
it is semi-conservative: the two parental strands of 
the DNA molecule remain individually intact through- 
out replication and that, of course, was discovered by 
Meselson and Stahl as long ago as 1958. 

Genes, stretches of one of the two strands of a DNA 
molecule, are transcribed into complementary RNA 
molecules which effect the translation of the genetic 
information encoded in the sequence of bases in the 
-© DNA and messenger RNA molecules into the sequences 
of amino-acids in proteins. The translation machinery, 
all of which is specified by the DNA, comprises ribo- 
somes, transfer RNA, messenger RNA and enzymes. 
But how are all these components assembled and their 
function regulated? In the past year significant 
progress has been made in answering some of these 
questions. 


DNA Replication 


The crucial question is, what is the enzyme which, 
in the cell, catalyses the replication of DNA? Several 
years ago, Kornberg and his collaborators isolated an 
enzyme from Escherichia coli which, when supplied 
with the four nucleoside triphosphates and a single 
strand of DNA as a template, catalysed the synthesis 
of a new strand of DNA with a base sequence comple- 
mentary to that of the template (see Fig. 1). Is this 
the enzyme which replicates DNA in vivo or is it an 
enzyme with a relatively minor function, such as 
repairing breaks in DNA ? 

When the enzyme was first discovered there were 
great hopes that it was the in vivo polymerase, but 
then doubts arose. Three observations militated 
against it. First, in vitro the enzyme only replicates 
single stranded DNA and DNA in cells is double 
stranded. Second, mutants of E. colt that cannot 
replicate their DNA apparently have normal amounts 
of the Kornberg enzyme. The third objection to the 
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single strand DNA as template. The sugar phosphate chain, 3 

forms the backbone of the molecule, haa a chemical polarity. & 
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together by base pairing, run in opposite directions. The Y end of one 
is opposite the 6’ end of the other. 


enzyme centres around the direction of synthesis of 
DNA (see below). 

It is still far from proved that the Kornberg enzyme 
is the in vivo DNA polymerase, but the latest experi- 
ments support that view. The Kornberg enzyme re- 
mains the only enzyme that has been isolated which can 
synthesize sensible DNA: biologically active DNA 
which is able to specify proteins. That was proved 
beyond all doubt last December when Kornberg, 
Goulian and Sinsheimer! announced their tour de force; 
the synthesis in vitro of a complete, and biologically 
active, bacteriophage chromosome, that of the phage 
ọX174. The chromosome of 9 X174 is a circular and 
single stranded DNA molecule which contains enough 
genetic information to specify six or seven proteins. 
Starting with this molecule, isolated from intact phage — 
particles as a template, and using only the Kornberg 
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polymerase and an enzyme DNA ligase (DNA ligase 
catalyses the circularization of DNA molecules by join- 
ing the 5’ and 3’ ends of a linear DNA molecule with 
a phosphodiester bond), they synthesized complete 
@X174 DNA. This DNA, made in vitro, could infect 
bacterial cells, multiply and produce progeny phage. 
The essential steps in the reaction are shown in Fi g. 2. 


Which Enzymes ? 


Synthesis of a phage chromosome in vitro is, of course, 
a brillant technical achievement, deserving the world- 
wide publicity with which it was greeted, but does it 
prove that the two enzymes used in the experiment 
are responsible for DNA replication in vivo? Unfor- 
tunately it does not; on the other hand, it is highly 
suggestive, It seems unlikely, but not impossible, that 
the Kornberg polymerase could synthesize a complete 
chromosome in. vitro if in vivo it is only a repair enzyme 
which adds a few bases to a damaged DNA molecule. 
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If the Kornberg enzyme is the in vivo DNA replica- 


>: ton enzyme, at least one of the two strands of a double 
© stranded DNA molecule would have to be synthesized 
_ discontinuously in short pieces, which could be joined 
together by the DNA ligase. The other strand could 
= be synthesized continuously. This seems to be an 
inevitable consequence of the anti parallel structure of 
DNA and the properties of the enzyme for the following 
reasons, 
oe The two polynucleotide chains of a DNA molecule 
Yun in opposite directions: they have a chemical] 
`- polarity because of the way the subunits of the molecule 
_ are polymerized. Each chain has what is known as a 
- 5° and a 3’ end (see Fig. 1) and the two chains in the 
= double stranded molecule are aligned so that the 5’ 
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Fig. 3. Replication of DNA. with the Kornberg DNA polymerase, One 
chain Is replicated continuously, the other is a series of fragments which 
are then linked together, 


end of one chain is base paired with the 3‘ end of its 
complementary chain ; the chains are said to be anti- 
parallel (see Fig. 3). When the two strands of such a 
double stranded molecule unwind, one of the single 
strands has a free 5’ end and the other has a free 3’ end 
(see Fig. 3). The Kornberg enzyme can only polymer- 
ize DNA in the 5' to 3° direction (see Fig. 1) so it can 
only use one of the two templates, that with the free 3’, 
and synthesize continuously a complementary strand 
in the 5’ to 3° direction (see Fig. 3). This results in 
a daughter molecule with anti parallel strands. But 
how is the other parental strand, with the free 5’ end, 
replicated ? One way round this problem is to postu- 
late that the enzyme using this strand as template 
synthesizes a series of fragments of DNA in the 5’ to 3° 
direction as the parental molecule unwinds and exposes 
a series of initiation sites where the enzyme can start 
synthesis (see Fig. 3). 


Piecemeal Replication 
Is there any evidence that in cells some of the DNA 
is made in short fragments ? Two years ago Okazaki, 


working in Japan, reported that some of the radioactive 


label fed to dividing bacteria in extremely short pulses: 
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was incorporated in small pieces of DNA just as 
expected. At this year’s Cold Spring Harbor Symposium 
in June’, Okazaki and several others reported further 
evidence for these so-called Okazaki fragments. 

The very existence of these fragments lends consider- 
able support to the idea that the Kornberg enzyme 
is the in vivo replication enzyme, even though it has 
yet to be unambiguously prov ed that the fragments are 
in fact involved in DNA replication. Indeed, at the 
symposium several disturbing observations were re- 
ported. Okazaki himself claimed that both, not one, 
of the strands of a DNA molecule are made discon- 
tinuously. If the Kornberg enzyme is replicating the 
DNA it is very difficult to see why both strands are 
made in this way, when the enzyme could perfectly 
well make one strand continuously. Second, there was 
no agreement about the proportion of a pulse of label 
which is incorporated into fragments. Okazaki claimed 
that virtually all of it is, but others reported finding 
anything between 50 per cent and 100 per cent of the 
label in the DNA fragments, whereas if the simple situa- 
tion shown in Fig. 3 obtains, only 50 per cent of the 
radioactive label should be in DNA fragments. The 
crucial test, to prove that these fragments are not 
artefacts, is to determine how they hybridize with the 
two separated strands of the double stranded DNA 
of the bacterial chromosome. This would show 
whether or not the base sequences in the DNA frag- 
ments were complementary to one or both template 
DNA strands. Unfortunately this experiment cannot 
be done with bacteria for technical reasons, but it may 
be possible with a bacteriophage system, 

The third objection to the Kornberg enzyme is that 
mutants of Æ. coli which cannot replicate their DNA 
have normal levels of the enzyme. This is still a 
puzzle, but, like all negative results, it can be explained 
away and does not prove anything. For example, it 
is possible that these mutants lack some enzyme 
which is essential for DNA replication but is not the 
polymerase itself. The argument would be clinched, 
of course, if a mutant which failed to replicate its DN A 
and lacked the Kornberg enzyme was isolated. 

In summary, the enzymology of DNA replication is 
still a matter for speculation, but an increasing amount 
of circumstantial evidence points to the Kornberg 
enzyme as the in vivo DNA polymerase. 


Transcription and Translation 


Transcription and translation are the two processes 
whereby the genetic information encoded in the base 
sequences of DNA molecules is first copied into com- 
plementary RNA molecules (transcription) and then 
translated into the amino-acid sequences of proteins. 
Over the past decade, detailed information on every 
facet of these processes has accumulated at such an 
overwhelming rate that many must share Chargaff’s® 
feeling that molecular biology has really become a 
spectator sport with all the trimmings that that implies. 
But even the most hardened and most sophisticated 
spectators have probably been surprised by the rate of 
progress in understanding the role of the ribosome in 
protein synthesis in the past year. 

The most obvious puzzles about ribosomes (the small 
cellular particles made of RNA and protein on which 
amino-acids are polymerized into proteins as the 
genetic information in messenger RNA molecules is 
read) are why they consist of two subunits and why 































they contain so many different proteins. At fi 
there seems no good reason why a single partiele 
not fulfil all the ribosomal functions. But it J 
clear from the outstanding work of many gro 
notably Nomura’s, that there is a division o 
between the two ribosomal subunits emd. 
involving their separation and reassociatic 
protein synthesis, 
The two subunits of a ribosome have come | 
known as the 305 subunit and the 505 subunit be 
of their sedimentation properties, and the funet 
ribosome, an aggregate of these two subunits, is known 
as a TOS ribosome. In February, Kaempfer, Meselson — 
and Raskas* proved that at the start of protein synthe- 
sis a 50S and a 30S subunit associate to form the active 
70S ribosome and then they dissociate when the pro- 
tein has been completed, and are ready to repeat the 
cycle. These experiments, which involved basie Aly B 
the same sedimentation techniques whic fe 
and Stahl used to prove the semi-conserv 
of DNA replication, confirmed earlier but 
ling evidence for the same conclusion. 





Ribosome Dissociation 


This proof of the dissociation of 705 ribose 
at the end of each round of protein synthesis was 1 n 
timely, because it was a prerequisite of a model ofo 
protein synthesis first proposed last Septemb 
Nomura and Lowry and formally proved by Gutbrie 
and Nomura’ in July. The model requires that the 50S 
and 305 subunits of ribosomes have different functions. - 

It envisages that the first and obligatory step in the =~ 
initiation of protein synthesis is the formation of a — 

complex between a 30S subunit, a messenger: ne 
molecule (this contains the code for a protein). 
molecule of formyl-methionine-transfer RNAp (F 
tRNAg). : 

The formyl-methionine has the unique function of = 
initiating the synthesis of all proteins in Æ. cols. The 
essential point is that all amino-acids have two reactive 
groups, an amino NH, group and a carboxyl COOH 
group at opposite ends of the molecule, and peptide 
bonds form between the carboxyl group of the first 
amino-acid and the amino group of the second and so o 
on along the protein chain. To ensure that the proteins see 
are synthesized in this direction (NH, termir ee 
COOH terminal) the amino group of the first amino- ~ 
acid is blocked by a formyl group. Hence the formyl 
methionine has only one reactive group, the carboxyl 
group, and polymerization of the amino-acids must 
begin with this and the amino group of the second 
amino-acid, and so chain elongation can only go in one 
direction (see Fig. 4). 

Once the initiation complex has formed between the 
30S subunit, the mRNA and the F-met-tRNAg, the 
50S subunit associates and protein synthesis can pro- 
ceed. When the protein has been completed it is 
liberated; the subunits dissociate and form a pool ready 
to repeat the cycle. Thus the exchange of ribosomal 
subunits is associated with this initiation reaction. 

This work, and that of many other groups, has estab- 
lished the sequence of events at the initiation of pro- 
tein synthesis, but that does not mean that the chemical 
functions of the numerous proteins which form an 
integral part of the ribosome are understood. Each 
ribosomal subunit consists of one RNA molecule and 
more than a dozen different protein molecules. What 







-met- ; i. 























B28 


tormyl methionine 


peptide bond formation blocked by formy! (F) group 


ae | 
a 





on 


NH, terminus 


H 





NATURE, VOL. 219, AUGUST 24. 1968 


peptide bond formation 


Nol | ol a +H,0 


COOH terminus 


enero GIFVCtION of growth of protein 


Fig. 4. Forrmy! methionine at protein chain initiation. The formylated amine group cannot form a peptide bond, so the 
protein chain can only grow in one direction, 


are the functions of these components ? That cannot 
be answered at present, but Nomura and his col- 
leagues*-"! have recently provided some clues about 
the roles of a few of the proteins, and Fellner and 
Sanger have begun the marathon task of determining 
the sequences of ribosomal RNA. The work on the 
ribosomal RNA is, however, still at too preliminary a 
stage for anything new to be said about its function. 


Ribosomes Reconstructed 
Qn the other hand, Nomura’s group have managed 
to remove some of the proteins from ribosomal sub- 
units and then add them back again. By studying the 
function of the subunits with and without these pro- 
teins, they have been able to reach some conclusions 
about the role of the proteins. For example, two 
proteins from the 308 subunit have been identified as 
essential for the formation of the initiation complex. 
308 subunits that lack the proteins cannot form the 
initiation complex, but when the two proteins are 
_ restored to the subunit this activity is restored. As 
expected, these experiments also prove that the pro- 


teins of the two subunits are not interchangeable, but 


Nomura has now shown that functional 30S subunits 
ean be reconstructed from the ribosomal RNA of one 
species and the ribosomal proteins of distantly related 
species (see page 793 of this issue of Nature). The 
overall picture which is emerging from this work is of 
the ribosome being able to exist in several conforma- 
tional states. The simplest model is that both the 308 
and 508 subunits are in equilibrium between an active, 
or native, state and one which is inactive and probably 
~ partially disorganized; some of the ribosomal proteins 
o probably serve to stabilize the native functional form. 
Apart from Nomura’s work on the function of ribo- 
-somal proteins, Munro? and his colleagues have 
-obtained strong evidence that the enzyme which 


— -catalyses the formation of peptide bonds during protein 


synthesis (peptidyl transferase) is an integral part 


of the 505 subunit, probably one of the proteins of this 
subunit. They have used the antibiotic puromycin as 
an analogue of an amino-acid with an amino group 
but no carboxyl group. The 509 subunit catalyses 
the reaction of the amino group of puromycin to 
the carboxyl group of a polypeptide chain attached to 
the 505 subunit. 

Several lines of evidence support the contention 
that this puromycin/polypeptide reaction occurs by the 
same mechanism as authentic peptide-bond formation. 
Furthermore, careful controls indicate that this cataly- 
tic activity is an integral part of the 508 subunit and 
not an enzyme which somehow becomes attached to 
the subunit during the experiment. Thus the formation 
of an initiation complex involving the 30S subunit 
is the obligatory step at the start of protein synthesis, 
and the 50S subunit is required for peptide-bond 
formation and the elongation of the polypeptide chain. 

In his book, The Molecular Biology of the Gene, 
Professor Watson" wrote of protein synthesis, “At 
the heart of our uncertainty is the role of the ribosome”, 
Since 1965 a great deal of this uncertainty has been 
removed (see Fig. 5). 


Synthesizing a Gene 

That is the goal Khorana and his group have set 
themselves and, judging from progress reports which 
Khorana gave in London and Cold Spring Harbor 
recently, they are not far from succeeding. Khorana’s 
group are in a unique position. Over the years they 
have gained enormous experience of chemically synthe- 
sizing short polynucleotide chains, essentially very short 
pieces of DNA, of known base sequence. As a result 
they have deciphered much of the genetic code and can 
now start synthesizing a gene. 

The particular gene they are making is the one which 
specifies the composition of the transfer RNA molecule 
for the amino-acid alanine in yeast cells. They chose 
thisfor two reasons. First, it is a small gene consisting 
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Pig. 5. Diagram of the ribosome during protein synthesis. 


of only 77 base pairs. Second, the order of the nucleo- 


tides in the DNA can be deduced from the sequence 


of the nucleotides in the {RNA molecule which it 
specifies. This sequence was determined by Holley 
and his colleagues in 1964. 


Gene Production 


So far Khorana’s group have made about half the 
gene using four basic reactions : first, they chemically 
synthesize nucleotide polymers, single chains of up to 
twenty nucleotide bases, of known sequence; second, 
they use an enzyme to add phosphate groups to the 
5’ end of these chains: third, they use DNA ligase 
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(the enzyme that Kornberg, Goulia: 
used to “synthesize ọX174 circular — 
to link the short chains; finally, they u 
DNA polymerase as a repair enzyr 
short sequences complementary to any 
DNA. 
The DNA is synthesized from a seri 
lapping segments. Starting with a cl 
nucleotides they add a chain of ten, five 
complementary to the last five bases- 
nucleotide chain. They then add ten-m 
to alternate strands of this double-stran 
so that each strand alternately overlaps its 
five bases (see Fig. 6). The ‘DNA ligase is” 
to link all the s segments. Once the gene has bee 
they intend to insert it into the chromosome 
bacteriophage using the same overlapping-chain. 
ciple. The phage can then act as a carrier to ir 
the synthesized gene into a cell to see if it functions: - 
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Hormonal Control of Plant Growth 


HicHErR plants show such flexibility in their growth 
responses to environmental influences that they must 
have a very complex internal system controlling the 
processes involved. How otherwise could weeds show 
such powers of regeneration after being cut down, or 
plants in dark corners grow towards the light, or leaves 
and cuttings grow into new plants ? Plant physiologists 
are now beginning to build up a picture of how this 
flexibility could be provided by a system of interacting 
growth promoters and inhibitors. These hormones— 
substances produced in one part of a plant and trans- 
ported to another where they exert their influence— 
are the well known auxins, gibberellins and cytokinins 
which promote growth, and the newly discovered 
abscisic acid, otherwise known as dormin because of 
its ability to slow down plant growth. 

Of these hormones, the cytokinins have proved the 
most difficult to isolate from living plants. After 
6-furfurylaminopurine, a derivative of adenine, was 
found to induce plant cells to divide, and named 
kinitin in 1955, several other synthetic cytokinins of 
similar structure were produced. The first naturally 
occurring cytokinin, called zeatin, was isolated from 
maize kernels, and Carlos Miller in Wisconsin has 
recently reported finding three other substances with 
the properties of cytokinins in these seeds!. Several 
naturally occurring auxins have been isolated apart 
from indoleacetic acid (IAA) which is widely distri- 
buted. All the naturally occurring auxins are chemi- 
cally very similar to TAA and include indoleaceto- 
nitrile and indoleacetaldehyde. 

Since the 1920s, when a growth substance was first 
isolated in Japan from the fungus Gibberella fujikuroi 
which was causing excessive growth in its host rice 
plants, gibberellins have been found in many higher 
plants. All twenty-two of the known gibberellins have 
chemical structures similar to that of gibberellic acid 
which is often used in experimental work. The latest 
known growth regulator, abscisic acid, was first found in 
extracts from cotton bolls and identified as a promoter 
of the abscission of cotton leaves. Later abscisic acid 
was found to encourage dormancy (hence the name 
dormin) and is now known to be ubiquitous in higher 
plants. 


Hormones and Growth of Cells 

Since the early 1930s, [AA has been known to 
promote plant growth by increasing the extensibility of 
the usually rigid cell walls. F. W. Went, the Dutch 
botanist, found that cells stopped enlarging when the 
tips of oat seedlings were removed, but started again 
when IAA was placed on the cut end of the stem. 
More sophisticated methods of demonstrating this 
function of TAA have since been developed. At a 
conference of the New York Academy of Sciences in 
1966, Robert Cleland of the University of Washington 
described his own method®. He has calculated the 
effect of IAA on the extensibility of cells from measure- 
ments of the load which develops across a section of 
coleoptile when it is stretched. When LAA is present 
a smaller load develops, indicating that the cell wall 
has become more extensible. Cleland’s results have 
agreed with earlier findings that TAA increases the 


plastic-—that is, irreversible—extensibility of walls 
rather than the elastic extensibility, which would 
obviously be of little aid to permanent growth. 

The most likely way in which IAA increases the 
plasticity of cell walls seems to be through enzymes 
which catalyse the breakdown of wall materials. In 
a recent investigation, when lanoline paste containing 
IAA was placed on the cut tips of pea seedlings, the 
concentration of several polysaccharidases increased in 
the cells of the seedlings’. These are enzymes which 
catalyse the hydrolysis of complex sugars such as 
cellulose and pectin; the removal of these ri gid 
materials obviously makes the cell wall more extensible, 
so that water has only to enter by osmosis for the cell 
to be enlarged. 

Earlier this year Cleland threw doubt on this idea 
by showing that the pre-extension loosening of the cell 
wall, mediated by auxin, is reversed if respiration is 
inhibited’. Using his mechanical technique? for 
measuring wall extensibility, he found that in the 
presence of potassium cyanide, an inhibitor of respira- 
tion, sections of oat coleoptile lose the extensibility 
given by the auxin, and the cell walls stiffen again. 
Cleland suggests that this indicates that enzymes such 
as cellulase and 8-glucanase which break down the 
sugars cellulose and glucan are not involved, because 
their action is irreversible. It could, of course, mean 
that loosening and stiffening of cell walls are catalysed 
by different enzymes. If the enzymes catalysing 
loosening were dependent on respiration but those 
catalysing stiffening were not, there would be no need 
for any enzyme action to be reversible. Until more is 
known about the enzymes involved, there seems little 
reason to abandon the idea that auxins increase 
extensibility by inducing the production of poly- 
saccharidases. 

Gibberellins, which when applied externally can 
make a dwarf plant grow to normal size, are also 
involved in cell enlargement. The way in which 
gibberellins affect the cell wall is much less clear than 
in the case of auxins. It has been suggested that 
gibberellins act by altering the concentration of auxin 
in plant stems so that they indirectly affect wall 
extensibility. Cleland and his co-workers have now 
shown that this is not so for cucumber seedlings®. 
They measured the extensibility of sections of hypo- 
cotyls after treatment with IAA or gibberellic acid. 
As expected, IAA caused a marked increase in exten- 
sibility, but gibberellic acid had little or no effect on 
this property of the cell wall, and the effect that it 
did have on cell elongation was manifest later than 
the effect of IAA. In this case TAA and gibberellic 
acid clearly have different effects on the cell wall. It 
is of course still possible that gibberellins affect the 
behaviour of auxin in other plants. Perhaps in the 
cucumber, however. gibberellins promote growth by 
increasing the osmotic concentration of cell sap, so 
that water enters the cells and swells them. This is a 
credible explanation because gibberellins have already 
been found to increase the concentration of hydrolytic 
and proteolytic enzymes in plant cells. The well 
known induction ef amylase in germinating cereal 
seeds is a good example of this activity. 
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Cell Division and Differentiation 


 Cytokinins usually seem to influence plant ih 
by stimulating cells to divide, although in some tissues 
> they affect only cell enlargement. For example, 
> pieces of young and still expanding leaves floating in 
= a solution of cytokinin undergo marked cell enlarge- 
= ment but no cell division. Another more spectacular 
-> property of cytokinins is their ability to induce the 
- formation of organs by undifferentiated plant tissues. 
~The effects of cytokinins in combination with auxins 
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Fig Structures of some natural and aynthetic plant hormones. 
a, Kibberellin: 6, indoleacetic acid; e, kinetin; d, the synthetic cytokinin 
penzyladenine: e, abscisic acid. 
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of substances can interact, and suggest some > 
they might interact in the whole plant. 
By varying the concentrations of kinet: 
culture medium containing a constant amou 
Skoog and his colleagues at Wisconsin w 
induce undifferentiated tobacco callus tissus 
roots or buds or to stop growing altogether. — 
absence of kinetin or in the presence of too | 
concentration, there was little or no growth. 
low concentrations of kinetin, roots developer F 
with relatively more kinetin buds developed. WI] 
intermediate concentrations were present, however, 
undifferentiated callus continued to grow unchaz 
Since this early work in the 1950s, a great 
information has accumulated about the e 
auxins and cytokinins on plant growth. W 
ceous plants there is a general tendency 
cultures to produce shoots when provided 
ratio of cytokinin to auxin, and to produ 
the ratio is low. Recent work has inclu 
gation of conditions which control th 
either roots or shoots from a woody spe 
Populus tremuloides®. Roots were i 
presence of naphthalene acetic acic 
auxin. Cytokinins such as kinetin or 
purine (BAP) inhibited the formatio 
BAP and without auxin, however, sho 
These experiments have shown tha 
clearly involves close interaction bet 
growth promoting substances. In vari 
and concentrations they can set in mo 
processes of development. And the 
even more flexible by the presence of s 
inhibit growth or promote destructive 
as take ‘place during senescence and absciss 





inhibition of Growth 


Most dicotyledonous trees and shrubs have a na 
mechanism by which their leaves are shed. J 
of cells at the junction of the leaf and stem 
separated from the cells in neighbouring laye 
rigid polysaccharides which make up the 
lamella between the cell layers are broken do 
the leaf falls when the lignified vascular tis 
necting leaf and stem breaks. The most 
chemical accelerator of abscission is ethyl 
concentration as low as one part per million im ti es 
causes leaves to turn the characteristic pale ‘eolour : 
due to the breakdown of chlorophyll in senescence. 
Ethylene is produced by all plant tissues, in highest 
concentrations in the youngest parts which are also 
rich in natural auxin. There is a clear interaction 
between auxin and ethylene in leaves, and when there 
is more auxin there is no senescence, but when there 
is more ethylene the leaf will senesce. 

Abscisic acid, although so named because of its 
involvement in the initiation of the abscission of 
cotton bolls, has not so far been found in senescing 
leaves. Its function in abscission is therefore not at all 
clear. Very small quantities of this substance applied 
to cotton leaves can accelerate abscission and the fall 
of leaves. Abscisic acid, however, has been found to 
be a very inefficient accelerator of abscission in species 
other than cotton. 

The other name for abscisic acid—-dormin—gives a 
better description of its properties, for it has been 
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shown to be a real inhibitor of plant growth. Johannes 
van Overbeck and his colleagues at Texas Agricultural 
and Mechanical University have stopped the growth 
of duckweed by adding as little as one part per million 
of abscisic acid to the culture medium. They were 
able to reverse this induced dormant condition by 
transferring the duckweed to a fresh culture medium 
without any abscisic acid. In the presence of the 
inhibitor the dormant state could be broken by adding 
small quantities of a synthetic cytokinin, benzyl- 
adenine. 


Interaction of Plant Hormones 


The experiments discussed here are only a few of 


the many that have shown how natural substances 
can interact to affect plant growth in different ways, 
according to the balance between them. It seems 
reasonable to suppose that the situation in the intact 
plant is similar to that in isolated tissues. Genetic 
make-up and environmental conditions would combine 
to affect the production and function of substances 
which control the developmental changes occurri ng 
during and after germination, and the subsequent 
seasonal changes, for example, abscission and flowering. 
Genetic make-up is likely to be responsible for the 
constant features, such as leaf and flower shape or 
overall size, which distinguish one species from another. 
The environment will have a strong influence on the 
flexible characteristics, such as the number of roots 
and shoots produced and the time when they are 
produced. 

Van Overbeck has suggested a scheme for the 
involvement of growth promoters in the early develop- 
ment of cereals’. In response to the uptake of water. 


the embryos in the seeds synthesize, or liberate, 
gibberellin which induces the production of enzymes 


by certain cells of the endosperm. The enzymes break 
down stored food material into a soluble form. These 
processes involve the splitting up of nucleic acids, 
which could give rise to cytokinins, and proteins, 
which could give rise to auxins. 


Florigen no More 

Once the shoot has broken through the soil into the 
sunlight and the unfolded green leaves have begun to 
photosynthesize, the growth hormones will still exercise 
control of developmental changes. Exactly how they 
interact to do this is likely to be a much more com- 
plicated process than that responsible for early develop- 
ment, and such a simple explanation of what happens 
hardly seems to be possible vet. In some ways the 
picture is now much more complex than it was thought 
to be. Flowering, for example, was for a long time 
thought to be initiated by a hormonal substance, 
florigen, produced in the leaves. The basis for this 
theory was the famous experiments with the short day 


plant Xanthium pennsylvanicum which only flowers if 


there are at least eight and a half hours of darkness in 
every twenty-four hours. If the period of darkness is 
shorter there is no flowering. If, however, a leaf from 
a plant subjected to short days is grafted on to a 
plant subject to long days, this second plant flowers. 
Similarly Xanthium will flower in long day conditions 
if one leaf is covered to give it the equivalent of a 
short day regime. 

D. J. Carr has described’ a repetition of experiments 
in which extracts from leaves of flowering Xanthium 
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plants were reported to induce the production of 
inflorescences in vegetative plants when applied to the 
leaves. The new experiments had similar results, and 
when gibberellic acid was added to the leaf extract 
its efficiency was increased. Only male inflorescences 
were produced and if, as this suggests, the production 
of male and female flowers depends on different sub- 
stances, the concept of a single hormone, florigen, is 
certainly insufficient. Carr has pointed out that 
gibberellins, auxins and other substances which pro- 
mote growth can initiate flowering in various species, 
The florigen hypothesis is clearly too simple. The real 
explanation of the control of flowering is no doubt 
much more complex, and probably depends on a balance 
of different growth hormones, as the other develop- 
mental processes seem to. 


Effects on Nucleic Acids 
There is growing evidence (summarized in reference 


9) that the promoters and inhibitors exert their effects 
on growth by influencing the synthesis of nucleic acids 
and proteins. In several cases the uptake of radio- 
active phosphorus (the isotope phosphorus-32) into 
tissues, for example sections of oat coleoptile and pea 
stem, has been accelerated after treatment with auxin. 

Similar methods have shown that kinetin and 
gibberellin increase the amount of RNA in isolated 
leaves, chosen as organs for investigation because of 
the apparent ability of these growth substances to 
retard senescence, as determined by the loss of 
chlorophyll, nucleie acids and proteins. Abscisic acid 
on the other hand inhibits the synthesis of nucleic 
acids. P. F. Wareing, of the University of Aberyst- 
wyth, has found a reduction in the amount of RNA 
produced in leaf disks treated with abscisic acid to 
accelerate senescence. In America, van Overbeck and 
his team have shown that when abscisic acid slows 
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! Miller, C. O., Ann, NY Acad. Nei., 144, 252 (1967). 

? Cleland, R., dan. NY Acad. Sei., 148, 3 119673. 

* Datko, A. H., and McLachlan, G. A., Plant Physiol., 48, 735 1968). 

t Cleland, R., Science, 160, 192 51968). 

‘Cleland, R., Thompson, M. La Bayle, D. L. 
219, 510 (1988). 

* Wolter, K. E., Nature, 219, 509 (1955), 

* van Overbeck, dJ.. Set. dmer o B19, 75 (1968). 

‘Carr, D, F., Ann. AY Arad. Sei., 144, 305 (1967). 

* Trewavas, A., in Prog. ia Phutochem. (edit, by Reinhold, L., and Liwschitz, 
¥.1, 113 Cinterscience, 1968}. 


eand Purves, W. K., Nature, 





NATURE. VOL. 219. AUGUST 24. 1968 


Transplantation Immunology 


Orcan transplantation is one of the most exciting and 
rapidly advancing branches of medical science. It is 
also one of the most challenging, for although the 
highly sophisticated surgical techniques which are 
involved are now available, the immunological barrier 
is still regarded as an important impediment to success- 
ful organ transplantation. In recent years suppression 
of the immune response and prolongation of the life of 
homografts have been achieved by the use of several 
immunosuppressive agents, including the most recent. 
antilymphocytic serum. Furthermore, great advances 
in the recognition of tissue antigens have enabled the 
compatibility of donor and recipient to be established 
before surgical transplantation is attempted. 


The Immune Response 

The basie principles of homograft rejection have 
been known for well over a decade, but only recently 
has a detailed picture been constructed. Recognition 
of the presence of foreign antigenic material in the 
recipient triggers off the sequence of events that results 
in the destruction of the graft. There are two possible 
ways-——which are not mutually exclusive—-by which 
the presence of a graft is signalled to the host's regional 
lymph nodes!. Antigenic material may pass from the 
graft into the recipient’s afferent lymphatics and be 
carried to the lymphoid organs; alternatively, lympho- 
cytes may be carried to the graft by the vascular 
system, be sensitized, and then return to the recipient's 
lymphoid organs. According to Gowans and his 
colleagues, it is the small lymphocytes that are the key 
participants in the recognition of transplantation 
antigens. These small lymphocytes, which are less than 
84 in diameter, form the bulk of lymphocytes in 
lymphoid tissue, blood and lymph and are character- 
ized by their polarized mobility and long life span*. 

Whatever the method of sensitization, large numbers 
of small lymphocytes within the lymph nodes are 
stimulated to undergo transformation and to divide 
repeatedly, forming “immunologically committed” 
or effector cells. Informational molecules of RNA 
may be passed directly from one lymphocyte to an- 
other, or they may be passed through the mediation of 
phagocytes. Activated lymphocytes are then released 
into the blood stream through the efferent lymphatics 
and are carried to the site of the graft. Although it 
is these small lymphocytes that seem to cause most 
of the damage to grafts, humoral (soluble) antibody 
may be involved in some cases. Another possibility is 
that graft destruction is brought about by macro- 
phages’. 

Several suggestions have been made about how 
lymphocytes fulfil their cytopathogenic role in graft 
destruction’. One is that they synthesize an antibody 
that is normally released only when the lympho- 
cytes are in intimate contact with homologous target 
cells or antigenic material in the graft. Alterna- 
tively, lymphocytes may not synthesize antibody, 
but carry on their surfaces an effective cell-bound 
© antibody, with a special affinity for graft cells, which 
is synthesized elsewhere in the body. A third pos- 
© sibility is that lymphoeytes synthesize a special 









kind of antibody which is permanently incor] 
on their surface and which is only effecti 
intimate contact with a target cell has been estab! 
A fourth suggestion is that lymphocytes do not 
selves mediate graft rejection, but release or secrete, — 
and/or possibly cause other host cells to release, some > 
non-specific pharmacologically active agent analogous 
to histamine. Contact between incompatible surfaces 
has also been invoked to explain the damage to grafts. 
It seems that the way in which a graft is damaged varies 
according to the organ, but one common effeet is the 
obstruction of the flow of blood through the ves 
the graft. This is obviously an important top 
research, because a complete knowledge of the: 
isms underlying graft rejection is essential to a 
standing of the way in which immunosuj 
agents exert their effect. $ 




















Immunosuppressive Agents 
Direct irradiation (usually deep X-rays 
used now for suppressing the immune resp 
the past six years it has largely been rey 
cytotoxic drugs—particularly azathioprine 
prine (Imuran), like 6-mercaptopurine, is: 
analogue: it interferes with the stimulation. 
lymphocytes and also kills some of the. 
divide after stimulation. Its chief disadvan 
lack of specificity and its toxic effects on the 
bone marrow. Another drug, Prednisone, a | 
adrenal cortical hormone, is especially valuab 
rejection episodes when the response to a gra 
maximal, but, like azathioprine, it is non-spe 
nevertheless the combined use of these two drugs has 0 
led to the survival for years of some hundreds of č = 
patients with transplanted kidneys. Se 

The value of antilymphocytic serum (ALS)—which 00a 
has been described by Medawar® as “the only true | 
immunosuppressant agent’-—in prolonging the life o= 
of homografts was first definitely shown by Woodruff 
and Anderson in 1963 (ref. 6). By injecting lympho- 
eytes from rats into rabbits, collecting the rabbit serum 
and injecting this into rats, they were able to prolong 
the life of skin grafts from another breed of rats for 
up to 46 days. Since then the beneficial effect of ALS 
after whole organ transplantation in outbred animals 
has been demonstrated; the chances of inducing acute 
symptoms have been reduced by the use of antis 
lymphocytic immune globulin (IgG) instead of the 
whole serum, for it is in this fraction that the immuno- 
suppressive activity resides. Even though anti- 
lymphocytic IgG is relatively non-toxic, two undesir- 
able effects are the pain experienced by patienta at the 
site of injection, and the fact that they often become 
feverish. 

Antilymphoecytic globulin has been used in con- 
junction with azathioprine and prednisone m more than 
fifty kidney allotransplant recipients by Starzl ef ad. 
(Woodruff, personal communication). Of 20 recipients 
who received kidneys from related donors’, nineteen 
were alive and showed good graft function ten to 
sixteen months later: the expected death rate in 
the light of previous experiments without antilym- 
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phocytic IgG would have been about 30 per cent. 
Woodruff and his colleagues have also administered 
antilymphoeytic IgG to six kidney transplant re- 
cipients, but in this case the results are less easy to 
evaluate (personal communication). Starzl and his 
colleagues have also obtained good results in liver 
transplant recipients given antilymphocytic IgG in 
conjunction with azathioprine. 

So far there is no general agreement about the reason 
why ALS has this remarkable ability to prolong the 
life of homografts. It is, however, well established 
that ALS is highly but not completely specific in 
that it suppresses the cellular immune response to 
grafts but causes much less marked suppression of 
antibody synthesis. The earlier view that ALS 
causes general lymphoid depletion is no longer 
considered to be adequate for explaining how ALS 
functions. Similarly, the suggestion that ALS in 
some way “‘coats’”’ lymphocytes, making them immuno- 
logically ineffective, has been strongly criticized. 
Anderson, James and Woodruff* have recently shown 
that the properties of ALS are not dependent on anti- 
genic competition. (ALS acts as an antigen as well as 
being an antibody or complex of antibodies.) A 
likely suggestion that has been put forward by Taub 
(Woodruff, personal communication) is that ALS 
brings about selective depletion of the pool of long- 
lived small lymphocytes. This would seem to be 
borne out by recent experiments of Denman et al.®, who 
found that the blood and lymphoid tissue of mice 
which had received a course of rabbit antilympho- 
eytic IgG were depleted of long-lived small lympho- 
cytes. This deficiency was made good by an immigrant 
population of short-lived small lymphocytes, evidently 
produced by actively proliferating precursor cells in 
the lymphoid tissue. Primary immune responsiveness, 
however, was not restored in the absence of longer 
living lymphocytes. 

A particularly interesting aspect of ALS is that its 
effect outlives its own metabolic lifetime!®. In other 
words, homografts which have been caused to survive 
by the administration of ALS continue to survive long 
after ALS has been reduced by metabolic processes to 
a concentration at which it would be quite ineffective 
if newly administered as an immunosuppressive agent. 
Levey and Medawar have observed that skin homo- 
grafts in mice sometimes live for at least 100 days 
after receiving as little as one millilitre of ALS. This 
leads quite naturally to the concept of tolerance. 


Tolerance 

Tolerance has been defined as a central failure of 
responsiveness brought about by exposure to antigens, 
in which immunologically competent cells become 
unable to initiate the synthesis of a restricted range of 
antibodies“. These competent cells are now known 
to be the small lymphocytes. There is much interest 
in this subject because of its possible future applica- 
tions in transplantation surgery. In animals, the 
barrier that the homograft response imposes has 
frequently been overcome by treating the recipient 
with donor antigens, thereby inducing a state of toler- 
ance or paralysis. If human recipients could be made 
to tolerate a graft, the clinical dependence on immuno- 
suppressive drugs would be greatly reduced. 

The way in which antigens paralyse lymphocytes is 
still a mystery, although it seems that direct interaction 
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of antigens with lymphocytes is involved. This 
suggests that lymphocytes carry special receptors that 
“recognize” antigen. The outcome of the interaction 
is that lymphocytes are either killed or irreversibly 
inactivated so that they can no longer respond to 
antigenic stimuli". 

Lance and Medawar?? have recently described an 
experiment in which the administration of ALS 
abetted the induction of immunological tolerance of 
heterografts—a particularly difficult enterprise. In 
essence they significantly prolonged the life of skin 
heterografts from August strain rats on adult mice 
of the strain CBA by reinforcing the antigenic dose 
with intravenous injections of August rat thymo- 
cytes five to seven days after the end of treatment 
with ALS. Although the longest survival time was 
only forty days after the last injection of ALS, their 
work paves the way to the induction of a true specific 
tolerance of a more lasting nature. The same series 
of experiments provided evidence that, in some experi- 
mental systems at least, the factors inhibiting trans- 
plantation of heterografts are immunological. 

At present Calne et al. are carrying out grafts 
between pigs and baboons and the long term aim of this 
work is to devise methods for transplanting animal 
organs into humans as an answer to the shortage of 
human organs. 


Tissue Typing 

Antigens distinct from those carried by red blood 
cells have been recognized and identified in the tissue 
of many species including man. As a result, by the 
application of immunological methods it is now possible 





Fig. 1. The Nuffield Transplantation Surgery Unit in Edinburgh was 
officially opened on January 31 by Sir Peter Medawar. The unit, which 
cost more than £200,000 has accommodation for six patients and will 
cater for three principal categories: organ transplant recipients; cancer 
patients reeeiving treatment that renders them susceptible to infection; 
and patients with certain types of immune disease. Designed by Mr 
Peter Womersley, the unit has an aseptic core with corridors encompas- 
sing three sides, leaving the fourth available for expansion. The tower 
honses the main stairs, filter chamber and water storage, 
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to select, for organ exchange, pairs of donors and 
recipients with a minimum of antigenic differences. 
Results which have been obtained so far indicate that 
this procedure leads to a reduced immune response and 
to prolonged survival of grafts in some systems. A 
precise determination of the value of tissue matching 
will, however, depend on statistical analysis of data 
obtained by following the progress of graft recipients 
over a suitable period of time. 

Histocompatibility antigens are distributed in vary- 
ing quantities in different tissues. Some cells, for 
example striated muscle cells, probably have negligible 
amounts of these antigens, whereas other cells, particu- 
larly lymphoid cells, bear relatively large quantities. 

The two most commonly used techniques for match- 
ing the tissues of a donor and recipient are the agglutin- 
ation test and the cytotoxicity test. Although the 
agglutination test is slightly the more rapid of the two, 
it is less widely used because of technical difficulties. 
It consists essentially of taking blood from the prospec- 
tive donor and recipient, separating the white cells and 
mixing these separately with a range of blood sera. 
Each antiserum contains an antibody against one or 
other of the known transplantation antigens. If the 
white cells agglutinate, that is if they clump together, 
they obviously have the antigen which reacts with the 
particular antibody. In this way, information can be 
obtained about all the antigens that are present in 
the white blood cells of donor and recipient. This 
test takes about one and a half hours. 

In the cytotoxicity test, extracted lymphocytes 
are again mixed with various antisera, and in this case 
a complex of substances called complement is added. 
If lymphocytes carry the antigen against which a 
particular antiserum is directed, antigen and antibody 
combine and in the presence of complement they 
destroy the cells. This test usually takes three hours 
to perform. 


Lymphocytes 

Another technique is based on the fact that if lympho- 
cytes from antigenically different individuals are 
cultured together, the cells begin to divide; this is 
thought to represent the beginning of the immune 
response. Division is detected either by counting the 
number of large cells or by following the uptake of 
radioactive substances such as tritiated thymidine. 

The immunogenetic basis for histocompatibility was 
first worked out in mice by Gorer. In this species, 
fifteen independent genetic loci which affect graft 
survival have been identified and more are known to 
exist. Of the many loci which are now known for the 
mouse, one of them—the H-2 locus—seems to determine 
“strong?” antigens which cause rapid rejection of 
grafts. It is not really known why certain antigenic 
differences are more important than others as far as 
graft rejection is concerned. One possibility is that 
the strength of a transplantation antigen depends on 
the amount of antigen present on a tissue cell. Another 
possibility is that it depends on a qualitative feature 
of the antigen macromolecule. Yet another possibility 
is that it may be the position of the antigens on the 
surface of the cell which determines whether or not 
they induce rapid rejection. 

It has now been established beyond doubt that a 
complex antigenic system closely resembling the H-2 
system m the mouse, and analogous to the rhesus 


system, exists in man. Although different names have _ 
been given to it by various workers, it is now gem 
known as the HL-A system. 

Extending earlier work by Van Rood and. othe 
Batchelor and Chapman! have investigated t 
lymphocyte antigens of eighteen families. This 
confirmed previous results that most of the 
that have been recognized in human white blood 
belong to the same genetic system and are inher 
en bloc. Batchelor and Chapman have iden ee 
twenty-six antigens within the HL-A system whereas 




































Van Rood identified only ten, and Dausset and cos 


workers identified fourteen!®. These differences be- 
tween results from different laboratories have come 
about partly because different criteria have been 
adopted for the definition of antigens. 

Evidence for the effect of tissue matching on the 
survival of grafts is rather complicated. In mice, 
convincing evidence that matching of H-2 antigens is 
important has come from experiments witi 
lines of mice—that is, mice which are 
identical except for a small difference £ 
chromosomal site. Snell has raised a- 
strains of these mice differing at different. 
known that when mice are identically ma 
for H-2 system antigens, skin grafts are r 
two weeks. If, however, the congenic m 
non-H-2 locus, skin grafts survive for at. 
weeks and longer depending on the preci 
difference between them. z: 

Although evidence for humans is frag! 
results are in keeping with experience in lo 
(Batchelor, personal communication). It has bi 
much easier to prove the value of matching in situ 
when donors are related to the recipients, a 
less easy when donor and recipient are unre 
For example, skin graft data show that survival 





of grafts in serologically matched and unmatched pairs as 
from a random population differ only slightly. But — 


in related pairs, matching of the HL-A system antigens 
leads to a dramatically prolonged survival of grafts. 
Van Rood and his colleagues have shown that antigen. 
matching is also important in prolonging the life of 
kidney grafts from related donors’. 
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The Chemistry of the Brain 


In the study of the brain at the chemical level, two 
topics have attracted particular interest during the 
past year or so. One is the search for the engram, or 
memory trace. The other is the study of the chemicals, 
principally monoamines, which affect mood and 
mental illness. 


Deseribed below 
is a selection of results indicative of recent work in 
this broad area of study. 


Chemistry of Learning 


Memories, such as those formed in learning, must be 
represented by some permanent change in the brain. 
The nature and location of this change are entirel y 
unknown, but it is reasonable to look for them in the 
biochemistry of the neurone or nerve cell. The 
information-carrying ability of DNA and RNA that 
was revealed by the discovery of the genetic code has 
led to speculations that these molecules might repre- 
sent the physical tape on which memories were 
recorded. Such ideas have for the moment been put 
out of fashion because it is hard to conceive by what 
mechanism the neurones could read off information 
encoded in a macromolecular tape. The large numbers 
of neurones in the brain and the complexity of their 
interconnexions make it more reasonable to assume 
that a memory is represented by a particular neuronal 
pathway. There are of the order of 10,000 million 
neurones in the human brain and one neurone can be in 
synaptic contact with several hundred others. Many 
scientists would probably accept as a working hypo- 
thesis that such pathways are set up or “facilitated” 
by permanent changes in the synapses, and that these 
changes are the result of chemical activity in the 
neurone. 

The rationale of many experiments on the chemistry 
of learning is to look for changes in the metabolism of 
neurones that accompany a form of learning or 
behavioural stimulus thought to be mediated by the 
neurones in question. Most investigators have concen- 
trated on the macromolecules, whether protein or 
RNA, in looking for such changes. Their experiments 
fall into three broad categories, 

The first approach is to disrupt the function of the 
neurone by injecting antibiotics or drugs that affect 
the transmission of impulses, and to observe the effect 
on learning. A second kind of experiment is to dissect 
out the individual neurones thought to be associated 
with a specific behaviour, and to analyse the changes 
in labelled RNA or protein. The third approach 
is to make various extracts of the whole brain of 
animals trained in a particular task and to inject the 
extract, usually assumed to contain protein or RNA 
as an active factor, into untrained recipients. The 
recipients are then observed for any facilitation at 
performing the same task. 


Effects of Antibiotics on Learning 


The general picture that has emerged from the first 
type of study is that when antibiotics, such as puro- 


mycin, are injected into animals within a short time of 
training, the animals lose their memory of the task 
when tested subsequently. Since these antibiotics 
are known to interfere with protein synthesis, the 
implication is that synthesis of protein is necessary for 
the laying down or storage of long term memory. 
But experiments published within the past year have 
made this assumption rather less certain. 

Barondes and Cohen have recently pointed out that 
puromycin, the antibiotic most often used to block 
memory, produces anomalies in the electrical activity 
of the brain. This, and not the inhibition of protein 
synthesis, could be the way in which puromycin 
impairs long term memory. They have now investi- 
gated the effect of another antibiotic, acetoxycyclo- 
heximidel?, This compound does not depress the 
activity of the brain as does puromyein, but although 
it impairs long term memory in mice, it does so only 
when given in doses that inhibit at least 95 per cent 
of protein synthesis and only when the mice have 
been very briefly trained. 

Another blow against the experiments with puro- 
mycin was struck last month by Avis and Carlton‘. 
They showed that injections of potassium chloride into 
the hippocampus of rat brain depress the electrical 
activity of the region. The depression does not spread 
to the cortex, but it is nonetheless sufficient to block 
the memory of behaviour learnt 24 hours before the 
injection, Potassium chloride has been shown to block 
protein synthesis, but to nothing like the same extent 
as puromycin must do for amnesia to occur. Avis and 
Carlton therefore suggest that the amnesia caused by 
potassium ion in their experiments is not mediated 
by an inhibition of protein synthesis. 

Deutsch has studied the time course of learning by 
using drugs which interfere with transmitter sub- 
stances. (Transmitters are the chemicals which trans- 
mit impulses between adjacent neurones by diffusing 
across the small gap, or synapse, between them.) 
Deutsch believes that the basis of memory is a change 
in the amounts of transmitter at a synapse® or in the 
sensitivity of the synapse® towards the transmitter. 


Chemistry of Small Numbers of Neurones 


A second approach to the chemistry of learning is 
one that has been widely used by, among others, Hydén 
and his colleagues. Hydén’s procedure is to dissect 
samples of about 300 individual neurones out of the 
brain tissue and analyse changes in the quantity and 
quality of RNA and proteins with the aid of specially 
developed microtechniques. Part of Hydén’s work 
concerns the gha, the numerous small cells which 
surround the neurones and whose function is unknown. 
In a recent review of work in this field’, Hydén con- 
cludes that during passive stimulation of brain cells 
the RNA content. of the neurone increases but that of 
the glia decreases. The base ratio of this new RNA is 
typical of that of the ribosomes. (RNA is composed 
of four different chemical units, called bases. The 
various kinds of RNA differ in the relative proportions 
of the bases they contain. The two kinds of RNA 
concerned in Hydén `s experiments are ribosomal RNA, 
which is an important structural component in the 
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= the chromosomes 
particular proteins.) 

In learning, however, as distinct from passive 
stimulation, Hydén finds an increase in the RNA of 
both glial cells and neurones. The base ratio of the 
new RNA is different. from ribosomal RNA, and Hydén 
believes that it may be messenger-RNA, synthesized 
in response to the learning situation, which eventually 
gives rise to protein. 

Hydén and Lange? have recently reported a new 
technique for analysing minute quantities of protein 
from nerve cells. Rats were trained to perform a task 
and shortly after training 300 nerve cells were dissected 
from the part of the brain believed to mediate learning 
of the task. Protein extracted from the cells, which 
amounted to less than a millionth of a gram, was 
separated into component fractions on the basis of 
ability to move in an electric field through a poly- 
acrylamide gel. Two of the fractions were analysed 
for their content of radioactive leucine, a constituent 
of proteins which had been injected into the rats 
shortly before performance of the task. The protein 
fractions from the nerve cells of trained rats contained 
more leucine than did those from untrained control 
rats. This supports the view that protein synthesis 
increases during learning, although the main interest 
of this particular experiment probably lies in the 
technique for dealing with vanishingly small quantities 
of protein. 


and codes for the synthesis of 


Neuronal Changes following Response to Light 


Considerable interest has attached to two experi- 
ments reported in the middle of last year by Cragg® 
and Rose, Though not directly concerned with the 
chemistry of learning, their results are of obvious 
relevance to it. Cragg reared rats in the dark for 
three weeks after birth, exposed them to brief periods 
of light and examined the synapses of the visual cortex 
under an electron microscope. Compared with control 
littermate rats, which had spent all their life in the 
dark, the rats exposed to light showed significant 
changes. In the upper half of the visual cortex the 
synapses were smaller and more numerous than those 
of the controls, while in the lower half of the cortex 
the synapses were larger and Jess numerous. Rose in a 
parallel experiment studied the incorporation of a 
radioactive amino-acid into the proteins of the ~¥isual 
cortex. Using a series of rats which had been exposed 
to light for varying periods, he found that the rate of 
incorporation compared to controls increased after 
3 hours exposure to light, decreased after 15 to 48 
hours exposure and returned to the same level as 
controls after exposure for 4 days. Proteins in the 
motor cortex showed a decrease in incorporation before 
returning to control levels, but no increase, and there 
was no change in liver proteins. Rose suggests that 
the biphasic. response to light of the visual cortex 
proteins could be related either to a different time 
course of the response in neurones and in glia or to 
the inverse changes in the synapses observed | by Cragg 
in the upper and lower visual cortex. 


Transferred Learning 


A third type of investigation into the chemistry of 
memory involves transfer experiments, in which 





‘protein-synthesizing machinery of the cell, and mes- extracts from the brains of trained animals are 
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into untrained animals. These experiments 
from the unusual disadvantage that the more success 
they are the less plausible they seem. Experim 
first reported on flatworms indicated that wher 
worms trained to avoid light were cannibalized 
untrained fellows, the ability of the latter to leas 
same response was significantly facilitated. At 
one attempt to repeat these experiments, by Ca 
was unsuccessful because over the course of three ¥ ; 
Calvin was unable to train the flatworms to any 
consistent level of performance™., 

The working hypothesis of these early experiments 
was that the brain extract transferred from donor to 
recipient contained some macromolecule, probably 
RNA, that was directly related to the particular 
memory that had been taught. Transfer experiments 
have now been performed on animals that are 
to train, and facilitations or “saving” in the y 
ance of the donors have been reported. Tt is 
fair to say that in most people’s opinion wha 
ferred, if anything, is nothing more speci! 
general ‘ ‘excitement factor. i 

A recent transfer experiment deserve: 
because it should be easier than many t 
though this has not yet been done. Ung 
colleagues!? trained rats to prefer light. e 
dark ones. After the last training sessio 
of the rats were removed, ground up so. 
the cell walls, and centrifuged. The solii ie 
was discarded and the soluble fraction was 
not into rats but into mice. As a control ` 
of untrained rats were extracted and injec 
second group of mice. Observers then- 
mice in the same procedure as had been taug 
rats. There was no difference in the pertor 
the control mice, but the mice injected with 
rat brain showed a definite improvement. 





















The 
improvement did not appear until 6 hours after 
injection and persisted for 3-5 days, after which the 
performance of the mice dropped to the same level 
as that of the controls. 

In further experiments, Ungar obtained a more or 


less direct relation between the amount of brain 
extract injected and the improvement in the recipient's 
performance. He incubated the extract before injec- 
tion with enzymes that break down RNA and protein 
and found that only enzymes of the latter kind destroy 
the activity of the extract. The transfer factor in the 
extract has been partially purified and Ungar believes 
it is “probably a basic peptide with between 6 and 
10 amino-acid residues’. “Peptides of this size,” he 
says, “would have adequate information content to 
secure the new neural connexions required for most 
types of learned behaviour.” Ungar’s transfer experi- 
ments seem to be clear cut and carefully controlled ; 
it will be interesting to see whether they can be 
repeated. 


Chemistry of Mood and Mental Illness 


An important area of brain research is the study of 
the chemicals that underlic various moods and patho- 
logical states. The chemicals concerned, principally 
noradrenaline and serotonin, are widely distributed in 
brain tissue and are of obvious importance in its 
function. It. is often assumed, whether tacitly or 
otherwise, that these substances act as chemical 
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transmitters in the brain in the same way as does 
acetylcholine, but the evidence on this point is 
equivocal. 

Considerable progress has been made in recent years 
in understanding the nature of sleep. The electrical 
activity of the sleeping brain, as judged by the electro- 
encephalogram, allows two principal states of sleep to 
be distinguished, called slow wave sleep and para- 
doxical sleep. Paradoxical sleep is accompanied by 
dreaming (in humans) and rapid movements of the 
eyeballs. 

The two states of sleep, which alternate regularly 
throughout the night, appear to be mediated by two 
groups of neurones located in the lower brain stem. 
A recent review by Jouvet! discusses the reasons for 
believing that the neurones related to the slow wave 
state of sleep produce large amounts of serotonin, 
whereas those which govern paradoxical sleep are rich 
in noradrenaline. 

Jouvet and his colleagues have shown that rats 
deprived of paradoxical sleep spend longer in this 
state when allowed to sleep normally; during this 
time the synthesis of noradrenaline in the brain stem 
is nearly doubled. Matsumoto and colleagues!® have 
exercised rats on treadmills and observed that the first 
onset of paradoxical sleep is delayed by fatigue; the 
delay can be abolished by injecting the rats with 
dopamine, a precursor of noradrenaline. Matsumoto 
interprets this result to mean that the stocks of 
noradrenaline in the brain are depleted in fatigue and 
that paradoxical sleep, which depends on noradrenaline, 
is delayed until new stocks can be synthesized. 


Function of Cerebral Amines 


Several amines besides serotonin and noradrenaline 
have been found in the brain. A comprehensive theory 
concerning the function of cerebral amines has recently 
been proposed by Dewhurst!®, One of the difficulties 
of studying these amines is that when injected into 
the blood system of an animal they do not usually 
permeate across what is known as the blood—brain 
barrier. Dewhurst and Marley have performed much 
of their work on young chickens, in which the blood— 
brain barrier allows passage of the amines during the 
first month of life. 

On the basis of these and other results, Dewhurst 
believes that cerebral amines can be divided into two 
classes depending on their chemical structure and 
solubility properties in water and lipid. Amines of 
the first class have an elevating or alerting effect on 
mood whilst those of the second class depress it or 
cause drowsiness and sleep. 

The two classes of amines react at different receptor 
sites on the surface of the neurones. Noradrenaline, 
according to Dewhurst’s classification, belongs to 
the second class, whilst serotonin belongs to an inter- 
mediate group of amines which can react at both types 
of receptor site and thus exhibit either an alerting or 
a depressant effect. 

One of the consequences of Dewhurst’s theory is that 
illnesses such as mania, in which there is presumably 
an excess of excitant amines in the brain, should be 
benefited by drugs which antagonize their effect. 
Methysergide is known to block the receptor sites at 
which excitant amines react; two separate trials of 
the drug on manic patients!!! have shown that it 
exerts an immediate and specific improvement in the 





NATURE, VOL. 219, AUGUST 24, 1968 


patients. This confirms Dewhurst’s prediction and 
adds further support to his theory. But the theory 
has already attracted its first critic. Last month 
Weil-Malherbe!® remarked that the effects noted in 
young chickens, on which the theory is partly based, 
could have been caused by excessively high concen- 
trations of the amines reaching the brain and exerting 
effects different from those exerted by natural 
concentrations. 


Schizophrenia 

Although a potent treatment now seems to have 
been found for mania, the cause and cure of schizo- 
phrenia—an illness which takes up a quarter of the 
hospital beds in Britain®*—-still remain obscure. Since 
there is almost certainly a genetic component in 
schizophrenia it is reasonable to assume that this must 
be expressed in some biochemical mechanism. Con- 
siderable excitement was roused by the celebrated pink 
spot test, by which in 1962 Friedhoff and van Winkle”! 
demonstrated a substance in the urine of schizo- 
phrenics. They later identified the pink spot as 
dimethoxyphenylethylamine (DMPEA). Other workers 
found, however, that schizophrenics did not show a 
pink spot, that non-schizophrenics did, that the pink 
spot is not indigenous but an end-product of drugs 
given to treat schizophrenia, and that DMPEA itself 
when injected into human subjects produces no sign 
of schizophrenic symptoms, 

The confusion surrounding the pink spot test has 
not yet been resolved, but an important step in this 
direction was taken by Creveling and Daly??, who used 
improved chromatographic techniques to show that at 
least seven different substances can be isolated from 
the pink spot in schizophrenic urine, the major com- 
ponent being DMPEA. Boulton and colleagues? found 
that some schizophrenics and several patients with 
Parkinson’s disease exhibited a pink spot, the major 
component of which seemed to be not DMPEA but 
paratyramine. Vogel and Elgin, however*4, showed 
that paratyramine was excreted by both schizo- 
phrenics and normal subjects and that the amount of 
paratyramine excreted in the urine was related to the 
amount of protein in the diet. 

Any theory of schizophrenia must account for 
structural similarity between hallucinogens and certain 
of the cerebral amines. It is tempting to suppose as 
the cause of schizophrenia that by some quirk of 
metabolism one of the cerebral amines is converted 
into a hallucinogenic compound. Tanimukai and 
colleagues** reported the presence of bufotenin, a well 
known hallucinogen, in the urine of six schizophrenic 
patients. Though bufotenin has been reported 
previously, other workers have failed to confirm it; 
it will be interesting to see if the new chromatographic 
procedures used by Tanimukai allow others to repeat 
this finding. Bufotenin has a chemical structure very. 
similar to that of serotonin. 


Neurophysiology 

Progress in working out the chemistry of memory 
and the biochemical basis of mental illness will depend 
to a large extent on understanding the basic physiology 
of the neurone. Although the manner in which an 
electrical impulse is propagated down a nerve is well 
enough understood, the factors which cause the rapid 
changes in the permeability of the nerve membrane. 
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to specific ions are almost totally obscure. Consider- 
able interest has been taken in a class of antibiotics 
which act by allowing certain cations to move across 
cell membranes. In particular, Mueller and Rudin? 
have reported that the antibiotic alamethicin induces 
action potentials, the voltage changes that signal the 
propagation of an impulse, in artificial membranes. 
Alamethicin, which is a cyclic polypeptide, acts in such 
a way as to suggest that a number of molecules are 
stacked in tubes through which ions can flow across 
the membrane. 


Nature of Transmitter Substances 


One of the most important gaps in knowledge of the 
neurophysiology of the brain is the nature of the 
chemical transmitter substances. Although acetyl- 
choline and noradrenaline are known to act as trans- 
mitters in the nerves of the body, it is hard to prove 
that they or any other substances exert a similar role 
in the brain. One promising method of investigating 
cerebral transmitters is the push-pull cannula. A 
double barrelled needle is inserted into a region of the 
brain such as the olfactory bulb. The animal’s sense 
of smell is then stimulated so as to exercise the 
neurones in the area whilst a perfusion fluid pumped 
down the central barrel of the needle is siphoned out 
through the outer barrel. Chemicals found in the 
extracted fluid are assumed to be transmitter sub- 
stances released by the nerves. The method has been 
widely used to study the release of acetylcholine from 
nerves. Chase and Kopin?’, however, have shown that 
substances known to be completely inert are also 
released into the perfusion fluid, which means that 
the results of the method must be interpreted with 
considerably greater caution. 

Another interesting method of studying brain tissue 
has been developed by Richards and MelIlwain*§, who 
find that small samples can be cut away from the 
brain and kept in a working state for several hours. 
The neurones in the sample give the usual electrical 
responses when stimulated with an electrode, and their 
reactions to drugs and other chemicals can be explored 
simply by adding the test substance to the incubation 
medium. 


Immunoneurology 


What promises to be a particularly powerful method 
of investigating the brain is the immunological tech- 
nique used by Mihailović and Janković. The rationale 
of their experiments is that antibodies to brain proteins 
should be able to affect the neurones in a more specific 
way than any other chemical or physical method. This 
depends, however, on isolating the antigens with which 
to make antibodies of a sufficiently specific nature. In 
a recent experiment, Janković? made antibodies to cat 
brain by injecting protein from the whole brain of cats 
into rabbits. The antibodies were then extracted from 
the rabbit serum and injected into cats which had been 
conditioned in a particular response. The cats’ level 
of performance immediately dropped to nearly half of 
its previous value. Control animals injected with 
anti-liver antibodies showed no significant difference in 
response. 

This result is difficult to interpret because it is 
impossible to judge the exact effect of the anti-brain 
antibodies. Janković points out that the antibodies 
could not have acted on a “‘learning-linked”’ protein, 



















not least because the cats from whose brains the 
body was made had not been trained in the par 
response. But the method does hold the pror 
making possible what Janković calls “the fun 
dissection of the nervous system”. | 
It would be rash to attempt a summary of y 
past year’s crop of experiments has adde 
knowledge of the brain’s chemistry. But m 
them could provisionally be seen to fit into a ge 
scheme of the following type. The basis of memory 
resides in particular pathways between the neurones. ne 
These pathways are set up by a permanent change in 
the synapses which facilitates (or inhibits) the passage 
of a nervous impulse across the synapse. The change 
could be brought about either by some structural 
alteration in the synapse, such as might be caused by 
a specific protein, or by an increased synthesis of a 
particular chemical transmitter. The agent of the 
change, whether protein or transmitter, is the end 
product of a specific protein synthesis dires 
chromosomes, and stimulated by learning 
situations. The chemistry of the. synapses 
tribution of different transmitters and re 
in the various regions of the brain hold a: 
the understanding of sleep, mood and mental 
Advances in understanding the chemistry of gene 2 
over the past 15 years have left the working of the eee: 
brain as the major unsolved problem in biology. ‘The — 
very fundamental level at which the brain is differen- 
tiated makes it a peculiarly intractable tissue to study, 
Our major insights into its function derive more from 
studies of nerves outside the brain rather than from 
investigation of the brain itself. Enthusiasts from the 
whole spectrum of scientific disciplines are now con- 
verging on the problem, but despite the increasing 
tempo of research it seems unlikely that the primitive 
state of present knowledge about the brain can provide 
the basis for any dramatic advances in the near future. 
As things are, people have done no more than satisfy 
themselves that interesting problems exist, and can 
be tackled profitably. It remains to be seen what 
solutions will emerge, and when. 
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Exploiting and Polluting Oceans 


THE most spectacular event affecting oceanography 
during the past year was the sinking of the oil tanker 
Torrey Canyon in March 1967 and the subsequent 
oil pollution on the French and English Channel 
coasts. A massive attack on the oil that inundated 
the beaches and coastline was immediately under- 
taken by the British Government, primarily using 
detergents in an attempt to disperse the oil. U nfor- 
tunately, subsequent studies, especially a detailed 
ecological investigation carried out by the Marine 
Biological Association in Plymouth’, suggest that 
the detergent, more than the oil, was the. cause of 
most of the damage to marine life along the coast. 
In fact the association concluded that the oil had 
little biological effect apart from the destruction of 
sea birds. 

The detergent used to treat the oil away from the 
shore had relative ‘ly little effect on sea life except 
in the extreme surface layers shortly after treatment: 
when the concentration was 1-10 p.p.m. and smaller, 
passive plankton as well as pilchard eges-—which 
tend to float near the surface—were destroyed. 

There was much less damage than originally ex- 
pected, however, for detergents in the sea were found 
rapidly to lose their toxicity. Toxicity of detergents 
in seawater was found to be almost entirely in the 
organic solvent fraction and this fraction disappears 
within a period of two to five days from evaporation. 
If it had not been for this unexpected bonus, the 
biological consequences would have been very much 
worse than they were. Though detergent did not 
have any major deleterious effect at sea, its effective- 
ness in emulsifyi ing and dispersing the oil is open to 
doubt. Some 15,000 gallons of detergent were dis- 
charged within three days on the original 30,000 
tons of oil that escaped from the tanker, yet oil from 
this same discharge later polluted the west coast of 
Guernsey and a few weeks later about 15,000 tons 
landed along the French Côte du Nord, implying 
that, with evaporation of the lighter fractions, only 
something of the order of 6,000 tons of oil were 
actually dispersed. It would seem that the formation 
of persistent emulsions in seawater does not take 
place readily. A more effective method seems to be 
that used by the French—the sprinkling of powdered 
natural chalk (or better still a heavier, unwettable 
material such as silicone-treated sand) on top of the 
oil. Some 3,000 tons of chalk were used to sink up to 
30,000 tons of oil, though much more chalk would 
have to be used if the oil had been freshly released 
and therefore less dense. The two possible disadvan- 
tages of this method are that sunken oil may foul fishing 
grounds and that the oil may be subsequently washed 
ashore. Neither of these possibilities has yet occurred 
and it would seem safe to conclude that this method 
is highly effective as long as oil patches are not too 
near the shore or in shallow areas such as the Thames 
Estuary. Much depends on how quickly bacteria 
destroy the sunken oil. 

Detergents were used to clear the beaches and 
coast of Devon and Cornwall as quickly as possible 


because the potential loss of income from holiday- 
makers was felt to be much more harmful to the area 
than any destruction of plant or animal life. The 
association’s survey concluded, however, that only 
in such extreme cases should the use of detergents 
be considered, and only then after mechanical re- 
moval had been attempted. Mechanical removal 
would have been especially helpful on stable sands 
and muds where the direct use of detergent caused 
the oil to sink deep into the beach and very extensive 
mechanical shifting was required. Again, as at sea, 
much of the oil was only temporarily dispersed and 
soon separated out to be redeposited on the beaches. 
With moderate oil pollution the best method would 
seem to be the most natural: the association found 
clear evidence that if the oil is left untouched a com- 
bination of physical and biological agencies is usually 
able to effect its complete removal within three to 
four months. Browsing gastropods such as limpets 
and top-shells may remove and ingest oil without 
ill effects to themselves, but these animals, as well 
as barnacles, mussels, winkles and other animals 
with persistent hard parts. were almost completely 
decimated in areas sprayed with detergents. Oil- 
decomposing bacteria also proved important in 
clearing rock-pools of oil pollution, but again most 
are killed by even fairly low concentrations—10 p.p.m.— 
of detergents. The importance of wave and sand 
abrasion and evaporation depends on the tidal level 
and the locality; above the tidal level, aerial weathering 
is the chief agent on roeks. In other areas perennial 
sea-marsh plants--sea plantain, beet and grasses— 
grew through the oil ar iq were effective in rendering 
it innocuous and inconspicuous by the end of the 
summer. l 


Mortality 

Surveys of flora and fauna on rocky shores and 
offshore indicated considerable mortality in the squat- 
lobster Galathea strigosa, the swimming-crab Portunus 
puber, and voung edible crabs Cancer pagurus, though 
the spider-erab Maia squinado seemed unaffected. 
Among the molluscs, the Ensis siliqua and Mactra 
borane were seriously affected in all the offshore 
areas studied. The common starfish Asterias rubens re- 
mained healthy although other echinoderms, especially 
the starfish Marthasterias glacialis and the heart- 
urchin Echinocardium cordatum, showed widespread 
mortality. With the exception of Delesseria sanguinea 
and delicate red algae near the shore margin, almost 
all offshore seaweeds seemed to be unharmed. On 
shore there is some hope for an early return to normal 
from unharmed pockets of the coast. Also, only 
resistant species are hardy enough to withstand the 
normal exigencies of shore life, so these intertidal 
species were better adapted to survive in poisonous 
water. 

While the Torrey Canyon disaster was accidental, 
the association's report concluded that “we are pro- 
gressively making a slum of nature and may eventually 
find that we are enjoying the benefit of science and 
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Oil-damaged gull after Torrey Canyon sinking. 


industry under conditions which no civilized society 
should tolerate”. As a means of future comparison, 
the association is undertaking surveys of two pollution- 
free rivers in Devon. An example of such man-made 
pollution is a recent study of the reduction of photo- 
synthesis in marine phytoplankton caused by DDT (ref. 
2). DDT is now one of the most widespread of synthetic 
chemicals, and evidence suggests that contamination is 
common in marine plankton. Four species of marine 
phytoplankton, important as food organisms and 
representing four classes—the diatom Skeletonema 
costatum, the coccolithophore Coccolithus huxleyi, 
the green alga Pyramimonas and the neritic dinoflagel- 
late Peridinium trochoideum—were grown in laboratory 
cultures with varying concentrations of DDT, and the 
amount of photosynthesis was measured by the amount 
of MC fixed by photosynthesis from “C-bicarbonate. 
In all four species there was a sharp drop-off of MC 
uptake, compared with the control, at concentrations 
of about 10 p.p.m. DDT in the water, with the data 
following a sigmoid curve as the DDT concentration 
was increased, implying that there is no threshold 
concentration of DDT. While these concentrations 
may seem high compared with that found within 
natural phytoplankton communities, water near a direct 
application of DDT to the environment is often as 
highly concentrated, indicating that photosynthesis 
and growth are probably much reduced, so that the 
base of the food chain and therefore higher organisms 
are affected. 

On a more productive side, some research and 
many articles have recently looked at possible ways of 
“farming” the sea. The total annual yield of food 
and mineral resources from the ocean in 1964 came 
to only $8,300 million compared with $309,000 million 
from the land. The potential is obviously enormous, 
but so are the concomitant problems. Just over 29 
million tons of fish were caught in 1964, slightly more 
than the tons of animals killed by hunters, but 520 mil- 
lion tons of meat came from herded animals compared 
with 0-6 tons of herded fish. Progress towards a 
more rational use of resources is hindered by political 
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factors—arguments over ownership of the oceans 
and their mobile food resources; economic factors— 
high labour and capital equipment costs; aesthetic 
and traditional factors—prejudice against certain food 
such as squid or fish protein concentrate or religious 
prejudice ; and industrial factors—fishing is only highly 
organized and industrialized in Russia and Japan’, 


Productive Fishing 

The Russians have been particularly interested in 
making high seas fishing more scientific and more 
accurate. Recent work at their Polar Research Insti- 
tute of Marine Fisheries has looked at sensory physio- 
logy and its possible applications. Researchers found 
they could drive mid-water schools of cod and herring 
down to within two to three metres of the sea bed using 
low frequency sounds. When a signal of about 1,000 
eps with a strength one metre from the microphone 
equivalent to 2,000 bars and non-directional was 
transmitted for 15 seconds, the fish at first swam rapidly 
towards the bottom, though the vertical movement 
decreased as the fish became acclimatized. However, 
when a recording of a low-frequency biological sound 
was used—a species of tooth whale in this case—the 
fish were driven rapidly towards the sea bed. Schools 
as much as 50 metres above the ocean floor moved 
rapidly down and remained near the floor as long as 
the sound was broadcast. The Russians predict that 
this device to increase the density of fish, coupled with 
experiments now under way to eliminate escape be- 
haviour with electronarcosis, could greatly increase 
efficiency: in fact, they already claim that acoustical 
herding has increased their catches by 300-500 per 
cent. This figure may seem exaggerated, but when it is 
estimated that fishermen spend up to 80 per cent of 
their time looking for fish, anything that affects this 
search time should lead to much greater yields. 

Fisheries research in Britain during the past year or 
two has concentrated more on fish rearing. It now 
seems possible to rear soles in substantial quantities at 
field sites, possibly in the warmer water adjacent to 
power stations. Experiments have also been carried 
out with plaice, and the possibilities of halibut, turbot 
and brill are being considered, but sole seems to be a 
better fish for artificial rearing: the present demand 
usually exceeds the supply, it is tough and adaptable 
to tank conditions, the young feed readily and the 
adults thrive in captivity and can be induced to spawn. 
Present problems include a suitable food supply for 
larger fish: pelleted food seems the most likely 
solution, using waste fish flesh or poultry offal with the 
addition of special attractants. The optimum condi- 
tions of temperature, light, salinity, water exchange 
and fish density must be determined, along with the 
best genetic stock and the possible problems of parasites 
and disease. Researchers are hopeful that full-scale 
sole production will be under way within ten years, 
followed by turbot and brill. 

While it might seem logical that farming sea plants, 
like farming on land, would be a more direct source of 
food energy, the problems of harvesting still seem 
immense. Most plants in the ocean are microscopic in 
size and are not confined to the surface. So far it 
has been felt that the cost of harvesting them exceeds 
their value as a crop. Near shore, attached algae can 
be grown, but most of them do not taste very good and 
few are used directly as food, though they are grown in 
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Japan for flavouring. While there do not appear to be 
any experiments designed to farm the ocean, one 
experiment on the food value of red tide, comprised 
mainly of the plankton Gonyaulax polyedra, found’ it 
to be high in protein—27-5 per cent of dry weight. 
Exploratory feeding trials with rats showed good early 
growth identical to the growth of control rats, with no 
evidence of toxicity during the period®. However, the 
dual problems of economic harvesting and cultural 
prejudice will mean that large-scale studies are still 
a long way off. 

In the area of physical oceanography, scientists are 
gradually getting a clearer picture of the currents and 
general movement of water in the oceans. Recent 
studies of near-surface flow indicate that it is nearly 
geostrophie over much of the ocean and that surface 
and near-surface currents can consequently be calcu- 
lated from the density distribution. Analysis of data 
from the South Pacific indicates a south equatorial 
countercurrent flowing eastward just below the surface 
at about 2°-10° S. for about 6,000 miles. It is 200 
miles wide, 200 metres thick and has a speed of about 
three knots at 100 metres depth. The water surround- 
ing it above and below flows in the opposite direction; 
recent evidence suggests that a similar current is found 
in the Atlantic. 


Ocean Currents 


Vertical movements are much slower than hori- 
zontal, perhaps only a few centimetres a day, but the 
energy exchange is most important. Overall warming 
at the surface leads to a stable arrangement of layers, 
so the warm surface water is separated from the deep 
water by a sharp increase in density which is a great 
hindrance to vertical mixing. Recent workers® have 
used the dye fluorescein to study the flow patterns at 
various depths in the sea around Malta. They found 
that by midsummer a permanent surface layer 18 to 
20 metres deep with a weak temperature gradient had 
developed. The temperature in this layer dropped 
about 0-01 to 0-1° C/m and the heat was carried down 
by weak turbulence. Surface waves only mixed the 
top three to four metres; below that the sea was 
stable and stratified, with layers of water a few metres 
thick separated by layers a few cm thick with totally 
different flow patterns. This layered structure extended 
below 50 metres: the horizontal extent is still not 
certain, but individual layers were detected by simul- 
taneous soundings 40 miles apart. Within the layers 
the researchers found weak turbulence with the water 
moving about 1 mm/second; there were no signs of 
turbulence in the thin sheets, but there was laminar or 
streamline flow horizontally. The vertical temperature 
gradient across the layers was equivalent to 5° C/m, or 
fifty times as great as that within the layers. Warm 
water was able to penetrate the sheets when internal 
waves developed at the boundaries and punctured short- 
lived gaps in the sheets; turbulent water could then 


able to rise to the surface, so that the phosphates, 
nitrates, silicates and other organic compounds used 
up near the surface by photosynthesis cannot be re- 
newed from the deep water which is nutrient-rich from 
organic decomposition. An interesting proposal that 
is still on the drawing board is one made by C. O’D. 
Iselin, of Woods Hole Oceanographic Institution, on 
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the possibility of mechanically pumping up nutrient- 
rich water from the depths of the oceans to the surface, 
thereby converting an otherwise “desert” region into 
an area attractive to fish’. Such natural upwellings 
are caused by the flow of surface water away from the 
coast, by open-ocean divergence, or in the centres of 
cyclonic gyres, such as the permanent gyre in the 
Pacific off Central America and the recently discovered 
one in the eastern tropical Atlantic off Angola. How- 
ever, these natural upwellings are all restricted to 
rather narrow regions and the more general processes 
of water exchange are too slow for maximum biological 
production. 

A different type of stagnation is common in semi- 
enclosed basins with positive water balance. Here the 
supply of oxygen is determined by the inflow of water 
of higher density over the sill depth. Stagnation 
oceurs when utilization of oxygen by decaying organic 
matter exceeds the supply; during these periods, 
nitrate is reduced to ammonia and part of the sulphate 
is reduced to hydrogen sulphide, resulting in complete 
stagnation. Permanent stagnation is the case in the 
Black Sea and the Cariaco Trench, or in any body of 
water where the inflow of fresh water is insignificant 
compared with the total volume. In smaller basins. 
periods of stagnation alternate with flushing of the 
bottom water. A recent study of one such area, the 
Gotland Basin in the central Baltic, has looked at the 
comparative concentrations of nitrate, nitrite and 
ammonia as indicatmg the stages of stagnation and 
regeneration®. While oxygen was still present, nitrate 
values increased, with corresponding decrease in 
ammonia and oxygen; nitrite appeared as an inter- 
mediate product of nitrification. After the almost 
complete disappearance of dissolved oxygen, the decay- 
ing organisms started to utilize oxygen from the nitrate, 
first leading to an increase in nitrite with no ammonia 
present when denitrification was still in an inter- 
mediate stage, followed by the gradual disappearance 
of both nitrate and nitrite and the consequent forma- 
tion of ammonia and the appearance of stagnation. 
In the absence of nitrate and nitrite, ammonia con- 
tinues to increase due to denitrification of organic 
nitrogen compounds. When fresh water does flow into 
the basin and the deep water is displaced upward, the 
enormous amounts of ammonia are gradually oxidized 
to nitrate, thus greatly increasing the nutrient contents 
of the water and eventually the productivity of the area. 
After stagnation from 1956-61, about 3x 10° tons of 
nitrogen accumulated in the Gotland Basin, enough to 
increase the normal concentration of nutrients in the 
Baltic Sea by about 50 per cent; the result was a huge 
upsurge in phytoplankton bloom and in fish. The 
present study indicates that the basin is presently in a 
stagnation phase and, with the residence time of the 
deeper water estimated at about five years, it should 
be possible to predict another great spurt in nutrients 
and therefore in the fishing industry about 1969 and 
1972, another example of the practical side benefits 
to industry of basic oceanographic research. 
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(Continued from page 810) 


` and mentioned by Hamilton, applied only to the A form 
© and not to the B form. In any case the whole question 
was to be resolved by a thorough erystallographic analysis. 
Franklin’s notebooks show that a study of the Patterson 
function of the A form had indicated that there were 
phosphate groups lying 5-7 A apart in certain directions. 
In January 1953 she began model-building to find what 
arrangement of the backbone chain could give such P—P 
distances. Furthermore, she had deduced that there were 
only two chains passing through a primitive unit cell in 
the structure, a conclusion not dependent on whether the 
chains were helical or not. Because the A to B transforma- 
tion was readily reversible it seemed likely that the 
chains could also be arranged in groups of two in structure 
B, in agreement with her tentative interpretation of the 
independent data on that form. 

It is interesting to note that—-as she later told me— 
Franklin did not appreciate the significance of the fact 
that the space group of the A form was C2. This implies 
that the unit cell contains either four asymmetrie mole- 
cules or else two molecules each with a two-fold axis of 
symmetry perpendicular to the fibre axis. The former 
possibility was ruled out by Franklin’s density measure- 
ments, but she was not enough of a formally trained 
erystallographer—nor apparently was anyone else at 
King’s—to infer that the DNA molecules must therefore 
possess perpendicular dyads. Of the protagonists, only 
Crick seems to have appreciated this fact—indeed the 
space group of the crystal of horse haemoglobin on which 
he had been working was C2, identical with that of the 
A form of DNA. (Franklin’s background was that of a 
physical chemist and immediately before she came to 
King’s she had been working on X-ray scattering from 
amorphous carbons—a field in which she made very 
important contributions (see obituary notice by Professor 
J. D. Bernal in Nature, 182, 154; 1953).) 


Testing the Watson—Crick Model 

While Franklin was busy with this analysis the Watson— 
Crick structure was proposed. Franklin thought the model 
entirely reasonable because it contained some of the 
features she was already familiar with and explained her 
puzzles away. Her first act was to test the B pattern? in 
terms of the model, for this pattern, rather than the A, 
lent itself readily to the direct application of helical diffrac- 
tion theory. The X-ray data were shown to be compatible 
with a helix of two intertwined polynucleotide chains, 
each containing ten nucleotides per turn in a distance of 
34 A. The two helical chains are not equally spaced along 
the fibre axis, but one chain is displaced from the other 
by about three-eighths of the fibre axis period. The 
phosphate groups lie on the outside of the structure at a 
radius of 10 Å. 

Next came the turn of the A structure, for which very 
precise data were available embodied in the map of 
Patterson function. In the second communication‘ in 
Nature published in July 1953, Franklin and Gosling 
showed conclusively that the A form also contained two- 
chain helical molecules of the same type as found in the 
B structure. This was done by a most elegant application 
of the cylindrically averaged Patterson function which 
Franklin and Gosling had already calculated. The run 
of the two helical chains and the intra-helical phosphorus- 
phosphorus vector can be seen directly in the map (Fig. 2). 
Each chain of the double helix has eleven nucleotides per 
turn (compared with ten in the B form) repeating in a dis- 
tance of 28 A, and the two chains are equally spaced along 
the fibre axis. (The number of eleven nucleotides per chain 
was suggested by the fact that the only near meridional 
reflexion in the X-ray diagram of structure A was a 
rather weak one on the eleventh layer line. This observa- 
tion was made on the special X-ray camera specifically 
designed for photographing tilted specimens.) 

This structure is sufficiently close to that of the B 
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structure to explain the reversibility of the A--B transi- 
tion (Fig. 2). In the A form the bases are no longer 
perpendicular to the fibre axis as they are in the B form 
but are tilted about 25° from the perpendicular po 
in a way that allows the fibre to contract 30 per ce 
reduces the longitudinal translation of each nucleo 
9.5 A. These conclusions were later confirmed by V 
and his co-workers in their first paper on the A form pubs —— 
lished in October 1953 (ref. 11), which took up the study of 
structure A where Franklin and Gosling had left it. 

Franklin left King’s College for Birkbeck College in 
March 1953 to take up the study of the structure of tobacco 
mosaic virus in the laboratory of Professor Bernal. But, 
before she finally gave up her work on DNA, a final paper 
was published with Gosling® reporting the interpretation 
of the three-dimensional Patterson function. The use of 
three-dimensional data made it possible to determine 
the orientation of the helical molecule in the unit cell and 
also the positions of the phosphate groups along the 
helical chains. The paper is not as complete as it might 
have been—she told me at the time that she was not very 
satisfied with it—for she had not been able to devote her- a 
self to the details of the analysis and to its writing Oe oe 
was already deeply involved with her new work ¢ eae: 
and in any case the essential features of the DNA cope co 
figuration had been established. | 


























Appendix—The Helix Question 

Watson and Hamilton have both written about 
lin’s “anti-helical’” view without explaining the 
of this opinion. Franklin had decided that there were. 
sufficient discrete reflexions in the diffraction pattern of 
the A form to settle the question of the existence of helices 
in this form by an objective crystallographic analysis, 
without any assumptions having to be made. Indeed, if 
there is a phase in Franklin’s work that can be called 
“anti-helical’, there is equally an earlier pro-helical phase. 
This can be found in the official report on her first year’s 
work which she submitted in February 1952 in connexion 
with her Turner—Newall fellowship, and also in her notes 
for her talk at King’s College in November 1951-—the 
lecture which Watson describes attending in his book. In 
the report she states that general features of the crystalline 
(A) pattern—and also those of the wet form (later known 
as B)—suggest a helical structure and that the 27 A 
layer line spacing of the A structure probably corresponds 
to one turn of a helix. Furthermore, she points out that 
the unit cell of the A structure is nearly hexagonal m 
projection, therefore suggesting that the structure is built 
up of near-cylindrical units, that is, molecules such as 
would be produced by the packing of a number of eo- 
axial helical chains. The report concludes as follows: 
“The results suggest a helical structure (which must be 
very closely packed) containing probably 2, 3 or 4 co- 
axial nucleic acid chains per helical unit and having the 
phosphate groups near the outside.” 

It must, however, be remembered that the patterns she 
was dealing with were fibres or rotation photographs in 
which the inherent three-dimensional data are to be had 
only in two-dimensional form, leading to certain possible 
ambiguities of indexing of the patterns. As she proceeded 
with the collection of quantitative data, she noticed in 
1952 that there might be a very definite asymmetry in 
the form function of the molecules in the crystal and there- 
fore in this structure itself. If this were the case the 
structure could not be helical unless the helix were con- 
siderably distorted. Franklin also appears to have been 
greatly influenced in this back-tracking from a helical 
structure by the discovery? of double orientation of the 
crystallites in a fibre of the A form. It seemed unlikely 
to her that this phenomenon could have occurred at all 
if the individual molecules had a high degree of sym- 
metry about the fibre axis. Furthermore, she had earlier 
observed that during the change “crystalline to wet” 
(that is, A->B, in the later terminology) a considerable 
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increase in length of the fibres occurs, and in the annual 
report referred to here she is careful to state that “the 
helix in the wet state is therefore presumably not identical 
with that [my italics, A. K.] of the crystalline state”, 
With this caveat in her mind, it was quite natural in the 
context of the new observations to think that the A struc- 
ture might not be helical at all and to explore structures 
that were not helical. 

_ Her premises can be summarized as follows: al though 
there were clearly helices present in the B struct ure, 
these might be so distorted, or even undone, by the inter- 
molecular bonds in the crystalline A structure that she 
had to consider non-helieal structures. But a plausible A 
structure would have to satisfy certain criteria which her 
own Investigations on the A and B transition had estab- 
lished, namely, that, whatever happened to the chains, 
the transformation must be reversible, and the phosphates 
must he on the outsides, that is, towards the water, in all 
arrangements, 


model-building to limit the structures to stereochemically 
possible ones; she attempted to fit these structures to the 
three-dimensional Patterson function of the A form which 
had been calculated in 1952. This had told her that there 
were phosphate groups lying 5-7 A apart in certain direc- 
tions. What a Patterson funetion (by its nature) could not 
tell her directly was whether these vectors referred to 
phosphates on the same or different chains. Not surpris- 
ingly, however, none of these structures fitted the Patter- 
son, Furthermore, some of them could be ruled out by 
reference to the B form which was also constantl ¥ in her 
mind. In her notebooks we see her shuttling backwards 
and forwards between the data for the two forms, applying 
heheal diffraction theory to the B form and trying to fit 
the Patterson function of the A form. We also find her 
trying to fit in the bases, using Chargaff’s analytical data, 
and returning again and again to the densities and water 
contents of both forms from which information she 
checked the number of chains. At the same time she was 
trying to solve the Patterson directly by superposition 
methods’, 

By February she knew that there were two chains per 
unit cell in the A structure and she was considering a 
structure with eleven nucleotides per chain. But, although 
she knew that there were ten nucleotides per helical chain 
of the B structure, and that there were very likely two 
such chains in the B helix, she did not see the relation 
between the two structures, perhaps because she could 
not extricate herself readily from her deep commitment 
to solving the Patterson function without a priori assump- 
tions, a course which required consideration of non-helical 
structures. The answer, which she did not arrive at before 
the Watson-Crick model was proposed, is, of course, sur- 
prisingly simple. Both structures are helical and related 
in a simple manner as I have described. 

There is, of course, no telling what would have happened 
had the Watson and Crick structure not intervened, but 
I would venture to suggest that she would finally have 
seen——and perhaps not much later—the relation between 
the A and B forms. Whatever might have happened, 
one can see that the “anti-helical’ view was not a fad or 
“mere perversity”. The stage reached by Franklin at the 
time is a stage recognizable to many scientific workers, 
when there are apparently contradictory, or discordant, 
observations jostling for one’s attention and one does not 
know which are the clues to select for solving the puzzle. 
As Watson’s book has made clear, there was no inexorable 
logic on the part of any of the protagonists leading directly 
to the solution. For example, a question that might have 
been put at the time was which of the forms of DNA, A 
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or B, was the one more closely related to DNA in its 
natural state. There must be some intramolecular re- 
arrangement in the A and B transition. Was one of the 
two structures more fundamental than the other? With 
the benefit of hindsight the answer is obvious, namely, the 
one closer to DNA in sclution, that is, the wet or B form 
which shows no further changes in structure as the 
hydration is increased right until the stage when the DNA 
passes into solution. It should be added that, near the 
end of 1952, Wilkins and Randall reported” a similarity 
between the X-ray photographs of sperm heads and those 
of fibres of pure DNA, but the periodicities were not 
sharply defined and no assignment to one of the two 
known—but as yet umpublished—forms was reported. 
The sperm head patterns were not classed as B until 
later’. It seems fair to conclude that there was no com- 
pelling experimental evidence on the biological side to 
persuade Franklin to switch her principal analytical effort 
from the A to the B form. 

But if, for a time, Franklin was moving in the wrong 
direction in one aspect, then there are clear indications 
that equally she was moving correctly in another. In the 
first paper’ Franklin also gave attention to the problem 
of the packing of the bases. She discussed the existence 
of small stable aggregates of molecules linked by hydrogen 
bonds between their base groups and with their phosphate 
groups exposed to the aqueous medium. She discusses the 
obvious difficulty of packing a sequence of bases which 
follow no particular crystallographic order and the state 
of her thinking can be seen in the following extract from 
her March 1953 paper: 

“On the other hand it also seems improbable that purine 
and pyrimidine groups, which differ from one another 
considerably in shape and size, could be interchangeable 
in a structure as highly ordered as solution A. A possible 
solution, therefore, is that in structure A cytosine and 
thymine are interchangeable and adenine and guanine 
are interchangeable, while a purine and a pyrimidine are 
not. This is suggested by the remarkably similar erystal 
structures found by Broomhead (1951) for adenine and 
guanine hydrochlorides. In this way an infinite variety of 
nucleotide sequences would be possible, to explain the 
biological specificity of DNA.” 


essential to fitting in the variable parts. In his book 
Watson wrote that Franklin's “instant acceptance” of 
the Watson-Crick model amazed him at first. But he 
went on to say that on further reflexion it was not so 
surprising to him. It is not in the least surprising when 
one studies her papers and notebooks and realizes how 
close she herself had come in the progress of her work— 
albeit in disconnected fashion at different times—to 
various features of the structure contained in the correct 
solution. 
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LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 


Positions of Four Pulsars 


ACCURATE positions of four pulsars! have been measured 
with the one mile cross type radio telescope at the Molonglo 
Radio Observatory. This instrument’, which operates at a 
frequency of 408 MHz, forms eleven beams simultaneously, 
each 2-7’ in right ascension by 2-8’ im declination and 
separated by 1-4’ in the north-south direction. Simul- 
taneously with this the east-west arm can be used 
alone, giving a fan beam in the meridian plane 2-0° by 
42°. Similarly, there are eleven simultaneous fan beams 
available from the north-south arm; these are elongated 
in the east-west direction. Results from all these systems 
have been combined here. CP 1919 is, however, right on 
the northern limit of the east-west system. 

The telescope is intended for transit observations only, 
so any source is in the beam of the east-west arm of the 
cross for about 10s each day and in the fan beams of the 
north-south arm for 10 min. This is a disadvantage, as 
the pulsars are clearly detectable only on about one day 
in five. But on the occasions when they are active at 
transit their positions can be measured accurately. Fig. 1 
shows the output of the eleven cross beams for May 22, 
1968, when CP 0950 was active and for May 21 when it 
was undetectable. Individual pulses cannot be seen 
because the receiver outputs are smoothed with the time 
constant of 3s normally used in this form of recording. 

Right ascensions were determined from the centroid of 
the times of the pulses, weighted by their intensity, as 
observed using the fan beam of the east-west arm and a 
receiver with a short time constant (~@-1s). By com- 
bining the results of several days’ observations the effects 
of the fluctuations in pulse intensity during transit are 
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May 21, 1965 
Fig. L 


May 21 and 22, 1968, smoothed with a 3s time constant. 
right ascension directiy. 


May 22, 1968 


Recording of the output of eleven cross beams during transit of CP 0050 on 
The indicated times do not give 
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reduced. The pulsar CP 0950, for which the pulse amplie = 
tude varies most rapidly, was fortunately observed- 
frequently. Declinations were obtained in two ways. - 
The first method used the value, averaged over many DST 
pulses, of the relative response to individual pulses 
observed with a short time constant on adjacent no 
south arm fan beams. The same principle has been. us ass 
by Grueff et al’. The linearity of the recording system => 
was calibrated by means of artificial pulses of similar 
duration. Second, the smoothed cross records similar to 

those illustrated in Fig. 1 were used. The area of the 
deflexion on a given trace is a measure of the total energy 
received by that bear from the pulsar and its declination 

ean be derived from the ratio of these areas on adjacent 
beams. Both right ascensions and declinations were 
calibrated by observations of constant sources with 


accurately known positions. 


a 

















Fable 1. PULSAR POSITIONS 


R.A. (1950-0) ó (LUPO 





h m 8 a 
CP 0950 09 50 3076+015 +08 O08 484 5 
CP 11353 11 33 26-00 +015 +16 Oy So i li 
CP 1919 19 19 3ra +03 +21 ay Titii 
CP 0834 O8 34 26-6 +0 . 
Constant source 
SAT . 
CP 0834 OS 34 255 +05 + O68 a3 titit 
Table 1 gives the 19500 positions equivaler 












mean position in the observing epoch May—Jiu 
Right ascensions are given for the four sour 
declinations for three of them. Despite a search w 
cross between +06° 40’ and + 05° 33’ the declina 
CP 0834 has not been measurable. We may have 
observing with the wrong set of eleven beams on th 
occasions when the pulsar was active, or it may 
been confused by the response to an uncatalogued 
constant source which is within bls of are of the- : 
right ascension and 2’ of the declination, and which is- 
given in a summary by Maran and Cameron’. This source 
has a flux density of 12x10 W m* Hz% and its 
position is included in Table 1. The probabihty of this 
source falling so close to the proposed pulsar position is 
small and it may be that there is some association between 
them. There is no constant source stronger than 0-1 x 

10-6 W m Hz- within 5’ of CP 0950 and CP 1133. 
The Palomar Sky Survey plates have been searched at 
these positions with the following results. The technique 
of using transparent overlays and measuring to the 
nearest. catalogued star provides an accur- 

acy of a few seconds of are. 

CP 0950. No objects visible at this 
position. 

CP 1133. There is a famt red image at 
llh 33m 27-9s, 16° 07’ 37”, and another at 
lih 33m 26-48, 16° 07° 19"; the latter may 
be a galaxy. They are both outside the 







error rectangle, but within it and between 
the two there is a fainter image barely 


detectable on the red plate only. Hs posi- 
tion is Llh 38m 270s, 16° O77 26", 

CP 1919. The present radio position is 
farther from the possible identification 
(19h 19m 36-885 + 0-Is,4+ 21° 46°57-4° + 15°) 
assigned by Ryle and Bailey® than the 
Cambridge radio position (19h 19m 37+is + 
0-28, 21° 47 02" + 10”) but is stall compatible 
with it. On the red plate there is a fainter 
object to the north at 19h 19m 37-08, 21° 
47° 26”, which is also just in the error rect- 
angle; no other objects are visible in the 
error rectangle. 

CP 0834. The lack of a precise declina 
tion prevents an attempt at identification, 
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few minutes of are of the declination of the constant 
source. Their positions and estimated magnitudes are 
listed in Table 2. There is no object within the error 
rectangle around the constant source. 


Table 2, POSITIONS OF OPTICAL ORJECTS NEAR THE PROPOSED POSITION 


or CP 0834 


R.A. (1950-0) 6 (1940-0) Approx. 
h m s ? magnitude 
A HR 34 2-31 + 06 iG 27 15 
3 O8 34 27-03 + 06 10 23 14 
C 08 34 20°75 + 06 O08 46 19 
F8} gR 34 26-83 + 06 G8 39 11 
E OS 34 ZERG +06 06 25 9-0 


In no case is there a convincing optical identification 
for a pulsar down to the limit of the Sky Survey plates. 
CP 0950, which is presumably the nearest of these pulsars, 
has no optical feature at all. This suggests that optically 
these sources have a very low intrinsic continuous 
luminosity. 

A system to produce more than one east-west beam 
will soon be installed. More accurate values of the right 
ascensions of the pulsars can then be obtained from the 
ratio of individual pulse amplitudes on each beam 
averaged over many pulses. By comparison with the 
position of a convenient constant source it is estimated 
that changes in the right ascension of a pulsar during the 
vear of less than 1” may be detected. A useful upper 
limit to the parallax can hence be established. 

We thank A. G. Little and M. J. L. Kesteven for their 
assistance, and R. W. Hunstead for advice on optical 
positions. This work was supported by grants from the 
Australian Research Grants Committee and the US 
National Science Foundation. One of us (A. E. V.) holds 
a Commonwealth postgraduate research studentship. 
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Radio Sources opposite Quasars 
as a Cosmological Test 


CONSEQUENCES of far reaching cosmological import have 
been inferred by Solheim? from the incidence of radio 
sources in directions nearly opposite to those of known 
quasi-stelar objects. The evidence rests chiefly on (i) 
the frequency with which radio sources occur within one 
degree of the anti-position, in relation to that expected 
from a random distribution, and especially its enhance- 
ment for those quasars with red-shifts in the range ]1-2< 
z< 2-0, and (ii) the reduction below statistical expectation 
of the average value cf the separations between the anti- 
positions and their associated sources, also occurring 
preferentially over the same range of red-shifts. 

The discussion presented seems to overlook certain 
intrinsic characteristics associated with the process of 
sampling a superficial distribution of randomly disposed 
points. In particular, the mean value of the separation 
between an arbitrary origin and its nearest point, when 
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at least one point occurs within a given distance, can be 
significantly modified by the possibility of additional points 
being within the sampling range (or, more accurately, 
ignoring this possibility when calculating the mean leads 
to an erroneous result). When the data are re-examined, 
allowing for these effects, they prove to be in much closer 
accord with what would be expected from a completely 
random distribution of sources, thus suggesting that the 
conclusions drawn by Sclheim are inadequately substanti- 
ated by the evidence. 

Consider first a sample area, S, of any shape, lying 
wholly within a larger area, A, that contains a total of 
N points randomly distributed. The a priori probability 
that any point arbitrarily selected from this set will be 
found within S is S/A, and the probability that the remain- 
ing points will all lie outside S is (1—S/A)N-!. These two 
occurrences are independent (neither can influence the 
other), so the conjoint probability of finding a selected 
point, and only that point, within S is (S/A)(1—S/A)N-, 
There is an initial choice of N points, so that the probability 
of finding just one point within S is (NS/A)(1—S/A)N-, 

By similar reasoning, it can be demonstrated that the 
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an expression which holds for all integral values of k up 
to N, including zero. 

If now A and N tend to infinity in such a way that the 
ratio N/A remains finite and tends to a fixed limit n (the 
mean concentration of points per unit area), this expres- 
sion reduces to 


mega HE 


where m has been written for nS, the average number of 
points included within © on the assumption of statistical 
uniformity. Summation for values of k from zero to 
infinity represents the sum of the probabilities of all 
possible outcomes, and is unity as would be expected; 
summation from unity to infinity yields 1 — em, and gives 
the probability of finding one or more points within S. 
For small values of m, this tends to m=nS, that is, it 
converges to the average number of points included when 
the sampling area is small in relation to the punctual 
density. 

If now the area S is taken as a circle of radius a, centred 
at some arbitrary origin, we can compute the mean dis- 
tance from such origin to the nearest point within S, 
when one or more such are included. It is especially to 
be noted (1) that cases in which S has no interior point are 
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rt 
Fig. L Average value of minimum separation for a random distribution. 


a, Radius of sampling cirde; m, mean number of poimts Included in 
circle. 
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= excluded from the calculation, and (ii) that points within 
-= § other than that nearest to the centre are ignored. 

- The probability that the annulus between radius r and 
= p+ Ar contains a “nearest” point is the conjoint of the 
probabilities that there is just one within the annulus, 
and none inside its inner boundary. These are respec- 
tively obtained by putting m=2nnrAr:k=1 and 
m= tnr?:k=0 in the general expression previously de- 
rived, and their product, in the limiting case when âr 
becomes the elementary increment dr, 1s 


Fgnre-rnr dr 


The mean value for the distance of all the “nearest” 
points that lie within 0<r<a is consequently given by 


ah 
free-mr'dr 


which leads to 
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where m now denotes mna*, the average number of points 
within the sampling circle, and 


is the error function. This expression is plotted in Fig. l» 
and provides the factor that must replace the constant 
value of 1/4/2 adopted by Solheim. 

Data adduced in Solheim’s communication imply that 
l —e-™ = 0-367, that is, m=0-457, from which we obtain 
Fj/a= 0-636, or = 38-1, when a is 1 degree. Both this 
value and that used by Solheim (42’:5) are shown in Fig. 2 
which reproduces his plot of the ten-point running mean 
separation against red-shift. Whereas there is a preferen- 
tial reduction in the separation over a well defined range 
in z compared with the original value for the random 
mean, the case is substantially weakened—-if indeed it 
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Minimum separation 
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Fig. 2. Observed minimum separations, classified by red-shift (ten- 

point running mean reproduced from ref. 1 as dotted line), compared 

with the original and corrected average values that would be expected 

if radio sources were uncorrelated with anti-quasar positions, a, Mean 
adopted in ref. 1; b, corrected random mean. 
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quasar positions and radio sources (crosses) compared with thed 
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still exists—when judged against the correcte 
In fact, the mean value of minimum observed 
over the range 1-2<z< 2-0 derived from the | 
lated by Solheim is 36-7, which differs from t 
on a random basis by only 1’-4—-well within. tl 
ally computed standard deviation for the n 
samples involved. | 

Possibly the most sensitive test for detecting: 
tion of non-random cause in a situation of th 
provided by comparison of the observed distrib 
separations with that appropriate to the action: 
alone. If we represent by Pir) the expected nt 
“nearest” points with separations less than r, expre 
as a proportion of all “nearest” points that he withn 





"the 
maximum separation a from arbitsary origins, it is easily 
shown that, for randomly distributed points, 
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A count of the sources within successive radial imere- 
ments of 10’ has been made from Solheim’s Fig. 4, and the 
results are compared in my Fig. 3 with the theoretical 
random distribution computed from the expression above. 
The general concordance exhibited leaves little room for 
doubting that the data are other than fully compatible 
with the postulate that there is no systematic connexion 
between the antipositions of quasars and known radio 
sources. 

In view of this conclusion, it is the more important to 
emphasize that it in no way constitutes an argument 
against the model of a closed universe with a pole at a 
red-shift z~ 1-7 of the kind proposed by Solheim. There 
are many possible reasons why the pre and post-quasar 
stages might be beyond the limits of terrestrial observa- 
tion, and, moreover, they might even have been observed 
in one or two isolated cases. The point made here is 
simply that support for this hypothesis is not provided 
by the separations currently observed in terms of statistical 
arguments along the lines suggested. 

D. E. Preer 
Abingerwood, 
Ewhurst, 
Cranleigh, Surrey. 
Received July 23, 1988, 
? Solheim, J.-E., Nature, 219, 45 (1968). 
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Pulsed LINAC Neutron 
Diffraction 


WE have successfully tested a new method of obtaining 
neutron diffraction patterns from polycrystalline specimens 
using a pulsed linear accelerator (LINAC) as a neutron 
source in conjunction with a time-of-flight (TOF) detection 
system. The TOF technique for neutron diffraction has 
been used by various investigators since the pioneering 
studies by Buras et al.'-4, and its advantages for studies 
at high pressure have been demonstrated recently by 
Brugger et al.. All the previous applications of the 
TOF technique to neutron diffraction have used a reactor 
as a neutron source, and generally the pulsing of neutrons 
has been achieved by means of a fast chopper. In our 
application, however, the normal pulsed operation of the 
accelerator eliminates the need for an elaborate and 
expensive chopper. Furthermore, it has been found that 
the flux of usable neutrons provided by an accelerator 
such as the Rensselaer LINAC (Troy, New York) is quite 
high, as judged by the satisfactory diffraction pattern for 
an NiO specimen (Fig. 1) obtained in only 4 h in less than 
optimum conditions (the main features of the pattern 
could be discerned in the first 2 min of operation). 
Accelerator neutron sources’? have been used for a variety 
of other purposes, but there has been no report of their 
application to neutron diffraction studies of polyerystalline 
substances. 

A block diagram of the system we have used is shown in 
Fig. 2, The LINAC electron pulse strikes the water-cooled 
tantalum target producing a very high flux of gamma 
rays. A (y,n) reaction in the target gives high energy 
neutrons with an isotropic distribution. The moderator, 
a 4in.x4in.x lin. block of polyethylene, covered as 
large a solid angle as possible, assuming the target to be 
a point source of neutrons. The polyethylene was covered 
with 0-060 in. of cadmium on all sides except the one 
facing the sample, and was cooled to 77° K by passing 
liquid N, through two channels in the block. The cadmium 
cover prevented neutrons of long wavelength (greater 
than 0-4 A) from entering the moderator and further 
broadening the time pulse. A 70in. long collimator, 
3in.x lin. at the moderator end and 1 in. x lin. at the 
sample end, directed a beam of neutrons from the modera- 
tor onto the cylindrical sample. The collimator contained 
one Soller slit (to give 0-3° divergence), was lined with 
cadmium and evacuated to approximately 9x 10- torr; 
the ends were sealed with aluminium windows (0-005 in. 
thick) and rubber O-rings. The sample of NiO was con- 
tained in an aluminium cylinder 5/8 in. in diameter and 
with walls 0-010 in. thick. The cylinder was shielded by 
a can of B,C with three ports: one for the entering beam, 
one for the diffracted beam and one for the beam monitor 





i 
| 
| 
| 
| 
| 

Seal 





Counta/channed 





10,000 H7 ae | 
fom Na 
9,000 Fie Vas z 4 
yea = F - 
2 Ome FO Bow Cem mO nF "w O N i 
fy } me > . a = pram =a! 
S00 “guo8e8S8S FR BF 3S R Sa 
Pa PON if f i POP (ae | 
7000 | Viet, tbe Aa ge Lo g ie sal 
ate A f $ ; NiO AT 293°K 
i ; oe = dl ; SIN 8=0.707 
: i a : Et : Dk 
; 4 odii : Th 
3,000 EE E H 4 
; ee Ae AA Poe e br ; ai : : 
| LO0A 150 200A 250A  300A~- Pea 
60 100 150 20) 250 300 350 406 


8 gs channels 


The raw data for NiO which were collected during a 4h LINAC 


Fig. 1. 
run, plotted as counts/channel against § us channels. 


NATURE, VOL. 219, AUGUST 24, 1968 





S | . se tere ea ~ | 1024 CHANNEL | 
| PREAMPLIFIER = AMPLIFIER 7 DISCRIMINATOR H=] TIME - OF -FLIGHT | 
Soe ae aa | SPECTROMETER | 
Sibi Soli omens 
i. ee ` 
DETECTOR] | ie HIGH VOLTAGE | 
BIAS POWER supply | EENE een 
i PRC ee 1024 CHANNEL 
ESEESE | TIME - OF - FLIGHT 
I F HICH VOLTAGE | | SPECTROMETER 
H [BIAS POWER SUPPLY} 


menmanna nae mie oss 


} 
3 


H i $ 

a a eee eee eee a 

SAMPLE Qf PREAMPLIFIER AMPLIFIER} DISCRIMINATOR| 
a DETECTOR H— ne 


t 

: | COLLIMATOR 
if 

| 


tt 
‘ 
G 


Í MODERATOR 
A tS 


TARGET 





LINEAR ACCELERATOR 


Fig. 2. Block diagram of the pulsed LINAC neutron diffraction system. 


detector. This detector was a 2 in.x6in. BF, counter 
with a ceramic end window. It was inserted into a 2 in. 
pipe, shielded by B,C, with its long axis parallel to the 
beam. The flight path length was 3-6m. The diffracted 
beam detectors were at 90° to the incident beam. These 
consisted of two BF, counters, each 15 in. long and 2 in. 
in diameter, mounted with their long axes perpendicular 
to the diffracted beam. The counters were placed at an 
angle so as to intercept the largest possible are (approxim- 
ately 7 per cent) of the diffraction cone. The length of 
the flight path for the 90° detectors was 330m. The 
entire sample-detector system was contained in a block 
house with 24 in. thick concrete walls. 

It is important that adequate shielding be provided, 
especially for the high flux of gamma rays that can 
seriously overload the counter tubes and preamplifiers, 
and for the fast neutrons that are not thermalized by the 
moderator and which can then contribute to a high back- 
ground. Tolerable eonditions were achieved by the use 
of lead and high density concrete for gamma ray shielding 
and paraffin, water, polyethylene and boron carbide for 
neutron shielding. Also, additional shielding with 0-030 in. 
thick cadmium sheet was used around the sample and 
detectors. As can be seen from Fig. 1, the background 
in the first 150 channels is quite high, but it could be 
readily reduced by additional shielding. 

Low-noise pulse electronic components were used in 
the TOF detection system. The two detectors at 90° 
were connected to a ‘Tennelec TC-133 preamplifier with 
a low-noise field-effect transistor front end. 


the “gamma flash” which follows each LINAC electron 
pulse. 

The LINAC operating conditions were: electron 
energy = 45 MeV, average current = 500 pA, repetition 
rate = 235 pulses/s and electron pulse width = 4-5 us. 
The average power of the electron beam hitting the target 
was 22,500 W. 

The raw data collected during a run lasting 4 h with 
the NiO specimen are shown in Fig. 1, where the counts/ 
channel are plotted against 8 us channels and the cor- 
responding neutron wavelength scale is given in A. The 
interplanar spacings (d values) are obtained from the 
flight times, ¢, as measured for the maxima of the peaks, 
by the relation 

h 


d = 
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h is Planck’s constant, m is the neutron mass, l is the 
flight path length and 9, is the Bragg angle corresponding 
to half the angle of the fixed detectors. In this case, 0, 
was 45°. The length of time between LINAC pulses de- 
termines the low energy (long wavelength) cut-off for a 
given path length. For example, at the repetition rate 
of 235 pulses/s, or a period of 4,255 us between pulses, 
and with a path length of 3-30 m, the largest d value that 
could be observed was 3-6 A. This meant that the 111 
reflexion at 4:82 A—the only strong magnetic reflexion— 
was not included in the data collection range. The appear- 
ance of the subsequent, much weaker magnetic reflexions 
(those with odd indices) assures that the 111 reflexion 
could be detected either by a decrease in the pulse repeti- 
tion rate or by locating detectors at smaller angles. 

The indexing of the diffraction pattern in Fig. 1 has 
been made on the basis of the magnetic cell® which is 
assumed to be cubie with a lattice parameter twice that 
of the chemical cell, that is, a= 2x 4177 A=8-354 A. 
The very slight rhombohedral distortion («= 90° 3-3”) can 
be safely ignored. 

The two outstanding characteristics of the LINAC 
diffraction pattern are the large number of reflexions and 
the progressive broadening of the peaks with increasing 
wavelength. The first feature is a consequence of the use 
of the TOF technique with a broad spectrum of incident 
neutron energies, although it would seem that in the 
present application a larger number of fast neutrons are 
diffracted than in earlier uses of the TOF method with a 
chopper and a steady state reactor. This feature could be 
used more advantageously with the choice of smaller 
channel widths, more efficient counters and by decreasing 
the background with more shielding. The varying breadth 
of the peaks is the result of the increasing width of the 
time pulse with increasing wavelength associated with the 
neutron moderation process, an effect well known from 
moderator studies. This apparent disadvantage is not 
as serious as had been anticipated. The resolution, At/t, 
of the broadest peak (222) is 0-028 and this can be im- 
proved by using longer flight paths, and a choice of 
better moderator and better moderator conditions and 
geometry. 

The accuracy of the determination of d values and of 
the lattice parameter is limited by the accuracy of the 
measurement of the flight path. It would seem that the 
best procedure for evaluating the flight path would be to 
use (for calibration purposes) a material such as NiO 
for which the lattice parameter is well established. Our 
measurements of d have thus been checked for internal 
consistency, with the result that an accuracy of 0-3 per 
cent is indicated for lattice parameter determinations. 
This is a modest degree of accuracy but adequate for 
indexing most structures that are not of great complexity. 

With regard to integrated intensities, a knowledge of 
the intensity against wavelength distribution m the in- 
cident neutron beam is needed. The present attempt to 
obtain the incident beam spectrum with a BF, counter 
was not satisfactory, for it appeared that the counter 
was overloaded by the very high flux of neutrons. It is 
planned to remedy this situation with the substitution of 
a low efficiency +U fission counter. None the less, even 
with the present deficiency the value of 
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is 0-15 for the fourteen peaks the area of which could be 
measured readily. 

We believe, then. that this first short experiment 
demonstrates that not only is it possible to do neutron 
diffraction studies with a pulsed LINAC, but that this 
method has the potential of an attractive alternative to 
more conventional methods. 

Especially favourable features of the LINAC method 
are the overall simplicity of the physical arrangement 
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and the high flux of usable fast neutrons. It would seem 
that the most worthwhile exploitation of these features 
could be made in special applications such as high pres- 
sure experiments and high or low temperature studies, 


where the sample must be contained in a thick-walled - Bs 
vessel or be surrounded by other materials. We intend — 


to pursue first the application to high pressure studies. 
It may also be possible to make use of the high flux of 
fast neutrons for studies of highly absorbing materials 
and for obtaining more accurate values of lattice constants 
and thermal parameters. 
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Photometric Recording of 
Sound from Flames 


A COMMUNICATION! has drawn attention to the possibility 
of using flames as sound recorders and amplifiers. A 
technique was described (Fig. 1 of ref. 1) in which sound 
waves were produced by modulating the flow rate of 
oxygen to a small diffusion flame. The region of sound 
generation, it was stated, is associated with that of 
maximum flame luminosity, and this luminosity contains 
the imposed modulation. The authors suggested that 
the modulating signal could be reproduced acoustically 
simply by amplifying the photometric recording of direct 
flame luminosity. 

We wish to point out that past studies of flame-noise 
generation?- at this centre have shown that the pressure 
in the sound wave originating from a turbulent flarne is 
proportional to the time derivative of the rate of combus- 
tion. Beeause the volume of the luminous reaction zone 
is a measure of the rate of combustion, we measured this 
derivative by differentiating electronically the output 
signal from a photomultiplier that recorded the intensity 
of radiation from C, radicals in the reaction zones of 
various flames. Recording sound with a microphone at 
the same time, we found a good correlation between the 
waveforms of differentiated light intensity and sound 
pressure for a variety of turbulent flames. We conclude 
that, for time-dependent phenomena, a measure of the 
derivative of the light intensity is proportional to the 
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Big. 1. Time-resolved oscilloseope records of a, the direct C, emission 

intensity, and $, the sound pressure waveform, from a diffusion flame 

with oxygen flow rate modulated at the combined frequencies of 400 
. and 860 Hz, 





Mig. 2. Time-resolved oscilloscone records of a, the differentiated Ca 
emission intensity, and b, the sound pressure waveform for the flame 
described in Fig. 1. 


sound pressure, while measurements of direct light inten- 
sity are proportional only to the rate of combustion. 

These features are illustrated in Figs. 1 and 2 by the 
time-resolved optical and acoustic waveforms obtained 
from a flame similar to that used in ref, 1 (Fig. 1) and in 
which sound is produced also by modulating the flow rate 
of oxygen at the combined frequencies of 400 and 800 Hz. 
Fig. 1 compares the direct light intensity waveform (a) 
and the corresponding sound pressure waveform (8). 
Fig, 2 compares the derivative of the light intensity (a) 
and the pressure waveform (ù). (In each figure, the acoustie 
waveform has been displaced to the left by the same 
amount to account for the time taken for the sound wave 
to propagate from the flame to the microphone.) Apart 
from a correspondence between the position of peak sound 
pressure and the maximum rate of change of light inten- 
sity in Fig. 1, there is no real correlation between the two 
waveforms. But in Fig. 2 there is a good correlation, 
which confirms that sound pressure is proportional to the 
rate of change of the rate of combustion. 

For this reason, attempts to reproduce high-fidelity 
sound from flames by recording direct fame luminosity, 
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as proposed in ref, 1, eannot be successful. If the in- 
stantaneous amplitude, 9, of the modulating signal is 
represented by the Fourier series ọ= E a, sin wnt, then 


7i 
the luminosity is proportional to fo.dt= È (as/an) cos wa, 
n 


and the quality of reproduction necessarily deteriorates 
at high frequencies, 
Although flame radiation could be used in principle 
as the medium by whieh to record sound, it would then 
be necessary not only to record the derivative of the flame 
luminosity, but also to limit observations to radiation 
originating in the flame reaction zone’. Further restric- 
tons imposed by self-absorption usually limit the usable 
radiation to that evolving from chemiluminescent free 
radical species, such as C, or CH radicals, which are 
present in low concentration. and they exclude the use of 
continuum radiation, such as that from a candle flame. 
which originates mostly from carbon particles located 
outside the region of energy liberation and sound genera- 
tior., 
I, R. Hugi 
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Relation of Crustal Thickness to 
Relief demonstrated by the 
Alpine Folding Ridges 

THERE are five profiles of deep seismic sounding which 
cross the mdges of the Alpine folding (western Alps, 
eastern Carpathians, Crimea, central Caucasus. eastern 
Caucasus). I have analysed the correlation between the 
depth of the Mohorovičić discontinuity and the relief of 
the diurnal surface. The altitude of the relief was de- 
termined every 5 km along the seismic profile and com- 
pared with the depth of the Moho discontinuity. This gave 
a system of points for each seismic profile, and these are 
grouped within comparatively narrow limits. 

The relation of crustal thickness to relief in the western 
Alps is shown in Fig. 1. The largest number of points is 
located within the 30-45 km range, thus showing a reverse 
relationship between crustal thickness and altitude. The 
part of Fig. | where one series of points is grouped per- 
pendicular to another series corresponds to the south- 
astern slope of the Alps where, with the decrease of 
altitude, the crustal thickness increases to 50 km as 
compared with 40-45 km over the high-mountain regions 
of the Alps?. 

The reverse relationship of crustal thickness and relief 
has been found to apply to other seismic profiles, but in 
these cases the fields of points plotted for the seismic 
profiles are displaced with respect. to each other and to the 
points plotted for the seismic profile of the western Alps 
(Fig. 2). The field of points for the seismic profile crossing 
the central Caucasus aleng the line from Tbilisi to Ord- 
jonikidze is the nearest to that for the profile acrosa the 
western Alps*; the erustal thickness decreases from 46 
to 32 km with the decrease of the altitude of relief. 
Deeper “mountain roots” are found beneath the eastern 
Caucasus, and the fleld of points showing the relationship 


between the crustal thickness and altitude is shifted stil! 
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lower (Fig. 2). In this case, the crustal thickness is reduced 
< from 55 to 42 km as the relief altitude decreases. The 
¿© points showing the relationship of crustal thickness for the 

seismic profile which crosses the mountainous part of the 
Crimea are located lower than the points for the seismic 
profile across the eastern Caucasus. Within the limits of 
the mountainous Crimea the crustal thickness is 50 km 
as compared with 30 km to the north of the Crimea in the 
coastal part of the Black Sea and with 40 km beneath 
the plateau and northern Crimea. And lastly on the 
seismic profile crossing the eastern Carpathians, the points 
of relationship of crustal thickness with altitude of relief 
are displaced to a still lower level. At the relief altitude 
of 900-1,300 m the crustal thickness varies within 
50-57 km (ref. 4). 

For cach seismic profile I have thus determined a 
reverse relationship of crustal thickness with relief 
altitude. With respect to each other the fields of points 
for each seismic profile are displaced in direct relation. | 
have compared the correlation of the depth of the Moho- 
rovitié boundary with altitude on three seismic profiles 
(western Alps, central Caucasus and eastern Caucasus) 
and found that at one and the same relief altitude of 
4,000 m the crustal thickness differs by 15 km (from 40 
to 55 km). Such considerable difference in crustal thick- 
ness at one and the same altitude prompts a conclusion 
that the compared parts of the ridges had different 
crustal thickness before the formation of those ridges. It 
seems evident that in the process of neotectonic uplift 
only part of the “mountain root” has been formed, while 
a considerable part of the depression in the Mohorovitié 
discontinuity relief is inherited from the Mesozoic depres- 
sions. Table 1 supports my conelusion and shows the 
depths of the Pre-Mesozoic foundation in regions crossed 
by the seismic profiles. 


Table 1 


Absolute depth 
No. on Ridge crossed by Depths to the marks of the 
Fig. 2 seismic profile Palaeozoic Palaeozoic foundation 
foundation (km) (minus relief} 
1 Western Alps (to N.W. of the 
zone of shiny slates) G+ — 2 +442 
2 Central Caucasus Q+ — 4 +4+0 
3 Eastern Caucasus ~5+-—9 —2+-—5 
4 Mountainous Crimea ~5+-7 —4+~6 
5 Eastern Carpathians -4+ ő ~3+-4 


The comparison of Fig. 2 and Table 1 shows that 
whenever the depth of the foundation is increased, that 
is, the Mesozoic and Caenozoic sediments become thicker, 
the fields of points on the plot of relationships of crustal 
thickness with altitude shift down to the right, that is, 
the “mountain roots’ sink deeper. A considerable 
increase of crustal thickness (to 50 km) on the profile 
across the western Alps (see Fig. 1) has been recorded 
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Fig. 1. Dependence of crustal thickness on altitude of surface along the 
line Geneva-Turin (Western Alps). 
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Fig. 2. Fields of points of dependence of crustal thickness on 
seismic profiles crossing the ridges of the Alpine folding: | 
Alps (to the north-west of the zone of shiny slates); 2, central: 
3, eastern Caucasus; 4, mountainous Crimea; 5, eastern Carpath 
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within the zone of “shiny slates”, that is, in the area where 
the accumulation of the most formidable sedimentary 
layers was in progress in the Mesozoic and Caenozoic. 
The altitude of the modern relief is now only 0-1,500 m, 

Finally, it has been found that the formation of 
“mountain roots” in Alpine folding took place chiefly 
during the period of sediment accumulation, while during 
the -orogonic period a slight and partial increase of crustal 
thickness occurred under the ridges. 
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Solar Lakes and Solar Energy 


Por! recently described the interesting discovery of a 
“solar lake” on the shores of the Gulf of Aqaba, Red Sea, 
20 km south of Elat. Such a solar lake is characterized 
by a very sharp increase of salinity, and, consequently, 
of density with depth, with the result that a layer of 
high static stability is produced near the bottom. The 
high static stability of the layer prevents the formation of 
turbulence or at least reduces the level of turbulence, 
thus eliminating, fully or partly, an effective agency for 
heat conduction. It is therefore expected that much 
of the solar radiation absorbed in the stable layer will be 
“trapped” there and may become an energy source. 
As Por points out: “Solar lakes ... have a considerable 
future in relation to desalination plants and low energy 
turbines in areas in which both energy resources and fresh 
water are scarce.” (As far as I know, it was Dr R. Bloch, 
Negev Institute of Arid Zone Research, Beersheba, 
Israel, who first recognized the potentialities of solar 
lakes for the exploitation of solar energy.) 

It is worth estimating the magnitude of the energy 
that can be extracted from the stable layer of such s lake. 
Por presented a diagram summing up his temperature 
and chlorinity measurements at various depths (bottom 
at about 5 m) in the lake in the second half of February 
1968 and these data help in an estimation. 

In Por’s Fig. 3 the layer of high stability begins at a 
depth of just over 1 m. As a working figure I shall take 
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the depth of 125 em as the top of that layer. Now the 
fraction of solar radiation which penetrates unabsorbed 
below a water layer 125 cm thick? is about 30 per cent 
of the solar radiation crossing into the water, that is to 
say, the solar radiation incident on the water surface 
less the amount reflected back. The amount of solar 
radiation penetrating below the water surface in the 
area of the northern Gulf of Aqaba during the whole 
of an average February is estimated at about 10,000 ly 
(y=langley, 1 ly=1 cal/em?) and perhaps as much as 
10,500 ly. This figure is based on my energy budget 
calculations for the Red Sea?, including the Gulf of 
Aqaba, and for the southern basin of the Dead Sea, some 
200 km north of the site of the solar lake (due allowance 
has been made for the elevation difference between the 
Dead Sea and the Gulf as it affects solar radiation). With 


The solar radiation absorbed in the bottom layer is 
removed by a number of processes: (a) raising the tem- 
perature of the bottom layer, (b) molecular conduction 
of heat to the colder top waters, (c) turbulent conduction 
of heat to the same cold waters, (d) conduction of heat into 
the lake bed and (e) bielogical and chemical processes. 
it is almost certain that the amount of heat involved in 
the latter is a small and, possibly, very small term in the 
overall balance. A similar conclusion applies to (d) 
based on my calculation? of heat conduction to the 
bed of the similarly shallow Lake Hula (or, rather, the 
former Lake Hula) in northern Israel. In any case, 
during a full annual cyele the heat conducted into the 
bed of the lake in one season will return to the lake in 
another season. 

Concerning process (a), Por estimates that from 
February to summer the temperature of the stable layer 
will rise by 10°-15° ©. I do not know the precise rate 
at which the temperature of the stable layer rose during 
February, but an assumed rate of 1°--2° C will probably 
not be far from reality. Taking the thickness of the stable 
layer as 350 em, the heat which is likely to have entered 
into storage in that layer during February may work out 
between just over 300 and some 650 ly. I shall adopt 
for that quantity the round figure of 600 ly. 

I shall now consider (6): molecular conduction of heat 
to the top waters. With a temperature difference of 25° C 
across the top layer of 125 em thickness, as indicated by 
Por’s data, and a thermal conductivity? of about 1-25 x 10-3 
cal/(em s deg.) for these very saline waters, the rate for 
the whole of February would come out at about 600 ly. 
Actually, this might be an overestimate, because the sur- 
face waters may not have been as cool as indicated by 
Por's data during periods when the evaporation rate is 
low. 

Turbulent conduction of heat (e) is likely to be most 
effective near the top of the stable layer, where the 
static stability is less pronounced. In the absence of 
appropriate data, it is hard to evaluate the approximate 
magnitude of that term. It should equal. however, the 
residual of the foregoing terms of the heat balance for the 
stable layer, that is, I put it at about 1,800 ly. 

The important thing to note in my approximative 
analysis is that turbulent and moleeular conduetions 
take away a large fraction of the energy represented by the 
solar radiation absorbed in the stable layer, leaving only a 
small fraction “trapped”. Naturally, any successful 
process of artificial heat extraction will reduce the tempera- 
ture difference between the stable laver and the cold and 
light top layer and will, presumably, lead to smaller 
conduction losses, leaving more energy available for extrac- 
tion from the stable layer. Nevertheless, it seems that 
the amount of heat that can be extracted from the bottom 
waters is not large, particularly because, to begin with, 
the total amount of solar radiation reaching the stable 
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layer is not too large a fraction of the solar radiation 
incident on the lake surface. 

In order to increase the fraction of solar radiation energy 
that can be extracted, effective ways for reducing the con- 
ductive heat losses from the bottom to the top waters 
have to be found. One solution would be the reduetion of 
the rate of evaporation from the lake by treatment (for 
example, using a suitable monolayer) which does not 
impair the penetration of solar radiation into the lake. 
Thus not all of the different methods used during the past 
20 years for reducing evaporation would be appropriate. 
A reduction in the rate of evaporation would be accom- 
panied by an merease in the temperature of the surface 
waters, and a corresponding expected decrease in the 
temperature difference between the lower stable layer 
and the upper unstable layer. Although an increase in 
the temperature of the surface waters may entail increased 
rates of sensible heat losses to the atmosphere, the heating 
of the surface waters—attendant on the reduction of 
evaporation—would be moderated by the proposed arti- 
ficial extraction of energy from the stable layer. 

A lowering of the evaporation is all the more desirable 
because the natural evaporation rate is found to be high. 
Both I’ and Privett? agree in our energy balance studies 
that the monthly evaporation rate from the northern Gulf 
of Aqaba for an average February is about 11 em, equiva- 
lent to a latent heat expenditure of well over 6,000 ly, that 
is, more thar 60 per cent of the solar radiation incident on 
the sea surface. Already in February the evaporation 
rate from the lake is likely to be somewhat higher than 
from the adjacent Gulf, a point which adds emphasis 
to the importance of efforts at reducing the evaporation 
rate from solar lakes if the heat extraction from the stable 
layer is to amount to an important fraction of the solar 
radiation incident on the water surface. 

It seems reasonable to assume that what I have said 
apples, qualitatively, to the remaining months of the 
annual eycle. 
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Line Shape of the OD Absorption 
in the Infrared Spectrum of 
Partially Deuterated Water 


SHARP OH bands have recently been reported in partially 
deuterated solid alcohols which have been attributed to 
the absence of intermoleeular coupling! We wish to call 
attention to the remarkable change in band shape for the 
uncoupled OD oscillator of HDO in H,O on freezing. 
We have measured the infrared absorption of the OD band 
near 2,500 em~? in dilute solutions of D,O in H,O in condi- 
tions where the wings of the band can be observed for at 
least 250 cm~ on either side of the absorption maximum. 
The spectra were digitally recorded and band shapes 
subjected to numerical analysis. The OD band of ice is 
sharp (31 em~ wide at half-peak height) and Lorentzian 
for at least twelve half-widths and exhibits no asym- 
metry in this range. With melting, the band broadens 
(half-width of 150 em~) and is Gaussian in shape for two 
half-widths. At 4° C ne asymmetry is seen; however, at 
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higher temperatures asymmetry appears on the low fre- 
quency side of the band. Our high temperature data 
- appear to be in good agreement with those of Falk and 
Ford®. . 

Fig. 1 shows typical absorption spectra for HDO as 
displayed on a Calcomp plotter after digital recording at 
0-5-1-0 em intervals of a linear absorbance signal. 
These spectra were obtained on a Perkin-Elmer 421 
double beam spectrometer with a spectral band pass less 
than 3-5 cm-! and a matched cell filled with distilled water 
at the same temperature in the reference beam. (Tech- 
nique is similar to that of ref. 2.) In these conditions the 
window in the H,O spectrum extends from 2,800 to 
2.200 cm. We experienced some difficulty in accurately 
recording the attenuated signal obtained in the region 
of the water combination band at 2,200 cm~! at these 
long path lengths (sensitive to a mismatch of 0-5 per cent 
in a 100u cell). This is the principal factor limiting the 
range of the observed symmetry of the OD absorption. 
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Fig. 1. OD absorption spectra for 0-00823 mole fraction D.O in H0 
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A key point in these experiments which differs from 
that of other investigators** is the use of very dilute = 
solutions of D,O in H,O. As Wall and Hornig pointed out4, o o 
the relative concentrations of D,O0, HDO coupled to. 
another HDO, and uncoupled HDO will be in the ratio of 
f/4f/(l —f) where f is the mole fraction of D,O in H,O. In. 
our conditions 96-0 per cent of the D,O added is present 
as HDO molecules without HDO or D,O molecules as 
nearest neighbours and only 4-0 per cent may exhibit the ~ 
usual complex OD absorption arising from coupling of 
OD oscillators. 

We have also used the methods of Seshadri and Jones* 
and subjected the observed band envelopes to moment 
analysis on a digital computer rather than utilize a sub- 
jective analogue curve generator’. Fig. 2 is a plot of the 
truncated second and third moments calculated from the 
digital data using the equation 


+ J 
SS auivi Vo} Av 


+ J 
be E ay Ay 


-f 
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where 6 is half the width at half peak height, a; is the 
absorbance, and un(J) is the nth moment evaluated 
between +J(J=mb, m=0, 1,2 ...). Band centres and 
half-widths used in the moment calculations are mean 
values obtained from a least squares fit® of digital data 
from multiple spectral runs. 

The —7-6° C data follow the Lorentz profile expected 
for time averaged perturbations m a condensed medium’, 
The +4-1° C data clearly deviate from this theoretical 
profile and exhibit properties similar to a Gaussian 
contour: 95 per cent of the band imtensity hes within 
two half-widths. The small degree of asymmetry expressed 
by the third moment could only originate in a weak com- 
ponent centred more than 150 cem? away from the main 
OD absorption. Thus there is no evidence for secondary 
absorption bands from 2,350 to 2,650 em~ and the OD 
absorption for dilute D,O in H,O appears quite symmetric 
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Fig. 3. Shape parameters for 0-00823 mole fraction D,O in HO at 
-76° C; band centre at bia emo} and width at half-peak height of 
Liem. 


at’4° C. The application of standard statistical regression 
analysis to these OD spectra indicates that 99-5 per cent 
(H? = 0-995) of the variation of the experimental data is 
explained by the chosen models: Lorentzian for the 
~ 7-6° data and Gaussian for the 4:1° data. 

The band observed in ice has been subjected to a more 
detailed analysis which clearly indicates its symmetry 
and Lorentzian character. Fig. 3 is a plot of a shape 
factor 


By(J)= tald uld) 


and an asymmetry parameter 


¥ (7) = [us uIP 


The use of these reduced parameters tends to minimize 
experimental difficulties in the determination of an accur- 
ate background and to emphasize the intrinsic band shape. 
The OD absorption in ice is symmetrical for thirteen 
half-widths (+200 em-)), follows a Lorentzian contour 
and exhibits the expected experimental deviation at 
high J (ref. 8). Again, the positive value for y(.J) at high 
J should probably be attributed to experimental difficul- 
ties in obtaining accurate measurements in the vicinity 
of the 2,200 cm- combination band. 

We interpret these data to indicate that the OD 
vibrations of HDO in dilute D,O solutions are indeed 
uncoupled from internal vibrations of the HDO molecule 
and from intermolecular coupling to other HDO or H,O 
molecules. In ice with maximum hydrogen bonding and 
maximum physical coupling we observe the simplest 
shape. This shape is expected for an unperturbed oscilla- 
tor embedded in an inert matrix. In water, with fewer 
hydrogen bonds and a decrease in physical interaction, the 
band shape remains symmetrical but increases markedly 
in width. If water contains a discrete number of dis- 
tinguishable species, one should expect to be able to 
resolve the 150 cm- wide water band into Lorentzian 
components with half-widths of 30-35 cm~. We have 
tried to fit the 4° data with increasing numbers of Lorent- 
zian components and find that it requires ten to fifteen 
bands to reduce the least squares error to the same level 
as a single Gaussian band. The simplest rationalization 
for the 4° data appears to be that the band consists of a 
large number of overlapping Lorentzian bands arising 
from a continuous distribution of perturbed OH (or OD) 
oscillators. The width of the band gives a measure of 
the range of the 0-0 distances as roughly + 0-15 A (the 
rate of ehange of OD fraquency with internuclear distance 
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BIOLOGICAL SCIENCES 


Bacterial Azo Reduction: a Metabolic 
Reaction in Mammals 


THE sulphonated water soluble azo dyes are widely used 
as colourings for foods and pharmaceutical preparations. 
Because some dyes are carcinogenic and others are known 
to be toxic, the metabolism and excretion of azo com- 
pounds are of considerable interest. Oral ingestion of dyes 
brings them into contact with the dourishing micro- 
biological population of the gastro-intestinal tract. It is 
therefore useful to consider what part the gut flora play 
in the metabolism of azo dyes. 

Work from these laboratories! has shown that oral 
dosage of tartrazine leads to the excretion of sulphanilic 
acid in urine. In contrast, parenteral doses result in the 
quantitative excretion of unchanged dye. Tartrazine is 
not excreted in bile? and we therefore concluded that this 
dye was not readily absorbed from the gut and that the 
urinary sulphanilic acid found after oral dosage was a 
result of reduction of the dye by intestinal micro-organ- 
isms. Further work has now shown that tartrazine is 
reduced by rat intestinal contents and Proteus vulgaris 
isolated from rats*‘, These preparations can also degrade 
the pyrazolone ring of tartrazine to sulphanilic acid and 
sulphophenylhydrazine’. We have found (Table 1) that 
tartrazine is resistant to reduction by fortified rat liver 
homogenates, and so it is clear that tartrazine is metabol- 
ized in vive by the gut flora alone. 

We have found that whole cell preparations capable of 
reducing tartrazine also reduce other soluble azo dyes. 
In Table 1 the reduction of a number of azo dyes by soluble 
preparations from liver’. P. vulgaris and E. colt is sum- 


Table 1. REDUCTION OF WATER-SOLUBLE AZO DYES BY RAT LIVER HOMO- 
GENATE SUPERNATANT AND SOLUBLE BACTERIAL PREPARATIONS 


Percentage reduction* 


Cobar Bacterial 
Dye index No. Liver Proteus Escherichia coli 
Tartrazine 19140 4-0 34 24 
Lissamine fast 18965 17-0 umama “ne 
yellow 2G 
Amaranth 16185 76 95 91 
Ponceau SX 14700 G 85 81 
Fast yellow 13015 41 95 9i 
Naphthalene fast 16230 oO 05 92 
orange 2G 
Sunset yellow 15985 11-9 95 95 
m-Methyl orange co Ta 93 60 
Neoprontosil one aee 95 60 


*Incubated anserobically, and assayed after 60 min. Corrected for 
protein binding. 

The incubation medium contained liver homogenate equivalent to 250 mg 
wet weight, or soluble bacterial protein (2 mg) together with dye (1 aM), 
MgCl, (2 uM), NADP (306 uM), glucose-6-phosphate (250 uM), ghuicose-6- 
phosphate dehydrogenase (1 Kornberg unit) in 0°07 M phosphate buffer, 
pH 7-4. 
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marized. It can be seen that, in comparable conditions, 
the bacterial systems are more efficient. The only dyes 
easily reduced by liver homogenates are amaranth, fast 
yellow and m-methyl orange. Some of the reasons for 
these results will be discussed in a later paper. 

An interesting contrast to these results is to be found 
in our study of the excretion of the fat soluble bts-azo 
dyes sudan III and IV. After being given orally to rats’ 
these dyes are removed unchanged in the faeces. They are 
not absorbed from the gut and they are evidently not 
reduced by the gut flora. This is surprising because these 
dyes are highly lipid soluble, a property which is favour- 
able for the penetration of biological membranes. There 
seems to be a requirement for a high degree of water 
solubility before reduction of an azo dye can take place in 
the gut. We have found no reduction of 4-dimethylamino- 
azobenzene derivatives by P. vulgaris or rat intestinal 
contents. Conjugated metabolites from these dyes, how- 
ever, are readily reduced (unpublished results of J. J. R. 
and A.J. R.). Clayson et al. have found that reduced 
products from the metabolism of oral doses 1-phenylazo- 
2-naphthol do not appear in the urine of animals with 
cannulated bile ducts. 

These results suggest that azo dyes are not readily 
reduced by endogenous enzyme systems in whole animals. 
The principal site of reduction is the gut and the reaction 
is mediated by the gut flora. Water soluble dyes are 
readily reduced. Fat soluble dyes are only reduced if 
they are absorbed and excreted in the bile as water soluble 
conjugates. The fission products may be absorbed from 
the gut and excreted in urine. 

This work forms part of a research programme sup- 
ported by the National Health and Medical Research 
Council of Australia and the National Institutes of 
Health, US Public Health Service. 
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Occurrence of Polymers containing 
N-Acetylglucosamine |-Phosphate 
in Bacterial Walls 


Wats of Staphylococcus lactis I3 contain substantial 
proportions of a novel teichoie acid in which N-acetyl- 
glucosamine 1-phosphate residues form an integral part 
of the polymer chain!:?. A similar teichoic acid is believed? 
to be present in walls of Micrococcus hyicus ATCC 11249 
and we now report the occurrence of N-acetylglucosamine 
1-phosphate residues in polymers present in the walls 
of two further species of bacteria. Sugar 1-phosphate 
linkages are found in yeast phosphomannans? and phospho- 
galactans’; the suggestion® that pneumococcal C-sub- 
stance is a simple polymer of N-acetylgalactosamine 
1-phosphate has been shown to be unlikely’, although such 
a linkage is believed to form the point of attachment 
between the polysaccharide and peptidoglycan components 
of the wall of Lactobacillus casei’. Polymers containing 


ass 


such linkages have a characteristically high liabili ty to 


acid and, in some cases, to alkali; consequently, th 
distribution may be more widespread than present repo 
suggest, for the conditions employed for the isolat 
polysaccharides would in many cases cause Cor sid 
degradation of such comparatively labile linkages. 

Alkali hydrolysis of the teichoic acid from 8. leei 
unlike that of all previously examined teichoic ac ra 
accompanied by charring and conversion of much of the < 
glucosamine to saccharinic acid; this also occurred during | | 
the hydrolysis of teichoic acid that had previously been. 














treated with sodium borohydride. Degradation of poly- 
saccharides with alkali takes place by a stepwise degrada- 
tion from the reducing end of the molecule, so that prior 
reduction results in stability towards alkali; thus treat- 
ment of maltose with alkali in conditions sirniar to those 
used for the hydrolysis of the teichoic acid resulted 
in extensive charring and formation of saccharinic acids, 
whereas maltitol was unaffected. The formation of sac- 
charinic acid on hydrolysis of teichoie acid that had been 
treated with borohydride thus suggested the presence of 
alkali-labile glycosidic linkages. The complete structure 
of this teichoie acid has been established*; it possesse 
repeating unit containing N-acetylglucosamine 
phate attached to a primary hydroxyl on glycer 
phosphodiester linkage. Such linkages are hye 
in alkali through cyclic phosphates involving the 
bouring free hydroxyl group at position 2 of glycerol- 
this releases the reducing group of the N-acetylglucos-— 
amine, which is then susceptible to alkali degradation. 
Similar behaviour has been observed with the glycerol 
teichoic acid from walls of Micrococcus hyicus, which gives 
the same characteristic products as those from S. lactis 13 

on hydrolysis in both acid and alkali’. It seems probable 
then that the teichoic acid from M. hyicus also contains 
N-acetylglucosamine 1-phosphate residues and is similar 

in structure to that from S. lactis 13. 

Recently we have examined polymers from walls of 
two other species of bacteria which show this same 
characteristic behaviour on hydrolysis with alkali before 
and after treatment with sodium borohydride. 

Walls of Micrococcus sp. 6/24 contain almost 40 per cent 
(w/w) of a teichoic acid containing glycerol, ribitol, W- 
acetylglucosamine, D-alanine and phosphate (unpublished 
results of Brock, Partridge, Davison and Baddiley) Al- 
though full details of its structure have not been established 
the presence of N-acetylglucosamine 1-phosphate residues, 
indicated by the behaviour of the polymer towards alkali, 
has been confirmed by treatment of the hydrolysate with 
a phosphomonoesterase whereupon phosphodiesters (1 and 
2) containing glycerol and either glucosamine or N- 
acetylglucosamine were obtained. These compounds are 
probably identical to those formed in a similar degradation 
of the teichoic acid from S. lactis 13, and have been 
characterized by similar procedures; the configuration of 
the glycerol residue, however, has not yet been determined. 
The teichoic acid contains 33 per cent (w/w) of N-acetyl- 
glucosamine and has [a]p+ 50°, consistent with the pre- 
sence of «-glycosidic linkages as shown in (1) and (2). 
Although not unique”, the presence of both glycerol and 
ribitol in the same teichoie acid is uncommon, and it is 
not known whether these components are present iv 
separate polymers in the wall of Micrococcus sp. 6/24. 
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Walls of S. lactis NCTC 2102 contain approximately 
40 per cent (w/w) of a polymer containing N-acetyl- 
glucosamine and phosphate. This material was first 
examined by Dr H. R. Perkins, who observed that the 
glycosidic linkages were unusually labile towards acid, 
hydrolysis being complete during 10 min at 100° in 
0-1 N hydrochlorie acid. This would be consistent with 
the presence of N-acetylglucosamine 1-phosphate linkages 
and we are indebted tc Dr Perkins for informing us of 
his unpublished observations and for supplying a culture 
of the organism. Treatment of the polymer, before or 
after treatment with sodium borohydride, with alkali 
causes extensive charring, but saccharinic acids are 
not directly produced. After incubation of the products 
with phosphomonoesterase, however, substantial pro- 
portions of a saccharinic acid and inorganic phosphate 
were produced. The polymer contains 9-3 per cent of 
phosphorus and has [a]p+100°; phosphate and N- 
acetylglucosamine are present in equimolar amounts, but 
the polymer does not contain either polyol or alanine and 
is thus a phosphorylated polysaccharide rather than a 
teichoic acid. Hydrolysis in 0-1 N hydrochloric acid at 
100° for 10 min gave an almost quantitative yield of 
a compound with the chromatographic properties of 
N-acetylglucosamine 6-phosphate, and treatment of this 
with phosphomonoesterase gave equimolar amounts of 
N-acetylglucosamine and inorganic phosphate; small 
amounts of a glucosamine phosphate and N-acetylglucos- 
amine were the only other products. The behaviour of 
the polymer towards both acid and alkali is consistent 
with the structure (3). Thus the labile glycosidic linkages 
are preferentially hydrolysed in acid giving chiefly N- 
acetylglucosamine 6-phosphate, the small amount of the 
free amino compound resulting from partial hydrolysis 
of the N-acetyl groups and the small amount of N- 
acetylglucosamine possibly originating from a non- 
reducing terminal unit. Hydrolysis of (3) in alkali would 
occur by sequential degradation from the reducing end 
of the molecule. It is hkely that the degradation would 
occur chiefly by decomposition of the terminal amino 
sugar to saccharinic acid, with consequent exposure of 
the hydroxyl group at position 5; this hydroxyl would 
then engage in cyclic phosphate formation, giving a 
mixture of isomeric saccharinic acid phosphates and thus 
exposing the reducing group of the next N-acetylglucos- 
amine residue in the chain. Reduction of such a polymer 
would also expose the 5-hydroxyl group of the reducing 
terminal amino sugar, so that the polymer would remain 
susceptible to alkah degradation. 


N-Acetylglucosamine 1-phospkate residues have thus 
been found in polymers from the walls of four bacterial 
species. The biosynthesis of the teichoic acid in S. lactis I3 
has been shown to proceed by incorporation into the 
polymer of N-acetylglucosamine l-phosphate as an intact 
unit from uridine diphosphate N -acetylglucosamine!® 1, 
Studies on the biosynthesis of other polymers containing 
sugar or amino sugar 1-phosphate linkages should also 
prove interesting. Thus yeast phosphomannans contain 
both mannosylmannose and mannosylphosphate linkages; 
it might be anticipated that the. former originate by 
transfer of mannose from the appropriate nucleotide, 
whereas the latter may require the transfer of a mannose 
1-phosphate unit. The factors governing this should be of 
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considerable interest though, as far as we are aware, no 
appropriate study has yet been made. 
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Insulin: Intestinal Absorption as 
Water-in-Oil-in-Water Emulsions 


Previous reports have indicated intestinal absorption 
of insulin in the presence of aleohol!, saponins’, quinine’ 
or proteolytic inhibitors}. These data are often of 
questionable significance and are difficult to confirm. It 
has been generally aecepted that insulin does not exhibit 
hypoglycaemic activity when administered orally®. We 
have investigated the possible use of water-in-oil-in-water 
(W/O/W) emulsions’? as a means of facilitating gastro- 
intestinal absorption of normally non-absorbed water 
soluble biopolymers. Intraduodenal injection of such an 
emulsion containing insulin resulted in significant hypo- 
glycaemic activity. These emulsions (also known as 
“mixed” or “multiple” emulsions) consist of oil droplets 
suspended in an aqueous phase, which, in turn, contain 
their own dispersed phase of finer water droplets. This 
internal aqueous phase presumably contains the thera- 
peutic agent. Emulsions of this type are usually prepared 
in a stepwise manner beginning with the most finely 
dispersed phase. An aqueous solution of the therapeutic 
agent is incorporated into a continuous oil phase (using 
a suitable emulsifying agent). This 
results in a water-in-oil (W/O) emulsion 
which is then dispersed in a second 
aqueous phase (again with a suitable 
emulsifying agent) to give a W/O/W 
enmulsion. 

Bmulsifications were carried out with 
a Branson sonifier, Model S-125, at a 
power setting of 4or 5. Insulin (‘Iletin’, 
U-100, product of Eli Lilky and Co.), 100 
t/ml, was made 0003 M in ZnCl,. 
The oil phase was 0-03 M palmitic acid 
in trioctanoin (Eastman Organic Chemicals). The oil 
phase (10-8 ml.) was placed in a beaker, sonification 





was begun and the insulin solution (7-2 ml.) was allowed 
to drain from a pipette into the beaker. Sonification was 
continued for about 20 s. The resulting W/O emulsion 
was partially stabilized by zinc palmitate formed in the 
process. A quantity (4-5 ml.) of this preparation was then 
added in the same manner to 13-5 ml. of a second aqueous 
phase containing 1 per cent (w/v) sodium lauryl sulphate 
(Mann Research Laboratories Inc.). The resulting emulsion 
(W/O/W) was adjusted to pH 6-5 with dilute NaOH. 
Male CFE (Carworth Farms) or Wistar (Royal Hart 
Farms) rats (150 g) and male Mongolian gerbils (Lederle 
colony) (45 g) were used. All animals were fasted overnight, 
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‘anaesthetized with ‘Diabutal’ (Diamond Laboratories, Inc.) 
(40 mg/kg) and materials administered intraduodenally. 
“The duodenum was exposed by a midline laparotomy and 
a loose ligature placed around the duodenum immediately 
“distal to the pylorus. The various compositions (10 ml./kg) 
“were injected through a blunt needle inserted proximal 
and advanced distal to the ligature. The ligature was 
‘tied as the needle was withdrawn, preventing backflow of 
material to the point of insertion. Blood (0-05 ml.) was 
obtained by tail bleeding at 0, 30 and 60 min and blood 
glucose was determined by the method of Hoffman’ as 
adapted to the autoanalyser. 


Table 1. KREFECT OF INTRADUODENAL ADMINISTRATION OF INSULIN PRE- 
PARATIONS ON BLOOD GLUCOSE IN RATS OR GERBILS 
Rat Gerbil 
Tnitial Percent- 
Treatment Initial blood Percentage change blood age 
glucose 0 min 60 min glucose change 
mg per cent mgpercent 60min 
{a) Emulsified 83 + 2 (22) =- 21* — 35* 89 — 574 
. Insulin . ‘+3 (8) +3 (19) +3 (7} + 6 (6) 
(b) Aqueous 7645 (20) . 8 ~ 4 S38 ~4 
- iasulin +10 (8) +6 (18) #8 (7) +8 (7) 
{e} Control 86 +2 (23) -5 mm 76 2 
ue emulsion +5 (8) +5 (21) +3 (8) +9 (8) 
`. Final concentrations were as follows: (a) emulsified insulin: insulin/ 


“10 units/ml, ZnCl, 3x 10+ M, palmitic acid 45x107 M, sodium lauryl 
-sulphate 0-75 per cent (w/v) and trioctanoin 15 per cent (v/v); (b) aqueous 
"insulin: same as emulsified insulin (a), but without palmitic acid and tri- 
= getancin; (c) control emulsion: same as emulsified insulin (a), but without 
insulin. Preparations were administered in a volume of 10 ml/kg (100 U/kg) 
to anaesthetized normal rats previously fasted for 18 h. Tail bleedings were 
. taken at 0,30 or 60 min. Percentage changes were calculated from individual 
percentage changes, using each rat as its own control. Values are means 
+S,.E. with number of animals indicated in parentheses. 
* Significantly different from control. 


The effect of intraduodenal administration of insulin 
in emulsified form in rats or gerbils is summarized in 
Table 1. After dosing for 30 and 60 min with emulsified 
insulin, blood glucose was decreased by 21 and 35 per cent, 
respectively. A marked reduction (57 per cent) in blood 
glucose was noted, 60 min after dosing, in gerbils treated 
with emulsified insulin. The degree of hypoglycaemia was 

related to the dose of insulin between 50 and 150 units/kg 
(Fig. 1). A larger dose (200 u/kg) resulted in a decreased 

_ response. 
The possible absorption of insulin in emulsion form was 
. tested in alloxanized rats. Animals were injected intra- 
> venously with alloxan (80 or 100 mg/kg). Two days later 
: the concentration of glucose in the blood was determined 


Percentage of decrease In blood giucose 





50 100 150 200 
Dose (U/kg) 
Percentage change in blood glucose as a function of dose of 


Fig. 1. 
emulsified insulin. Emulsions (W/O/W) contained ZnCl, 6x 10- M, 
palmitic acid 9x 107 M, sodium lauryl sulphate 0-75 per cent (w/v), 
‘triactanoin 30 per cent (v/v) and the indicated doses of insulin. Emul- 
sions were administered intraduodenally (10 ml./kg) to rats previously 
fasted for 18 h. Blood glucose was determined before and 60 min after 
dosing, and percentage change from pre-dose value was calculated, 
Points along line and means of eight to ten animals with S.E. indicated. 
The mean pre-dose.blood glucose was 81 mg per cent. Control animals 
(dosed with emulsion without insulin) exhibited an increase of 8 +5 per 
cent in blood giicose during the experiment. 
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and only those animals with a concentration of blood 
glucose of 300 mg per cent or greater were used inthe č 
study. Preparations used were identical to those deseribed o = 
in Table 1. The concentration of glucose in the blood was 
decreased by 14+4 or 16+2 per cent, respectively, in. 
animals dosed with aqueous insulin (100 U/kg) or ine 
free control emulsion. Treatment with emulsified - 
(100 w/kg) did not significantly alter blood ghieose coo o ă 
(2143 per cent decrease) in relation to controls. Failure 
to do so in this case may possibly be explained by bime- 
paired intestinal absorption in the alloxan treated rab. 
Parenteral administration of insulin to alloxanized rats 
results in a hypoglycaemic response. 

These data suggest a possible means of effecting intes- 
tinal absorption of normally unabsorbed therapeutic 
agents. Harris, Bondi and Ruggiero* have recently 
reported significant decreases in the levels of blood 
glucose in rabbits receiving 100 units of insulin m an 
emulsified form via rectal suppository. Further studies 
are necessary to elucidate the possible interactions of 
components (surfactant, oil and therapeutic agent) in 
such emulsions as well as specific requirements of com 
ponent concentration and routes of administration. SE T, 

We thank Mr Theodore Van Trabert for invaluable 
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Glucose-6-phosphatase Activity of 
Mouse Pancreatic Islets 


Tue rate of release of insulin by pancreatic islets is 
increased by glucose with a Km (for glucose) of approx- 
imately 10 mM (refs. 1 and 2). The rate of oxidation of 
glucose by mouse pancreatic islets is similarly dependent 
on glucose concentration and the Am (for glucose) is 
approximately 7 mM (ref. 3). Studies with mannoheptu- 
lose and phloridzin and measurements of islet ghicose-6- 
phosphate concentration have indicated that glucose 
metabolism in pancreatic islets may be controlled by the 
rate of conversion of glucose to glucose-6-phosphate*. 
Glucose-6-phosphatase activity has been detected in 
rabbit islets? and in the islets of obese-hyperglycaemiuc 
mice*, and we have previously noted activity in norma! 
mouse islets in a study of hexokinase activity’. We have 
now investigated the possible role of glucose-6-phosphatase 
in the control of glucose phosphorylation in islets isolated 
from normal mouse pancreas by the collagenase method’. 

Extracts of mouse islets were made in 0-25 M sucrose, 
1 mM EDTA, pH 7-0, by ultrasonic disintegration’ (80-180 
islets in 0-2—0-3 ml.). Glucose-6-phosphatase activity was 
measured by the release of phosphate during 2 h of 
incubation at 37° C of 20 ul. of islet homogenate with 
20 ul. of 50 mM tris maleate buffer, pH 6-5, containing 
substrate and other additions at concentrations to be 
stated. Phosphate was estimated spectrophotometrically 
by the malachite green method*. Phosphate standards 





858 


(1-7 nmoles) were carried through the entire procedure 
and blank incubations lacking substrate and islets, 
respectively, were included routinely. Control incubations 
showed that the release of phosphate from glucose-6- 
phosphate catalysed by islet homogenates is linear for at 
least 2 h and that the rate of reaction is directly propor- 
tional to the concentration of homogenate. 

Reciprocal plots of the rate of release of phosphate from 
glucose-6-phosphate against concentration (0-5, 0-75, 1-0, 
1-5, 2-5 and 5 mM) were linear. The apparent Km for 
glucose-6-phosphate was 1+0-14 mM (mean+/.Z.). The 
total activity was 5-1 nmoles/ten islets 2 h, corresponding 
to 0-9 units/g wet tissue at 37° C (assuming a mean islet 
wet weight of 5 ug). This is equivalent to the activity 
of hexokinase in mouse islets’. Mannose-6-phosphate was 
also active as a substrate. 

The glucose-6-phosphatase activity was inhibited by 
glucose. The inhibition was mixed and the data could be 
fitted to the equation V max/v=(Km/s) (1+i/K,)+14 al». 
A, and K, were 9 mM and 38 mM glucose, respectively. 
Thus, for example, with 1 mM glucose-6-phosphate 10 mM 
glucose produced approximately 50 per cent inhibition. 
Glucose-6-phosphatase activity was also partially in- 
hibited by fluoride (10 mM) but not by mannose (10 or 
20 mM), citrate (6 mM) or tolbutamide (6 mM). Inhibition 
by glucose was not affected by mannoheptulose. 

Although these experiments do not establish the 
presence of a specific glucose-6-phosphatase in mouse 
islets (as opposed to a non-specific phosphatase), they 
suggest the possibility that hydrolysis of glucose-6- 
phosphate and inhibition by glucose could be an important 
factor in the control of glucose metabolism in this tissue. 
In particular the inhibition by glucose was seen witha range 
of concentrations which in the whole islet leads to an 
increase in the rate of glucose metabolism. Accordingly, 
we have attempted to ascertain whether hydrolysis of 
glucose-6-phosphate occurs in the whole islet. Because 
mouse islets oxidize mannose, and mouse islet extracts 
form glucose-6-phosphate from mannose (our unpublished 
results), it would seem reasonable to expect islets to 
convert mannose to glucose if glucose-6-phosphatase 
is active in the tissue. We have attempted to detect 
the conversion of 1-1*C-mannose to 1-C-glucose by 
using hexokinase, glucose-6-phosphate dehydrogenase 
and 6-phosphogluconate dehydrogenase to assay 1-MC- 
glucose as '4C-carbon dioxide. The procedure was as 
follows. 

Batches of 100 islets were incubated for 2 h at 37° C 
in 0-15 ml. of bicarbonate buffered medium gassed with 
O,+ CO, (95 : 5) containing 1-C-mannose (0-8 or 29 mM; 
8 pCi/umole or 0-3 uCi/umole) as described previously. 
4C-CO, was liberated by addition of 50 ul. of 0-2 N HCl 
and collected in hyamine. The acidified medium was then 
transferred quantitatively to a Marie flask containing 
28 ml. of 70 mM triethanolamine, 33 mM glycyl glycine, 
7 mM MgSO,, 3 mM ATP, 0-3 mM glucose, 3 mM NADP, 
0-5 mM EDTA, pH 7-7. 1-“4C-Glucose was then specifically 
converted to MC-carbon dioxide by addition of yeast 
hexokinase (7 u), yeast glucose-6-phosphate dehydro- 
genase (4 U), and liver 6-phosphogluconate dehydrogenase 
(0:05 vu). The extent of conversion was ascertained 
spectrophotometrically by the change in extinction at 
340 mu following the addition of each dehydrogenase. 
The 4C-carbon dioxide was then collected in hyamine 
following acidification and assayed by liquid scintillation 
spectrometry. Blanks were included without addition of 
islets. Control incubations in which 1-4C-glucose (0-01 uCi) 
was included showed that the recovery of 1-C-glucose in 
the assay was 85 per cent. The results were as follows. 

With 0-8 mM mannose the rate of oxidation of mannose 
by the islets was 76 pmoles/100 islets/2 hand with 29 mM 
mannose the rate of oxidation was 1,960 pmoles/100 
islets/2 h. In neither case was it possible to detect the 
formation of any 1-“C-glucose by the islets. The repro- 
ducibility was such that the formation of 12 pmoles of 
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1-4C-glucose could have been readily detected with 
0-8 mM mannose and 120 pmoles at 29 mM mannose. 
Thus, for example, with 29 mM mannose the yield of 
radioactivity from 1-C-glucose in the absence of islets 
was 2,700+ 36 c.p.m. {mean + S.E.) and in the presence 
of islets 2,712 c.p.m, 

Thus although mouse islets converted mannose to CO, 
there was no detectable concomitant conversion of man- 
nose to glucose. This would seem to indicate that glucose- 
6-phosphatase is unlikely to be a significant factor in the 
control of the rate of glucose phosphorylation in mouse 
islets, 
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Effect of Coumarin and other Compounds 
on Ribosomal Protein Synthesis 
in the Rat Liver 


AMONG the early toxic effects of various compounds on 
the liver cell which have been observed at the molecular 
level is disruption of the protein-synthesizing units or 
polysomes, resulting in decreased protein synthesis and a 
concomitant increase in the size of the single-ribosomal 
pool. Increased availability of the ribosomal surface of 
detached ribosomes for mRNA, detected indirectly by 
combining the artificial external coding agent poly U, has 
been reported to be the earliest metabolic effect on the 
liver cell of poisoning with carbon tetrachloride or 
dimethylnitrosamine'“. The enhancement of poly U 
dependent protein synthesis was accompanied by decreased 
endogenous protein synthesis. On the other hand, chronic 
administration of various other compounds led to an 
increased rate of protein synthesis accompanying liver 
enlargement‘. Hepatomegaly brought about in this way 
by the administration of food additives and other chemicals 
to rats may be toxic or hyperfunctional in origin’. Cou- 
marin, a favouring agent occurring in natural foods*-7, was 
found to be hepatotoxic’; chronic administration pro- 
duced changes in the levels of several microsomal enzymes? 
and, at millimolar concentration, decreased incorporation 
of amino-acids by liver slices in vitro. We reported 
earher that coumarin administered in vivo stimulates the 
incorporation of labelled amino-acids in the liver". We 
present here preliminary findings concerning the effects 
of coumarin treatment on the control of liver microsomal 
protein synthesis. 

Wistar albino rats of both sexes were used (weight range 
60-200 g). They were fasted overnight, decapitated, and 
the livers were homogenized at 0° C in a medium con- 
taining 0-15 M sucrose, 0-025 M potassium chloride, 0-01 M 
magnesium chloride and 0:035 M tris buffer, pH 7-8, to 
produce a 25 per cent homogenate. From the post- 
mitochondrial supernatant obtained after centrifugation 
of the homogenate at 15,000g for 15 min, the microsomes 
were prepared by further centrifugmg the supernatant at 
104,000g for 1 h at 4° C. The pellets were washed and 
resuspended in the homogenizing medium. From the 
post-microsomal supernatant, “pH 5-0 enzymes’? were 
prepared and the microsomal preparations were incubated 
in conditions suitable for protein synthesis’? with 1-2 uCi 





NATURE, VOL. 219, AUGUST 24, 1968 


if uniformly labelled “C-phenylalanine (specific activity 
"922 mCi/mM). At the end of the incubation, protein was 
wrecipitated with trichloroacetic acid at a final concen- 
ration of 10 per cent containing 0-3 per cent unlabelled 
shenylalanine and the protein was purified by carefully 
xtracting the acid soluble, lipid and nucleic acid fractions. 
[he dry precipitates were dissolved in Hyamin, mixed 
vith toluene scintillator and counted in a Nuclear Chicago 
iquid scintillation spectrometer using the channel ratio 
nethod for quench correction. 

Low doses of coumarin (20-30 mg/kg) given in corn oil 
by oral intubation daily for 3-10 days did not influence 
sndogenous protein synthesis; the stimulation by poly U, 
however, increased. When a single dose of 146 mg/kg 
'I mmole/kg) of coumarin was given by tube 14-17 h 
before decapitation, both endogenous and poly U directed 
protein synthesis increased (Table 1). At this dose there 
was no detectable change in liver glucose-6-phosphatase 
activity, in liver weight, or in glycogen, RNA or DNA 
eontent. On incubating microsomal preparations with 
increasing amounts of poly U ranging from 50 to 250 ug, 
the rate of incorporation increased proportionally in 
comparison with that of the controls. In the conditions 
used, therefore, there was no consistent difference in the 
degree of saturation of the messenger receptor sites, such 
as was shown to exist in the case of CCl, (ref. 13). 
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Similar results were obtained with 4 and 6-methyl . 


derivatives of coumarin and with butylated hydroxy- 
toluene. Chronic administration of these compounds. 
increases the activity of microsomal processing and pro- 

duces liver enlargement®™*. | 


The stimulating effect of coumarin was further exam: — ea) 
ined by cross-combination of microsomes and “pH 5 = < 
enzymes” from normal and treated animals (Table 2)and 99 


comparison with the effect of phenobarbitone. In most 
of the experimants the early effect demonstrated was on 
the microsomes. The “pH 5 enzyme” fraction, however, 
also participated in coumarin action similarly to that 
observed after phenobarbitone treatment. 

Actinomycin D was given simultaneously with coumarin 
or any other of the compounds tested. In the case of 
coumarin and its derivatives, it diminished the enhanced 
incorporation of amino-acids (Table 3), suggesting that 
DNA-dependent RNA synthesis may have been involved 
in the effect. 

The effect of actinomycin on mammalian tissues is 
probably more complex than its actions on miero- 
organisms. The sensitivity of protein synthesis to the 
influence of actinomycin does not always permit a firm 
conclusion to be drawn about the life span of the mRNA 
(ref. 15). The possible effects on translational control and 
the presence of very stable mRNA representing the bulk 


Table 1. ENDOGENOUS AND POLY U DIRECTED MICROSOMAL PROTEIN SYNTHESIS OF LIVER FROM RATS GIVEN VARIOUS COMPOUNDS 


d.p.m./mg of microsomal protein 
added poly U (ug) 
7 








No. ofrats/ Time Microsomal 
Substance Dose No. of after protein in 
admin. (mg/kg) determin- admin. reaction 
ations (h) mixture (mg) Q 
Corn of — 4/4 17 1:17 43,745 (100)* 
Coumarin 146 4/4 17 1-24 77,200 (176) 
Corn oil -=~ 4/4 34 1-32 28,513 (100) 
Coumarin 146 4/4 34 1:30 34,060 (120) 
Corn oil meme 2/4 34 1°35 8,848 (100) 
6-Methylcoumarin 160 4/4 34 1-31 3,672 (95) 
Corn oil -l 2j4 17 1:20 4,006 (100) 
Butylated hydroxy- 
toluene 220 4/5 17 1-24 4,413 (110) 
Corn oil < 2/4 51 Fit 2,855 (100) 
Butylated hydroxy- 
toluene 220 2/4 51 1-19 3,285 (115) 


50 150 250 
41,950 (96) f 57,210 (131)t 76,350 (175)7 94,780 (217)4 
50,880 (116) 97,530 (223) 125,670 (287) 135,740 G31) 
24,890 (91) 31,090 (109) 49,670 (174) 46,230 (102) 
15,880 (56) 43,000 (151) 56,980 (200) 64,770 (192) 

3,301 (86) 3,854 (100) 4,778 (124) 4,809 (125) 
3,611 (94) 3,758 (98) 4,985 (130) 5.033 (131) 


3,956 (99) 


4,105 (103) 
3,212 (113) 


3,870 (136) 


4,068 (102} 


4,415 (110) 
3,043 (107) 


3,869 (136) 


4,280 (107) 


4,668 (117) 
3,488 (122) 


3,850 (135) 


4,681 (117) 


#,907 (123) 
3,357 (118) 


4,400 (154) 


* Percentage of the control endogenous protein synthesis. 
+ Poly U dependent increment: percentage of the corresponding endogenous incorporation. 


Table 2. EFFECT OF VARIOUS COMPOUNDS ADMINISTERED TO RATS ON THE ACTIVITIES OF LIVER MICROSOMES AND ‘oH 5-0 ENZYME” PREPARATIONS 
d.p.m./mg of microsomal protein 


Time No. of rats/ Microsomes Microsomes Microsomes Microsomes 
; after No. of control + contral + treated + treated + 
Substance admin. Dose (mz/kg) admin, determinations “pH enzyme” “pH 5enzyme” “pH $ enzyme” “pH 5 enzyme” 
th} control treated contre! treated 

Corn of] 3/3 
Coumario 146 14 3/3 6,717 (100) — ~ G,857 (1473 
Coumario 146 14 3/3 _— — 9,868 (148) 
Corn oil 3/3 
Coumarin 146 14 3/3 5,270 (100) =< -l 7,295 (138) 
Coumarin 146 14 3/3 — — m 7 842 (189) 
Corn oil 16 4/3 6 mi 3 100 g vale 3 130 mah ot ? f" % 
Corn of} 9 A M T or 
PE e EE E ian o i 6,924 (100) 7,165 (103) 7,714 (111) 7,359 (108) 
Corn oil 12 4 ; 5 : 
4-Methylcoumarin 160 12 nhs 8,000 (100) 7,800 (98) 9,004 (114) 9,800 (123) 
Corn oil E MENE rer ‘ , 
e E EN ih a is 3,771 (100) 4,573 (121) 5,088 (135) 7,320 (194) 


Table 3, EFFECT OF SIMULTANEOUS ADMINISTRATION OF ACTINOMYCIN D WITH OTHER COMPOUNDS TO RATS ON ENDOGENOUS PROTEIN SYNTHESIS BY LIVER 


MICROSOMES * 
; , d.p.m. img of microsomal protein 
Compounds admin. Dose (mg/kg) Time after Microsomes Microsomes Microsomes Microsomes treated + 
enra ED aA samin . M} control actinomycin treated actinomycin 
Coumarin 146 14 2,850 (100) + 2,503 (88) 3,500 (123) 8,172 (111) 
Actinomycin D ` 7 l 
Meth eeunsal as io 3,258 (100) 8,385 (104) 7,480 (230) 4,447 (136) 
Actinomycin D ` 7 at l 
etenari w < 1,375 (100) 1,331 (97) 1,767 (129) 1,450 (105) 
Actinomycin D 1:25 , 
Butylated hydroxytoluene 220 17 BaZ EA TOO) 3,833 (100) 4,748 (124) 6,047 (132) 
Actinomycin D 1-25 a 
ea bitne ibo ae 5,583 (100) 4,453 (80) 7,116 (127) 7,541 (135) 


* In each case three animals were used and three determinations carried out. 
+ Percentage of the control endogenous protein synthesis. 
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of the liver mRNA render explanation of the mode of 


action uncertain. The fact that. enhanced protein synthesis 
brought about by coumarin and its derivatives is sensitive 
to actinomycin, however, may suggest that the induced 
newly formed proteins differ from the mass of liver proteins 
with respect to the life span of their messengers which 
represent the relatively more labile components of a wide 
diversity of liver mRNAs. 

We thank the Nuffield Foundation for generous support 
of this work. 
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Concurrent Synthesis of Histone 
and Deoxyribonucleic Acid in Liver 
after Partial Hepatectomy 


SYNTHESIS of DNA and histone has been shown to be 
coupled in HeLa §-3 cells’ and in Euplotes eurystomus?. In 
contrast, the rise in the synthesis of liver histones after 
partial hepatectomy of the rat has been reported to begin 
several hours before DNA replication®-*. The ciserepancy 
between the results with regenerating liver and HeLa 
cells seems to imply that a fundamental difference exists 
in the mechanisms which regulate histone synthesis in the 
two cells. For this reason, the temporal relationships of 
histone and DNA formation were re-examined in regener- 
ating rat liver. 

Male albino rats of about 180 g were freely given food 
and water. Partial hepatectomy——the removal of about 
70 per cent of the liver’ (left lateral and median lobes j- 
was done at different times of the day, but labelled 
substrates were given between 9 and 10 a.m. Injections 
were made in the tail vein and the animals were killed by 
cervical dislocation 1 h later. 

To measure the *H-amino-acids that were incorporated 
into histones and the “C-thymidine that was incorporated 
into DNA, the liver was homogenized in 20 ml. of an ice- 
eold solution of NaCl (0-15 M), tris buffer (0-01 M, pH 7-4), 
and MgCl, (1-5 mM). Nuclei were sedimented at 500g for 5 
min, and contaminating intact cells were lysed by washing 
the nuclear fraction twice with a total of 40 ml. of the 
buffered salt solution supplemented with 2 per cent ‘Triton’ 
X-100. Connective tissue was removed with an 80-mesh 
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stainless steel wire gauze. After filtration, the nuclei were 
washed twice with the buffered salt solution and once with 
88 per cent ethanol—0-01 M HCI. Histones were extracted 
from the nuclei with 1 mil. of 0-2 M HC] (1 h, 0° C) and sod- 
tum dodecyl sulphate (SDS) was then added to the extract 
to a final concentration of 1 per cent. The extract was 
dialysed overnight at room temperature against 1,000 
volumes of 0-01 M sodium phosphate ( pH. 7-4) containing 
0-1 per cent SDS. Finally, the dialysed sample (0-25 ml., 
0-5-0-6 mg of protein) was put on 7-5 per cent acrylamide 
gel (20 em in length) eontaining 0-1 M sodium phosphate 
(pH 7-4), 0-5 M urea. and 0-1 per cent SDS. Histones 
were resolved by electrophoresis at 90 V for 11-5 h, the 
gel was mechanically fractionated into scintillation vials 
by the method of Maizel*, and the fractions were counted 
in Bray’s solution. The histone preparations for electro- 
phoresis contained no DNA that could be measured as 
HC counts. 

The specific activity of “C-labelled DNA was estimated 
on the nuclear residue that remained after extraction with 
02 MHO. DNA was measured by the method of Burton’, 
protein according to Lowry et al +9, 

Fig. 1 shows eleetropherogram count patterns of liver 
histone preparations from rats pulsed from 19 to 20 h after 
partial hepatectomy with *H-leucine, -arginine, -lysine or 
-tryptophan. As can be seen from the figure, leucine, 
lysine and arginine were incorporated principally into 
two groups of rapidly migrating polypeptides that con- 
tained little or no labelled tryptophan. The two groups, to 
be called A and C, migrated electrophoretically in a similar 
manner to the A and C histone groups extracted from 
HeLa nuclei’. The liver histones also resemble those from 
HeLa cells in that most of the arginine was incorporated 


12 + 3H~ ARGININE 


mm ob 
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*H-amino-acid Incorporation (percentage of total counts recovered [rom gel) 
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Fig. 1. Riectropherogram count patterns of liver histone preparations 
labelled with different amino-acids. _ Partially hepatectomized rats 
(19 h after the operation) received high specific activity (1-5 Ci/mmote) 
*H-labelled L-leucine, L-arginine, L-lysine (each 0-5 mCi) or L-trypto- 
phan (1 mCi) and liver samples were taken 1h later. ‘The histone prepara- 
tions put on the acrylamide gels contained about 0-5 mg of protein and 
6.100 deucine), 4,250 (arginine), 9,600 (vsine), or 650 (tryptophan) p.m. 
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co Fig. 2. Electropherogram count patterns of liver histone preparations 
from animals labelled at different times after partial hepatectomy. Bach 
tat received ¢@-5 mCi of *H-L-leucine at the indicated time after partial 
hepatectomy and liver samples were taken 1 h later. Leucine was used 
as the labelled substrate because the concentration of the free amino- 
id remains constant in liver for at least 16 h after partial hepatectomy 
(unpublished work of K. Okazaki and I. Lieberman). 









into the more rapidly migrating fraction, the A group o f 
` polypeptides, whereas a relatively large amount of lysine 
was incorporated into the C group. 

Fig. 2 shows examples of electropherogram count pat- 
terns of liver histones labelled with *H-leucine at different 
times after partial hepatectomy. Contrary to earlier 
reports®~*, no detectable increase in leucine incorporation 
occurred in the first 12 h after the operation. 

To examine the relationship of histone and DNA syn- 
thesis as a function of time after partial hepatectomy, rats 
were injected with a mixture of *H-leucine and “C-thymi- 
dine. The radioactivities of the A and C histone groups and 
the specific activities of DNA are compared in Fig. 3. The 
results make it clear that the increases in histone and DNA 
synthesis in regenerating liver are tightly coupled, at least 
_ during the first wave of DNA replication. 
© t is not certain why others found an early rise im 
histone synthesis. Contamination of their preparations 
_ with non-histone proteins may have been responsible for 
. the apparent increase. 

¿< We thank Mr Anthony F. Battelli for his technical 
“assistance. This work was supported by grants from the 
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9 4 8 12 16 3) 24 28 
Hours after partial hepatectomy 
Fig. 3. Temporal relationship of histone and DNA synthesis. bach 
partially hepatectomized rat received 0-5 mCi of "H-L-iencine and O75 
ut of “C-thymidine at the time shown and liver samples were Teno’ Go 
i h iater, The values for the A and C groups of histones were caki g 
from the total radioactivities found under the electrophorehie pears. 
(OY DNA; (@) A histones: {A} © histones. 
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New Class of Selective Stimulants 

of 8-Adrenergic Receptors 

Tux duration of the bronchodilator action of isoprenaiine 
(G, R,=R,=OH, R,= Pri) is limited by metabolism by 
eatechol-O-methyl transferase (COMT) to the mactive 
ether (I, R,=OH, R,=OMe, R,= Pr’) (ref. 1). 


R 
Be ` CHAH, NHR, 
re OH 


We have now prepared compounds where the meta- 
phenolic group of the catechol is replaced by related 
functions stable to COMT. When R,=CH,OH these are 
potent selective and long-lasting stimulants of §-adrenergic 
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Table 1. RELATIVE §-ADRENERGIC STIMULANT POTENCIES OF ARYLETHANOL- 


AMINES 
Bron- 

Com- Ry B, Ry chial Cardiac 
pound I muscle* muscle + 
[sopren- OH OH ~CHMe, 100 100 

aline 
AH.3021 OH -CHOH -CHMe; 40 $l 
AH.3365 OH ~ CH,OH CMe, 100 0-05 

AT Ss 
AH.3923 DH žě > CHOH -CHMe.CH, K OMe 150 0-075 
Pat 
AH.4553 OH CHOH —-CHMe.CH, a Da = OH 300 0-05 
AH.3770 ~CH,OH OH ~CHMe, 0 Q 
AH. 4045 OH Me -CMe 0 0-01 
AH.4009 OMe -CHOH č u CMe, G 0 
AH.4665 OF CHAOMe = CMe, Q 0 


* Antagonism of the bronchoconstrictor action of acetylcholine in the 
anaesthetized guinea-pig? Compounds are administered intravenously. 

f Increase in con raction rate and isometric tension of isolated guinea-pig 
atria. 


receptors in bronchial muscle and, in contrast to the cate- 
cholamines, show relatively little effect on cardiac muscle 
(Table 1). Their actions were antagonized by the &- 
adrenergic blocking drug propranolol. More detailed 
results of biological tests on a typical member of this 
series (AH.3365) are reported in the next communication. 

The structural requirements of the ethanolamine side 
chain for potent 8-stimulant activity broadly follow the 
pattern established for the catecholamines? Thus the 
-hydroxyl and the a-secondary amino functions are 
essential, the corresponding ethers and tertiary amines 
being inactive. Potency is enhanced in amines bearing 
branched alkyl chains containing additional aryl substitu- 
ents and is reduced by alkylation at the x-carbon atom. 

In the aromatic portion of the phenethanolamine the 
4-hydroxyl group is vital and efficacy is destroyed by 
etherification. The proton is a key factor in the function 
of the hydroxymethyl group and both the methyl ether 
AH.4665 and the desoxy compound AH.4045 are lacking 
in -stimulant effects. The loss of activity when the 3 
and 4 substituents are reversed (AH.3770) parallels the 
observations of earlier workers‘ in compounds (for example, 
I, R, =0H, R,=MeSO,NH—, R= Pri) in which one of 
the phenolic groups of a catechol was replaced by the 
“bioisosteric’” methanesulphonamide function. The ex- 
planation offered in the latter case—that the more acidic 
moiety (the sulphonamide) at the para-position induces 
an unfavourable fit on the receptor surf ace—clearly cannot 
apply in our examples where the pKa of the phenol will 
be much lower than that of the hydroxymethyl group. 
Our results emphasize once more the differentiation between 
$-adrenergic receptors in smooth and cardiac muscle’, 

The capacity of the saligenin moiety to subserve as a 
catechol is also demonstrated by the activity of our com- 
pounds at “metabolic” receptors? and at a-adrenergic 
receptors. Preliminary observations (personal com- 
munication from L. E. Martin) suggest that when 100 
ug/kg is given to dogs intravenously the potent broncho- 
dilators, for example AH.3365, are at least as effective 
as equal doses of isoprenaline in increasing serum concen- 
trations of glucose and fatty acids. Further work is in 
progress to quantify these results and to assess their 
significance in the context of the concept of 8-1 and §-2 
receptors’, 

The racemic form of (I, R,=OH, R,= — CHOH, 
R, =H) is a directly acting -adrenergic stimulant with a 
potency about one-fortieth of that of R(—)-noradrenaline 
when administered intravenously in the spinal cat. 

Modern views on the function of the catechol portion of 
the catecholamines have modified Belleau’s earlier postu- 
late? that it fulfils a vital role in 6-stimulant action by 
chelating with the magnesium atom of an ATP complex. 
Instead, it is now held?’ to potentiate an intrinsic effect 
of the remainder of the molecule by forming a localized 
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water cluster that induces an ordering effect on a lipopro 

tein enzyme. It seems possible that the saligenin grou] 

in our compounds exerts a similar ordering function 

The lower efficacy in promoting «-stimulation may be ; 

consequence of the difficulty of mducing a conformationa 

change of the type postulated by Belleau® for noradren 
aline cocatalysis of phosphoryl group transfer whicl 
differs from that of the 8-ordering process. 

We thank Dr R. T. Brittain and his staff for providing 
the pharmacological results and Messrs D. T. Collin 
J.C. Press and P. Toon for preparing some of the corn. 
pounds. 
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a-[(t-Butylamino)methy!]-4-hydroxy-m- 
xylene-x',«*-diol (AH.3365): a Selective 
B-Adrenergic Stimulant 


«-[(¢-Butylamino)methyl]-4-hydroxy-m-xylene- «!,a3-diol 
(AH.3365), one of a new series of 8-adrenergic stimulants 
described in the preceding communication, when tested 
on animals has been found to have a considerably greater 
action on bronchial smooth muscle than on other smooth 
muscles affected by §-stimulants. Relative potencies 
found for AH.3365, isoprenaline and orciprenaline in 
preventing bronchospasm induced by acetylcholine in 
guinea-pigs are given in Table 1 together with their 
potencies in relaxing spontaneous tone of isolated tracheal 
chain preparations. In the Konzett—Réssler preparation, 
similar orders of potency were found when the spasmogen 
used was histamine, 5-hydroxytryptamine or bradykinin. 
At equi-effective doses AH.3365 and orciprenaline had a 
sunilar duration of aetion and both were longer acting 
than isoprenaline in the in vive tests. The ratios found on 
the tracheal chain preparation are different from those 
obtained in any in vive experiment designed to measure 
airflow or airways resistance in any species tested so far, 


COMPARATIVE B-ADRENERGIC STIMULANT POTENCIES OF AH,3365, 
ISOPRENALINE AND ORCIPRENALINE IN THE GUINEA-PIG 


Table 1. 





Route of Relative é-stimulant potency 
Test preparation and drug admin- Isopren- Orcipren- 
spasgmogen istration AH.3365 aline aline 
Anaesthetized guinea-pig in- Intra- 1 1 0-025 
travenous acetyicholine venous 
{Konzett and Réssler pre- 
paration)' . 
Sore er eee AREE 
Conscious guinea-pig; aerosol- Oral i Poorly active: effeet 
ized acetyicholins* not dose related 
Aerosol 1 0-1 O-O1 
Isolated tracheal chain? In vilro 1 10 2 


* Unpublished work of J. E. Farmer, V. A. Cullum and G, P. Levy. 
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Thus in vitro tests may give a poor estimate of the real 
bronchodilator activity of B-stimulants. 

< The cardiovascular actions of AH.3365 are less than 
those of isoprenaline or orciprenaline. When tested on 
isolated guinea-pig atria the stimulant effect of AH.3365 
was found to be 2,000 times less than that of isoprenaline 
and half that of orciprenaline. Unlike isoprenaline, 
AH.3365 could prevent bronchospasm due to efferent 
vagal stimulation in anaesthetized cats or dogs in doses 
(0-5-5 pg/kg intravenously depending on species) which 
did not affect the heart rate or blood pressure. The 
bronchodilating potencies of the two drugs were similar 
in this test, but the vasodilator action of AH.3365, 
assessed by perfusing dog hind limb or by measuring blood 
pressure, was only about one-tenth that of isoprenaline. 


HOH,C 


OH CH, 
Ho-~ > CH, NHC “cH, (1) 
p ei 
sH CH, 


AH.3365 specifically tritiated on the -carbon (I) was 
used for metabolic studies in dogs and rats. In dogs given 
1, 5 or 125 mg/kg of tritiated AH.3365 orally 70-80 
per cent of the dose was excreted unchanged in the urine, 
which also contained an unidentified glucuronide equival- 
ent to about 10 per cent of the dose administered. A 
similar excretion pattern was obtained in dogs which had 
received daily doses of AH.3365 for 3 months, suggesting 
that specific processing enzymes for the drug had not 
developed during that time. 

In rats given doses between 25 and 200 mg/kg of tritiated 
AH.3365 orally 50-80 per cent of the administered radio- 
activity appeared in the urine within 48 h but only 20-40 
per cent of this represented unchanged drug; the remain- 
der was a glucuronide. AH.3365 or its metabolites are 
excreted in quantity in the bile of rats. For example, 
the bile collected over a 4 h period from rats given 20 mg/kg 
of tritiated AH.3365 intraperitoneally contained 27 per 
cent of the radioactivity administered. This probably 
explains why 20-40 per cent of the drug given orally is 
excreted in the faeces; it is probably in the form of meta- 
bolites. It is known that isoprenaline is rapidly inactiv- 
ated by catechol-O-methyl transferase’. The metabohe 
studies reported here clearly show that AH.3365 is not 

affected by this enzyme and should therefore be a longer 
acting drug. 
_. These results suggest that AH.3365 would be an 
“improved bronchodilator, being more selective, longer 
“acting and safer than isoprenaline, and more potent and 
probably less likely to cause side effects than orcipren- 
aline. The early results of quantitative clinical studies 
agree with these conclusions. AH.3365, in a dose of 100 
ug given by aerosol, has been shown to be a highly effec- 
tive, long acting bronchodilator without observable side 
effects. Indeed, at least ten times this dose given by 
aerosol is needed to induce detectable effects on the heart 
and blood pressure. When given orally about 5 mg of 
drug is effective in adults, again without detectable cardio- 
vascular actions. Full results of all these investigations 
will be published later. 
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Induction of Deciduomata in the 
Mouse by Carbon Dioxide | 
Tur decidual cell reaction, usually associated with an 
implanting blastocyst, can be artificially induced in- 
mouse by the intraluminal injection of air on the fo 
day of pseudopregnancy (my unpublished work). 


response might be simply the result of uterine distension > 


or of a constituent of air. 


Nulliparous mice of the Q random bred strain, weighing : i . 
20-25 g and made pseudopregnant by mating with o =o 


vasectomized males, were used. Into each uterine horn 
0-02 ml. of gas was injected between 1.00 and 1.30 p.m. 
on the fourth day of pseudopregnancy (day of plug = first 
day) and mice were killed at 11.00 a.m. on the eighth day 
of pseudopregnancy. 

The response of the uterus to nitrogen, oxygen, 80 per 
cent nitrogen and 20 per cent oxygen (all with carbon 
dioxide content less than 5 p.p.m.), air, and air passed 
through barium hydroxide to remove carbon dioxide, 
was compared (Table 1). The response to air was signi- 
ficantly greater than the response to the other gases 
(P <0-001), while the difference in response between the 
other gases was not significant. It was therefore apparent 
that, while uterine distension might be partly responsible 
for the observed response, carbon dioxide greatly en- 
hanced the décidual cell reaction. 


Table 1 UTERINE RESPONSE TO GASES 
Uterine wt. 
Gas No, of at autopsy ti SLE 
mice (mg) (ung) 
Air 9 457-9 + 83-2 
Oxygen & 152-0 + 88-3 
Nitrogen a 464-9 + 32-0 
80 per cent nitrogen + 20 6 150-5 + 24-0 
per cent oxygen 
Air passed through barium ğ 206-4 + B38 
hydroxide 


The response of the uterus to various concentrations of 
carbon dioxide was then studied. The carbon dioxide 
concentrations below 0-2 per cent, apart from 0-03 per 
cent (air), were obtained by adding carbon dioxide to 
nitrogen, while for concentrations above 0-2 per cent 
carbon dioxide was added to air. 

It is clear (Fig. 1) that the response was dependent on 
the carbon dioxide content of the injected gas. The 
higher response to air in the initial experiment was prob- 
ably a result of the presence of expired air in the injected 
gas. This was prevented in the subsequent experiment by 
filling the syringe, in all instances, from a sealed flask. 

On the basis of these results it is suggested that carbon 
dioxide produced by an implanting blastocyst may be 
the natural stimulus by which the decidual cell reaction 


400 | 


200 ; : l N 


Uterine weight at autopsy (mg) 


i 10 100 1,600 10,000 160,000 
Percentage of carbon dioxide x10 


Fig. 1, Uterine response to carbon dioxide. 
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is induced. The work of Brinster? shows that there is, in 
the mouse, a rise in carbon dioxide production by the 
blastocyst at the time of implantation, while in the rabbit 
the high bicarbonate concentration of the blastocyst falls 
at this time. Lutwak-Mann and Laser? have previously 
suggested that this fall in bicarbonate and the presence 
of carbonic anhydrase in the uterus might be important 
in implantation. Boving? has also postulated that the 
bicarbonate is involved and has suggested that it causes a 
rise in pH which induces adhesive properties that help to 
fix the blastocyst in the uterine himen. The in jection of 
carbon dioxide into the uterine ramen would, however, 
tend to lower pH rather than raise it. 

If it is assumed that the decidual reaction is normally 
elicited by carbon dioxide, an approximate estimate of 
the carbon dioxide production of a blastocyst can be 
made by a comparison of the weight of the decidual 
tissue produced by an implanting blastocyst, and the 
response caused by injecting gas containing the optimum 
carbon dioxide content. The mean weight of decidual 
tissue induced by a blastocyst in nulliparous Q mice on 
the seventh day of pregnancy is 5-09+0-12 mg, while 
the weight of decidual tissue, induced by the injection of 
0-02 ml. of 0-1 per cent cabon dioxide to each horn, was 
found to be 141-18+ 31-94 mg on the seventh day of 
pseudopregnancy. In both instances the decidual tissue 
was dissected out of the uterus before weighing. The 
response to the gas is therefore equivalent to that induced 
by 27-7 blastocysts. 0-04 ml. of 0-1 per cent carbon dioxide 
contains 16-65 x 10-4 moles of carbon dioxide. If onc 
assumes that gas remained in utero for about 5 h (my 
unpublished results), one can calculate that carbon dioxide 
absorbed at the rate of 14-02 x 10-6 umoles/h produces a 
response equal to that induced by one blastocyst. This 
value is similar to those obtained by Brinster for carbon 
dioxide production by a blastocyst cultured with a 
pyruvate energy source of 13-92 + 1-23 x 10-8 umoles and 
15-73 + 2-27 x 10-* umoles/blastoeyst/h, for 84 h and 108 h 
blastocysts, respectively, 

This calculation depends largely on the amount of 
carbon dioxide in the uterus and its rate of absorption. 
Histological evidence suggests that gas may persist for 
more than 5 h (ref. 4). An error in the calculation as a 
result of this will, however, be balanced by the decrease 
in carbon dioxide in the uterus. 

I thank Dr Anne McLaren for her helpful comments. 
This work was supported by a grant from the Medical 
Research Council. 
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Antagonism by Fenamates of Prosta- 
glandin F2, and of Slow Reacting 
Substance on Human Bronchial Muscle 


HISTAMINE, slow reacting substance in anaphylaxis 
(SRS-A) and prostaglandin Fy, (PGF,q) are among sub- 
stances obtained from lungs that contract human isolated 
bronchial muscle!-*. Fenamates antagonize broncho- 
constriction induced by SRS-A but not that induced by 
histamine, and they lessen anaphylactic bronchoconstric- 
tion in the guinea-pig in vivo®-?. In view of the possibility, 
arising from these observations, that fenamates might be 
useful clinically against pathological bronchoconstriction, 
we explored how far meclofenamate (sodium N -(2,6- 
dichloro-m-tolyl) anthranilate)? and flufenamate (sodium 
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N-(%,%,%-trifluoro-m-toly]) anthranilate)? antagonized the 
contraction of human isolated bronchial muscle induced 
by histamine, SRS-A or PGE,,. 

Preparations of human isolated bronchial muscle were 
set up in Krebs-Henseleit fluid in a 25 ml. bath and their 
responses were recorded by a variable rotary trans- 
former’, The bronchial muscle was challenged for 3-6 min 
with histamine acid phosphate, with PGF. or with a par- 
tially purified SRS-A obtained by perfusing with antigen 
the isolated lungs of sensitized guinea-pigs®. Sodium salts 
of the fenamates or related dru gs were added to the bath 
m Krebs-Henseleit fluid. To measure antagonism, 
responses were recorded to one high and to one low dose 
of agonist, before exposure to antagonist, and then to the 
high dose of agonist after exposure to an tagonist for 5 
and 25 min. Still in the presence of antagonist, a maximal 
response of the muscle was obtained to acetylcholine, so 
as to establish that the contractile ability of the muscle 
was unimpaired (Fig. 1). The degree of antagonism was 
measured by comparing the response in the presence of 
antagonist with the dose response line obtained before 
antagonist, and it was expressed as the dose ratio, which 
is the ratio of doses with and without antagonist to give 
equal responses!!, 

Fenamates relaxed the musele and depressed its response 
to SRS-A more than they depressed that to histamine 
(Fig. 1); but they were still more effective against PGF 24 
(Fig. 2; Table 1). Fig. 2 shows that meclofenamate at 
100 ng/ml. shifted sideways the dose response line of 
PGF.., whereas it did not affect that of acetylcholine. 
Table 1, which gives dose ratios after 25 min of exposure 
of the musele to a fenamate, shows that meclofenamate, 
at 100 ng/ml. and 1 ug/ml., clearly antagonized PGF,,, 
but not SRS-A. At 20 ug/ml., meclofenamate also 
antagonized SRS-A. Flufenamate at 100 ng/ml. was 
ineffective against PGF, a or SRS-A, whereas at I ug/ml. 
it antagonized PGF, with little effect on SRS-A. At 20 
ug/ml., fufenamate strongly antagonized SRS-A. In the 
doses mentioned, the antagonism of histamine by either 
fenamate was slight or absent. The dose ratios in Table 
l that are less than unity imply an intensification of 
response to agonist at low doses of antagonist. 

A few tests with phenylbutazone (1 and 10 ug/ml.) and 
with aspirin (100 and 300 ug/ml.) showed that these drugs 
antagonized PGF,, as well as SRS-A. Phenylbutazone 
was less effective than meclofenamate and aspirin was 
the least effective of the four dru gs tested. The finding 


il i 

S § 
Fig. 1. Human isolated bronchial muscle in a 25 ml. bath. Effect of 
meclofenamate on the respenses to slow reacting substance in anaphy- 
laxis (SRS-A), histamine and acetylcholine. S’, 0-1 mg, and S”, 1 mg 
SRS-A; H, 10 ug of histamine; A, 100 xg of acetylcholine. Between the 
arrows, 20 ug/ml, of meclofenamate was present: doses of bronchecon- 
strictors were given 5 min after adding meclofenamate and thereafter at 
10 min intervals. Recording magnification c. 17. Meclofenamate is the 

sodium salt of N-(2,6-edihloro-m-tolyl) anthranilie acid®. 
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Table 1. ANTAGONISM BY FENAMATES OF PROSTAGLANDIN Fig (PGFrqg) AND 
OF SLOW-REACTING SUBSTANCE IN ANAPHYLAXIS (SRS-A) ON HUMAN ISOLATED 
BRONCHIAL MUSCLE 


Concentration Dose ratio of 
Drag (zen /inl.) PGP; SRS-A Histamine 
Meclofenamate 0-1 7-1 — mo 
10 
11 
20 
LO 3-1 0-04 0-08 
21 0-78 0-28 
30 
180 
20 18 (12-29)* 43 (1-2-15)* 
Fiufenamate Mi 0-09 2-9 md 
2-3 84 
2°83 
1-0 9-1 0:08 13 
13 2-2 2°35 
80 
26 men 26 0-04 
62 ag 
84 il 


The muscle was exposed to drug for 25 min. The dose ratio is the ratio of 
doses with and without antagonist to give equal responses’. Except where 
indicated by *, individual values are given. —, Not tested. 

*Mean of twelve determinations (with 95 per cent fiducial limits); the 
effect on SRS-A was significantly greater than that on histamine (P < 0-025), 


with aspirin and SRS-A confirms that previously pub- 
lished®. Fenamates in the same doses did not suppress 
the relaxation of the bronchial muscle induced by pros- 
taglandin E, or E,. 

The great effectiveness of fenamates against PGF, on 
human isolated bronchial muscle was unexpected, because 
aspirin had failed to antagonize the small increase in air 
overflow volume induced by large doses of PGF y in the 
Konzett—Réssler preparation of guinea-pig lungs in vivo’. 
In that preparation, meclofenamate also failed to block 
PGF yq (unpublished results of G. W. L. James). 

Fenamates and drugs with a similar action readily 
antagonize the contraction of human isolated bronchial 
muscle induced by PGF. and this antagonism is sur- 
mountable by higher doses of the prostaglandin. PGF a 
should therefore be classed with SRS-A (ref. 5), kmins?’, 
adenosine triphosphate!* and arachidonic acid’4 among 
substances susceptible to antagonism by non-steroidal 
anti-inflammatory drugs on bronchial muscle, whereas 


90 ; 
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70 
60 4 
E 
Ja 50 
a 
Be 
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S 
Ş 
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= 
o 
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20 
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—Ì ü 1 2 
Log dose of agonist (4/25 mal.) 
Fig. 2. Effect of meclofenamate on the dose response lines of prosta- 


glandin F,, (PGF,,) on human isolated bronchial muscle. (A), PGF., 

without meclofenamate; (A), PGF,,, in the presence of 100 ng/ml. of 

meclofenamate; (©), acetylcholine without meclofenamate; (@), 
acetylcholine in the presence of 100 ng/ml. of meclofenamate. 


prostaglandins E, and E, seem to belong to the grow 
substances, which includes acetylcholine®, eledoisin 
tamine! and 5-hydroxytryptamine!, the effect of wi 
on bronchial muscle does not seem to be inhibited by dr 
of the non-steroidal anti-inflammatory group. Thed 
ence in the potency of fenamates against PGF a and s 
SRS-A (Table 1) confirms the conclusion, reached or | 
other grounds‘, that PGF, and SRS-A are diferent = 
substances. ! 

Because there is a possibility that SRS-A (ref. 3) and/or 
PGF, (ref. 4) are involved in pathological conditions of 
bronchospasm in man, the ability of fenamates to antagon- 
ize contraction of human isolated bronchial musele 
induced by PGF,, or SRS-A suggests that they might be 
of clinical value in such conditions. This potent and 
selective antagonism of a prostaglandin by non-steroidal 
anti-inflammatory drugs also raises the question whether 
any of the known effects of therapeutic doses of these drugs 
in man, such as the lessening of fever, of pain, of infam- 
mation and of platelet clumping in shed blood, depends on 
antagonism of PGF,, or of an alhed endogenous prosta- 
glandin. 
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for help in obtaining specimens of human lung. We also 
thank Mrs S. Foard, Dr W. A. Jones, Mr G. G. Matthews, 
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Further Experiments on the Effects 
of Social Factors on the Rate of 
Sexual Maturation in the Desert 
Locust 


Mares of the desert locust (Schistocerca gregaria) produce 
a pheromone when they are sexually mature which accel- 
erates maturation of young males and virgin females”. 
The mature males used as activators in the experiments 
which established this fact were all reared during hopper 
(nymphal) and early adult life at high density; as the 
density of rearing has far-reaching effects on the physio- 
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logy of locusts, it could not be assumed without further 
experiment that previously isolated mature males would 
exert the same influence. 

Crowded males turn bright yellow at maturity while 
isolated ones normally develop only slight traces of yellow 
on the abdomen. Experiments have recently been carried 
out in which young males were kept in pairs, each with 
one mature male previously reared in isolation. and their 
rate of maturation was compared with that of an equal 
number of males kept with single females of their own 
age. When the young males began to look mature, a 
mature female was placed in each jar daily or on alternate 
days while the locusts were under observation, and 
copulation or attempted copulation was recorded. 
Maturation time was estimated as the number of days 
from fledging until the first observation of sexual 
behaviour. In all four experiments the males kept with 
mature males which had been previously isolated matured 
significantly more rapidly than those kept with females 
(Table 1). The degree of acceleration was comparable with 
that mediated by mature males taken from crowds in 
the earlier experiments'. In the second and third experi- 
ments the males used as activators had been reared in 
isolation for two successive generations. The ability to 
accelerate maturation is therefore not necessarily associ- 
ated with a history of crowding or with the yellow colora- 
tion which crowding produces. 

Table 1. MATURATION TIME OF YOUNG MALES EACH KEPT EITHER WITH A 
MATURE MALE PREVIOUSLY KEPT IN ISOLATION OR WITH A YOUNG FEMALE 
OF ITS OWN AGE 

Males with mature 


males previously 
isolated 


Males with females 


of their own age Significance 


Exp. Mean matur- Mean matur- of difference 
NG. of ation time No. of ation time 
males* (days) malest (days) 
1 8 17-946-5 3 205106 P < 0-001 
2 8 185 SG 6 32-04 14-4 P <005> 0-02 
3 10 18-3 33 9 32-7 + 9-3 P<0-001 
4 5 23°8 +69 7 D1-4+ 28-1 P< 002 


* Surviving until maturation. 


Loher? observed that large vacuoles appeared in some 
of the epidermal cells of the male abdomen at maturity 
and suggested that these were the source of the phero- 
mone; they were not seen in very young males or in 
mature males which had been reared in isolation. The 
observation that isolated males are capable of accelerating 
maturation might seem to invalidate this suggestion. 
Recent unpublished work by Dr J. Thomas, however, has 
shown that some of the vacuolated cells are present in 
the isolated males, but that they are fewer in number and 
occur over a more restrieted area of the abdomen; their 
number increases with age even after the males are mature. 
Their detection may therefore depend on the age of the 
male and the exact area sectioned. A small number may 
well produce sufficient pheromone to cause acceleration 
of maturation. Although Loher’s suggestion is not there- 
fore disproved, the source of the pheromone remains in 
doubt. 

Although the rate of sexual maturation of young males 
is accelerated by the presence of mature males, it is 
retarded by the presence of immature males or females!» 4, 
It was suspected that hoppers of the pre-adult instar 
might exert an inhibitory influence similar to that of imma- 
ture adults. In four experiments newly fledged males were 
isolated in one litre jars and single fifth-instar hoppers 
were added to half of them. The males were tested for 
maturity as already described. In all four experiments 
the isolated males matured much more rapidly than those 
kept with one hopper (Table 2). 

In a wild population this retarding influence of hoppers 
should tend to check maturation in the first males to 
fledge, thereby promoting synchronization of maturation, 
a role later continued by the increasing number of 
fledglings and maintained until the majority are nearing 
maturity when the accelerating pheromone takes over. 

Ovarial development in virgin females is also accelerated 
by the presence of mature males, but experiments have 
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Table 2. MATURATION TIME OF YOUNG MALES RACH KEPT WITH A FIFTH- 


INSTAR HOPPER OR IN ISOLATION 
Males with fifth- 


. instar hoppers Males in isolation 
“Xp. l Mean metur- Mean matur- Significance 
No. of ation time No.of ation time of difference 
males* (days) males (days) 
3 17 30-5 + 4-6 15 18244-8 P<0-001 
2 14 27-8 +8-3 14 17-64 3-2 P<0001 
3 16 38-8 + 11-9 15 16+7 + 8-2 P<0-001 
4 18 22°3 + 6-6 20 14-7 + 5-8 P<0001 


* Surviving until maturation. 


shown that it is unaffected by the presence of immature 
adults or hoppers. Because ovarial development in 
females is normally aecelerated and com pleted as a result 
of copulation, however, oviposition is chiefly determined 
by the onset of male maturation, and no further mechanism 
for synchronization is necessary. It is true that some 
virgin females, when kept at high temperatures and 
lavishly fed in the laboratory. may lay before they have 
been fertilized, but it is improbable that this occurs on 
any important scale in field conditions. 

We thank Mrs 8. Hogarth. who reared most of the 
isolated mature males which were used as activators. 
Mr El Mangoury was the holder of an FAO fellowsh ip 
while this work was in progress. 
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Isolation from Heart Valves of 
Glycopeptides which share Immuno- 
logical Properties with Streptococcus 
haemolyticus Group A Polysaccharides 


THERE is evidence of immunological eross-reaction be- 
tween structural glycoproteins extracted from human or 
bovine heart valves and parietal polysaccharides of 
haematolytic group A streptococci! *. Further investiga- 
tions have led to the isolation of dialysable glycopeptides, 
which produce the common antigenicity. 

The glycoprotein fraction was extracted from the heart 
valves by the technique of Dische and Robert’, Digestion 
with pronase (Calbicehem grade B) was performed in 
0-1 M calcium acetate buffer at pH 7-3 and 37° C for 
periods of 24 and 72 h respectively. Dialysis of the 
hydrolysates took 48 h. after which the dialysates were 
concentrated. Before immunological testing the fraction 
was passed through a column of the AG 1148 type (Bio- 
Rad). 

Antisera were prepared by immunizing adult rabbits, 
either against bovine heart valves or against group A 
streptococci, types 3 and 12 (refs. 1 and 2). The presence 
of antibody was determined by immunodiffusion in agarose 
gel, pH 7-0, and was measured quantitatively. 

In other experiments with antigens of low molecular 
weight, the degree of inhibition of the precipitation 
reaction was determined in the zone of slight antibody 
excess. 

Digestion of heart valve glycoprotein with pronase 
released several sub-fractions among which appeared a 
dialysable glycopeptide—glycopeptide B-—rich in sugars 
(Table 1)*-§. This glycopeptide reacted with the anti- 
valvular antisera and also with the antistreptococcai 
antisera. The sugar moiety of glycopeptide B was com- 
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Fig. 1. Percentage of inhibition by various sugars : galactose, glucos- 


amine, glucose, rhamnose, fucose and mannose of the precipitin reaction 
in the system. Rabbit anti-beef valve antiserum/beef valvular glyco- 
protein was used. 


posed of glucose, galactose and of glucosamine which alone 
represents nearly 40 per cent of the total sugars. The 
fraction responsible for the cross-reactions was the fraction 
richest in hexosamine. When tested by double diffusion 
in agarose the precipitation lines with the glycopeptides 
appeared within a few hours, in contrast to the 72 h 
required with the native glycoprotein. The fraction 
obtained after 72 h of pronase digestion did not yield 
precipitating antigens. This fraction could, however, still 
inhibit the precipitation reaction in the system: strepto- 
cocci A polysaccharide/antistreptococeal antisera. 

Because the dialysable glycopeptide seemed to be 
responsible both for the antigenic properties of the val- 
vular glycoprotein and for its immunological cross- 
reactivity with the streptococcal polysaccharide, an 
attempt was made to establish the antigenic role of each 
of the three sugars identified. In the antivalvular anti- 
serum/valvular glycopeptide system, galactose and galac- 
tosamine were found to be responsible for the inhibition 
of the precipitation reaction (Fig. 1). In the homologous 
system, antistreptocoecal A antiserum/purified poly- 
saccharide A, glucosamine alone produced an appreciable 
inhibition of precipitation. It is noteworthy that in the 
same system the digestion products of the glycopeptide(s) 
produced an inhibition practically identical to that 
produced by glucosamine (Fig. 2). It can therefore be 
deduced that glucosamine occupies the terminal position 
in the glycopeptide molecule. In this system, 590 ug 
of antibody was precipitated by the specific polysaccha- 
ride. The valvular glycopeptide precipitated 150 ug anti- 
body from the same antiserum. It therefore seems that it is 
this fraction of the glycoprotein molecule which shares a 
common antigenic structure with the streptococcal 
polysaccharide. 
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The glycopeptide which precipitates about 36 per cent 
of the antistreptococcal antibodies therefore shares a 
specific site for combination with the antibody structure 
common to both the streptococcal polysaccharide and the 
valvular glycopeptide (Fig. 3). The glycopeptide probably 


50 A 


glucosamine 
40 è A 
glycopeptide B 
(dig. 24h) 
2 30 
8 
E 
= 20 
10 
glucose - fucose- galactose 
l 2 3 4 5 
Antigen (aM) 
Fig. 2. Percentage of inhibition by various sugars : glucosamine, 


glucose, fucose, galactose and glycopeptide “B,” of the precipitin 
reaction In the system, Rabbit antistreptococcus A antiserum/strepto- 
coccus A purified polysaccharide was used. 





Fig. 3. 


Immunodiffusion in agarose. 
charide was placed in the central well, group A streptococcal poly- 
saccharide in the right upper well, and glycopeptide “Ba” in the left 


Group A streptococeal polysac- 


upper well. Note the identity reaction between streptococcus A 
polysaccharide and glycopeptides, isolated from beef heart valves. 


Table 1. CHEMICAL AND IMMUNOLOGICAL PROPERTIES OF THE BOVINE VALVULAR GLYCOPROTEIN AND THE GLYCOPEPTIDE® "'B,,"’ OBTAINED BY PRONASE DIGESTION 


Nitrogen Total sugars Hexos- S 

(N)/eg (S)/mg amine/pg N 

Glycoproteins of bovine heart valves 154 50 10 0-3 
Glycopeptide B 139 69 27 0-5 


Double diffusion in agarose 


Hexos- Antiserum to bovine heart Antiserum to streptococel 
amine/S valves group A 
0-2 (1-2 precipitin lines 2-5 days) (1 precipitin line 3-6 days) 
0-39 +(1 precipitin line 24 h) +(1 precipitin line 4-8 h) 


* The glycopeptide was obtained from the dialysable products after pronase digestion during 24 h by precipitation with four volumes of ethanol. 
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constitutes the “free” antigenic determinant of the 
glycoprotein. An investigation of the role of the peptide 
moiety in the specific combination of the glycopeptide 
with the antivalvular antisera is now in progress. 
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Cross-reactive Human HL-A 
lsoantibodies 


TECHNICAL difficulties have for a long time prevented 
any improvement in cur knowledge of human leucocyte 
groups. The results of the Third Workshop on Histo- 
compatibility Testing, held at Torino in 1967, showed that 
these difficulties are being overcome!. Jt now seems 
evident that the most inmiportant leucocyte antigens— 
transplantation antigeus also present on platelets and 
most other tissues—belong to one very complex system 
(HL-A) controlled by the genes on at least two closely 
linked mutational sites on a pair of autosomal chromo- 
somes*, This makes associations of antigenic factors 
possible, so that it is common to see the “inclusion” of 
some antigens in other broader” antigens; that is, the 
antigen included is rarely or never present in individuals 
lacking the broad antigen*. This phenomenon has parallels 
im red cell serology ; for example, the A, antigen is included 
in the A antigen, and m the rhesus system, which has some 
similarities to the HL-A system, the C and D antigens are 
both included in the G antigen’. Within the HL-A 
system, however, such inclusions can often be explained 
by multispecificity of the serurn used to define the broad 
antigen, and so absorption expernnents are essential for 
the elucidation of this system. Absorption experiments 
have shown that the leucocytes from some imiividuals, 
although not agglutinated by a particular serum, never- 
theless can completely absorb gi iis pene activity. 
postive TANAP) and a are consi: ida a Ve puaitive for 
the antigen in question. A similar cevtotoxie-negative— 
absorption-positive (CYNAP) phenomenon has been 
observed in some lymphoevtotoxic antibodies, but some 
of these cases can be explained by the presence of 
anti-complementary factors in the serum®. We present 
here evidence that the ‘“‘reaction-negative-absorption- 
positive’ (RNAP) phenomenon and the inelusions can 
in some cases be explained by cross-reactive antibodies. 
Leucocyte and platelet groupings were carried out 
for 344 Scandinavian subjects, includmg 150 unrclated 
individuals, 23 complete families containing a total of 85 
children, and 63 other related individuals, using lympho- 
eytotoxicity and complement fixation (CF) with platelets 
as described earlier’. Among the sera® used were those 
tested by our group during the Torino Workshop!. Sera 
KN-T13 (Math) and KN-T14 (Du), which had both 
shown perfect LA2 grouping with the CF technique in 
Torino, were studied in detail, and so was the new serum 
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Ba, containing lymphocytotoxic and CF platelet antibodies. 
These three sera originated from parous women. Absorp- 
tions were carried out with leucocytes and platelets as 
previously described’. 

The cells from 227 individuals reacted in the lympho- 
cytotoxic test (and in the CF technique when used) with 
the serum Ba, and 192 of these were LA2 positive. As 
Table 1 shows, no (Ba — LA2 + ) individuals were observed, 
the LA2 antigen thus all being included in the Ba antigen. 
All individuals (Ba+ LA2—) gave weak reactions in the 
cytotoxic test with the serum Du and sometimes the CF 
technique also disclosed these weak reactions. Results of 
titrations of sera Ba, Du and Math, using master dilution 
techniques and CF (Table 2), suggested that sera Ba and 
Du contain the same two antibody components: an anti- 
LA2 and an antibody active against a new antigen, Ba*, of 
fairly low frequency. This second component is strong in 
serum Ba and weak in serum Du. 


Table 1. Ba AND LAŽ GROUPING OF 344 SCANDINAVIANS 
Related and 
Unrelated unrelated 
(Baz LA2+) 85 192 
(Ba + LA2 —)} 13 35 
(Ba — LAŽ +) (f (E 
{Ba — LAŽ —} 62 117 
Total 150 344 
Table 2. TITRATION OF CF PLATELET ANTIBODIES 
Platelets 
Serum (Ba+ LA2+) (Bat LA2—-) (Ba~ LA2—) 
Ba 16 32 ĝ 
Du 32 4 0 
Math 64 ü 0 


Absorption experiments, however, showed that both 
(Ba+ LA2—) and (Ba+ LA2+)t cells removed all 
cytotoxic and CF platelet antibodies from serum Ba, 
suggesting that the antibody in this serum was mono- 
specific. It was known that some presumably mono- 
specific anti-LA2 sera, although not fixing complement 
with (Ba+ LA2—) cells, nevertheless lost all CF and 
cytotoxic activity when absorbed with (Ba + LA2— ) cells, 
that is these cells were RNAP with such sera. To investi- 
gate whether {Ba + LA2-—-) cells are LA2 positive, sera Du 
and Math, which when diluted to 1:8 both allowed 
perfect LA2 grouping, were absorbed with (Ba+ LA2—) 
and appropriate control cells. Some typical results are 
given in Table 3. While one absorption with 54,000 
(Ba+ LA2—) leucocytes/ul. of serum completely re- 
moved the activity of serum Du, three absorptions with 
a total ef 120,000 of the same leucocytes/ul. of serum 
absorbed no more activity from serum Math than did 
(Ba~ LA2—) cells. Thus (Ba+ LA2—) cells could not 
be considered LA2-RNAP with respect to serum Math. 
We later confirmed that (Ba+ LA2~—) individuals are 
LA2-negative when an anti-LA2 antibody was found in 
the serum of a (Ba+ LA2—) woman. 


Tabie 3. ABSORPTION EXPHRIMENTS 
Titre against 


Serum Leucocvtes used No. of leucocytes; (Ba+ LA2+} 
for absorption #. of serum platelets 
Du {Ba + LA? +) 64,000 0 
{Ba+ LA —-} 54,060 6 
(Ba-~ LA? —} 54 O00 25-33 
Math (Bad LA2 +} 120,060 0 
{Bat LA? =} 120,000 48-72 
{Ba — LA2~}) 120,000 42-02 


While sera Ba and Du behaved identically in the 
absorption experiments, suggesting that both were 
monospecific, the great differences in the titres of serum 
Du against {Ba + LA2 +) and (Ba+ LA2—) cells did not 
seem typical of a monospecific serum, although mono- 
specificity has been suggested in similar cases”, The 
apparent monospecificity of sera Ba and Du could also 
be a consequence of “dispecific” cross-reactive antibodies 
directed against the LA2 antigen and the suggested new 
antigen, Ba*, The problem was to find a method by which 


+ These cells were later shown to be (LA2+ Ba* ~—), 
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t was possible to distinguish (LA2 + ) individuals carrying 
the hypothetical Ba* antigen from those lacking it. 
- With some families this seemed to be possible using CF 
“and exact titration of platelet suspensions? against fixed 
= amounts of sera Du and Math. (U nfortunately, insufficient 
supplies of serum Ba prevented us from using this serum.) 
Sera Du and Math usually gave identical antigen titres 
with LA2 positive platelets, but the platelets from certain 
individuals repeatedly gave definitely higher antigen 
titres with Du than with Math. It seemed reasonable to 
consider such individuals Ba* positive, remembering that 
additive effects of different antibody components would 
be expected and indeed seem to exist for CF platelet 
antibodies (our unpublished observations). In this way 
the segregation of the Ba* gene could be explained, for 
example, for family N-1 (Table 4). Assuming linkage, the 
_HL-A haplotype segregation can be deduced from the 
KN-T19, KN-T12 and LAI groups. The postulated Ba* 
. gene is seen to follow the mother’s d haplotype or chromo- 
--some, and this is in agreement with the first and second 
= ehild being (Ba+ LA2—). In this and several other 
families in which such an analysis could be carried out, 
: the Ba* gene always segregated in repulsion to the LA2 
gene, suggesting that these genes are alleles. None of the 
< $44 individuals investigated was positive for more than 


- two of the following antigens: LAI, Ba, ILN* and 
Stewart?. 
Table 4. INFORMATIVE HL-A GROUPS AND SEGREGATION OF FAMILY N-1 
Chromo- 
KN-T19 KN-TI2 LAILI LA? Ba Ba* somes 
Father m + -+ + + — (1-00) aib 
Mother + ~= ~ + + + (1:94) e/d 
Children 
First "~ — + - + oe bid 
Second ~ -= + — + + bid 
Third + = aa + + — (1-00) bie 
Fourth + ~~ + + + — €1-00) ble 
Fifth + -+ - + ote —~ (0-87) ale 
Sixth == + =- + + + (1-62) ajd 
Seventh — + — + + + (1:78) ajd 
The Ba* groups were established by the following rules: (Ba+ DLA2—) 


individuals are considered (Ba* +) and (Ba+ LA2+) individuals are con- 
siiered (Ba*+) when their platelets yield definitely higher antigen titres 
with serum Du than with serum Math. The figures in parentheses are the rela- 
tions between antigen titres with the serum Du and with serum Math. 


The term “‘operationally monospecific’? has been used 
-ġo describe sera from which all leucocyte antibody 
= activity is removed by absorptions with cells from each 
. of thirty positively reacting individuals''. More extensive 
absorption experiments would probably have shown the 
sera Ba and Du to be operationally monospecific with 
respect to the Ba antigen. Analyses of the families, 
however, provided strong evidence that the Ba antigen 
includes two distinct antigens, LA2 and Ba*, and that 
- the corresponding genes always segregate in repulsion. 
< Thus the antibodies in sera Ba and Du can be considered 
= -@ross-reactive, and as Kabat has stressed!*, it does not 
=- seem desirable to define new antigens by such antibodies. 
-. Aceordingly, we prefer to regard cross-reactive anti- 
bodies as dispecific rather than monospecific. Still 

according to Kabat?*: “linked” antibody molecules are 
not concerned, but the reaction of these antibodies can be 
explained most satisfactorily if two antigenic specificities 
have some structure in common. If this is so, our observa- 
tions indicate the existence of such a common structure 
for the LA2 and Ba* antigens. “‘Major factors” within the 
HL-A system have already been postulated}, 
© Our anti-LA2 sera behaved differently when absorbed 
with (LA2— Ba*+) cells. Some showed RNAP pheno- 
- mena with these cells, while others (for example, Math) 
< did not. This indicates that RNAP cells should not always 
© be considered positive, and shows that various anti-LA2 
< antibodies have different characteristics, which probably 
< depend on the HL-A groups of both the immunizing 
< cells and the immunized individual, and possibly also on 
= the intensity of immunization. 






















It is also worth noting that, in this study, the L 
antigen was completely included in the Ba antigen : 
it can be anticipated that other inclusions wit 
HL-A system will be explained by similar cross- 
antibodies. Thus the results reported are of cons 
importance in the understanding of the HL-A syste 
it is interesting that, while writing this communica 
we have been informed that Dausset and Colombani* ha 
recently made similar observations. Pe ate 
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General Method for Isolating 
De-repressed Bacterial Sex Factors 


BACTERIAL conjugation is now known to be regulated by 
repression in the same way as many other bacterial func- 
tions. Every cell in a culture may carry a sex factor but 
in only a minority will the factor chance to be de-repressed 
and the cell be capable of conjugation’*. The genetic and 
physiological analysis of conjugation requires mutant sex 
factors that are no longer subject to repression and which 
therefore enable all of their host cells to conjugate. Such 
de-repressed mutants can be selected by replica plating 
when the sex factor is linked to a selective marker like 
antibiotic-resistance, because those recipient cells acquir- 
ing the factor can be selected by their antibiotic resist- 
ance®, Many sex factors, however, are not associated with 
selective markers and replica plating cannot then be used. 
Mating in broth provides an alternative method that is 
applicable whether or not a selective marker is available 
and which, moreover, is more powerful than replica plat- 
ing. The same argument underlies the qualitative method 
devised independently by Ohki and Ozeki*t. The condi- 
tions described here give even greater selection than those 
of our original note? and have been applied to the isolation 
of de-repressed mutants of colicin factor Ela (Col Ela: 
ref. 6) and of Col Ib-P9, well known as a sex factor m 
Salmonella typhimurium’. 

Consider a Col+ culture, A, containing a proportion, 
m. of de-repressed mutant factors. Of its wild type factors, 
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only a proportion p will chance to be spontaneously de- 
repressed and transmissible at a given time. If A is 
mated with a Col— strain B, the ratio of mutant to wild 
type factors received by B is m/p. These wild type factors 
will be de-repressed in B for a short time, until repression 
supervenes, and in the interval will be transmitted to 
Col— cells in B which in turn will transmit to other Col— 
cells!}7}3, Suppose, however, that A is killed and that B 
is grown at a density less than 5 x 10° cells/ml., which is 
low enough to prevent cell contacts and further spread of 
the factor among Col— cells of B. The wild type factors 
will become repressed and, after fourteen to twenty 
generations of growth, only a proportion p will again be 
transmissible’. If B is then mated with a second Col — 
strain, C, the ratio of mutant to wild type factors received 
by C will be m/p’. In general, this ratio will be m/pn 
after n matings. 

Once B is in the repressed state, the concentration of 
cells able to donate may be inconveniently small, for 
the viable count itself is less than 5x 108/ml. Onee this 
stage has been reached, however, selection 1s actually 
improved if B is not further diluted, so that the viable 
count increases to a maximum of about 10°/ml. while 
the proportion of Col+ cells increases exponentially’ 
because of the transfer of mutant and wild type factors 
from Col+ to Col— cells of the culture. During this 
phase, the ratio, m/p*, for matings with C, will not change 
appreciably, provided neither mutant nor wild type is at 
an advantage. Once all the cells of B possess a Col factor, 
no further spread is possible*, If B is next subcultured 
repeatedly to allow fourteen to twenty generations of 
growth, the conjugating function of the wild type but not 
the mutant factors again becomes repressed and the 
proportion of cells donating the wild type factor is again 
decreased by p. If B is then mated with C, the ratio of 
mutant to wild type factors received by C is m/p’, in 
contrast to m/p* before the occurrence of epidemic spread 
and repression of the factor in BP. 

The selective power of the method can be illustrated by 
an example. After exposure to a mutagen, m might be 
10-6, while p is known to be 10- for Col I in Salmonella 
typhimurium’. Thus the ratio, m/p», will be 10-6/10-° = 
0-001 for strain B and 10-*/10-°= 1 for strain C; that is, 
virtually all the Col+ clones in C should be de-repressed 
mutants. Replica-plating involves only a single mating 
analogous to A x B, and is therefore correspondingly less 
efficient. l 

In practice, A was a streptomycin sensitive strain of 
Salmonella typhimurium LT2, while B and C were strains 
resistant to streptomycin, 1,000 ug/ml., and to nalidixic 
acid, 100 ug/ml., respeetively. The Col+ strain, A, was 
treated with the mutagen, ethyl methane sulphonate 
(0-4 M for 20 min at 37°C), grown overnight without 
aeration and then mixed with B in the proportion, A/B = 
20/1, to ensure a high proportion of Col+ cells in B. 
After 20 min mating, 1 ml. of the mixture was added to 
1 1. glucose-broth containing 200 ug of streptomycin/ml. 
to kill A, leaving B at an initial concentration of about 
4x 10#/ml. Strain B was incubated for 11 h, that is, about 
twenty-one generations, to allow repression of its wild 
type factors, with the cell concentration maintained at 
less than 5 x 108/ml. by subculturing 10 ml. of culture to 
1 1. fresh streptomycin broth after 4 h and 7-5 h. The 
final culture was allowed to grow to saturation and then 
repeatedly subcultured 1/50 in fresh broth to allow repres- 


sion. Strain B was finally mated with C at a ratio of 


of a de-repressed sex factor by testing its sensitivity to 
the I-specifie filamentous phage, IfI, which only attacks 
cells carrying de-repressed I-like sex factors, such as 
those of Col Ela and Col Ib-P9 (refs. 1 and 11). Phage 
sensitive clones were subsequently tested for ability to 
transfer the sex factor at high frequency. 
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De-repressed. sex factors have been successfully isolated 
in this way from beth Col Ela, where the fraction of 
I phage-sensitive clones was 2/72 and 12/30, and from 
Col Ib-P9, where 12/36 were positive. 

We are indebted to Dmitri Karamata for his advice on 
presenting the principle of the method. 


Susan Epwarps 
G. G. MEYNELL 
Guinness~Lister Research Unit, 
Lister Institute of Preventive Medicine, 
Chelsea Bridge Road, London, SWI. 
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GENERAL 


Item Bank using Sample-free Calibration 


ScHOOL examinations have long been accepted as a fact 
of hfe in Britain and elsewhere. In Britain externally 
devised and scored examinations hke the GCE have 
themselves become almost a tradition. Teachers and 
others concerned with education have argued for a long 
time that such external examinations are against the best 
interests of our edueational system and certainly against 
the best interests of the pupil. Yet the need for a valid 
appraisal of achievement has been recognized and has 
usually overcome the arguments of those who fear the 
constraint. 

When the CSE examinations were instituted, an 
attempt was made to mvolve teachers more directly in 
the process of evaluation and to allow for much more 
flexibility with regard to the contents of the examination 
papers. This, however, has been only partly successful 
and there are continued complaints that CSE is no better 
for the schools than was GCE. On the one hand, the 
fears of external control and the stereotyping of what 
teachers teach persist. On the other hand, the grades of 
the CSE are viewed suspiciously and as measurements 
are probably not of the highest quality. 

There is an alternative. The concept of an item bank 
and its potential value for an educational system has 
recently been discussed at some length'. The idea is that 
a large collection of test items, the characteristics of which 
are known, be made available at some central place so that 
individuals who wish to construct achievement tests, but. 
who lack the resourees to carry out detailed standardiza- 
tion and validation procedures, can select items from the 
bank to form a test of known characteristics. Individual 
teachers would like to be able to create their own tests, 
but hitherto this has been extremely complicated because 
of the GCE/CSE structure. In any case, examination 
writing is a highly skilled occupation of which teachers 
for the most part have very little experience. Certainly 
they do not possess the resources to validate empirically 
the tests that they produce. There is also the question of 
comparability. It is desirable to compare the performances 
of students on a national seale and this is not possible with 
conventional teacher-made tests. 

The itern bank ic proposed to overcome these difficulties. 
The teachers would be able to come to the bank to select 














NATURE, VOL. 219, AUGUST 24, 1968 


the items for their own tests, and the information about 
“the items held in the bank should make it possible to 
- guarantee the quality of the examinations and to compare 
-students on a national basis. 
© Wood examined in great detail the way in which 
¿teachers could interact with the bank to conduct an 
evaluation of their pupils’ performance. He argued 
- persuasively the advantages of this new system over the 
present one. He suggested that we can afford the luxury 
of school achievement standards valid on a national scale, 
while avoiding the stultifying stereotypy of teaching that 
_ external examinations seem to produce. Wood avoids, 
< however, going into detail about the psychometric prob- 
lems that his bank would face. The usual procedure for 
test standardization involves giving all the items to a 
© “yepresentative sample” of the pupils for whom the test 
~is intended. If “all the items” means the 500 or 1,000 items 
-in the bank, this is clearly impracticable. Furthermore, the 
. classical theory of test measurement provides no rationale 
= for comparing the abilities of two students who took tests 
< composed of different items. 
_. These problems can be handled, however, if we ignore 
- the traditional methods of test analysis and examine the 
> fundamentals of the procedure. We wish to gauge the 
© abilities of pupils by using a wide variety of measuring 
. instruments (tests). We wish the measurements we obtain 
to be comparable from test to test, from school to school, 
and from year to year. 
First, we must calibrate our measuring instruments; in 

the case of the bank, these will be the individual items. 
Second, we must find a way of defining a scale of ability 
which is not specific to a particular set of pupils or items. 
Third, we must check that our measures, using different 
instruments (groups of items from the bank), are con- 
- sistent. Results from this check can be used to improve 
steadily the accuracy of our calibration. This com- 
munication describes such a sequence of procedures and 
how they could be applied in practice. I begin with an 
examination of the interaction between one pupil and one 
test item. 

The method of test analysis proposed is based on a 
very simple idea. Rasch? considers what happens when 
a single individual confronts a single item. The individual 
=- may get the item right or wrong. Which of these results 
is in part a matter of chance, but the probability of a 
<- correct response depends on both the ability of the 
< individual and the easiness of the item. 

<o. Rasch postulates that we can define two parameters: 
Z, the ability of the individual; and Æ, the easiness of the 
item; such that the odds on success are equal to Zx E. 
(Alternatively we can write, 








Ze LE 
the probability of success = i s r 
] 
d th babilitv of fail = 
and the probanouity of failure i4 ZE 


. These two statements are equivalent 
© form already given.) 

More formally, let us adopt the convention that we 
write @n;=1 if the nth person correctly answers the ith 
question and 


to the simpler 


Qn; 0 if the answer is incorrect. 

_ Then the probability of a right response 

rE 

: 1 + aE: 

and the probability of a wrong response 

l 4 

l + Zk; 

There are several methods of “solving” the model to 


- estimate the values of the parameters*-*, but one especially 
-. suited to the item bank problem will be described here. 
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Consider the four possible outcomes when p 
encounters the two items 7 and j. (These encour 
considered stochastically independent, given the pers 
ability.) oe 
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If we restrict our attention to those individuala who 
score exactly one correct response on the pair of items 4, f, 
then 


: Zali. 
P i (Ani + nj = 1) m en oe 
(l+ ZnB) 1+ 2283) 
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So, given that our nth person belongs to the group the b w i 
scores one on the item pair i, j, the probability that he o 0000 
gets item ¢ right, | 


Banatas itt et kor nn renin At ly i: 


Ey 


~ (Ey +E) 


The key point in this result is that it does not depend 
on Zn. The probability is constant for all individuals 
who score exactly one on the pair of items ¢, j, 

Similarly, we can write 


E; 


Cletern ennai itek yl ah ieeie 


P (an= ljänit an= l) = 

Suppose that we have collected responses from a large 

number of individuals of varying abilities, and that či 

of them scored a total of one on items 7 and j. Suppose 

further that by of these got item i correct and by got 
item 7 correct. 


by E 
Then — estimates —-——~ 
i 


Ei + E $ 
b it E 
and — estimates ee 
ou Eit BE; 


Thus we can take the ratio by/bu to estimate #,/B;. 

The advantages of these procedures over classical item 
analysis techniques are several. First, because the model 
allows the separation of person and item parameters, we 
can make the estimation for any pair of items, without 
much regard for which set of individuals provides the 
data. People who score one on the item pair contribute 
to the estimation. People who score two or zero con- 
tribute nothing but do not spoil it. 

Second, we can make a separate estimate of item 
easiness for each item pair (altogether (k*--~%)/2 if there 
are k items). Although these are not strictly independent, 
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they provide a basis for checking the accuracy of the 
estimation and the ‘‘fit” of the data to the model. The 
robustness of the model in the face of a wide variety of 
test data has been explored+*, The model does work ! 

Finally, there is absolutely no need for the same people 
to be used to estimate the easiness of different items. 
Provided a person takes two or more items and gets at 
least one right and at least one wrong, then he con- 
tributes to the overall estimation. In practice, it is 
sensible to use clever people to calibrate difficult items 
and foolish people for easy items. 

To return to the case of the nth person, let us suppose 
that he attempts a group of k items and gets r correct. 
If we have calibrated these items so that the easiness 
parameters (Ei; i=1, k) are known, then 


k 
2 ng E r 
=] 
ya ZnB: Een ste a cee a 
and È n zy is_the expected value of his score which 


estimates r, We can solve the equation 


to find Za, the person parameter of ability. 

Because of the manner in which the parameters Z and 
E enter into the model, there is an indeterminacy in their 
absolute values. Clearly, if we doubled all the Z values 
and halved all the Æ values, the product Z,H#; would 
remain the same for all n and i, end the model would be 
undisturbed. For this reason it is best to designate 
arbitrarily one item as a standard item for which H=1, 
and all other item and person parameters are quoted in 
relation to this. The way this may be done in practice 
will be deseribed later. 

The eventual use of the bank will be the measurement 
of pupil abilities, but before this is possible the items in 
the bank must first be calibrated. Suppose that a large 
pool of several hundred items on the chosen topic has been 
assembled. The object of the bank is to measure a range 
of achievement from below average for a 10 yr old to 
above average for an 18 yr old. Items are included that 
span this whole range. 

Small groups of items are now drawn, made up into pre- 
tests and administered to samples of several hundred 
students. The younger pupils will get tests composed 
chiefly of easy items. The older pupils will get harder 
questions. No child need respond to more than a few 
items. The data should now be examined, and if the item 
pool still contains items which lack discrimination, then 
these should be discarded. 

The remaining data should be fed into a computer 
which will accumulate a matrix B, where a typical element 
bi gives the count of those who answered item i correctly 
and j incorrectly. Ratios of item easiness are now calcu- 
lated for those item pairs which are represented in B. 
If a particular pair of items never appeared together in 
the same pretest, then they will, of course, have no entry 
in B and no ratio for them will be calculated. One item 
which comes about halfway along the range of easiness 
covered is now chosen to be the reference standard. Like 
the standard yard, it is recommended that it be kept only 
as a standard and not used in subsequent testing. This 
item is given an easiness of 1-0. Easiness values for the 
other iterns are now calculated from the ratios, giving 
extra weight to the ratios based on many observations. 
The easiness calibrations, together with the matrix of 
counts B, which may be very large, are stored by the 
computer. 

A teacher, administrator or professional examiner who 
wishes to use the bank is shown the items and is given 
details of their relative difficulty. He is also advised of 
certain necessary considerations in the selection of items 
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for a test (for example, test length; relevance and variety 
of items; relative easiness). 

He selects a group of items to form his test. The number 
he chooses will probably depend on the time he has 
available for testing and the degree of accuracy he requires 
in the results. (The larger the test he chooses, the more 
precise will be the scores.) 

These tests are then administered and the responses, 
key-punched one pupil to a card, are returned to the bank. 
These cards are scored by the computer which then solves 
equation (1) for the particular group of items in the test. 
This produces an ability estimate, together with a standard 
error, for each pupil. The results are relayed back to the 
bank’s user, probably together with information about 
the usual level and range of ability for pupils of this age, 
in this school, and so on. 

The cards are fed once more to the computer, which 
this time uses them to augment the B matrix, and in 
consequence adjusts the easiness parameters of the items. 
In this way the bank keeps up to date and a user is assured 
that his results are based on the accumulated standardiza- 
tion of all those who have used the items before. This is 
in stark contrast to classical procedures where, because 
the results depend on the sample of children used, each 
new user of a test has to go back to the beginning. 

After updating, the bank is ready to serve a new 
customer, either with a test somebody has already used, 
or with an entirely new set of items drawn from the pool. 

Periodic checks ean be made by running a standard 
set of data through the system to see if the parameter 
estimates have changed. If bad items are brought to 
light, or it is felt that some items have been used too 
much and are becoming too familiar in the schools, then 
these items can simply be removed from the pool. The 
rest remain undisturbed. Similarly, new items can be 
introduced, provided only that a small study is conducted 
to link their parameters to those in the bank. 

This item bank could provide much more information 
than would a normal test. For one thing, it provides a 
single scale for measuring pupil progress throughout 
secondary school—and in principle there is no reason 
why the scale should not be extended in both directions. 
Scores a pupil makes from year to year are directly com- 
parable, and the rate of progress becomes apparent. 
There are no worries about the representativeness of 
the standardization sample. All these issues are of con- 
cern to the user of the conventional test. 

The item bank outlined could be put into operation 
now. It requires access to an intermediate size computer 
(at least 32 K for efficient programming). The actual cost 
in computer time would be very small once the bank was 
in operation, but the collection of the initial set of the 
data would be more expensive. For a bank of 500 items, 
some 2,000 pupils should be tested if no pupil is to be given 
more than thirty iterns and the bank is to be given a 
sound start. To justify this, the bank would need to be 
used extensively, but the amount of examining going on 
in our schools today suggests no shortage of customers. 
Of course, the more the bank is used, the better the 
results it will give. With only limited usage, it could 
provide far more valuable information than the con- 
ventional tests at present employed. 

Bruce CHOPPIN 
International Association for the 
Evaluation of Educational Achievement, 
Uneseo, Hamburg. 


Received June 7; revised Jume 21, 1068. 


! Wood, R., Educational Research, 10, No. 2 (1968). 

* Rasch, G.. Probubilistzee Models for Some Intelligence and Allainment Tests 
(Danish Institute for Educational Research, Copenhagen, 1960). 

3 Rasch, G., Brit. J. Afathematical and Statistienl Psychology, 19, Part 1 
(1968). 

‘Wright, B., Proceediags of the 1967 Invitational Conference on Testing 
Problems, 85 (Educational Testing Service, Princeton, 1968). 

t Wright, B., and Panchapakesan, N., Educational and Psychological Measure- 
ment (Spring, 19690). 





NATURE. VOL. 219, AUGUST 24, 1968 





BOOK REVIEWS 


INDUSTRIAL DESIGNER 


Designer’s Trade 
By Gordon Russell. Pp. 328+23 plates. (George Allen 
-© and Unwin: London, 1968.) 60s. 


- Designer's Trade is the modest title that Sir Gordon Russell 
- has chosen fur his autobiography. His choice of so old- 
fashioned a term suggests that the picture he has of 
` himself was formed during his early contacts with the 
_ Arts and Crafts Movement and confirmed when, in the 
twenties, he became an influential designer of furniture 
and radio cabinets. It also suggests that neither he, nor 
the public, has realized the full significance of his later 
achievements at the Board of Trade, and at the Council 
of Industrial Design, where he pioneered a new kind of 
< industrial diplomacy, that of a government department 
that tries to reform industry from the outside. His 
~ gentlemanly yet firm influence over the Utility Furniture 
© Committee during the Second World War and his tactful 
enthusiasm at the Council of Industrial Design from 
1947 to 1957 showed, perhaps for the first time, that it 
is possible for an advisory agency to overcome the hos- 
tility and indifference of industry and to raise appreciably 
the quality of industrial output. 

Now that the need to refurm industry is seen to be 
more urgent than it was in Gordon Russels period, we 
would do well to look closely at the way in which this 
gentle and determined man tackled some of the most novel 
and unpromising jobs in government service. His patient 
and realistic approach to these is exemplified in his 
comment on the public reaction to utility furniture, 

“The intelligentzia criticized it as being too conservative, 
the trade as being too advanced, but I was encouraged 
< to find shots coming from both directions: it looked as 
-. if we were about right. I am never for forcing the pace, 
a limited advance and then consolidation is a sound 
“principle both in war and peace”. The robustness and 
good sense of this quotation, born of direct experience of 
such diverse activities as hotel keeping, antique dealing, 
stone-carving, furniture manufacture and of the fighting at 
Passchendaele and the Somme, is typical. It owes nothing 
to intellectual or political theories (he dismisses these as 
-“sillyologies’’) and hints at the inner strength and detach- 
= ment that underlies the life that he describes so well. 
=- If one can criticize his work as director of the Council 
~ of Industrial Design, it would not be for the amount of 
> progress made but for the decision to concentrate on the 
visual rather than the functional aspects of designing. As 
a result the CoID has become known largely as a temple 
of good taste while the improvement of product per- 
formance has been left to unofficial organizations such as 
Consumers’ Association and the Ergonomics Research 
Society. It is a pity that Sir Gordon Russell’s experience 
did not include a scientific traming that might have led 
him to notice the wartime success of operations research 
and to redirect it towards the needs of the users of indus- 
trial products. Had he done so, the CoID might have had 
a substantial influence on the safety of cars, the comfort 
of hospital patients and similar questions. Gordon 
_ Russell’s account of his ability to learn by very diverse 
> experiences suggests that he could have adapted as 
-creatively to applied science as he did to everything else 
© that came his way. He is perhaps a prototype of the 
-“ynulti-professional man” who is so badly needed now 
that the divisions of our industrial society are becoming 
more apparent. 
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I have said nothing of the book itself, believing that its — 
readability, straightforwardness and charm are bout 
elicit good reviews in other journals and belevi 
that readers of Nature would be more interested 
industrial significance of Sir Gordon Russell's wor 
read his autobiography is to be inspired by the ex 
that he perceives, or induces, in every object ors 
and to feel, almost directly, the invisible, magical influence 
that he has exercised throughout the long life that he so 0 
modestly and entertainingly describes. ne 

J. CHRISTOPHER JONES 





WORLD CLIMATES 


Climatology and the World's Climates 

By George R. Rumney. Pp. x+656. (Collier-Macmullan: 

New York, London, 1968.) 115s. 

THE primary purpose of this large book is to introduce 

the reader to the nature and distribution of world climates. . 

As, however, a regional treatment of climates d Bhs 
an understanding of meteorological processes, 
six chapters (pages 1-102) outline the fu 
physical principles. This physical climatology 
an account of the progress of atmospheric st 
ancient times to today. Here the work of Richar 
Hinds in 1842 should be added (see Weather, July 
1967). 

The following chapter deals with the cherie 
erties of the atmosphere in its broadest sense. — 
approach is informative and comprehensive rather than 
selective. Thus the author includes radon (emanations 
from radium present in the soil) as an “important com- 
ponent of the atmosphere”. 

The three succeeding chapters—on atmospheric rela- 
tionships and processes; the general circulation of the 
atmosphere; and air masses, fronts and storms-—~are. 
suitably basic for a largely verbal and visual treatment of 
such complex topics. The two following chapters present 
the world patterns of climatic elements and analyse the 
properties of the Earth’s surface that modify these patterns 
so as to form an assemblage of distinguishable climatic 
regions. Climates are classified by means of “readily 
identifiable features of the Earth that reflect with reason- 
able accuracy the many varieties of climatic influence”. 
These features are considered to be primarily major plant 
associations and secondarily landforms and drainage. 
The easiest way to recognize a climatic region, at least 
at the introductory level of investigation, is said te be 
through the effect of climate on the predominant groupings 
of local plants. 

The author admits the impossibility of identifying 
distinct. boundaries in such groupings but considers this 
weakness immaterial as the transitional areas are so 
extensive that regional boundaries are “provided only 
as a convenience for purposes of discussion”. Many 
readers, however, will doubt the utility and convenience 
of any taxonomy that is not based on scientific criteria, 
capable of mathematical expression, itself capable of 
testing and improvement. It happens that in large 
areas the relationship of present climate to present 
vegetation is very obscure. For example, the searcity of 
tropical semi-deciduous forest in Africa and the absence 
of tree growth about the Plate estuary do not appear to 
be caused by climate. Indeed, grasslands pose awkward 
problems for climatic determinists. Even a climato- 
logical novice may be surprised that in this volume the 
genial long grass pampa of Uruguay (Montevideo: mean 
of coldest month 51° F) is placed in the same climatic 
class as the frigid winter prairie of the American mid- 
West (Winnipeg: mean of coldest month —3° F} As 
stated above, however, the classification used is consid- 
ered merely a convenient framework for the discussion 
of characteristic climates. 
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The descriptions of world climates occupy seventeen 
chapters and 530 pages and cover all the solid surface of 
the globe. Each climatic region is discussed at consid- 
erable length, with emphasis on its relation to the general 
pattern of the atmospheric circulation and with details 
of its climate, terrain and vegetation. Characteristic 
plants are identified by both their common and scientific 
names. Vegetation and relief occupy a large part of the 
text, as may be exemplified by the typical juxtaposition 
in the index of red rain and redwood; névé and neutro- 
sphere; multiple tropopause and muskeg; cuesta and 
cumulonimbus. 

The climatic part of the descriptions includes details 
of the characteristic weather elements and sequences 
and of more abnormal occurrences. Lists of mean monthly 
temperatures and rainfall, for more than 600 stations, 
provide ample scope for comparative climatology. In 
addition, each regional chapter has numerous diagrams 
and a set or two of climatic graphs of mean monthly 
readings. These lucid graphs, uniform in scale and style, 
form a striking and highly praiseworthy feature of the 
volume. The other illustrations are usually successful 
except those which show areal distributions on the 
misleading Mercator projection. Each chapter is followed 
by a list of further references which seem in parts over- 
weighted on the ecological and the American side. 

The text is reasonably free of errors apart from an 
occasional indifference to the spelling of European place- 
names. The whole volume is nicely produced. It can be 
warmly recommended as a broad reference for general 
readers and as a strmulating introduction to world 
climatology for the student who is also interested in 
plant geography and is happily free of financial concern. 

RosertT P. BECKINSALE 


SURVEY OF BRITAIN 


The History of the Retriangulation of Great Britain 
1946-1962 
Written and compiled by Officers of the Department under 
the Authority of the Director-General of the Ordnance 
Survey. Pp. xix +395+24 plates+20 diagrams. (HM 
Stationery Office: London, 1967.) 315s. 
A GEODETIC survey of a country is a rare event; often a 
unique event. It is therefore of considerable interest to 
geodesists to receive from the Ordnance Survey this 
History of the Retriangulation of Great Britain 1946-1962, 
a little more than a century after the publication of the 
Account of the Principal Triangulation in 1858. The 
production of such volumes is bound to be expensive and 
their circulation limited. Can it be justified ? And is the 
present volume justified ? The rarity and infrequency of a 
major triangulation-—Great Britain is one of the very few 
countries in which such work has been repeated—ensures 
that when, if ever, conditions require a repetition, there 
will be no one alive with any knowledge of what was done 
and how it was done on the previous occasion. This is 
certainly an insurance against conservatism but, on 
balance, it 1s a hindrance; and, however inadequate, a 
printed record is the best way in which this knowledge 
can be put down with some hope of survival. Moreover, 
surveys based on a main triangulation continue long after 
its completion (these days it is chiefly what a main triangu- 
lation is for) and demand a familiarity with it in the area 
under consideration: how the data were obtained; how 
the calculations were carried out; and what errors were 
disclosed. A printed record is therefore an essential 
concomitant of a major triangulation and, however lavish 
the production may be, and the History is lavish, the 
cost is an essential but a very minor item in the total 
bill. 
The History gives us information on three main 
points: the work in the field, comprising reconnaissance, 
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station construction and acquisition of data; methods of 
caleulation; and final numerical results with discussions 
of the errors. Although the title mentions only Great 
Britain, the text describes connexions with Ireland, 
France and, surprisingly perhaps to some, Norway and 
Iceland. While the greater part of the work was 
carried out by traditional methods—theodolite and caten- 
ary base measurement, albeit with modern refinements— 
three electromagnetic methods had reached a sufficiently 
practical stage early enough for their use as independent 
checks and for making the longer international connexions. 
This volume therefore becomes one of the first to describe 
practical eloctromagnetic distance measurement on such a 
scale, enabling valuable comparisons to be made with the 
results of the traditional methods. 

It is the primary object of a short review to advise the 
public whether to buy the book or not. There is no doubt 
that the History should be bought, but by whom? It 
was said above that the circulation would be limited; 
but it should not be as limited as all that. Those who have 
cause to make serious use of Ordnance Survey data should 
have the book by their side and they certainly include 
all National Coal Board surveyors, all British Railway 
surveyors, engineers to local authorities and consulting 
engineers and contractors engaged in large works. But it 
should not be thought that the History is a dry publica- 
tion to be used only by specialists for reference. It is 
admirably illustrated with photographs and is written 
in an easy and witty way that makes it intriguing reading 
for all those who like maps and are affected by the glamour 
of a major survey. Among the latter was Wordsworth, 
who was sufficiently moved to compose a poem to an 
Ordnance surveyor he met by chance, working at the 
summit of Black Corabe in 1813 on the first triangulation, 
and which is now reprinted. 

This review cannot be concluded without at least a 
short reference to the architect of the retriangulation. 
Brigadier Martin Hotine initiated the survey with inade- 
quate finances; he organized the field work and the com- 
putations in a masterly way; and he introduced several 
technical innovations, among which was the recognition 
that the accuracy of a triangulation could, in the end, be 
increased only by the proliferation of redundant rays: a 
procedure completely at variance with the then accepted 
practice of observing chains of simple figures. He took 
in his stride the considerably increased computation 
that this involved. His practical sense made him realize 
that, however good a triangulation might be, it is useless 
unless the stations are conspicuously marked so that 
they can be seen and, not least, so that they can be seen 
to disappear. The pillars on hill tops up and down the 
country are the result of Hotine’s foresight. Si monumenta 
requiris circumspice. E. H. THOMPSON 


POLDERS OF EUROPE 


Polderlands 
By Paul Wagret. Pp. xvi+ 288. (Methuen: London, 
1968.) 63s. 


AT a time when schemes are being prepared to reclaim 
bays and coastal marshes in many parts of the British 
Isles, this book, recently translated from the French, will 
serve as a useful guide to the problems and pitfalls, 
physical, social and economic, which have been presented 
by the polder lands of Europe through historie times. It 
is written in non-technical language and, although in 
places one suspects that the translation is at fault, it is 
most readable. The author has a feeling for the low coastal 
landscapes acquired through many years of field work and 
analysis of archaeological and historical material. It is 
well illustrated with photographs and diagrams. It can 
be thoroughly recommended as an introduction to a 
fascinating story of man/environment relationships in 
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which human activity clearly is the dominant force 
- because polders are essentially man-made landscapes 
-requiring continuous effort for maintenance and survival. 
` The author has wisely included all types of land which 
< require drainage, coastal, riverine and inland lakes, and, 
paradoxically perhaps, emphasizes the need for irrigation. 

He lays much emphasis on the transition of polderiza- 
tion from community to State control through the historic 
period and concludes that “countries with a low popula- 
tion density or with alternative resources can afford to 
take only a slight interest in polderization”. It is popula- 
tion pressure without room for expansion which is the 
controlling factor, rather than technological know-how, 
because the costs are enormous. Even the Dutch, acknow- 
ledged experts in the field of reclamation and with great 
pressure of population on agricultural land which is being 
= devoured at the rate of 10,000 acres per annum for indus- 
trial and urban development and motorways, cannot hope 
_ to compensate for the 250,000 acres of agricultural land 
- likely to be lost by 1980. 

Few studies demonstrate so clearly the costs of environ- 
mental control in economic and social terms. 

KENNETH WALTON 


PLASMA PHYSICS 


Plasma Physics 

By B. Samuel Tanenbaum. (McGraw-Hill Physical and 
Quantum Electronics Series.) Pp. 361. (McGraw-Hill: 
New York and Maidenhead, 1967.) 126s. 


Proressor TANENBAUM has written a very good book 
and his publishers have done justice to his text. There is 
nothing original in the subject matter of his volume on 
plasma physics, but the presentation has a logic and clarity 
which, one suspects, are the result of that refining process 
which the years impose on a good lecture course. The 
author has the disadvantage, in this country at least, of 
addressing himself to a restricted audience, for the teaching 
of plasma physics is limited to a single lecture course, 
usually optional, in the final year of some of the honours 
physics schools. The first half of the book is written at 
the level of the final undergraduate year and contains 
those topics which the reviewer covers in his own course. 
The question arises—can one recommend a book at six 
guineas for a course of twenty lectures? Only the post- 
graduate worker, experimental and theoretical, is gomg to 
invest in this book, but it should be seriously considered by 
anyone looking for a single representative volume on this 
subject despite its lack of experimental references. 

There are six chapters and some mathematical appen- 
dices. The first chapter defines the plasma and thoroughly 
reviews the behaviour of a single charged particle in 
electric and magnetic fields. The second views the plasma 
as a collection of individual particles and discusses wave 
propagation through a medium of such particles m the 
absence (and presence) of a magnetic field. The third 
chapter treats the plasma as a continuum fluid and re- 
examines it from the magnetohydrodynamic point of 
view. The rest of the book is concerned with the statistical 
behaviour of the particle elements of the plasma and this 1s 
examined with increasing sophistication in chapters 4, 
5 and 6. The first approach is through the collisionless 
Boltzmann-Vlasov equation and this is applied to longi- 
tudinal waves with Landau damping, two stream instabili- 
ties and plasma sheath effects. The only concession made 
to collision theory at this stage is the first order treatment 
of Krook and his co-workers. In chapter 5, however, 
a more comprehensive treatment of the collision problem 
involves the Fokker—Planck equation and this is used to 
derive the transport coefficients. Finally, the effect of 
collisions is re-examined via the work of Bogoliubov, 
Born and Green, Kirkwood and Yvon, where the particle 
interactions are considered more rigorously. 
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The book covers all the subject matter, with the excep- 
tion of turbulence, which is capable of being fort F 
taught, and it ranks high in a list of recommended texts- 
on this subject. Joss PAIN | 










RANDOM CLUMPS 


The Theory of Random Clumping ante ee 
By S. A. Roach. (Methuen’s Monographs on Apphed coà oo 
Probability and Statistics.) Pp. vn+ 94. (Methuen: 0 0 2 05 
London, 1968.) 25e. 

Tue study of clumps plays an increasingly important 
part in many fields of scientific endeavour. Before the 
cause of observed pattern—of cars on a road, plants or 
animals in a specified area, stars in space—can be sought, 
one must be sure that there is a non-random pattern to 
explain. To know this, one must first know the properties 
of a random assemblage. 

It is disappointing to find that, despite a summary 
and introduction which suggest a survey of such important 
problems, this book is much more restricted in content. 
The problem described is the evaluation of the expected 
numbers of clumps of different sizes which will be formed 
by the overlap of particles placed at random on a line 
or a plane, a problem of immediate application to studies 
of air pollution and to counts of bacteria where consid- 
erable error will result unless adjustment can be made 
for the effects of overlapping. 

Even this problem has not yet been solved for other 
than the simplest models. Solutions are given for succes- 
sions of dots, and of dashes of uniform length m one 
dimension, and for dots in a queue of two abreast. The 
other models considered—dashes of unequal length; 
circular, square or arrow-shaped laminae in a plane; 
points on a lattice—admit only partial solutions of 
various degrees of incompleteness. In the absence of exact 
solutions, upper and lower bounds can be placed on the 
numbers of clumps, and narrower limits obtamed by 
successively, with much algebraic labour, considering 
clumps of higher order. 

The clear presentation shows why such problems 
induce in their solvers an addiction similar to crosswords 
or codes, although I doubt the author’s conviction that, 
when the code is mastered, “the message revealed will 
be clear, simple, and perhaps rather obvious”. What is 
discussed is discussed well. But methods other than the 
ones described have been used with some success on 
simple problems, and may be the key to future develop- 
ment. And the relations between this material and 
numerous related problems—free and non-free sarnpling, 
end effects with a finite area, tests of randomnoess—are 
barely, if at all, mentioned, even in the bibliography. 
It is remarkable that a book on this subject should 
contain little combinatorial analysis and no reference to 
Beckenbach’s Applied Combinatorial Mathematics. 

Prospective readers should net be put off by the fact 
that the jacket, the contents, and the introduction ail 
raise expectations which are not fulfilled. Within its 
restricted field, the book draws together material from 
many sources and gives an excellent account of a field 
of fascinating, practical and very difficult problems. 

R. M. CORMACK 








PSYCHOLOGY OF LANGUAGE 


Language 
Selected Readings. Edited by R. C. Oldfield and J. C. 


Marshall. (Penguin Modern Psychology.) Pp. 392. (Pen- 
guin Books: Harmondsworth, Middlesex, 1968.) 8e. Gd. 


THREE-QUARTERS of a century ago Stout suggested that 
the time was rapidly approaching when no one would 
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think of writing a book on psychology in general. This 
collection of papers, edited by the director of the Fdin- 
burgh MRC Speech and Communication Research Unit, 
and Dr J. C. Marshall of his staff, is a clear verification of 
that prediction. 

These twenty-five important papers on the psychology 
of language and related linguistic studies are grouped into 
five sections. Eighteen papers have been published since 
1964, and all but one-——Shannon’s fundamental monograph 
of 1948-—since 1956. British work is not ill represented, 
although it has perhaps been more influential in the 
area of brain function than the single paper by Brain 
suggests. 

These dates are significant. The Bell Telephone Labor- 
atories had been early in the field with Harvey Fletcher’s 
Speech and Hearing (1929). But the development since 
the war of communication theory, and the work of the 
theoretical linguists like Chomsky and his colleagues at 
the Massachusetts Institute of Technology, have stimu- 
lated experimental research, as Oldfield and Marshall 
point out, “not only into normal language function but 
into the problems of language development in the child, 
and into the pathological manifestations found in mental 
and nervous disease. ... As matters stand at present 
... it is fair to say that by far the largest part of the 
psychology of language is dominated by these concep- 
tions”. 

The rapid growth of “psycholinguistics” is not a mere 
fashion. It is one of the clearest examples of the ways in 
which the direction of scientific, especially psychological, 
enquiry is responsive to the pressures of its immediate 
social environment. In so far as society not only depends 
upon but virtually is communication, the need to under- 
stand the processes of eommunication—that is, of speech 
and language—becomes paramount. It is also another 
evidence, as it is in part a cause, of current dissatisfaction 
with performance-models based on Watsonian—Hullian 
learning theory. It is an important demonstration of our 
recognition that experimentation with animals, although 
convenient, is of little help in interpreting the species- 
specific aspects of human behaviour. 

The field cultivated in the name of psycholinguisties is 
enormously wide, and the editors have had to omit much. 
Virtually no mention is made of animal communication, 
or of the study of speech and language in their social 
setting, although the latter is certainly implicit in the 
developmental studies. But the papers are representative 
of many of the main lines of current experimental enquiry. 
The reader will have to face the fact that in some of its 
aspects contemporary psycholinguistic theory has reached 
a considerable level of sophistication, so that the book is 
certainly not for him who runs to read. But if the student 
(at graduate level or otherwise) of this turbulent: field will 
keep his seat-belt fastened, he will get a valuable dernon- 
stration of how psychology, like the other biological 
sciences, must come to grips with the problems of organ- 
ized complexity. GEORGE SETH 


INTRODUCTIONS TO GENETICS 


Man and Heredity 
By G. W. Roderick. Pp.ix+240. (Macmillan: London; 
St Martin’s Press: New York, 1968.) 37s. 6d. 


Elements of Medical Genetics 
By Alan E. H. Emery. Pp. ix+ 247, (Livingstone: Edin- 
burgh and London, 1968.) 35s. 


Ir is interesting for a reviewer to be able to compare and 
contrast two books which have been published at the same 
time, cover similar ground, and are of comparable length 
and price. Professor Emery and Mr Roderick have both 
taught human genetics and these two introductory books 
are the fruits of their experience. A difference in approach 
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is apparent to the reader from the start. Emery writes 
essentially for medical students and clinicians (although 
the book is suitable for other scientists). Roderick aims 
at a different spectrum of readers: laymen and interested 
biologists up to and including medical students. 

Both books have similar ranges, starting with sections 
on history and cytology and passing through what is 
known of human inheritance to consideration of the 
genetic effects of radiation and elementary genetic 
counselling. Perhaps the most obvious difference is that 
Emery has collected data on population geneties and 
pharmacogenetics into diserete chapters, to the advantage 
of both topics. When reading the two books in parallel, 
however, one is immediately conscious of the difference 
between an author who is steeped in all aspects of the 
subject (Emery) and one who is working at second hand, 
albeit very competently (Roderick). Thus it is not diffi- 
cult to find in Roderick’s book statements which are only 
half truths and could be misleading. The following 
examples come from a single chapter (2). Nucleoli—— each 
nucleus contains a characteristic number of these struc- 
tures; this number for man is four”. Later it is stated 
that “XX determines male sex in certain birds and 
moths”, but “in certain fowls males are X and females 
XA”. Further on, “in man it has been found that certain 
parts of the X and Y chromosomes are genetically 
identical’’—-something which as Emery points out is cer- 
tainly no more than an interesting possibility. A diagram 
of a generalized (? plant) cell could have been drawn 
fifty years ago (Emery in a comparable diagram takes 
notice of the invention of the electron microscope). 
Examples of this kind are to be found elsewhere in 
Roderick’s book, but to be fair to him he writes 
much better on subjects which interest him more, such 
as the mechanisms of gene action and the actual 
process of inheritanco in man; here his slightly 
journalistic style, combined with excellent diagrams and 
photographs, makes his book attractive to the general 
reader. 

But Roderick’s book inevitably suffers in comparison 
with Emery’s because the latter is so accurate and well 
balanced. He resists the temptation to dilate on such 
popular topics as the DNA saga or the haemophiliac 
descendants of Queen Victoria {not that either DNA or 
haemophilia is ignored: they are dealt with in the lucid 
but economical style which characterizes the whole book). 
He can, of course, assume that his readers are familiar 
with the biochemistry of DNA and have heard of haemo- 
philia. A layman, coming to these topies for the first 
time, might find the account too terse and dry and 
assuming too much background knowledge. | 

Both books have geod references; Emery’s go closer 
to the source and would be more valuable to the specialist, 
while Roderick’s are more suitable for the general reader. 
Emery’s book can be criticized for its illustrations, which 
are all black-and-white and often too small. Where 
chromosomes and patients with chromosome abnorm- 
alities are concerned, there is something first-hand in a 
photograph which no drawing can convey, and here 
Roderick’s book is better. 

Emery’s book can be recommended unreservedly to 
medical students, elinicians and professional scientists for 
its accuracy, up-to-dateness and balance. One inevitably 
compares it to other well known short works on human 
genetics, such as those of J. A. Fraser Roberts, C. A. Clarke, 
C. O. Carter, E. B. Ford and L.8. Penrose. In many ways 
it is a better intreduction than any of these because of 
its breadth and balanced coverage: yet just because of 
these qualities it has an impersonality not found in some 
of these other works where the author’s personal interests 
obtrude more strongly. Despite the fact that the book 
covers no subject in depth it may be too technical for the 
layman; the latter may prefer Mr Roderick’s more 
popularly written (but less authoritative) book. 

E. H. R. Forp 
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- REVISED CLASSIC 
‘Eugene Wolff’s Anatomy of the Eye and Orbit 


Including the Central Connections, Development, and 
Comparative Anatomy of the Visual Apparatus. Sixth 
edition revised by R. J. Last. Pp. vii+ 529 (465 ilustra- 
tions). (H. K. Lewis: London, 1968.) 105s. 


Waar is the proper treatment for the standard text- 
books of the past ? They could be allowed to die quietly, 
perhaps to become monuments of the past and docu- 
ments for the historian. They could be corrected and 
brought up to date where absolutely necessary, but 
otherwise still allowed to bear the character imposed by 
the author. Thirdly, they could be rewritten “in the 
modern idiom” and so be transformed into a virtually new 
‘text. There is something to be said in favour of each of 
‘these possibilities. Wolff's Anatomy of the Eye and Orbit 
has recently undergone the second of these treatments. 
< The concept of anatomy in 1968 has clearly changed 
very notably from that in 1933, in which year this book 
was first produced as a text based on a series of lectures. 
“The book is, therefore and inevitably, something of an 
‘anachronism. Anatomy of today includes far more of 
the microstructure within its framework than in 1933, 
and therein lies a difficulty, because, the more “miero” 
the approach, the more transient and changing do the 
“structures” seem to be. This means that the interpreta- 
tion of function must enter more and more into the inter- 
pretation of structure, till eventually structure and func- 
tion become one and the same, that is, in the arrangement 
and interplay of molecules. Is the distribution of enzymes 
“structure” or ‘function’? Many anatomists spend 
their lives trying to locate enzymes, believing them to be 
useful anatomical signposts. Yet, in this book on the 
anatomy of the eye, which has an important section on 
retinal structure, there is no mention of the localization 
or development of its highly characteristic enzymatic 
systems. 

In the field of ophthalmology there has been, during the 
past twenty years, enormous progress in the under- 
standing of retinal structure and function. and the two 
have really become inseparable. It is disappointing to 
find, therefore, that the part of the book on the retina has 
been rather unevenly, though extensively revised. For 
example, it still contains (and in italics, too, on page 139) 
the popular error that in the fovea centralis each cone is 
connected to only one ganglion cell. Polyak, whose work, 
incidentally, is insufficiently recognized in this book, made 
; it quite clear in 1941, and others have since confirmed, that 
while there are probably ganglion cells (midgets) that 
“receive information from only one cone, the cones prob- 
: ably disseminate their information to several bipolar cells 
(both midgets and flat-tops) and do this even in the 
central rod-free area. 

There are curious omissions also in other chapters. In 
the description of the development of the eye, neither the 
peculiar distribution of the dividing cells of the retina nor 
the occurrence of the widespread degeneration of cells as 
part of the normal process of retinal development (in 
the frog at least) receive any mention, yet these are two 
aspects of the develcpmental process which are basic to 
the understanding of the manner in which the final struc- 
ture is achieved. 

The chapter on the comparative anatomy of the eye 
also suffers from the very restricted anatomical and histo- 
logical approach. The recent advances in the investiga- 
tion of the minute structure of photoreceptors in general 
might have been incorporated with advantage and it is 
odd to find no mention of the structure of the eye of 
Limulus, on which some of the most fundamental work 
on the physiology of vision has been performed. 

In spite of these strictures, the field of vision is enor- 
- mous, and the sixth edition of this well known anatomical 
` text must still rank as an important source of useful and 


877 


necessary information on the structural aspects of the- 


eye and its associated tissues; and this is no mean achieve- 


ment. The revision could have been more extensive with = 
advantage, but the book would then be in danger of | 


7 


losing its initial character and purpose. As it is, the we rk 
provides an excellent and well-illustrated compendii 
the sort of information thought to be necessary for 
ophthalmologist, and it lays special emphasis on tn 


Es 


topics that are of practical importance to him. There is 


plenty of life in the old dog yet and we trust that it will 


last for many more years, but let the editors remember 


that wolves thrive better on the living than on the dead. 
E. N. WILLMER 


AGEING AND PERFORMANCE 
Human Aging and Behavior 


Recent Advances in Research and Theory. Edited by 
George A. Talland. Pp. xii+322. (Academic Press: 
New York and London, 1968.) 112s. 


Ts is an excellent, well produced book though by no 
means free of printing errors. It is about the effects of 
age on a number of physiological functions and various 
aspects of human performance. The late Dr Talland 
has succeeded in his aim of producing a textbook for 
advanced studies in this general area, because the contri- 
butors are competent in research and provide excellent 
surveys of the recent literature relevant to their particular 
interests. There is a little overlap between chapters but 
this is only to be expected, and even adds interest because 
students can discover how the same empirical data can 
provide material relevant to different theories about 
human behaviour and the effects of ageing. 

In the first chapter Surwillo writes about the timing 
of behaviour in senescence and the role of the central 
nervous system. He provides a clear and up to date 
exposition of the relationships between electroencephalo- 
gram data and responses of different degrees of complexity, 
including reactions to the passage of time. Szafran then 
considers the effects of age on a variety of psychophysio- 
logical functions in a highly selected group of aircraft 
pilots. Like Surwillo’s chapter, and indeed most chapters, 
Szafran’s work requires close and repeated reading—not 
because of deficiencies in presentation but simply because 
the book is packed with information, much of it highly 
technical and occurring in the context of closely reasoned 
argument. Szafran’s results are somewhat unexpected 
and, unless they can be accounted for by methodological 
and sampling considerations, seem to imply a need to 
reconsider some aspects of the psychology of ageing; 
for example, discrimination and choice in well estabhshed, 
long practised skills. In the third chapter Rabbitt deals 
with age and the use of structure in transmitted informa- 
tion, that is, the relative inefficiency and slowness of older 
people in situations involving uncertainty. This chapter 
is brief and lucid; Rabbitt spells out the positive analogy 
between the ageing human operator and aspects of com- 
puter functions, and makes useful suggestions about 
directions for future research. In chapter 4, Talland deals 
with age and the span of immediate recall. He describes 
a series of highly specialized experiments on the effects 
of ageing on short term memory (STM) under various 
conditions. Theoretical treatment is minimal in this 
chapter, although most authors try to provide the 
theoretical framework necessary to give point to their 
experimental investigations. Craik then writes about 
STM and the ageing process. He presents an excellent 
account of a connected series of experiments arising out 
of attempts to formulate an adequate theory. STM is not 
yielding easily to experimental psychological analysis and 
it will be interesting to see what sort of solution to the 
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problem of memory the final convergence of psychology 
and neurophysiology offers. One has the nagging feeling 
that many experimenters are not sufficiently sensitive 
to psychometric issues—reliability, scaling procedures, 
transformations, and so on, which might alter the 
implications of their experimental data and statistical 
treatment. Canestrari (chapter 6) considers age changes 
in acquisition (learning) with particular reference to 
stimulus intervals and mediators. His chapter is relatively 
short and simple and he raises the problem of remedial 
treatment for age deficits—a much neglected issue. 
Eisdorfer writes about arousal and performance using 
experiments in verbal learning and offering a tentative 
theory. He includes a section on the relationship between 
verbal rote learning and free fatty acid level. In the 
eighth chapter Davies deals with age differences in 
paced inspection tasks. The contents of this chapter 
and several others overlap somewhat but without seeming 
repetitive. As in some other chapters, the numbers of 
Ss used in the experiments are uncomfortably small. 
Riegel in chapter 9 deals with age changes in psycho- 
linguistic performances—a research area which promises 
to be extremely interesting, although one could argue 
that it might be better to await developments in psycho- 
linguistics generally before embarking on expensive, 
difficult and time-consuming research into the effects of 
ageing, since we are not yet certain what are the crucial 
aspects of verbal performance. Riegel’s results indicate 
that although age differences are not large, the study of 
verbal processes promises to be perhaps the best way of 
studying complex cognitive functions. The chapter is 
so condensed as to be obscure in parts but still makes 
interesting reading. Schaie and Strother consider cogni- 
tive and personality variables in college graduates of 
advanced age. This chapter is quite different from the 
rest, being largely descriptive and less rigorously experi- 
mental. 

Readers will need some knowledge of modern experi- 
mental psychology and will profit more if they know 
something about the general psychology of ageing, so 
that they can pick up the occasional references to possible 
(or excluded) explanations-—motivation, confidence, samp- 
ling, and so on, for the experimental findings. Otherwise 
little mention is made of the general problems of sampling 
and methodology in research in ageing. D. B. BROMLEY 


FOXES IN THE WILD 
Wild Fox 


By Roger Burrows. (David and Charles (Publishers); 
Newton Abbott, Devon, 1968.) 42s. 


Tue fly-leaf states that this “ .. . book is generally intended 
for the naturalist and interested layman”, but “it is 
hoped that it will have a particular appeal to the young 
natural historian as a guide to how a field study problem 
ean be successfully tackled by simple means”. To this 
end the book fulfils its function. Inevitably there are 
pitfalls in the interpretation of the behaviour of foxes 
in the wild which this book is mostly about. Happily 
the author has been at pains to avoid these, and it is 
particularly gratifying to find little anthropomorphism 
in the text. 

Field observations were made over a three-year period 
on a number of wild foxes near Gloucester. The author’s 
findings do not rank with the excellent work on the badger 
(Neal, E. G., The Badger, Collins, 1948), but there is an 
interesting compilation of field observations about the 
evidence for the presence of foxes, a month] y calendar of 
fox-watching, a chapter on senses (hearing, smell and 
sight), statistics—-concerning colour, weight, body meas- 
urements, but no population dynamics. The chapter on 
ecology deals briefly with population density. ‘Music 
and Movement”, diet and other aspects of fox behaviour 
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are included in this book. There are a number of state- 
ments which one would’ like to see supported by more 
evidence, and some which need clarification, for example, 
page 56, “ . . . voles form an almost staple part of their 
diet”; two graphs (not histograms) in which small rodents, 
rabbits and birds are plotted against the seasons for two 
years show a quantitive analysis of food: this is done 
on a volume percentage basis, and there is a series of 
histograms on page 106 three of which show (by percentage 
occurrence) a considerably greater proportion of “rabbits 
and hares” than “total rodents”. Again on page 107, 
* ... even at times of peak predation on voles, the bulk 
of the food is derived from other sources, mainly fruit and 
birds when rabbits are not available”. On page 110 it is 
stated that the only animal capable of carrying off a 
dead fox is another fox: the reviewer has seen a badger 
removing a dead dog (bigger than a fox) from a road ! No 
mention is made of the “submission reaction” when an 
animal rolls on its back in the presence of an individual 
of a higher “peck order”. 

The author's studies are strictly local, but he has 
incorporated information from other books, including 
those of foreign investigators. Some of the tables in the 
appendices do not give the number of individual samples 
from which the averages are derived, though fortunately 
it is stated that these are based mainly on information by 
other authors whose works are quoted in the useful 
bibliography. Table D is given in millimetres (not 
centimetres as stated) and the last two columns appear to 
be printed one line too low, which makes the figures for 
Russian foxes very strange reading. 

There are not too many printing errors: on page 164 
Lorentz should read Lorenz; page 157, Calium should 
read Galium and the specific name of the woodmouse on 
plate 10a should have an initial small letter. The photo- 
graphs are interesting and mostly of a high quality, 
though plates 4a and 4b leave something to be desired. 

This book does not add a great deal to the scientifie 
knowledge of the fox, but it performs the useful function 
of indicating where further field observations are needed 
on “... this little known yet extremely common animal”. 

JOHN SANKEY 


University News 


Mr C. A. Hoare has been appointed to the chair of com- 
puter science and Dr W. D. Ryan to the chair of elec- 
tronics in the Queen’s University of Belfast. 


Dr E. Smith, Central Electricity Research Laboratories, 
Leatherhead, has been appointed professor of metallurgy 
in the University of Manchester on the resignation of 
Professor C. R. Tottle. 


Dr F. J. G. Ebling has been appointed to the second 
chair of zoology in the University of Sheffield. 


Dr E. D. Acheson, University of Oxford, has been 
appointed dean of medicine and professor of clinical 
epidemiology in the University of Southampton from 
October 1, 1968. This is the first appointment to the 
staff of the new medical school which is to open in 
October 1971. 


Announcements 


Professor F. Graham Smith, University of Manchester, 
has been appointed part-time deputy director of the 
Radio and Space Research Station for a period of two 
years from January 1, 1969, on the retirement of Mr 
A. F. Wilkins. 

Dr C. E. Stroud has been appointed to the chair of child 
health tenable at King’s College Hospital Medical 
School, and the title of professor of organic chemistry 
has been conferred on Dr T. G. Bonner in respect of his 
post at Royal Holloway College, London. 
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CA fund has been established in memory of Sir Dudley 
“Stamp for encouragement of geographical study and 
“research, especially by young geographers. Further 
-jnformation can be obtained from the Joint Honorary 
“Secretaries, Dudley Stamp Memorial Fund, c/o London 
School of Economics, Houghton Street, Aldwych, London, 
WC?. 


Erratoum. In the article “Direction of in vivo Degrada- 
tion of a Messenger RNA” by Robert F. Baker and 
Charles Yanofsky (Nature, 219, 26; 1968) 7 x 10° cells/ml. 
in the fifth line of the fourth paragraph should read 
7 x 108 cells/ml., and in the last line of the fifth paragraph 
on page 28, within 0-5 of the completion of messenger 
synthesis should read: within 0-5 min of the completion 
of messenger synthesis. 


Erratum. In the communication “Rhythmical Changes 
of the Electrophoretic Mobility of Erythrocytes after 
Irradiation with Increasing X-ray Doses” by Bernhard 
* Thibukait (Nature, 219, 382; 1968) the legend to Fig. 3 
should include the following: (©), P>0-05; (@), P= 
. 0-05; (x), P=001 +0001. The author of this com- 
munication was Bernhard Tbibukait, not Bernhard 
Tribukait as stated. 


CORRIGENDUM. In the article “Rosalind Franklin and 
the Discovery of the Structure of DNA” by A. Klug 
(this issue, page 808) the following corrections should be 
made: page 808, column 2, line 3, “helical” should read 
“helix”; page 809, column 1, line 16, delete reference 1; 
page 809, column 1, under “Historical Outline’, line 5, 
insert “Wilkins and” before “a research student’; p. 810, 
column 1, 8th line from end, delete “detailed”; page 844, 
column 2, line 3, “and” should read “to”; page 844, 
column 2, penultimate paragraph, line 4, “solution” 
should read “structure”. 


CORRESPONDENCE 


In Defence of Defensive Warfare 


Sır, —Dr Gordon Smith in his review (Nature, 219, 537; 
1968) takes the position, from which few would dissent, 
that work designed to protect the community against 
< CB attack is ethical, and that information of use to a 
+ potential aggressor is better not made public. Much, 
. however, in regard to the work at Porton turns on the 
< meaning of “made public’. Here Dr Gordon Smith is 
probably in a position to know what the rest of the scienti- 
fic community cannot—-whether Britain really keeps 
potentially aggressive weaponry to itself, or whether, as 
many of us suspect, any discovery of this kind is auto- 
matically communicated for evaluation and manufacture 
to the Americans-—possibly with the understanding that 
should we require them as a deterrent, American germ 
weapons will be made available through the North 
Atlantic Treaty Organization. If this is the true position, 
it is more morally equivocal than Dr Gordon Smith 
imphes--one argument for removing Porton from the 
Defence to the Health Ministry is that it would make 
such knock-for-knock fire insurance a little harder to 
maintain, if it exists. 

Yours, ete., 

ALEX COMFORT 

Department of Zoology, 
University College, 
Gower Street, London. 


Srr,—In his long and useful review of my book (Nature, 
219, 537; 1968) Dr Gordon Smith accuses me of writing a 









“rather patronizing” passage in which he claim 
question his own motivation for working at. 
and that I suggest that he has not fully though 
own position. I know Dr Gordon Smith’s views. 
subject and would not dream of saying any such 
Nor did I. If he reads the passage more carefully 
see that I was unambiguously speculating on wi 
attitude of Hippocrates might have been. 
Yours, ete., 
Rosin CLAREE 
Editor 

Science Journal, 
Associated Iliffe Press Ltd, 
Dorset House, 
Stamford Street, London SE1. 


Naming the Units 
Srr,—On page 765 of the August 17 issue of Nature, 
under “Naming the Units” you print Professor Gamow’s 
statement that “Great Britain, Italy and Spain have no 
special name for that number” (10°). 

On the contrary my dictionaries all give milliard as an 
English word meaning a thousand million, 

Yours, ete., 
W. J. FARMER 

89 Ewell Road, 
Surbiton. 


Srr,—For the mere number 10°, is there any objection to 
Kilomillion ? ae 
Yours, ete., 
G. CoRpEROY 


Oxford and Cambridge University Club, 
Pall Mall, SW1. 


Going Metric 


Sir,—It is certainly true that great industrial and com- 
mercial benefits may be expected by the forthcoming 
conversion to metric weights and measures in England, 
but it is a pity that so little thought has been given to the 
disadvantages of a system so incompatible with human 
perception. 

The fundamental operation of perceptual psychology 
is doubling and halving; this operation can be performed 
both faster and more accurately than any other fraction 
can be obtained. Common housewifely chores such as 
mixing ingredients or measuring detergent rarely require 
more than three successive operations of that sort. Thus the 
sixteen ounce pound and pint are ideally suited to the 
kitchen. Moreover, the scale of human portions of food 
is such that they are easily reckoned in small numbers of 
ounces. In metric countries, housewives are forced into 
subterfuges, such as successive halvings of the 500 grarn 
metric pound, a process requiring three significant digits 
instead of two. Rather than combine four of one with 
two of another, they must reckon 250 and 125. 

The number of significant digits is also increased when 
using centigrade temperatures. The Fahrenheit degree 
was developed to have a certain psychological reality to 
it. One degree F is a just-noticeable difference to most 
people, and fractions need not be considered. The 
degree C is simply too big. In metric countries the 
temperature of swimming pools and rain is expressed as 
two digits and a decimal, whereas in the civilized Fahren- 
heit world two digits alone do quite nicely, and negative 
numbers are rarely needed. 

This is not to say that one cannot make do with percep- 
tually unnatural scales, but something is lost in the pro- 
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cess. People stop trusting their senses, which are no 


longer in tune with the reckoning of numbers, and begin 
to calculate the measurements of everyday life instead of 
intuitively feeling them. The result can only be an 
alienation of the soil from the mechanized world. Two 
times two equals four many times a day in the household 
world, and it is nice to deal with this phenomenon in small 
numbers and without resorting te fractions. It seems a 
shame that some authorities are willing to forgo the 
psychological validity of their national weights and 
measures in order to increase profits. 


Yours, etc., 


JAN BERKHOUT 
Space Biology Laboratory, l 
Brain Research Institute, 

UCLA. 

The Center for the Health Sciences, 
Los Angeles, California. 


Scientists and the History of Science 


Srr,—The reviewers have finished with James D. Watson’s 
The Double Helix. While the reviews will be forgotten, 
it will remain an important contribution to the literature 
of the history and sociology of science. Some of the 
scientists who attacked the book in print would not agree 
with this judgment. They claim Watson’s account is 
not a true description of how scientists work, or that it 
is a view of a very unusual set of events not normal to 
the general course of science, or that Watson has given a 
distorted picture of what happened. Some day, it has 
been argued, historians will get the story right, and the 
proper balance will be struck between Watson’s book 
and what actually took place. In the preface to The 
Double Helix Watson is nearer the truth: “I am aware 
that the other participants in this story would tell parts 
of it in other ways, sometimes because their memory of 
what happened differs from mine and, perhaps in even 
more cases, because no two people ever see the same 
events in exactly the same light. In this sense, no one 
will ever be able to write a definitive history of how the 
structure was established?”’. 

Because he was one of the principal participants in the 
discovery of the structure of DNA, his account will remain 
an important source of information for historians. Unless 
others involved in the discovery, or people close to them, 
write their own versions and make them available, Wat- 
son’s book will stand as the key personal record. If the 
scientists who know the DNA story at first hand think 
it should be told in another way they should do so, 
disseminating their accounts by publication or preserving 
them in manuscript or on magnetic tape and making them 
available to libraries and to historians. If scientists are 
concerned to enlighten the public about science they 
need to provide the records of their activities. The 
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Royal Society has taken an important step recently by 
opening a registry for the location of scientists’ personal 


papers. A prograrnme of oral history-—a library of tape- 
recorded interviews with scientists about their life, 


work and ideas--should also be considered. The Well- 
come Institute for the History of Medicine and the Ameri- 
can Institute of Physics have begun collections of this kind 
for their respective fields, but a coordinated effort by 
British scientific societies in this direction will help 
considerably in the writing of the history-sociology of 
today’s science and technology. 
Yours, ete., 
H. FRUCHETBAUM 

Clare Hall, 

Cambridge. 


* Watson, James D., The Double Helix: A Personal Account of the Discovery 
af the Structure of DNA, xil (Weidenfeld and Nicolson, London, 1968), 


Rosalind Franklin and DNA 


Srr,—Discussions with a number of people on the final 
draft of my article on Rosalind Franklin (this issue, page 
808) have pointed to the need for some qualifications, 
which there has been no opportunity to incorporate into 
the published text. 

Firstly, the statement that Franklin discovered the B 
form of DNA does not imply that earlier workers had not 
obtained X-ray pictures which, though of poor quality, 
can in retrospect be assigned to the B form (see R. Olby, 
New Scientist, June 27, 1968). Franklin was the first to 
obtain a well defined B pattern and characterize it as 
belonging to a definite structural state of DNA. 

Secondly, although the cylindrical Patterson function 
calculated by Franklin and Gosling unquestionably shows 
the existence of a double helix in the A form, the resolution 
of the map is only about 5 A, so that the details of the 
model fitted are only approximate. The later, definitive 
work of the King’s group (Fuller, Wilkins, Wilson and 
Hamilton, J. Mol. Biol., 12, 60; 1965) shows that the 
two chains are far from equally spaced. Likewise it is 
doubtful whether the resolution in the three-dimensional 
Patterson map was high enough to enable the orientation 
of the helical molecules in the crystal cell to be deduced 
without ambiguity. It is the opinion of Fuller et al. that 
the X-ray data used were too sparse to settle this 
problem, and even their more comprehensive data to 3 A 
resolution were “no more than sufficient for the purpose’. 


Yours, ete., 


A. Kruga 
MRC Laboratory of Molecular Biology, 
Cambridge. 
These points would have been incorporated into the printed version on 
page 808 if, because of the incidence of holidays and for other technical 


reasons, Dr Kiug had not been prevented from seeing proofs of his article 
before it went to presa.—Editer, Nature. 
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Europe on the Move 


One of the most impressive features of the concern in 
Western Europe about the Russian intervention in 
Czechoslovakia has been the determination of most 
people that the nasty turn of events which there has 
been should not be allowed to interfere with the flow of 
people and ideas between Eastern Europe and the West. 
Nobody is in a mood to tear up the agreements which 
have been painfully negotiated in recent years and which 
provide for a small but all-important trickle of visitors 
between one part of Europe and the other. This is as 
it should be. On any reading of what has been happen- 
ing in Czechoslovakia-——and it is still not clear precisely 
how things will turn out in the months ahead—there 
is no serious reason to fear that Czechoslovakia can be 
kept permanently in a condition of intellectual hiberna- 
tion. Indeed, the events of the past few days are 
likely, if anything, to impress on other people in 
Eastern Europe the importance of the social phenom- 
enon in the course of which people in Czechoslovakia 
have learned to set great store by unfettered intellectual 
exchange with people elsewhere, without necessarily 
changing the principles on which their political system 
is based. In circumstances like these, it would obvi- 
ously be folly for Western governments to repudiate 
agreements for what is called cultural exchange. 

It does not follow from this that the programmes of 
cultural exchange between the East and West should 
continue more or less as they have done in the past 
few years. For one thing, there are certain to be fresh 
complications to be dealt with, even where strictly 
scientific issues are concerned. It is not clear, for 
example, whether Prague will now be able to hang 
on to the reputation it has been building up as a 
conference centre of great distinction. It will remain, 
of course, a geographically convenient city, well 
placed with respect to both ends of Europe and a good 
deal less gloomy than many other capitals in that part 
of the world. Obviously it was also a great convenience 
that many travellers to Prague from the East were 
not compelled to turn soft currencies into hard for the 
privilege of attending a scientific conference. But even 
if travelling to and from Prague remains as simple in 
the months ahead as it has been for the past several 
vears, there is now a danger that too much conference- 
going will arouse the suspicion of watchful neighbours. 
In other words, the most immediate though “perhaps 
the most fleeting consequence of what has happened 
will be that Prague itself becomes less useful to the 
scientific community. That would be a great pity, 
although it is not by itself anything like a tragedy. 
In time, and possibly quite quickly, circumstances will 
change again. 

In the West, events in Prague are likely to create 





tendencies in favour of a more open attitude towards. 
cultural exchanges, not tendencies towards more 
restriction. And the truth here is that the existing 
arrangements, inestimable in value though they are, 
require that too many people have to bite off their 
tongues for fear of giving offence, and too much 
needless fussiness has to be endured simply so that 
the right speaker can be recruited for some important 
conference or so that a research student can be sent 
to work at the university that will suit his interest. x 
best. It will be recalled that Professor John Ziman 
not so long ago (Nature, 217, 123; 1968) compla : ee 
gently about the difficulty of making quite straight- — 
forward arrangements for visits to Western Europe 
by Russian scientists. Although the article concerned 
was not included in the photocopied version of Nature 
which is distributed in the Soviet Union, Professor 
Ziman and Nature were both taken somewhat sternly 
to task by Academician W. A. Engelhardt (Nature, 
218, 404: 1968). But in reality, of course, exchanges 
between East and West are a good deal less free and 
easy than they ought to be. Governments are usually 
involved, but elsewhere people or institutions are able 
to make their own arrangements. To say that there 
are faults on both sides does not make things any 
better, although it would help a great deal if more 
people in the West spoke Slavonic languages and if 
they could prevail on their governments to adopt more 
uniform and less pernickety regulations about the 
admission of foreign scientists for quite lengthy 
periods. The point which governments must appre- 
ciate—and which scientists are well aware of-—~is that 
quite profound political differences between individuals 
as well as governments do not preclude identities of 
interest in scientific work. Not for nothing do people 
repeat the legend of how Davy and Faraday went 
jaunting on the Continent during the Napoleonie wars. 
All this implies that the response in Western Europe 
to what has been happening in Prague should not be 
a battening down of the hatches but the opposite-—-a 
vigorous effort to make the programmes of scientific 
exchange which already exist more effective, more 
simple to operate and more commodious. The first 
objective should be to put the conduct of these 
exchanges on a different. footing from that which has 
implicitly been assumed necessary in the past decade 
or so. Most present difficulties stem from the way in 
which governments are caught wp in the regulation of 
programmes for cultural exchange. Not merely does 
this make the free movement of scientists about 
Europe more ponderous than it needs to be, but it 
tends also to invest quite simple visits with political 
significance which is quite mappropriate. To be sure, 
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it would be unreasonable to expect that governments 
could stand aloof from these arrangements, even when 
the objects of cultural exchanges are simply scientific. 
Often there is publie money involved, or the need to 
make available to scientists facilities which are not 
available to other people. The involvement of national 
academies of science (the Royal Society in Britain) 
does not help much, if only because these bodies are 
usually slow to act and dependent on outside sources 
for what money they can splash around. The ideal 
would be that governments should negotiate the 
principles on which scientifie exchanges take place, 
offer help when this seems likely to be effective, but 
usually rely on institutions here and there to make 
detailed arrangements for the transfer of people. 
Quotas should be scorned. And while this heady 
subject is bemg tackled, should there not also be a 
thorough exploration of the possibility that some 
governments might usefully spend a part of what they 
allocate for scientific research on projects to be under- 
taken in other countries’? This, after all, would be 
entirely consistent with the belief that it can only be 
a matter of time before Europe as a whole is thoroughly 
integrated, at least where intellectual enterprises are 
concerned. 

But is this not idle pipe-dreaming ? Surely this 
is a time for hanging gratefully onto the benefits which 
have been wrung from the past decades, not for seeking 
still more tangible expressions of the truth that the 
common. interests of scientists and others working in 
the several countries of Europe, not merely as scientists 
but in all other fields, are strong enough to stand out 
successfully against the often arbitrary dispositions 
which governments are inclined from time to time to 
make in what they consider to be their essential 
interests. That is the cautious view, but it is probably 
mistaken. In a curious way, Europe as a whole has 
learned a great deal about itself in the past 10 days, 
and it will not be quite the same ever again. Just as, 
in the late fifties, it began to seem quite bizarre to 
think of using nuclear weapons in such a tightly knit 
and closely structured society as that of Europe, it 
now seems to be established that vou can fill the 
streets with tanks and then be prevented by what 
would be the enormity of the exercise from letting them 
open fire. That would be just as old-fashioned. But 
it has also been demonstrated that a little guile and a 
lot of cheerfulness can go a long way to make up for 
sheer weakness. It would be interesting to know the 
extent to which Czechoslovak fortitude in the face of 
tanks stemmed from the availability of several pieces 
of technology——radio transmitters, motor cars and telex 
machines——but the whole happening does prompt the 
question whether rigorous control of a population may 
be more difficult—-not easier, as Orwell has implied— 
in what is called a technological society. For the rest, 
however, the events in Czechoslovakia have been 
a sober but heartening reminder that, whatever 
its governments may think, Europe as a whole does 
hang together. In the long run, what has been happen- 
ing may well be seen to have accelerated many liberal 
tendencies. 
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POLITICS 


Crechoslovakia—Reuactions 

“Russta has lost the battle.” This statement by a 
Czechoslovakian scientist soon after the Russians 
marched into Prague reflected the general feeling of 
shock and disappointment. But the Russian arrival 
had no effect on Czech morale. Dr P. E. Kent of 
British Petrcleum, the United Kingdom representative 
to the International Geological Congress which 
met in Prague at the time of the invasion, says 
that the delegates from Russia and other Eastern 
European countries were as upset by the events as 
the Western delegates. Many of them continued to 
attend the conference and all were anxious to maintain 
contact with other scientists. 

The executive of the congress met on Wednesday 
afternoon and decided to carry on as long as possible 
as a gesture of support and to provide an “island of 
fr eedom”. The Technical University where the con- 
ference was held was the only publie building to 
remain in Czech hands until the conference ended on 
Saturday morning. All other cultural and educational 
institutions were occupied immediately and the 
President of the Czechoslovak Academy of Sciences, 
Frantisek Sorm, was forced to take refuge in the 
Technical University. 

Most of the sessions met, at least nominally, on 
Thursday, though transportation through the city was 
difficult and many of the 3,200 delegates were staying 
in central hotels in the midst of the Russian tanks and 
troops. Dr Kent felt that the major role of the con- 
ference at this point was to provide a united and 
calming front of more than 3,000 foreigners from 
ninety-one countries. By Friday, however, trains were 
leaving the country and large numbers of delegates 
left; the final meeting was held on Friday afternoon 
when representatives of about twenty-five of the parti- 
cipating nations made speeches of sympathy to the 
Czechoslovakian cause. Most of the British delegation 
left Czechoslovakia on Saturday morning, travelling 
by train. Dr Kent stressed that the first concern of 
the Czech scientists throughout this period was for the 
safety and comfort of the foreign scientists and that 
their hospitality never wavered. 

The Czechoslovakian scientists also feel strongly 
that Western scientists should make their protest 
heard. The following proclamation was one of many 
distributed among the delegates at the Geological 
Conference in Prague last week. 


To all Scientists of the World ! 
We scientists of Czechoslovak Republie are 
calling you in this tragical hour of our nation’s 
FIGHT with ALL YOUR POSSIBILITIES and ENERGY 
AGAINST the UNLEGAL OCCUPATION OF CZECHO- 
SLOVAK SOCIALIST REPUBLIC ! 
Organize proclamations, protest actions in your 
countries. | 
SCIENTISTS ! | 

DEMONSTRATE YOUR FELLOW-FEELING ! | 

HELP US DEFEND FREEDOM! 7 

Scientists 
of Czechoslovak Academy 
of Sciences, Prague 
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REPRODUCTION 


Old Wives’ Tale Half True 


Oxe old wives’ tale for which there is some backing is 
that women remain infertile for some weeks after 
giving birth—and the precise length of this period 
depends on whether or not a mother is lactating. In 
the current issue of Lancet, Dr T. J. Cronin, a general 
practitioner from Birmingham, reports that when 
breast-feeding is in progress and menstruation has not 
returned, ovulation before the end of the tenth week 
is unlikely (Lancet, ii, 422; 1968). This information 
could be important, because it indicates that methods 
of avoiding conception are unnecessary before this 
date. This in turn means that the use of certain 
methods of contraception which may inhibit lactation 
could be postponed to enable lactation to become well 
established—an important consideration in countries 
where the infant depends on breast milk for its intake 
of protein. 

Ninety-three women who were lactating and eighty- 
one who were not collaborated in the study. The 
return of ovulation was detected by daily measure- 
ment of rectal temperature, and the dates of menstrua- 
tion as well as the duration of breast-feeding were 
recorded, Dr Cronin estimated the mean time to first 
ovulation in the non-lactators to be 73-5 days, and a 
fertile ovulation preceded the first menstruation in 
twenty-one cases. In other words, women who do 
not breast-feed their infants have a one-in-twenty 
chance of being fertile before the end of the 6 week post 
partum period ` which is often believed to be non-fertile. 

Lactation was found to delay the onset of ovulation 
from 70-7 days in twenty -eight cases to 192-5 days in 
two cases——more pr olonged periods of lactation being 
associated with increasing delay in the return of 
ovulation. One surprising finding was that women 
who attempted breast-feeding but did not continue 
beyond 28 days resumed menstruation significantly 
earlier (43-5 days) than those who did not breast-feed 
at all (58-9 days); the short period of lactation had no 
effect, however, on the return of ovulation. 


TELECOMMUNICATIONS 


Satellites for Satellites 


ANY western public relations agency could have told 
the Soviet Union that invading Czechoslovakia was 
no way to recruit members for its proposed. satellite 
network. The invitation to all and sundry, eastern 
European countries in particular, to join in an Inter- 
sputnik system, a rival to the American-dominated 
Intelsat (Inter national Telecommunications Satellite 
Consortium), was presented in Vienna by the head of 
space communications for the Soviet post office at 
the conference on the Peaceful Uses of Outer Space. 

Intersputnik came as no surprise. Last year the 
representativ es of nine eastern European countries 
met in Moscow to discuss proposals for a network of 
their own based on the Molniya satellite which the 
Russians now use. (The Molniya satellites travel in 
a highly elliptical orbit and thus differ from the 
Intelsat synchronous satellites.) But this year, with 
Mongolia and Cuba signed up, the Russians were 
talking about a synchronous satellite network, even 
though they have no experience with them. 
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There is one glaring flaw in the Intelsat network from 








which the Russians might have profited. The Intelsat coe 


consortium has sixty-one members, but their pox 
within it is based on their investment in the sys 
The United States, represented by Comsat, the- 
munications Satellite Corporation, has 54 pere 


the influence; Britain, represented by the GPO, isa oS 


weak second, with 8 per cent. Under this formula, 
the Arab countries together share a single vote. Latin 
America, where satellites are soon going to bring radio 
and telephones as well as television to regions where 
there is no telecommunications at all, has a tiny share 
of the vote, and Russia itself, were it to join-—as 
President Johnson has been wistfully hoping——would 
have less than a fraction of a vote. By contrast, the 
proposed Intersputnik network would offer member- 
ship on a one-country one-vote basis. This might well 
have attracted developing countries, not to mention 
Jugoslavia, which has been toying with accepting 
membership in Intelsat for more than a year. But 
all that was before the Russiens made smuggled film 
and jammed radio broadcasts the best way of com- 
municating with Czechoslovakia. 

If there are any small consolations arising from 
last week’s events, one may be that the Intelsat net- 
work may now seriously begin to revise its formula for 
allocating votes to its members. The consortium is 
in the throes of w riting a permanent charter for itself 
and is to have finished the job (under an interim agree- 
ment signed in 1964) before January. It has already 
been rumoured that the American domination was 
going to be relaxed and Latin America allowed greater 
authority, and perhaps even an independent regional 
system within Intelsat. But now that the Russi ians 
have simultaneously proposed a more democratie 
satellite system and discouraged outsiders from joming 
it, Intelsat has a new incentive to make its structure 
more attractive to the poorer countries. The details 
of the proposed permanent Intelsat agreement, when 
they are revealed as they probably w ill be in the next 
few months, will show whether or not this opportunity 
has been taken. 


FUEL 


Nuclear North East 


THE fact that the Ministry of Power in Britain is now 
run by a man who has earned his living down the pits 
does not yet seem to have shaken its faith in a cheap 
fuel policv. Mr Roy Mason last week confounded his 
critics by announcing approv al for the building of a 
nuclear power station at Seaton Carew, very near to 
the Durham coalfield. Mr Mason has clearly been 
convinced by the arguments of the Central Electricity 

Generating Board, or perhaps by its threats to abandon 
the Seaton Carew site unless it was allowed to build a 
nuclear station there. The CEGB savs that the station, 
rated at 1,250 MW, will consist of two advanced gas 
cooled reactors, each providing steam for a 660 MW 
generating set. Tenders have already been in for several 
months, aud it is hoped to reach a decision by October 
of this year to enable the power station to come into 
operation in the winter of 1973-74. As things stand, 
the station will be the third AGR in England, following 
Dungeness B and Hinkley Point B. (The South of 
Scotland board is building another on its own account 
at Hunterston). 
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The construction cost of the power station will be £91 
million; taking into account the initial fuel charges 
and the interest charges during construction, total 
costs will be £125 million, according to the Ministry of 
Power. A coal fired station of the same size would have 
cost £76 million, or £89 million if interest charges 
during construction had been included. (On the face 
of it this seems a very high figure for a coal fired station, 
but the National Coal Board has not queried the arith- 
metic, so it is probably right.) The generating cost for 
the AGR will be 0-52 pence per KWh, while that for 
a coal fired station would have been 0-70 pence. Of 
the nuclear generating cost, 0-36 pence is accounted 
for by capital charges, while in the case of coal, only 
0-23 pence would have been accounted for in this way. 
Operating costs for the coal station would therefore 
have been nearly four times as great, at 0-47 pence 
against 0-16 pence. 

Lord Robens, chairman of the National Coal Board, 
who has put up a determined fight to make the station 
coal fired, accepted the decision stoically. There was 
no point, he concluded, in pursuing guerilla warfare. 
Even the name Seaton Carew is likely soon to be for- 
gotten, for the CEGB has started to call the station 
Hartlepool—not, it seems, in the hope of pulling the 
wool over the eyes of the Durham miners, but simply 
because there has been a change in the boundaries of 
the local authority area in which the station will be 
situated. 

It seems likely that the contract for the station will 
be of the conventional turnkey type. This means that 
one of the existing consortia will be responsible for 
building everything in the station from fuel clements 
to door knobs. By deciding that the station will be 
an AGR, however, the CEGB may be missing an 
opportunity of taking advantage of the high tempera- 
ture technology developed in the Dragon reactor at 
Winfrith. It also implicitly assumes that an American 
boiling water reactor built under licence could not 
compete with the AGR. (A recent study by the Bechtel 
Corporation in the United States makes this assump- 
tion look less shaky than it has in the past. The Bechtel 
study suggests that the AGR could be competitive in 
the United States; it is also probably fair to say 
that the pressure vessel problems, still not entirely 
solved in the US, favour the AGR.) 


POWER STATIONS 


WHETHER people like it or not, Ferrybridge C Power 
station will always be remembered as the place where 
the cooling towers fell down. That happened in 
November 1965, while the station was being built. 
The towers, rebuilt and strengthened, have so far 
shown no signs of a repeat performance, but the Central 
Electricity Generating Board has movie cameras 
pointing at them just in case. When the wind blows, 
somebody rushes out and mans the cameras in the hope 
of a film which might rival the famous one of the 
Tacoma Narrows Bridge falling down. 

In spite of the disaster, Ferrybridge C has turned 
out to be remarkably cheap. It is also now the biggest 
power station in operation in Britain, capable of 
generating 2,000 MWe) when all four of its turbines are 
at full stretch. The total construction costs of the 
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station will be very near £80 million, which is equivalent 
to £40 per kilowatt installed. Most probably it will 
never again be possible to build another thermal 
station as cheaply and the 2,000 MW stations which are 
to follow will all cost more, thanks to increases in the 
costs of construction. So far, the most that Ferry- 
bridge C has generated at any one moment is 1,296 MW 
(which is said to be the highest ever achieved by a 
British power station), but everybody hopes that it will 
achieve maximum rated power when it is opened next 
week. Each of the four 500 MW sets has been fully 
commissioned, but there has not so far been a chance to 
operate them all at full power at the same time. 





Ferrybridge C power station. 


The station is the first to use 500 MW generating sets, 
made by C. A. Parsons at Newcastle upon Tyne. This 
was a brave decision, taken before there was any 
experience with sets greater than 200 MW. Mr 
Leslie Giles, superintendent of the station, points out 
that 100 MW sets were looked on as monsters only 
10 years ago, but courage seems to have been amply 
justified. A power station this size consumes about 
5 per cent of its output simply in operating, so that if 
the whole electricity network goes completely flat 
(as in the New York electricity failure of 1966) it is 
impossible to start up the station again. To guard 
against this, Ferrybridge has four Bristol Siddeley 
aero engines, each capable of generating 17-5 MW. 
Each can be started up in 2 minutes, and can be used 
either to start the main power station or to supplement 
its output for very short periods of high demand. 

Coal can be brought to the station at the rate of 
32,000 tons a day—8,000 tons by barge and the rest 
by rail. The National Coal Board is charging a pit- 
head price of around 4 pence per therm for this coal, 
which is then used to generate electricity for 0-55 pence 
per KWh. As the table shows, this generating cost 
compares well with estimates for later 2,000 MW 
stations, and with all the nuclear stations before 
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CONSTRUCTION AND GENERATING COSTS 


LAEE NPR RGU A ICED ABNER AREER TAN 


Station Size Cost/KW Generating costs _ 
Coal : | 
_ Ferrybridge C 2,000 MW £40 0:55 pence; KWh | 
|  Rateliffe 2,000 MW £41 054 5 
o Cottam 2,000 MW 44 056 a 
Nuclear : 
| Oldbury 600 MW £113 OTt ,, 
| Wylfa 1180 MW £108 070 i 
| Dungeness B 1,200 MW re 0-57 3 
Hinkley B 1,250 MW £71 052 P | 


Hinkley B. Ratcliffe seems likely to generate at a 
fraction of a penny less. But it is doubtful that Ferry- 

bridge will be used to supply base load, except perhaps 
in the first few years of its life. That function is likely 
to fall to the nuclear stations, with their much smaller 

fuel costs and less flexible start-up characteristics. 
For this reason, the staff at Ferrybridge have been 
conducting tests to see how quickly the station can be 
started up or shut down. This will be necessary if it is 
to be used to follow load. 


INDUSTRY 
Unwilling Partner 


TAKEOVER bids these days have to be justified by 
elaborate 
Corporation sees to that. But last week’s bid by the 
Plessey Company for control of English Electric is even 
more involved than most. On the one hand, Plessey 
says that a merger will make rationalization possible i in 
areas where the two companies overlap. On the other, 
it is equally happy to argue that where there is no 
overlap the two companies will be complementary, and 
together would produce a wider range of goods for 
world markets. 

The Plessey bid is worth £263 million, and together 
the two companies would form a group even larger than 
GEC/AEI. While English Electric encompasses 
products all the way from micro-circuits to large 
generating sets, Plessey is concentrated at the li ghter 
end of the market. It is a major manufacturer of 
telephone equipment, and has substantial radar 
interests bought from Decca. It also has interests in 
electronic and electrical components, in automation 
and in “‘dynamics’—which includes pumps, actuators, 
valves and the like used in aircraft and industrial 
control systems. English Electric is a much bigger 
group; at the heavy end of the market it makes 
switchgear, transformers and generating sets. It also 
has a substantial interest in broadcasting equipment, in 
process control (through Elliott Automation), in 
aviation radar, and in diesels and dynamics. The 
principal area of overlap comes in electronics, automa- 
tion and telecommunications. Only in the third of these 
can Plessey seriously be considered the senior partner. 

Lord Nelson, chairman of English Electric, has said 
that he cannot understand the industrial logic behind 
the bid, which implies that he thinks there is none. 
Although the Industrial Reorganization Corporation 
has not yet made up its mind, it will have to take a 
stand eventually, because English Electrice owes it £15 


arguments—the Incustrial Reorganization 










million, borrowed when Elliott Automation was 
over. It would have to give its sanction for the 
be taken over by Plessey. The other interesting 
of the bid is that it would give Plessey—never mue 
a success in computers—a 36 per cent share in 
national Computers Ltd. This would double i 
ing shareholding, and the other holders of If 
like Vickers, Ferranti or the Government, mig 
feel too happy about it. There is also English Elect 
40 per cent interest in the British Aircraft Corporation. 
to be considered. In this sense, a merger between | 
English Electric and Hawker Siddeley would be a 
much greater contribution to rationalization. 

As befits companies in advanced industries, both 
Plessey and English Electric do their share of research. 
English Electric, perhaps in the hope of reserving the 
big guns for its chairman’s riposte to the Plessey bid, 
refuses to say how many people are employed in re- 
search or how much is spent. But it runs two laboras. 
tories in Stafford, one carrying out research into 
electrical power supply equipment and the other cons — 
cerned with the engieermg problems of electricity 
generation and supply. There is a mechanical engineer- 
ing laboratory in Whetstone, Leicestershire, where 
there is also a central metallurgical laboratory. The 
Marconi company has a rese arch division in Essex, 
concerned with eleetronies research.  Elhott Auto- 
mation runs eight laboratories, although some of these- 
may have been taken over by ICI. 

Plessey is a little more forthcoming about its research 
activities. Of its 68,000 employees, 7,000 are said to 
be employed on research and development and the 
total research effort costs “over £20 million a year, 
The central research department, the Allen C lark 
Research Centre, is at Towcester in Nort hamptonshire, 

and is a materials laboratory. The Electronics Group 
has a research laboratory at Romsey in Hampshire, 
and another at Havant. There is an environmental 
test laboratory at Fareham in Hampshire, and tele- 
communications research is done at Maidenhead in 
Berkshire. Apart from the Caswell Laboratory, 
Plessey says that all its research is applied. 

Clearly there is considerable scope for rationalization 












of research: in fact, as in some other British companies, 


there may be a case for rationalization whether-or not 
the deal goes through. But if it does, research expendi- 
ture is likely to be one of the first targets and, if the 
AEI/GEC pattern is anything to go by, a number of 
the scientific staff are likely to find themselves out of 
work. 


CLIMATE 
London’s Weather 


Mr J. H. BRAZELL of the Meteorological Office has com- 
piled a book of weather statistics for the London 
area which promises to become a well-thumbed 
reference (London Weather, HMSO, 55s.). The objective 
is to bring up to date the previous classic A Century of 
London Weather by W. A. L. Marshall, which was pub- 
lished in 1952 and which described London’s weather 
from 1841 to 1949. The year 1841 is a watershed in 
the statistics because it is the first year for which 
regular official meteorological observations are avail- 
able—observations in the London area started in 
November 1840 at the Royal Observatory, Greenwich. 
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An engraving of old London Bridge. 


Mr Brazell has taken this opportunity to delve into 
earlier chronicles to find what London’s weather was 
like before 1841. The conclusion is that the weather has 


not changed much—his earliest record is of a “rain of 


9? 


blood” in ap 4 lasting 5 hours, attributable to very 
fine sand or volcanic debris in the atmosphere, and simi- 
lar to the red rain, laden with Sahara dust, which fell 
on London on July | this year. 

A rare feature of London’s climate has been the 
freezing of the Thames—an event which is well docu- 
mented by Mr Brazell. During twenty-three winters 
between 1260 and 1814, the ice on the river was thick 
enough to allow pedestrians to cross from one bank to 
the other. It became the custom for frost fairs to be 
held on the frozen Thames, starting from small begin- 
nings in the winter of 1309-10 when people danced 
around a bonfire built on the ice, to the great frost fairs 
of the 17th, 18th and 19th centuries, when the frozen 
river supported streets of shops and booths. In the 
winter of 1688-89 a coach with six horses was driven 
from Whitehall almost to London Bridge, and during 
the winter exactly 100 years later a frost fair extended 
from Putney to Rotherhithe. The last time the Thames 
was completely frozen over was in 1814. The ice 
became solid enough for people to cross on January 31, 
and by February 2 a frost fair was well under way. 
On February 6 the ice melted. 

The reason for this, it seems, has much to do with 
the demolition of old London Bridge in 1831. Its 
massive piers and narrow arches formed an effective 
blockade to ice floes carried down from the upper 
reaches of the river, and the resulting build-up of ice 
facilitated the complete freezing of the river. The in- 
creased tidal flow permitted by the new bridge now 
discourages blockage of the river by ice. Mr Brazell 
lists other factors which operate against the freezing 
of the Thames: marshes along the river banks which 
used to be a source of ice floes have been drained, and 
streams such as the Tyburn, the Holborn and the Fleet, 
which once brought ice into the Thames, now flow in 
conduits. The construction of the embankments allows 
the river to flow more freely, and the locks and weirs at 


Teddington trap much of the ice. But the most im- 
portant factor these days seems to be the discharge of 
warm water from the power stations and factories 
which have sprung up along the banks of the Thames. 
Measurements in 1963 showed that while the tempera- 
ture of the water in the estuary was 32° F, between 
Tilbury and Tower Bridge it reached between 46° and 
50° F. 


MANPOWER 


Biologists’ Pay 


THe Institute of Biology has carried out an investiga- 
tion of what its members are paid, and the results are 
published in the latest issue of the Institute of Biology 
Journal, 15, 82; 1968. Similar surveys have been 
made by the Royal Institute of Chemistry, the 
Institute of Mathematics, the Institution of Metal- 
lurgists and the Institute of Physics, and it is hoped 
that the returns from all five institutes can be com- 
bined to produce figures for qualified scientists as a 
whole. 

In all, 4.475 questionnaires were sent to fellows, 
members and licentiates. By the closing date, 2,855 
cards had been returned—a 64 per cent response. Of 
the completed cards, 206 were not used because mem- 
bers were unemployed, retired, or were not receiving a 
full salary. (There were twelve unemployed men com- 
pared with forty-nine unemployed women.) The table 
shows some of the figures quoted referring to total 
remuneration—basic salary plus secondary income from 
examiners’ fees, royalties, part-time consulting and so 
on. Comparison of the 1968 and 1965 figures shows 
that there was an increase of 10 per cent (weighted 
average) in salary levels. The differences between 
median salaries for fellows and associates of the Royal 
Institute of Chemistry, and fellows and members of the 
Institute of Biology, are hardly significant to age 35. 
Although chemists have a higher salary in the ages 
36-55, after 55 the position is reversed. 








~ NATURE, VOL. 219, AUGUST 31, 1968 


BIOLOGISTS SALARIES (£ p.a.) 


Median 
Median for biologists Percentage for 


| 

| 

| 
| Age 1961 1965 1968 increase chemists | 
| 1965-68 19868 | 
i | 
| 26-30 1,080 1,400 1,656 18 1,665 | 
31-35 1,400 1,800 2,032 13 2,100 | 
36-40 1,707 2,087 2,313 i] 2,515 | 
41-45 1,925 2,600 2.760 4 2,950 | 
| 46-50 2,250 2,700 2,995 u 3,120 
51-55 2,650 2,840 3,038 7 3,176 
| 56-60 2,375 3,710 3,660 —1 3,300 | 
61-65 3,200 3,800 4,000 5 3,200 

i 


deve 





Comparisons were also made between fellows and 
members of the Institute of Biology in various employ- 
ment—industry, university, Government service (in- 
cluding research councils), technical colleges and 
schools. Up to the age group 36-40, there are no 
striking differences in the levels of earnings. For 
example, in the age group 26-30, the median pay 
ranges between £1,411 for government employees and 
£1,798 for biologists in technical colleges. In the age 
group 46-50, biologists in university have a slight 
edge over those in industry; on the average, those in 
universities receive £3,426 compared with £3,400 for 
industrial biologists. The government employees follow 
with £3,107. Teachers in schools and technical colleges 
lie far behind with £2,175 and £2.235 respectively in 
the 45-50 age group. 


UTILITIES 


Load of Rubbish 


COLLECTION and disposal of solid wastes cause many 
headaches in cities the world over, but probably 
nowhere is the problem greater or more efficiently 
dealt with than in the United States. Americans are 
notorious wasters’as well as over-zealous packers, par- 
ticularly of food products. For these and other 
reasons, some means of dealing with refuse other than 
simply passing it to the garbage collector has been 
necessary for many years. Kitchen sink grinders are 
common in many apartments and so are incinerator 
systems, but with conservative estimates placing the 
output of rubbish at 4-5 pounds per head daily, there is 
always a need for the improvement of existing methods 
of collection, reduction and disposal. 

With this in view, a team of engineers and scientists 
in New Haven, Connecticut, is shortly to start a 
project housed in three tall, typically urban buildings 
in which methods and equipment for handling solid 
waste which are now used can be studied. Specifically, 
the study will include the investigation of an incin- 
eration system in one structure, a compacter system in 
another, and a “wet pulper-presser-shredder” system 
in the third. The project is expected to last for 3 
years, and is divided into three phases each lasting 
12 months. The contract will be carried out by a 
committee of the Building Research Advisory Board 
of the National Research Council. 

During the first phase—funds for which have already 
been pro ovided by the Public Health Service of the 
Department of Health, Education and Welfare—the 
extent to which existing systems contribute to air 
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pollution will be investigated. Attention will be p: 
personnel and power requirements as well as to ti 
efficiency and effectiveness of existing systems at 
acceptance by the public. During the first pl 
weight, volume and composition of refuse genera 
these systems will also be determined. New equi r 
for reduction and disposal will be installed du 
second phase, and the performance of this eq 
in handling both dry and wet refuse will be an: 
The composition and volume of water flowing 
drainage pipes will be investigated and these c D 
compared with data obtained duri ing the t third. phase > 
following the mstallation of sink grinders. In this way, 
the value of sink grinders in relation to other reduction 
techniques can be estimated. 

The most recent figures available for the amount of 
refuse collected under all local authorities in Britain. 
are for 1962-63, when an average of 337 tons was ee 
collected per t thousand population (approximately . Be ch 
pounds daily per head) at a total cost of more than £66 
million. Kitchen grinders are gradually coming into — 
use in British blocks of flats and maisonettes, butaro 
too much reliance is still placed on the conventional 
dustbins, paper sacks and other storage containers.. If 
local authorities cannot. hasten the introduction of more 
modern methods of refuse disposal—and some of them 
might even save money this way—perhaps plumbers 
could see this as a way of making fortunes. 




















FRANCE 
Medical Hecatombs 


Dors France face a shortage of doctors or not? 
A battle of statistics is being fought out in the French 
press over the issue, and conflicting opinions are 
reminiscent of the notorious miscalculation of the 
Willink report, which in 1957 foresaw a surplus of 
doctors in Britain and recommended a 10 per cent 
reduction in medical students. Only 4 years later 
the Platt report was discovering a likely 10 per cent 
shortage of doctors. 

French students are not the only people who have 
been using the predicted lack of doctors as a stick 
with which to belabour the academic authorities. 
The failure rate at French medical schools is extra- 
ordinarily high—43 per cent in the first year, 27 per 
cent in the second and 14 per cent in the third. This 
represents an overall failure rate of 65 per cent, which 
eritics have compared for its pointless waste to a 
hecatomb, the ritual sacrifice of 100 oxen made by 
the ancient Greeks. The medical examinations are 
alleged to be too strict and in any case to have little 
bearmg on a candidates fitness for the medical 
profession. 

An inquiry into the hecatombs was commissioned 
by Le Monde, before the events of May and June. 


Its investigator. Professor M-F. Jayle of the Paris 
faculty of medicine, reported last week that the 


alleged strictness of the exams S a 
toll taken by the exams is a mere 

the first year, falling to 2-5 and L5. ine cent in the 
next 2 years. Pr ofessor Jayle concludes that “almost 
all the students who devote themselve to medicine 
are not hindered in their progress when they are 
sufficiently persevering’. The implication is that 
the students who drop out for reasons other than failing 


ay The 
5 per cent in 
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the exams (which includes some 50 per cent of the 
annual intake) are not sufficiently dedicated or hard- 
working, a judgment which reaches spectacular levels 
of implausibility. The survey has done nothing to 
establish why these students discontinue their courses. 

Professor Jayle says that the number of students 
entering medical schools has increased from 6,000 in 
1957 to 21,000 in 1967, a rate of increase which easily 
outstrips the growth in population. But on past 
experience, only 7,300 of the 1967 intake can be 
expected to qualify as doctors. Nor is population 
increase the only factor in this demand for doctors: 
equally important is the higher standard of medical 
attention expected. In Britain, for example, the Todd 
Commission found that the number of doctors per 
unit of population has increased by 1:5 per cent 
annually since 1911—a supply which is unlikely to 
have been greater than the demand. According to 
the latest WHO figures, France in 1964 had one 
doctor to 840 head of population; Britain had 830, 
Germany 650 and the United States 680 persons 
per doctor. 


TRANSPORT 


Victorian Debut 


THE first section of the Victoria Line, the new under- 
ground railway planned by London Transport in 1962, 
is to open early next month. At a total cost of £80 
million, the lme will extend 14 miles from Waltham- 
stow north-east of London to Brixton south of the 
Thames. The section from Highbury to Victoria will 
be completed by spring of next year and the extension 
to Brixton by the early 1970s. 

The blue clay beneath London is the ideal material 
for tunnelling and, apart from patches of water laden 
gravel, the Victoria Line has so far run into very little 
trouble. The tunnelling rig is assembled by hand 
against the tunnelling face. Rams, pressing against the 
last concrete rib to be completed, press a rotating shield 
into the clay face; the excavated material is taken on 
conveyor belts and removed from a series of shafts 
sunk at points along the route. Rates of tunnelling 
have been as much as 470 feet a week. 

The running of the Victoria Line will be consider- 
ably more automated than the present systems. Auto- 
matic gates will collect and check tickets, returning 
season tickets to their owners and demanding excess 
fare from passengers with the wrong ticket. The trains 
will be automatically driven between stations: the 
single operator has only to close the doors and start 
the train. Automatic operation is expected to make 
more efficient use of electricity as well as reducing 
staff costs. 

London Transport Human Factors Group has been 
studying the ergonomies of tube train design and the 
Victoria Line trains will incorporate several new 
features. Sitting passengers will not have to contest 
with their neighbours for possession of the arm rest-— 
double arm rests are provided—and the higher windows 
will relieve standing passengers from craning their 
necks to see the names of stations. The seat and 
equipment of the train operator have also been re- 
designed. 

London Transport is not prepared to estimate the 
annual revenue the new line will bring in, but the net 
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revenue after deduction of annual working expenses of 
£114 million will be less than the 8 per cent interest 
charges on capital. But although, in accountant’s 
terms, the lne will be running at a loss, the social] 
benefit will be considerable. Factors which go into the 
calculation of this benefit include the value of savings 
is leisure time of people whose journeys are made 
shorter by the new line. London Transport estimates 
that the total net benefit will be £12-5 million over a 
depreciation period of 50 years. 


WATER 
Flooding Dartmoor 


CONTROVERSY is certain to be stirred up by the plan 
announced this week to build a reservoir in the heart 
of the Dartmoor National Park. The Water Resources 
Board has decided that a reservoir is needed to supply 
Plymouth and the South Devon Water Board, and that 
the best site is at Swincombe, in Devon. This is about 
2 miles south of Princetown, where Dartmoor Prison 
is situated, 

The Water Resources Board, doubtless anticipating 
trouble, has produced a closely argued report which 
sets out the points in favour of the reservoir. To keep 
up with demand for water until the end of the century, 
Plymouth will need 20 million gallons a day, the South 
West Devon Water Board will need 10 million, the 
North West Devon Board 5 million, and Cornwall 














NATURE, VOL. 219, AUGUST 31. 1968 


> 8 million. The board has decided that the shortage 
<o cannot be met either by estuarial barrages or by 
> desalination of seawater. Barrages take too long to 
plan and build, even if they are proved to be feasible, 
and desalination would be too expensive. Even from 
a dual plant making use of a nuclear power station, 
the board estimates that water would cost between 
5s 8d and 7s 9d per 1,000 gallons, about. four times the 


-cost of the conventional schemes. The board therefore 


considered eight possible inland schemes, and decided 
that Swincombe offered the best prospects. 
| The choice, it seems, lay between Swincombe and a 
site at Lee Mill, which would have been the cheapest 
and most convenient. But it would have involved 
. flooding 475 acres of good agricultural land, and dis- 
placing people from nineteen houses which would have 
- been swamped. Faced with this decision, the board 
~~ has decided that intrusion into the National Park is 
=. the lesser evil, although it accepts that it will “com- 
_ pletely alter the appearance of the area”. The board 
suggests that after the reservoir had been built the 
access roads could be removed, keeping the area remote. 
Although the board has made its preference plain, 
it is almost certain that there will have to be a public 
enquiry before the plan can go ahead. After the 
enquiry, the decision will rest with the Minister of 
Housing and Local Government, Mr Anthony Green- 
wood. So far, there have been no public objections, 
but a spokesman for the Countryside Commission said 
that its policy was “to oppose any development. of 
reservoirs in National Parks”. The Nature Conservancy 
may also be expected to weigh in. It is unlikely, 
however, that feelings will run as high as they did when 
the proposal was made to build a reservoir in Teesdale. 
As well as being remote and beautiful, Teesdale was 
of considerable scientific interest. 


ARCHAEOLOGY 
- Anglo-Saxon Domestic Life 


from our Archaeology Correspondent 


© A MORE or less complete picture of life in a small and 
_ self-supporting pagan Anglo-Saxon village in East 
_. Anglia is emerging from an excavation at West Stow 
in Suffolk. During the past four seasons, half of the 
village site (which occupies about 5 acres on the top 
of a low sandy knoll on the north bank of the River 
Lark) has been excavated under the direction of Mr 
S. E. West on behalf of the Ministry of Public Building 
and Works. With luck the entire village should have 
been excavated before the site is engulfed by the 
growing rubbish tip of Bury St Edmunds nearby. 
West Stow is uniquely important simply because it 
is the only complete Anglo-Saxon village yet to be 
excavated in Britain. Other sites are usually cemeteries 
or fragmented settlements. Mr West and his colleagues 
are confident that they know the boundaries of the 
village, because in Saxon times the knoll was an island 
enclosed by two arms of the Lark. So far, forty small 
rectangular huts, exactly comparable to the “gruben- 
hauser” of the Saxon continental homeland, have been 
excavated (Fig. 1), and, because two had burnt down, 
charred timbers have survived. From these it is clear 
that the huts had vertical plank walls 2 inches thick, 
plank flocrs and reed thatched roofs. Some were used 
. for storage and a considerable amount of charred cereal 
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Fig. |. Plan of part of the Saxon village at West Stow. 


awaits analysis. At least two other huts must have 
been weaving sheds. So far no really large hall—no 
Heorot——has been found, but two buildings larger than 
the huts, one 30 feet long and the other 26 feet long, 
have been excavated (Fig. 2). 

Unless a princely hall is discovered when the 
remainder of the site is excavated, which would be 
most unexpected from all the artefacts so far recovered, 
it seems reasonable to infer that the village housed a 
simple peasant community from its beginning in the 
late fourth century until it was abandoned in the middle 
of the seventh century. Apart from pottery, more 
than 1,100 artefacts including many animal bones, 
all in a very good state of preservation because of the 
dry sandy soil, have been recovered. When all this 
material has been analysed, it should provide an 
invaluable picture of the life of the ordinary Saxon 
peasant and the economy and evolution of his village 
over some 250 years. In this sense the excavations 
will complement the evidence from Saxon royal sites 
such as Sutton Hoo. The excavation is also bound 
to lead to an improved scheme for the dating of Anglo- 
Saxon pottery, which is at present riddled with un- 
certainties, 

The broad outlines of the history of the village have 
emerged already. West Stow was an extremely early 
Saxon settlement started some time in the second half 
of the fourth century when Britain was still a Roman 
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province. More than a hundred Roman coins of this 
period have been recovered (some are pierced and were 
probably used as jewellery) as well as faceted angled 
Saxon pottery of an early type and one particularly 
significant belt tab of a type characteristic of the 
uniform of Foederati, Saxon mercenaries of the 
Romans. Towards the end of the fourth century, it 
became imperial policy to settle invaders, who 
initially came to plunder, on the borderlands of the 
Empire and to give them land in exchange for military 
service. It may well be that the Saxon settlement at 
West Stow began in this way. Certainly the Saxons 
there must have co-existed with Romans and Romano- 
Britons, for at Icklingham, only two miles away, a 
contemporary Roman villa has been excavated. 





Fig. 2. 
The doorway was probably on the south (right) side. 


Post holes of one of the small halls at West Stow. 


As Roman civilization decayed after 436, the Saxon 
settlement continued to flourish until about 650. 
Apart from potsherds a complete range of domestic 
objects including bone combs, loom weights, spindle 
whorls, brooches, rings, iron knives and shears and 
bronze spoons and many animal bones, have been 
recovered. It seems that the village had many more 
sheep than any other domestic animals and weaving 
must have been an extremely important part of its 
economy. When all the animal bones have been 
statistically analysed, they should provide much de- 
tailed information on the animal husbandry of the 

riod. As well as domestic animals, the Saxons ate 
deer, fish and many wild birds including the European 
crane, now extinct in Britain. The village seems to 
have made its own pottery, for pottery stamps made 
of antler horn matching the decorations on some of 
the potsherds have been found. There is also some 
evidence of limited metal work in the village, which 
must have been basically a self-sufficient unit. 

At first sight, it may seem surprising that only one 
spear and a few arrowheads have been excavated, 
but weapons were usually buried with their owners. 
In the 1850s, a pagan cemetery was excavated on the 
nearby heath, and many weapons were found, some 
of which are now in museums at Oxford and Bury St 
Edmunds: this must have been the village cemetery. 
In the middle of the seventh century, West Stow was 
abandoned, perhaps because it had become too small. 
There is no evidence of any violent end to the occupa- 
tion. By the eleventh and twelfth centuries the site 
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was ploughland, and a fascinating sideline of the main 
excavation has been the uncovering of the medieval 
ridge and furrow system and the plough lanes. These 
appeared beneath the present sandy topsoil and it 
seems that some time in the late twelfth or early 
thirteenth century a dust blow suddenly deposited 
a foot or more of sand on top of the field which has 
remained covered ever since. 


BRITISH ASSOCIATION 


from our Special Correspondent 


Dundee, Monday 

THERE seems to be e strong if not quite unifying theme 
running through this year’s meeting of the British 
Association, which with its wealth of rival attractions 
and celebrities seems to be providing a counterpart 
to the other festival in nearby Edinburgh. After 
Dame Kathleen Lonsdale’s presidental address “Science 
ard the Good Life”. in which she discussed some of the 
good and bad effects of science, many other speakers 
have teken a similar theme and applied it to their 
own branch of science. The resulting impression is 
that the meeting is very much concerned with the 
relevance of science to life. Both the general symposia, 
being held for the second time after their success last 
year, and this year's innovation—the public lecturers 
—have been concerned with this theme. Members 
of several of the special sections have also been dis- 
cussing the social and economic value of their 
specialisms, 

The three plenary symposia in the programme have 
been on regional planning and transport development, 
factory farming and disasters. In the first sym- 
posium, four experts on planning and transportation 
described how they have collected data about travel 
habits and needs, and have used them to build and 
modify a model from which the best transport system 
for East Central Scotland can be selected. One of the 
problems seems to be that it is very difficult to produce a 
streamlined and coordinated transport system when so 
many vested interests have to be accommodated. 
The report on the transportation study has yet to be 
presented to the local steering committee, and any 
number of difficulties could arise. Apparently it is 
often difficult to translate the planner’s language into 
a form acceptable to the lay members of local councils. 
Even some of the audience at the symposium were 
clearly worried by the incomprehensibility of such tech- 
nical jargon as “travel desire characteristies which 
exhibit universal stability’. The chairman, Professor 
Johnson-Marshall of Edinburgh, suggested that there 
should be more courses to initiate councillors into the 
planners’ world, and perhaps more meetings at which 
the public could make their views known, however 
impractical they might be. 

This symposium had an interesting supplement in 
the form of an evening meeting when four local and 
obviously prosperous industrialists explained some 
of the advantages and disadvantages of locating indus- 
try in East Seotland. The principal advantages 
emerged as the ready availability of an able and loyal 
labour force, the financial support given by the Govern- 
ment for factories to be set up in this development area 
and the attractiveness of the region. The principal 





NATURE, VOL. 219, AUGUST 31, 1968 


disadvantage for industry in this area is poor communi- 
cations. 

The second plenary symposium on factory farming 
had the added interest of providing the audience w ith 
the opportunity of hearing some directly opposing 
views. Mrs Ruth Harrison, ‘author of the book Animal 
Machines, had to defend her allegations of cruelty to 
calves, pigs and poultry against three farmers who 
pointed out that free range farming could be described 
in terms just as lurid as “those w hich she used to de- 
scribe slatted floors, dim lighting and tethering. Dr W. 
Weeks of the University of Newcastle upon Tyne was 
of the same view and roughly denied that there is any 
cruelty at all. 

Inasmuch as they have brought about contact 
between specialists of differing opinion and given 
non-specialists an opportunity to join in, these two 
symposia have obviously been successful. But they 
might have provided a greater service if there had 
been much more time for discussion. Half a day is 
probably too short, and perhaps the full day to be 
devoted to disasters will prove more exciting. 


The relationship between noise and deafness was 
pointed out by Dr D. E. Broadbent in his public 
lecture “Noise and People”, and he also explained that 
noise may improve the quality of work done by men 
who have been kept without sleep, but may impair work 
in men who are fully alert. Noise increases the level of 
arousal—in the sleepy men to a level at which efficiency 
is increased, and in the more alert men to a level which 
is beyond the threshold for most efficient work. 


An economist’s view of the impact of technical 
change on life was expressed by Professor E. M. Hugh- 
Jones in his presidential address to the economics 
section. He pointed out that the greatest threat of 
technical innovation is not to people already employed, 
for if their jobs disappear others will open up, but to 
those who have not yet entered industry. The vital 
problem now is to find the right form of training for 
aspiring industrial workers. Professor Hugh-Jones 
suggested that it is not a fanciful idea that computer 
programming should be an A-level subject, with Fort- 
ran, Algol or Cobol included as languages other than 
English. 

The section that deals with general matters has been 
concerned with another of the topics that Dame Kath- 
leen Lonsdale deplored in her address: the migration of 
scientists, S from the less to the more 
developed nations. Sir Gordon Sutherland began his 
presidential address by explaining that this is no new 
problem. From 500 to 200 Be there were large migra- 
tions of scientists to Athens, and later from Athens to 
Alexandria, presumably because the Ptolomies wished 
Alexandria to surpass Athens as a centre of learning. 
In the Middle Ages the situation became so desperate 
at the University of Bologna that an edict was passed 
in 1274 forbidding anybody from trying to induce 
scholars to leave the city. Today the problem seems 
to be just as serious, but the cure is less easy to find. 
The nations of Asia, Africa and Latin America are 
affected most severely; in 1966, 9,534 qualified scient- 
ists, engineers and physicians emigrated to the United 
States, and of these 4,390 came from developing 
countries. Consequently these countries have to beg 
foreign aid so that scientists from the developed coun- 
tries can visit them and help cope with their problems. 


Sir Gordon concluded that the principal cause of the 
worldwide migration of scientists is the failure. ¢ 
United States Government to realize that its reses 
and development plans cannot be fulfilled witi 
drawing on manpower from other countries. But ir 
Gordon did suggest that if all countries applied them- 
selves to checking their flow of immigrant scientists, 
engineers and technicians, the problem could be brought 
under control. The first step should be taken by the 
United States so that the other developed countries 
can reduce their intake of foreign scientists, thus freeing 
the developing countries of the burden of lar ge scale 
migrations. 

For a more cheerful view of science in Dundee this 
week it is only necessary to visit the Science Fair, 
where pupils from many local schools are exhibiting 
and demonstrating projects which should give heart to 
anyone who thinks that modern ideas have not pene- 
trated to the classroom. It is a pleasure to find science 
tackled with so much obvious enthusiasm and explained 
with such expertise. Pupils of Inverkeithing primary 
school have made a study of lighthouses and reveal 











that the first “lighthouse” was the Colossus of 
Rhodes, while the first real lighthouse recorded in 


history was built by Sostratus for Ptolemy I, and 
stood on the island of Pharos near Alexandria. 

Other projects are more sophisticated, most of them 
electronic and some even computerized. None, how- 
ever, is more impressive than models which demon- 
strate, with the aid of a judiciously placed vacuum 
cleaner, how the original Tay Bridge came to fall in 
the face of the wind. The fact that pupils and teachers 
have given up so much time, in and out of school, to 
these projects testifies to their enjoyment of imparting 
and learning science in this way, for there is no element 
of competition in this Science Fair. 

As a final confirmation that science has not brought 
only ills to the world there is the exhibition “Science 
and the Home’’, a theme suggested by Dame Kathleen 
Lonsdale, who is, of course, the association’s first 
woman president, Various organizations are display- 
ing their contributions to the domestic revolution that 
science and technology have made possible. The 
Housing Centre Trust has a photographie exhibit 
showing a hundred years of progress from Victorian 
slums to the most modern labour-saving homes. 
ICI Ltd has an exhibit which explains the scientific 
background to domestic equipment such as polythene 
bottles, non-stick frying pans and weed killers, while 
BP is displaying its new discovery-——protein obtained 
by growing yeast on oil. And at the Ministry of Tech- 
nology stand the visitor can weigh himself in metric 
units. 

This exhibition is apparently attracting considerable 
interest from the local residents, despite the bus strike, 
as well as from visitors to the British Association 
meeting. Clearly one of the troubles with these 
meetings is that the participants are of such different 
levels of academic attainment that it is probably 
impossible to satisfy everybody. Either the specialist 
scientists are irritated by the slowness and lack of 
originality of the proceedings, or the less scholarly 
participants are lost in incomprehension, Anything, 
such as “Science and the Home”, which can appeal to 
all comers therefore seems to be a good thing and should 
be encouraged in future years. 
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NEWS AND VIEWS 


Seals Come South 


THE exploitation of the northern fur seal is an out- 
standing example of successful wild life management 
and the report of the discovery of a breeding colony 
of northern fur seals on San Miguel Island off the coast 
of California (see page 899) is most weleome. It proves 
that a population of wild animals can be exploited 
commercially and yet still be sufficiently productive 
to extend its breeding range. Like all seals, the north- 
ern fur seal is gregarious and, for some unknown 
reason, it breeds in vast herds on a few selected islands. 
The total population of this species is about two 
million, and at least three-quarters of these breed on 
St George and St Paul in the Pribilof Islands off 
Alaska. Other smaller colonies on the nearby Com. 
mander and Robben Islands account for the rest apart 

of course, from the newly discovered colony on Si 
Miguel. The two million seals produce about three- 
quarters of a million pups each year, and during the 
breeding season the fur seals form by far the largest 
aggregation of mammals of one species anywhere in 
the world, which contributes greatly to successful 
management. 

The history of sealing in the Pribilofs is a remarkable 
example of what seems to have become the inevitable 
successions of overkilling, near extermination and then 
recovery when reasonable limits are put on the catch. 
After the discovery of the islands in 1786, the Russians 
over-hunted the seal and in eighty years took about 
two and a half million pelts, indiscriminately killing 
animals of all ages and both sexes. As a result, the 
industry foundered in 1806 and 1834, after which 
some attempts were made to restrict the hunting to 
males. After the Alaskan purchase in 1870, the US 
Government instituted a quota system which allowed 
100,000 seals to be taken each year by sealers on the 
islands, but unrestricted pelagic sealing made nonsense 
of the arrangement. Seals could be taken at sea at 
will, and four had to be killed for each one recovered. 
By 1911 the sealing industry had collapsed yet again 
and this led to an international treaty banning pelagic 
sealing between the United States, Russia, Japan and 
Canada. The treaty held until 1941, and after the 
Second World War an international fur sealing com- 
mission was set up instead. Ever since, the US 
Government has strictly but successfully regulated the 
industry. The present quota is for 60,000 to 70,000 
seals annually, and almost all those taken are three 
year old males; a few older males and some females 
are culled, chiefly for research into the dynamics of 
the population. The whole operation is carried out 
by the indigenous Aleuts, and the Department of 
Wildlife and Fisheries supervises the sale of the pelts. 

The arrival of a breeding population at San Miguel— 
and the importance of the event hangs on the fact that 
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it is a breeding colony—testifies to the success of this 
policy. It is quite common to find the fur seal as far 
south as about 30° north outside the breeding season, 
because, once the pups have been weaned, the colonies 
disperse from the breeding grounds, the cows having 
mated within a day or two of weaning the pups. The 
seais spend the rest of the year feeding in more southerly 
eee ol a amal colony o er wa sea lions 


ren: San Miguel is is in the sla Cla nia cancer but, 
to man at least, it seems no different from hundreds of 
other islands in the North Pacific. Why the seals have 
settled there is totally obscure—it is not even clear 
whether they are recolonizing a former breeding ground 
rather than colonizing a new one. What is vitally 
important, now that the colony has become estab- 
lished, is that it should be fully protected. For the 
first time since the discovery of the Pribilofs, there is 
an opportunity to observe the behaviour of an undis- 
turbed colony of the northern fur seal, 

There are also encoureging signs that the other fur 
seal, the southern fur seal of Antarctica, is recovering 
from the decimations of over-hunting. The twelve 
nations which are party to the Antarctic Treaty have 
agreed to ban hunting of all animals on land south of 
60° south, and fur see ding has also been banned on South 
Georgia, the main breeding ground of the southern fur 
seal. As an added precaution, the Scientific Committee 
for Antarctic Research, established by the Antarctic 
Treaty, is pressing for a complete ban on pelagic sealing 
in Antarctica even though there are no longer any 
pelagic sealing operations in the area. Indeed, the 
closing down of the shore-based whale factories on 
South Georgia, because of depletion of the whale herds, 
has meant that the quota of 6,000 head of elephant 
seals on the islands has not been taken up in the past 
few years. 

At present, the grey seal and the common seal, which 
in European waters lack the natural protection pro- 
vided by the rigours of the polar climates, are in greater 
need of protection than the fur seals. The world 
population of grey seals is only about 52,500 and at 
least three-quarters of these animals are in British 
coastal waters. Britain thus has a special responsibility 
for maintaining the world population, and Lord 
Cranbrook’s Conservation of Seals Bill, which has had 
its second reading in the House of Lords and which 
provides complete protection for grey and common 
seals (see Nature, 218, 715; 1968), should be made law. 
As things stand, grev seals are protected only during 
the breeding season between September 1 and Decem- 
ber 31, and common seals are not protected at all. 
The salmon and white fisheries lobbies should not be 
allowed to stand in the way of extending protection 
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= to both species for the whole year. No doubt seals 
may eat a few salmon, and undeniably they are the 
secondary host of a nematode worm that attacks cod, 
but none of this should excuse a failure to protect them. 
Lord Cranbrook’s Bill recognizes that if local popula- 
tions reach such numbers that they really threaten 
the livelihoods of fishermen, then they may be culled 
to limits and by methods approved by the Ministry of 
Agriculture. For example, there may well be a case 
for culling the grey seals on the Farne Islands which 
have. increased from 1,000 to 6,000 in two decades, but 
indiscriminate killing must be stopped. 


DISCOVERY 
Cook’s Bicentenary 


Two hundred years ago last Monday, Lieutenant 
James Cook, newly commissioned for the voyage, 
“got under sail and put to sea having on board 94 
persons including Officers, Seamen, Gentlemen and 
their Servants, near 18 months provisions, 10 Carriage 
guns, 12 Swivels with good store of Ammunition and 
Stores of all kinds’. So he wrote as he sailed out of 
Plymouth in a converted Whitby collier, specially 
purchased by the Admiralty for £2,800 and renamed 
the Endeavour, on the first of his three epic voyages. 
Ostensibly the first object of Cook’s first cireumnaviga- 
tion was to observe at Tahiti the transit of Venus 
across the Sun in the following year. These observa- 
tions, coupled with others which the Navy was to 
make in northern Norway, were expected to yield data 
from which the true distance of the Sun could be 
calculated and the scale of the universe computed. 
Cook was also carrying a Royal Society expedition, led 
by Sir Joseph Banks, and including a pupil of Linnaeus, 
to collect botanical and zoological specimens from the 
South Seas. The Admiralty had, however, given Cook 
secret orders to search, after observing the transit, 
for the Great Southern Continent. 

It took both this and his second voyage to disprove 
the notion of this continent which had bedevilled the 
ideas of geographers who for vears had insisted that 
there must be a Southern Continent to balance the 
Earth, and the observations of the transit did not live 
up to expectation. But after his first two voyages, 
Australia and New Zealand were firmly established on 
the map and, chiefly as a result of Banks's initiative, 
the botany, zoology and ethnography of the South 
Seas were placed on a scientific footing. Above all, 
Cook himself had assured the final triumph of the 
chronometer and the accurate determination of longi- 
tude at sea; marine navigation had come of age. 

It is fair to say that Cook made no specific contribu- 
tion to the science of navigation as such, but he revolu- 
tionized the practice of marine navigation simply by 
accepting with an open mind the techniques and 
instruments of astronomers. He refused to accept the 
dictum, on which every sailor of his time was brought 
up, that longitude could not be found. In 1778 
William Wales, Cook's contemporary, summed up his 
eontribution to navigation during his three voyages 
when he wrote, “That part of natural knowledge which 
may be called Nautical Astronomy was undoubtedly 
in its infancy when these voyages were undertaken. 
Both instruments and observers, which deserved the 


name, were very rare, and so late as 1770 it was 
necessary in the appendix to Mayers Tables, p 
by the Board of Longitude, to state .... 
latitude of the Sun at noon .. . the easiest: of all obs 
tions, could not be taken with a certainty to ¢ 
quantity than 5, 6, 7 or even 8 minutes. Br 
who... look into the Astronomical Observations, made 
in Captain Cook’s last voyage, will find that there were 
few . . . who could not observe the distance of the- 

Moon from the Sun or a star, the most delicate of all 


know how to observe for, and compute, the time at 
sea, though but a short time before these voyages 
were set on foot, such a thing was scarcely ever heard 
of among seamen; and even first rate astronomers 
doubted the probability of doing it with sufficient 
exactness’. 

The man who wrought these changes, and, equally 
important, introduced the Royal Navy to lime juice 
as a preventive of scurvy, was the son of a Yorkshire 
farm labourer who received little schooling and at 
twelve was bound apprentice to a shopkeeper in 
Staithes. His indentures were, however, soon can- 
celled, and he was bound to a Whitby shipping company 
and served in the Newcastle and Baltic trades. The 
turning point in his career was the start of the war with 
the French in 1775. Rather than be pressed from his 
ship which was lying in the Thames, Cook volunteered 
for the Navy, and in four years had risen from able 
seaman to master. In 1759 he started survey work 
in the estuary of the St Lawrence and his maps played 
a part in Wolfe’s capture of Quebec. After further 
service in Labrador and Newfoundland, where he 
taught himself mathematics and astronomy and 
produced maps which were only superseded in this 
century, Cook returned to London in 1767. His 
brilliant surveying had caught the attention of the 
Admiralty, and shortly after his return to England he 
was commissioned lieutenant to take command of 
the expedition which the Admiralty, prompted by the 
Royal Society, was sending to the South Seas to 
observe the transit of Venus. This first voyage lasted 
nearly three years and was promptly followed by a 
second in search of the Great Southern Continent. 
Cook twice crossed the Antarctic circle and, having 
convinced himself that the continent did not exist, 
and proved that lime juice prevented scurvy-——he lost 
only one man from sickness out of a crew of 118 on a 
voyage lasting three years—he seemed ready to settle 
down ashore with a post at the Greenwich Hospital. 
Unlike previous and latter day circumnavigators he 
was not knighted but, fittingly enough, was elected a 
fellow of the Royal Society. His retirement was 
brief, however, for in 1776 he was inveigled into a 
third and fatal voyage, this time a search for the North 
West Passage, which in 1776 was as firmly believed 
in as the Great Southern Continent was before his first 
two voyages. Cook, by then captain, reached the 
Bering Strait, but found it blocked by ice and sailed 
into the Pacific where in February 1779 he was killed 
in the Hawaiian Islands. The bicentenary of the first 
voyage is currently being commemorated by a dismal 
little exhibition in the Natural History Museum in 
London. The publication by Cambridge University 
Press for the Hakluyt Society of the complete journals 
of Captain Cook is a more interesting and fitting tribute. 
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ASTROPHYSICS 
Brightness Changes in Quasars 


THE way in which the dimensions of quasars are 
estimated is questioned in a letter to the Astrophysical 
Journal (152, L139; 1968) from Morrison and Sartori 
of the Massachusetts Institute of Technology, who 
suggest that quasars may be much larger than hitherto 
suspected. New estimates of the sizes of quasars based 
on the report by Morrison and Sartori also have 
implications for the vexed question of quasar distances. 
So far, knowledge of the sizes of quasars has been 
largely based on changes in their observed brightness. 
The argument goes that the region giving rise to the 
brightness variations cannot be larger than a dimension 
given by the product of the time scale of the brightness 
variation and the velocity of light. Morrison and 
Sartori say that this upper limit is not necessarily 
valid. What may be happening during the brightness 
fluctuations, they say, is that an outburst from a 
small nucleus is transmitted to the surrounding matter 
by a disturbance which may be in the form of electro- 
magnetic radiation, particle flux or a shock wave, 
and that the surrounding matter is then excited to 
emit the radiation detected by telescopes. Morrison 
and Sartori agree that the size of the nucleus triggering 
the emission must be limited by the time scale of its 
outburst, but hold that the dimension of the region 
emitting the observed radiation is not restricted in the 
same way. 

Several implications follow. There is evidence that 
the quasar 3C 287 has shown a brightening over about 
& year, covering an angular extent of 2”. From the 
original argument, this would mean that the size of 
the emitting region is l light yr at a distance of only 
10° light yr. Morrison and Sartori say that, in fact, 
3C 287 may have a radius of about 103 light yr, placing 
it at a distance of the order of 108 light yr. This still 
excludes a cosmological interpretation for this quasar, 
but, as Morrison and Sartori point out, one is at least 
not forced to accept an extreme local model. 

This fresh view of the implications of the brightness 
variations of quasars can also be extended to point 
sources. Here, by assuming quasars are at cosmological 
distances and adding the condition that the emitting 
region does not become large enough to allow the 
angular diameter to be distinguished, diameters 
approaching 10° light yr are conceivable for quasars 
showing brightness variations with a time scale of a 
year. Dimensions as large as this are not likely, how- 
ever, aS a quasar experiencing such an outburst in the 
past would have eventually reached a measurable size. 

When the new concept of brightness variations is 
extended to radio observations of angularly unresolved 
components of quasars, such as 3C 273B, emitting 
regions having dimensions of 103 light yr are possible 
taking the objects to be at cosmological distances. 
The outcome is that yet more uncertainty is added to 
the quasar problem. 


NUCLEIC ACIDS 


Slicky Ends 


from our Cell Biology Correspondent 


DNA molecules from -phage have what are known 
as sticky ends. In other words, the two antiparallel 
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strands of the DNA molecule are staggered so that they 
are base paired for their entire length except for a few 
nucleotides at the 5’ ends of both chains, which pro- 
trude as single chains from each end of the double 
stranded molecule. Because the base sequences of the 
protruding 5’-ends are complementary, the linear 
molecule can be converted into a circular molecule 
simply by rolling it on itself. The two 5’-ends then 
come into lateral register, the bases are held together 
with hydrogen bonds between their complementary 
sequences and the result is a circular double stranded 
molecule with a single break in the phosphodiester 
bond backbone of each strand. These breaks can be 
sealed by the enzyme DNA ligase to form circular 
molecules which are completely covalently bonded. 
Sticky ends obviousiy also provide a mechanism for 
joining DNA molecules end to end in a linear catenate. 
DNA molecules with sticky ends are not restricted to 
phage ?—many other temperate phages have them, 
so they may well provide a general mechanism for 
joining DNA molecules. 

In the current issue of the Journal of Molecular 
Biology (85, 523; 1968), Wu and Kaiser report a partial 
determination of the sequence of the sticky ends of 
à phage, which they have made in rather a novel way. 
They have exploited the properties of the Kornberg 
DNA polymerase from Æ. coli which, under defined 
conditions, will use as template the single strand 
ends but not the double stranded part of the 1 DNA 
and which will add complementary bases to the 3’-end 
of the complementary chain. The number and 
sequence of the bases added by the polymerase reveal 
the length and the sequence of the sticky ends which are 
acting as template, and Wu and Kaiser have found 
that the polymerase primed with * DNA added just 
forty bases to each DNA molecule. Because there 
are two sticky ends to each molecule, the most likely 
explanation is that each end is twenty bases long. 
Purified DNA polymerase, however, has a 3’-exo- 
nucleolytic activity (exonuclease H) and can remove 
nucleotides one by one from the 3’-end of a DNA 
chain in a reversal of synthesis. In theory, this pro- 
perty might confuse the interpretation of the number 
of bases added by the enzyme to a DNA, but control 
experiments ruled out this formal possibility. Controls 
also established that the 5’-ends of DNA molecules are 
stable, so that no bases are being added to the 5’- 
termini. In other words, all the bases added in the 
polymerase reaction are added to the complement of 
the sticky ends. 

The forty added bases comprised 13 dGMP, 13 
dCMP, 7dAMP and 7 dTMP residues. The equivalence 
of the G and C, and A and T, residues immediately 
suggests either that the sequences of the sticky ends 
of the two chains are complementary or, in theory at 
least, that each sticky end is self complementary. 
Studies of the incorporation one by one of nucleotides 
have ruled out the second alternative and at the same 
time have revealed the partial sequence of the ends, 
One end, starting from the 5’-terminal base, is GGGG, 


CGCG, C, with another G at one or other of the three 


caret marks. That accounts for ten bases. The next 
nine bases must be some combination of six A or T 
residues and three G or C residues, and the twentieth 
base in from the 5’-end is T. The other sticky end has 
a complementary sequence. 

The sequence has two striking features; first, it is 
rich in G and C residues and, second, the G and Č 
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residues are clustered in one half of the chain and the 
A and T residues in the other. These features may 
serve as signals to the enzymes which generate sticky 
ends. There are two obvious candidates—either a 
sequence specific exonuclease which removes twenty 
bases from each 3’-end of a double stranded molecule, 
and so leaves the complementary 5’ strands protruding, 
or a specific endonuclease which attacks a circular 
DNA molecule internally at one site on each chain. 


METALLURGY 
Memory in a Metallic Compound 


from our Materials Science Correspondent 


THERE has been a flurry of investigation recently of an 
extraordinary intermetallic compound—TiNi. TINI 
undergoes three allotropic transitions, one of which at 
least, slightly above room temperature, is martensitic. 
Unlike most intermetallic compounds it is capable of 
plastic deformation; this happens partly by dislocation 
motion and partly by martensitic shear. TiNi has a 

“mechanical memory”: if deformed at a temperature 
below the martensitic a on range and then heated 
through this range, the material springs back to its 
original form. 

A group of eight papers published in the April 
1968 issue of the Journal of Applied Physics deals with 
various basic features of this compound and of a num- 
ber of crystallographically similar materials. This 
month a valuable paper has appeared which con- 
centrates on the practical aspects of TiNi. It is by 
W. T. Buehler and F. E. Wang (two of the leading 
investigators in this field, and both associated with 
the US Naval Ordnance Laboratory) and appears in 
the first issue of a new Pergamon periodical, Ocean 
Engineering (1, 105; 1968). It seems that two useful 
alloys exist in the TiNi system: one has a composition 
near TiNi-—-the precise composition can be altered 
slightly, with or without small additions of cobalt, so 
as to change the martensitic transition range—and 
the other contains excess nickel and is age-hardening. 
The second composition has no me schanical memory. 
Between them the alloys offer good ductility for 
fabrication, very high damping over limited tempera- 
ture ranges, non- magnetic properties, high ability to 
harden according to the Jominy test, remarkable 
corrosion and erosion resistance and high strength. 













The most useful property, however, appears: 
mechanical memory of the TiNi composition (¢ 
Nitinol-55 by the “authors). One America: 
has shown how this property can be used to 
an elaborate radio aerial assembly from a } 
TiNi wire, crumple this into a compact ball a 
return it to its original shape by warming through 
martensitic range: this technique can be applied. te 

satellite aerials. se ae 

The very high damping should also have applicatic Moa 
in submarine design and noisy machines, for example, - 
The damping is as high as in the new Cu-Mn alloy 

recently developed in Britain (R. J. Goodwin, Metal 
Sci. J.,2, 121; 1968) and the other mechanical proper- 
ties are pr obably better for uses requiring high 
strength. | 

The mechanism of the mechanical memory is still 
uncertain. R. de Lange and J. A. Zi jderveld, in an 
intriguing paper (J. Appl. Physics, 39, 2195; 1968), 
offer some X-ray texture measurements in connexion 
with the martensitic transformation, and suggest that 
the predominant orientation of individual martensite 
plates is altered by an applied stress, and that the 
amount and sign of shape restoration on reheating will 
depend on the degree of such preferred martensite 
orientation. The matter can hardly be so simple, 
however, because a study of electrical resistivity by 
F. E. Wang (J. Appl. Physics, 39, 2166; 1968) shows 
that the physical characteristics of the transformation 
are substantially altered by the application of stress, 
and the Dutch workers themselves showed that the 
amount of transformation is altered by applying a stress. 
Whatever the transformation mechanism, there is no 
doubt that the memory effect, by permitting the design 
of self-erectile structures, as the Americans term them, 
will be of great value. TiNi is the only alloy which 
behaves like this in polycrystalline form, though some 
other alloys (InT], AuCd) have mechanical memory 
when in single er ystal form. 

Buehler and Wang’s recent paper appears in Ocean 
Engineering because they believe that self-erectile 
structures have a range of applications in underwater 
operations, and a page of their paper is devoted to a 
discussion of this. The editor-in-chief of the new 
journal, Dr A. A. Johnson, is a metallurgist, and it is 
evident from the editorial that a good deal of the 
periodical will be devoted to materials of importance 
in underwater engmeering. 





Investigation of Magnetic Structure and Dynamics 
in Solids with Neutron Beams 


by 
G. G. LOW 


Atomic Energy Research Establishment, 
Harwell, Berkshire 


Derse the past 20 years, the building of powerful 
nuclear reactors has provided physicists and chemists 
with an extremely important tool for investigating 
aggregated matter. The scattering of a beam of thermal 


Techniques involving neutron scattering allow the internal structure 
and dynamics of magnetic materials to be examined with a degree of 
experimental definition unobtainable by other methods. 


neutrons from a solid or liquid sample can give un- 
ambiguous and detailed knowledge of the structural and 
dynamical properties of the specimen material. The use 
of neutrons in this way depends, of course, on their wave- 
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like properties; the wavelength associated with a neutron 
is A=h/mv where m and v are the mass and velocity of 
the neutron and k is Planck’s constant. The investigation 
of crystal structures by neutron scattering closely parallels 
the methods of X-ray diffraction and is similarly based on 
Bragg’s law, n= 2d sin. This relates the interplanar 
spacing d of a crystal to 4 and the angle 20 through 
which the radiation is constructively scattered to form an 
intense reflexion (n is any integer). In circumstances where 
light atoms are to be detected in the presence of heavy 
atoms, or atoms of neighbouring atomic number are to 
be distinguished from one another, neutrons usually offer 
substantial advantages over X-rays, as a result of their 
having different scattering properties. Moreover, because 
of the absence from the neutron experiments of certain 
complicating effects present with X-rays (form factors 
and Compton scattering), neutron structural determina- 
tions can be more accurate. Neutron beam measurements 
are expensive, however, and the use of neutron diffraction 
in investigations of crystal structures is warranted only 
when one of the features indicated here is of particular 
importance. 
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Fig. 1. Schematic diagrams of Bragg scattering. 


One of the two real fortes of the neutron beam method 
is the ability to map out magnetic structures on an atomic 
scale. This opens up the whole field of magnetism in 
solids to penetrating experimental exploration and has 
made this subject in recent years one of the most exciting 
im solid state physics. The investigation of magnetic 
structures is possible because, m addition to scattering by 
atomic nuclei, the neutron suffers an interaction through 
its magnetic moment. with magnetism in the experimental 
sample. The second feature of great importance in neutron 
scattering is the fact that neutrons with a wavelength of 
atomic dimensions possess an energy dmv? = $h?/m)? which 
is of the same order of magnitude as the energy of a 
thermal excitation in a solid or liquid. This means that 
it is possible for a neutron to undergo large fractional 
changes in its energy, on seattering from a thermally 
excited sample, and that accurate measurement of these 
changes is possible, resulting in explicit and detailed 
knowledge of the microscopic dynamical properties of the 
experimental material: again the information gained 
usually cannot be obtained by any other technique and 
the neutron method is making an enormous impact in the 
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fields of liquid and solid state dynamics. The application 
of neutron beams to magnetic structure determination 
and to measurement of the dynamics of magnetism in 
solids form the principal themes of this article. 

The beam intensities necessary in all but the simplest 
of experiments are available only at thermal reactors of 
fairly high power (say, between 5 and 50 MW). The 
beams are obtained from a tube which extends from the 
measuring apparatus, through the reactor radiation shield 
and into the moderator material surrounding the core of 
nuclear fuel. In the moderator region the energies of the 
fission neutrons are reduced by collision with atoms: 
approximate thermal equilibrium between the gas of 
neutrons and the moderator material is achieved in this 
way and the thermalized neutrons which appear in the 
beam tube have a Maxwell distribution of velocities. The 
first task of the apparatus outside the reactor is usually 
to select, out of the Maxwell spectrum, that narrow 
velocity range of neutrons which forms the incident radia- 
tion in the beam experiment. This selection is carried out 
ather by diffraction in a large single crystal of a suitable 
material or by time-of-flight techniques where the basic 
principle is that of the phased “green wave” traffic-light 
system, the traffic lights being replaced by mechanical 
shutters for neutron control. The approximately mono- 
energetic beam of neutrons produced by velocity selection 
is allowed to fall on to the experimental sample and the 
scattered intensity is examined. In determinations of 
crystal and magnetic structures, careful measurements 
are made of the intensity in the Bragg peaks which are 
sharply localized in angular position relative to the sample. 
In measurements on the dynamics of materials the 
neutrons are inelastically scattered over a wide range of 
solid angle. An experiment usually involves the collection 
of data at a number of angles, at each of which the spec- 
trum of energy exchanges with the sample is found from 
an energy analysis of the scattered neutrons. 


Magnetic Scattering and Mapping of Magnetic Structure 

Fig. la is a diagram representing schematically reflexion 
of neutrons from a set of Bragg planes in a crystal. The 
magnetic scattering results from the neutron experiencing 
a change in its magnetic potential energy y S„.B as it 
approaches the planes of magnetice atoms. (S, and y are 
the spin and gyromagnetic ratio of the neutron and B the 
magnetic induction due to the atoms.) The cross-section 
per atom is proportional to {u f(n)? where u is the mag- 
netic moment associated with an atom and fi») is a form 
factor dependent on the distribution of this moment 
around the lattice site. r is just the index in the Bragg 
equation, ni= 2d sm9, and fin) can be regarded as the 
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Y., J. Phys. See. Janan, 17, supplement B-III, 1; 1962). 






“NATURE, VOL. 219. AUGUST 31. 1968 
nth Fourier coefficient giving the distribution of the atomic 
magnetic moment u in space. Clearly, measurement of the 
Bragg intensities corresponding to magnetic scattering 
will yield values for f(n). Fourier summation of the 
series f(n) over all possible reflexions then gives the 
distribution of u in space. It is often convenient to plot 
this information in the form of a contour map, and such a 
map showing the distribution of spin magnetic moment 
_ density around the atoms in ferromagnetic iron is given 
.. in Fig. 2. Corresponding plots for non-metals have 
recently been made which show spin transferred on to 
“filled shell” ions, giving information on the degree of 
eovalence present in nominally ionic compounds. 
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Diffraction a G. B, Bacon, by courtesy of the author and the Clarendon 
ress 


This discussion assumes that all the atoms in the 
scattering sample have magnetic moments of similar 
- magnitude p oriented in the same direction, at least within 
a magnetic domain. This is the description of a ferro- 
magnet, common examples being the magnetic metals 
iron, cobalt and nickel. Such materials have pronounced 
macroscopic magnetic properties which have been recog- 
nized since historical times. A great deal of the importance 
of neutron measurements of magnetic structure stems 
from the possibility of obtaining unambiguous information 
on more complex magnetic systems, often without strong 
macroscopic magnetic characteristics, whose precise 
nature could previously only be guessed at. Well known 
examples of such materials are the antiferromagnetic 
transition metal oxides and fluorides such as MnO, NiO, 
MnF,, FeF, and the ferromagnetic spinels (ferrites) and 
garnets used in modern electronic solid state devices. 

A simple example of an antiferromagnetic system is 
shown schematically in Fig. 1b. Instead of the situation 
of Fig. la where all the atomic magnetic moments u are 
aligned in the same direction, we now have alternate 
planes of moments aligned antiparallel. Because the 
magnetic scattering power depends on y S,,.B, it alternates 
in sign from plane to plane of atoms and constructive 
interference in the scattering now occurs not for nA= 2d 
sin§, but for nA= 4d sin8: from a magnetic point of view, 
the repeat distance in a direction normal to the planes is 
2d in the antiferromagnet. The existence of such systems, 
first inferred by Professor Néel in 1932, was directly 





















demonstrated by early neutron diffraction ex] 
Fig. 3 shows neutron diffraction patterns — 
obtained by Shull and Smart in 1949 for tw 
tures. The plot for room temperature sho 
defined scattering intensities resulting fron 
nuclear effects only, as the atomic magnetic sp 
ordered at this temperature. Below 120° K t 
MnO order into an antiferromagnetic arrange 
the additional peaks of magnetic origin shown. 
upper plot appear. The large peak at about 6° of 6 
demonstrates the doubling of the repeat distance 
magnetic system, because this peak is the magne i. 
analogue of the nuclear reflexion at 6~ 12° (4 is fixed ino 
these measurements and dmag/dauc= 8INDauc/SINO mag = 2). 
Fig. 4 shows the magnetic structure for MnO deduced 
from neutron diffraction. 
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Fig. 4. Magnetic spin structure in MnO. The circles indicate oxygen 

atom sites and the arrows the magnetic Mn atoms. A and B show two 

sheets of opposed spins in the antiferromagnetic structure (reproduced 

from Neutron Diffraction in Chemistry by G. E. Bacon, by courtesy of 
the author and Pergamon Press). 


Subsequent neutron diffraction experiments have re- 
vealed a large range of complex and curious magnetic 
structures. Of particular interest are the magnetic 
arrangements in the rare earth metals. Many of these 
metals exhibit several different magnetic structures as 
their temperature is varied. The arrangements that have 
been found in the heavy rare earth metals are indicated 
schematically in Fig. 5. Dysprosium was one of the first 
of these materials to be investigated with neutrons and 
will serve as an example. It has been found that up te 
85° K Dy has the ferromagnetic structure of Fig. 5f. 
Between 85° and 178-5° K, the helical antiferromagnetiec 
structure of Fig. 5e exists and above the 1785° K the 
atomic magnetic moments disorder. 

These changes can be inferred from neutron diffraction 
data of the type shown in Fig. 6 which were published by 
Wilkinson, Koehler, Wollan and Cable in 1961. The (002) 
reflexion indicated in the figure can be thought of as a 
reflexion of the same type as shown in Fig. la. Below 
85° K. when the system is ferromagnetic, it contains both 
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Fig. 5. Schematic representation of the magnetic structures of the 
heavy rare earth metals (reproduced from Koehler, W. C., J. Appl. 
Phys., 36, 1078; 1968). 


a nuclear and a magnetic component; above this tempera- 
ture only nuclear scattering contributes. In the anti- 
ferromagnetic temperature range (85°-178-5° K) two satel- 
lite peaks appear around the (002) peak (the (002-) and 
(002+) reflexions). These are quite analogous to the extra 
peak arising in connexion with MnO which demonstrates 
the doubling of the repeat distance in the crystal due to 
the presence of antiferromagnetism. For Dy, however, 
extra peaks do not appear at half the interval to the 
parent peak as for MnO, there being a much smaller 
separation between satellite and main reflexions. At 
85° K the separation is in fact about 0-074 of the full 
interval associated with the parent peak: this indicates 
a magnetic repeat distance in the erystal of about 
d/0-074~ 13-6 d or, in terms of Fig. 5e, a turn angle 
between planes of 261°. 


Studies of Magnetic Excitations 


The heat absorbed by a solid or liquid as its tempera- 
ture is raised from absolute zero is stored as thermal 
motion. In solids, and to a limited extent in liquids, it is 
characteristic of such motion that it may be regarded as 
a superposition of waves: it is frequently convenient to 
treat the thermal excitations as if they were particles 
with momentum related to wavelength by the usual 
de Broglie relation, p=h/i. The energy of each quasi- 
particle is related to the frequency of the wave by E =h, 
and for the excitations of interest for thermal properties, 
these quasi-particle energies are about equal to kT. The 
smallness of this quantity implies that individual quasi- 
particle effects cannot be observed in heat experiments, 
only exchange of energy with quanta of radiation—light, 
electrons or neutrons-—can be used. Distinct families of 
quasi-particles may be associated with each degree of 
freedom that carries thermal energy——phonons for vibra- 
tions of atoms, spin waves (magnons) for the magnetic 
system, and so on. 

The wavelengths of waves in a crystal are larger than 
but of the order of the erystal spacings—a few Angstrom 
units—and thus similar to the wavelengths of thermal 
neutrons. Quasi-particles and neutrons therefore have 
comparable momenta p and, because their energies are 
of the same order, kT, we may say that both systems 
correspond to particles with comparable “masses”. It 
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Fig. 6. a, Temperature variation for Dy of the Bragg peak intensities 
of the (002) reflexion and its satellites. b, Temperature variation of the 
interlayer turn angle in the helical arrangement shown in Fig. be 
{reproduced from Wilkinson, M. K., Koehler, W. C., Wollan, E. O., and 
Cable, J. W., J. Appl. Phys., 32, supplement 3, 488: 1981). 


turns out, moreover, that the scattering of a neutron by 
a single quasi-particle is an event of fairly high prob- 
ability so that such interactions may be studied experi- 
mentally and used to determine the characteristics of the 
quasi-particles. Because of the rough match in “mass” 
between the interacting systems, the experiments yield 
precise and detailed results unobtainable by other 
means. 

Experiments which illustrate this discussion rather 
clearly have been carried out by Lowde and Stringfellow 
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Fig. 7. Cut-off in angular spread of neutron intensity scattered by 
spin waves in ferromagnetic iron (reproduced by courtesy of M. 8. 
Stringfellow). 
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and others who have measured the scattering of neutrons 
by the magnetic excitations in ferromagnets—that is, by 
the quasi-particles usually known as ferromagnons. The 
experimental method assumes that, for the range of 
energy transfers involved in the measurements, the energy 
of a ferromagnon is proportional to the square of its 
momentum, just as it would be if it were a real particle. 
In the experiment a beam of thermal neutrons having the 
Maxwell distribution of velocities is directed at the ferro- 
magnetic sample. This is completely analogous to firing. 
with a range of incident velocities, balls of mass m (the 
neutrons) at a second set of stationary balls of mass M 
{the ferromagnons). If «=m/AJ> 1, a simple calculation 
of the billiard ball variety shows that deflexions of the 
balls of mass m take place out to a maximum angle ọ 
given by sinp=a-!. This result is independent of the 
velocity of the incident. balls so that the full flux of the 
Maxwell spectrum of neutron velocities may be used in 
an experiment to determine ọ and hence M, the “mass” 
of the ferromagnons. Results showing the cut-off of 
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Fig. 8. Relationship between energy and wave number for spin waves 

in antiferromagnetic Mnk, (reproduced from Low, G. G., Okazaki, A., 

Stevenson, R. W. H., and EROK ri K. €, J. Appl. Phys., 85, 998; 
1964). 











scattered intensity with angle obtamed on an iror 
at room temperature are shown in Fig. 7. * 
has lost its sharpness as a result of instrume 
but, by allowing for these in a careful analysis, an 
value of M may still be obtained. | 
The assumption made of proportionality bet 
energy and the square of the momentum of a fer 
is of limited validity. By sacrificing the high ¢ 
which results from the utilization of the full Ma a 
spectrum, and building a complex apparatus in which the- 
incident neutrons are approximately mono-energeti ie, = J 
arbitrary relationships between quasi-particle energy and 
momentum can be investigated. The apparatus must 
include means of velocity analysing the scattered neutrons, 
and the energy and momentum changes during scattering 
of the neutrons determined in this way can be directly 
equated with the energy and momentum of the quasi- 
particles. A plot of energy versus momentum may be 
built up leading to the “dispersion relation” of the quasi- = 
particle. Fig. 8 shows such a diagram giving the behaviour. - 
of antiferromagnons in Mnf, as found by Low, Okazaki, = 
Stevenson and Turberfield. Momentum is plotted along 
the horizontal axis and the two curves correspond too > 
antiferromagnon propagation in two different directions 
relative to the crystal axes. E 





Summary 


I have discussed a few of the experiments relating to 
magnetism in solids which have been made possible by 
the techniques of neutron scattering. The determination 
of internal structure of magnetic materials, including the 
observation of transfer of spin to nominally non-magnetic 
atoms, gives hitherto unattainable detail to test the ideas 
of theoretical chemistry. The thermal excitation of mter- 
acting electron spins sets up spin waves the properties of 
which, delineated by neutron experiments, must be ex- 
plained in terms of the theory of the electronic structure 
of solids. In other fields, not dealt with here, neutron 
measurements are of importance in determining the 
dynamics of atoms in solids and liquids, the vibrations of 
molecules in solution or in solids, and the nature of the 
phase transitions m ferroelectric and ferromagnetic sub- 
stances, and so on. In all these measurements the unique 
property of the neutron technique is that it unambiguously 
associates particular energies with particular spatial struc- 
tures, and thus provides a degree of experimental definition 
which presents a real challenge to those who would 
interpret theoretically the structure and thermal excita- 
tions of solids and liquids. 


Fur Seals from the Bering Sea breeding in California 
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THe northern fur seal (Callorhinus ursinus), the valuable 
“Alaska Seal” of commerce, has never been known to 
come ashore and reproduce anywhere in the world except 
on the Pribilofs and a few other islands in the Bering and 


A colony of northern fur seals has been found breeding on an island 
off California, and everyone hopes that this will not lead to its 
disappearance. 


Okhotsk Seas. In July this year we discovered a colony 
of approximately 100 individuals, including newborn 
pups, on San Miguel Island, 42 km off Point Conception, 
southern California. Five adult females bore tags or tag- 
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scars showing that they were born on American or Russian 
islands in the Bering Sea. Although in winter the Pribilof 
population disperses widely across the North Pacific as far 
south as Baja, California, and central Japan', only a few 
stragglers have ever been observed on land. 

The San Miguel colony consisted of one adult male, 
approximately sixty females, and forty young in natal 
pelage. The animals were approximately 10 m from the 
sea on a wide sandy beach at Adams Cove near the north- 
west tip of San Miguel Island (Fig. 1), surrounded by 
rookeries of California sea lions (Zalophus californianus). 
We readily identified them by distinctive vocalizations, 
coloration and shape of heads and foreflippers (Fig. 2). 
We estimated that some of the pups on San Miguel were 
several weeks old, although one had a 6 inch segment of 
umbilical cord attached, suggesting that he was only a 
few days old. Thus the pupping season may coincide 
with that on the Pribilof Islands*. 

We observed the colony for 2 days (July 20-21, 1968). 
Most of the females remained in a tight aggregation 
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through which the bull patrolled continually, sniffing 
and nuzzling them. Some pups were scattered through 
the group of females and were suckling, while others 
remained in a contiguous pod just inland from the 
adults. 

The fur seals interacted frequently with the numerous 
California sea lions around them. Female sea lions, some- 
times followed by their pups, often wandered near the 
fur seals but were kept out of the aggregation by threats 
from the bull as well as from female fur seals. Whenever 
a sea lion bull from an adjacent territory approached, 
both he and the fur seal bull exhibited components of the 
dissimilar territorial displays typical of the two genera‘, 
The threats usually ended when the sea lion retreated. 
Three times we saw mutual threats develop into fights 
in which the bulls delivered brief but vicious bites to 
each other's necks and flanks. Each time, the larger 
sea lion bull finally retreated. The fur seals devoted 
considerable time to warding off sea lions successfully. 
In contrast, the sea lions did not prevent fur seals from 








Fig. 1. 


of northern fur Most of the other innipeds on the beach are 


seals. 


did not mix freely with the sea lions, but instead remained in this single aggregation, 


A, The beach at Adams Cove, near the western end of San Myu Island off southern California, showing the newly Cuocweted ortuny 


rnia sea lions; afew e t seals are 
B, Telephoto view of the fur seals, same position as A. 
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Fig. 2, 
newborn pups. 


Close-up of the San Miguel fur seals, 


approaching and joining their groups; we observed 
several Callorhinus females in a nearby group of 
Zalophus. 


The fur seals exhibited a high degree of site tenacity. 
After we placed identifying tags on the foreflippers of 
pups and females (Permit 1968-4, Bureau of Commercial 


Fisheries, US Fish and Wildlife Service) the group 
reassembled at the original location within a few 
hours. 


The sex ratio of thirty-six pups we tagged was exactly 
1:1. The thirty-three adult females we examined and 
tagged all had white vibrissae, showing that they were 
older than 5 yr*. Five females bore tags or markings 
indicating their ages and birthplaces (Table 1). 


Table 1. TAGGED OR TAG-SCARRED NORTHERN FUR SEALS FOUND ON SAN 


MIGUEL ISLAND, JULY 20-21, 1 


Time and place of tagging 


Tagged at St Paul Island, Alaska, in 
August 1961 by the US Government 


Tagged at Bering Island, Commander 
Islands, in summer 1960 by the 
Russian Government 


Marked on the Pribilof Islands in 
either 1954, 1958 or 1962 


(4) Tip of right foreflipper sliced off* Marked on the Pribilof Islands in 
either 1956, 1960 or 1964 (probably 
not the latter, for animal's vib- 
rissae were white) 


Marked on the Pribilof Islands in 
either 1959 or 1963. 


Tag 
(1) “N-41314/Notify F and W Ser- 
vice, Seattle, Washington” 


(2) “E-2818/USSR “Tinro’ " 


(3) V-notch on right foreflipper* 


(5) Tip of left foreflipper sliced off* 


* Fur seals tagged on the Pribilof Islands are also “check marked” for 
study of the rate of tag loss. “Check marks” consist of small notches or 
otherirregularities placed on the foretlippers. The same markings are utilized 
phos. Me years; hence we cannot determine the age of these females more 
exactly. 


A discussion on July 23, 1968, with Mr Richard Headley, 
a commercial fisherman from Santa Barbara, California, 
suggests that there has been a fur seal seal colony on San 
Miguel Island for at least 3 yr. Mr Headley reports that 
from his boat he counted between eight and ten adults in 
1965, between fifteen and twenty adults and several pups 
in 1966, and about the same number in 1967. His descrip- 
tions of the fur seals identify them beyond doubt. 

Does the discovery of Callorhinus breeding on San 
Miguel Island signify the initial colonization or the re- 
establishment of the genus in California? During the 
nineteenth century, hundreds of thousands of fur seal 
skins were taken from California’*, but it is not certain 


In the centre is the large male or bull, on the left are some of the females, and on the right are 
The animals were easily recognized by their soping eee long hindflippers, and the light coloration on the underside of 
the females’ necks. 


whether these were Callorhinus, Arctocephalus (the 
southern fur seal), or both, because no museum specimens 
were collected. At present there is no conclusive evidence 
that Callorhinus ever bred anywhere but on the northern 
islands where they now live. In recent years, occasional 
northern fur seals have been found along the west coast 
of North America?, but most are thought to have been 
sick or injured individuals’. 

We do not know what conditions led Callorhinus to 
colonize or re-inhabit this southern island. Hubbs*® 
points out that San Miguel is unusual among California 
islands, for it is in the direct path of the cold California 
Current. Hundreds of other North Pacific islands, 
however, such as the Aleutians, probably provide similar 
conditions. It may be significant that the Adams Cove 
area of San Miguel also supports very large rookeries of 
Zalophus and Mirounga angustirostris, the northern 
elephant seal, and that it is not often visited by man. 

Many pinnipeds were exploited nearly to extinction by 
wholesale slaughter in the nineteenth century. With 
protection and isolation, some have gradually become 
re-established in the past few decades''-". We earnestly 
hope that the San Miguel colony of fur seals will be care- 
fully protected and studied. 

We thank C. A. Repenning and Blair Irvine for assist- 
ance; D. M. Robinson and his staff, US National Park 
Service, for transportation; and V. B. Scheffer, G. A. 
Bartholomew, C. L. Hubbs and R. Headley for criticism 
of the manuscript. 
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Molecular Pathology of Human Haemoglobin 
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THE screening of human blood samples in many parts of 
the world has led to the discovery of nearly a hundred 
different mutant haemoglobins':?. The recent construction 
of an atomic model of the haemoglobin molecule based on 
an X-ray analysis of high resolution®* opens the possibility 
of studying the stereochemical part played by the amino- 
acid residues which are replaced or deleted in each of 
these mutants. It may be objected that the model is of 
horse, not of human haemoglobin, but this should not 
matter, because the tertiary and quaternary structures of 
human and horse haemoglobin are indistinguishable at 
5-5 A resolution? and because most harmful replacements 
affect residues which are common to all mammalian 
haemoglobins of known sequence. 

Comparison of the amino-acid sequences of the haemo- 
globins and myoglobins of different species shows that only 
seven out of a total of more than 140 sites are always 
occupied by the same residue. There is no common pattern 
of ionized or polar residues on the surface of the molecules, 
but a total exclusion of polar residues from the interior. 
‘This expresses itself in a pattern of more than thirty sites 
where only non-polar residues oecur, suggesting that a 
mutation to a polar residue at any of these sites would 
make the tertiary structure unstable*. The g and 8-chains 
of mammalian haemoglobins each have a pattern of sites 
which are invariably occupied by the same residues. 
These include nearly all haem contacts and most contacts 
between subunits. Mutations at these sites would be 
hkely to affect respiratory function. These expectations 
are borne out by the results described here. 

We have drawn up tables relating clinical symptoms 
and abnormal properties to the alteration in structure 
which each mutation is likely to produce, and have illus- 
trated the relevant features of the haemoglobin molecule 
in a series of stereo-drawings. 

We first noted the position of each mutant residue in 
the atomic model. If it was external and played no special 
part in the structure, we put it down as a harmless replace- 
ment. If it was in a surface crevice, or internal, we 
replaced the normal side chain in the model by the mutant 
one and noted the probable stereochemical consequences. 
The positions of most of the harmful mutations are illus- 
trated in published stereo-drawings of the atomic model! 
and in the further drawings presented here. The drawings 
show the normal molecules; at this stage the alterations 
caused by the mutations can only be guessed. We also 
noted whether the altered residue was variable (V) or 
invariant (I) among the mammalian haemoglebins of 
known sequence and, if it was variable, whether vari- 
ability was restricted to either polar (Vp) or non-polar 
{ F») residues. Our notation of residues in the helical and 
non-helical segments is as in ref, 4. 


Replacement of Residues in Contact with the Haem 

Groups (Table | and Figs. | and 2) 

Replacements of non-polar contacts. Nearly all the sixty 
or sò interatomic contacts between the haem groups and 
the globin are non-polar and invariant, suggesting that 
each of the contacts is essential for the functions of the 
haemoglobin molecule’. This expectation is borne out by 


The haemoglobin molecule is insensitive to replacements of most 
amino-acid residues on its surface, but extremely sensitive to even 
quite small alterations of interna! 
those near the haems. 
and @-subunits affect respiratory function. 


non-polar contacts, especially 
Replacements at the contacts between a 


the extreme sensitivity of the system to small stereo- 
chemical changes. For example, in haemoglobin Torino 
the replacement of phenylalanine CD1 by valine removes 
only two of the CH groups which normally touch the 
haem group, yet the resultant gap makes the entire a-sub- 
unit unstable. In haemoglobins Sydney and Santa Ana, 
the removal of two methyl groups normally in contact 
with the haem group actually causes it to drop out. 
Haemoglobin Hammersmith is a particularly severe lesion, 
because the removal of the two CH groups of phenyl- 
alanine CD1 is accompanied by the introduction of the 
polar hydroxyl group of serine; this probably facilitates 
the entry of water into the haem pocket which causes the 
haem group to drop out??. 

Haemoglobin M Milwaukee is an interesting case of an 
internal valine being replaced by glutamic acid, the 
carboxyl group of which is in a position to form an ionic 
link with the iron atom, thereby stabilizing it in the ferrie 
form*?. 

Replacement of histidines. Stabilization of the iron atom 
in the ferric form is the common feature of all haemo- 
globins M. In haemoglobins Boston and Saskatoon this 
is a result of the replacement of the distal histidine??, and 
in haemoglobins Iwate and Hyde Park of the proximal 
histidine, by tyrosine. Insertion in the model of tyrosine 
in place of the distal histidine E7 shows that the phenolic 
oxygen comes to withm 2-2-5 A of the iron atom. The 
theoretical distance for an ionic link between ferrie iron 
and oxygen is 2:04 A, which suggests that such a link 
could be formed in haemoglobins Boston and Saskatoon. 
The short distance between the phenolic oxygen and the 
iron atom would leave no space for a ligand at the sixth 
coordination position of the iron atom. Combination of 
eyanide with the ferric form and of CO with the ferrous 
form (after reduction with dithionite) is nevertheless 
observed, but could take place only after the tyrosine has 
swung out of the way. In haemoglobins Iwate and Hyde 
Park the iron atoms are believed to be covalently linked 
to histidines E7 and to form ionic links with the phenolic 
oxygens of tyrosines F8; combination of the abnormal 
chains with hgands is not observed. The model shows 
that it would be more difficult for the tyrosines on the 
proximal side to swing out of the way in order to admit 
ligands. In haemoglobin. Zürich reversible combination 
with oxygen occurs despite the replacement of the distal 
histidine by arginine. The arginine side chain is 
too big to be accommodated in the haem pocket; it 
must therefore protrude at the surface, leaving the haem 
pocket empty. This suggests that the presence of a basic 
residue on the distal side of the iron atom may not be 
necessary for reversible combination with oxygen; pos- 
sibly it merely helps to keep the iron reduced. 


Replacements at Contacts between Subunits 


Residues at contacts between subunits are important 
because they may transmit the interactions on which the 
respiratory function of haemoglobin depends. Contacts 
between like subunits are tenuous and polar. Those 
between unlike ones are extensive and predominantly 
non-polar, and they are of two different kinds, named 
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a,8, and «,8, (Table 2 and Fig. 3 of ref. 4). In appro- 
priate conditions the haemoglobin tetramer dissociates 
into dimers and also into free « and §-chains. Chemical 
and crystallographic evidence suggests that dissociation 
into dimers takes place at the contacts 2,8, and a8), 
further splitting into free « and $-chains at the contacts 
xB and aba (ref. 23). 

The observed mutations all occur among residues which 
are invariant in mammalian haemoglobins and are there- 
fore likely to be functionally important. Altered proper- 
ties have been reported for seven of the twelve mutant 
haemoglobins listed in Table 2. 

Contact «,8, (Figs. 4-7 of ref. 4). Haemoglobin E is an 
interesting case of an instability resulting from disturbance 
of the pattern of hydrogen bonds in the neighbourhood of 
the «,8, contact. It involves replacement of glutamic 
acid B8(26)8 by lysine. Fig. 4 of ref. 4 shows that the 
glutamic acid lies in a strongly basic region and probably 
(in man) forms hydrogen bonds with histidines G188 and 
G198 (though the residue shown at G188 in the figure is 
arginine which replaces histidine in horse haemoglobin). 
There is also an arginine (B128) which is not directly 
connected with the glutamic acid and which makes a 
hydrogen bond with the main chain carbonvl of phenyl- 
alanine GH5a. Thereplacement of the neutralizing carboxyl 
group by a positive charged amino group would dis- 
rupt the system of hydrogen bonds just described, which 
contributes to the stability of the contact. This explains 
the observed displacement of mutant 8E-chains by normal 
GA-chains from «,48,8, and also suggests that haemoglobin 
E should show increased dissociation of «8 dimers to 
monomers, for the splitting of dimers takes place at the 
contact «,8, (refs. 4 and 23). A similar increase in the 
dissociation constant of dimers to monomers might be 
expected in haemoglobin Tacoma in which arginine B128 
is replaced by serine, and in haemoglobin New York in 
which a carboxyl group is introduced deep into a surface 
erevice near the contact «B Haemoglobin E shows 
normal haem—haem interaction even though its oxygen 
affinity is abnormally low**. The oxygen equilibrium 
curves of the other mutants at the «,8, contact do not 
seem to have been investigated as yet. It would be inter- 
esting to know whether haem—haem interaction is affected 
in any of them, or only in the substitutions at the aß 
contact described later, 

No clinical symptoms or abnormal properties have been 
reported for haemoglobin Chiapas in which proline GH2a 
is replaced by arginine. This is surprising because the 
replacement would be expected to impair the rigidity of 
the GH segment, and to lessen the stability of both the 
a-chain and the «,$, contact. 

In native haemoglobin A at pH 7-0, only the two 
cysteines F9(93)8 react with paramercuribenzoate (PMB); 
the other four cysteines are unreactive because they are 
buried in the contact œB, but they become reactive 
on treatment causing dissociation of the haemoglobin 
tetramer into free x and §8-chains!*, Attachment of 
PMB prevents reaggregation to the tetramer. In the 
recently discovered haemoglobin Philly, replacement of 
tyrosine C1(35)8 by phenylalanine causes all six cysteines 
to be reactive, so that after exposure for 30 min to a low 
concentration of PMB about half the haemoglobin 


obtained from a heterozygote was present in the form of | 


free æ and §-chains (personal communication from R. F. 
Rieder, F. A. Oski and J. B. Clegg). 

The tyrosine lies in the internal cavity of the tetramer 
and its hydroxy! group is hydrogen bonded to the carboxyl 
group of aspartic acid H9(126)2 at the contact x,8,. The 
side chain of the phenylalanine cannot make the hydrogen 
bond because it lacks the hydroxyl group, but is other- 
wise so similar to that of tyrosine that conformational 
changes are unlikely to accompany the replacement. 
The tipping of the equilibrium from tetramers to mono- 
mers must therefore be a result of the loss of one pair of 
hydrogen bonds which loosens the contacts 2,8, and 
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a. It is remarkable that this should cause haemoly 
anaemia by precipitation of the haemoglobin in the 
cell. = 

Contact «,8, (Fig. 8 of ref. 4). Diminished haem—ha 
interaction has been reported for all five replaceme 
the contact B, Haemoglobins Chesapeake and J 
town affect arginine FG4« which forms part of a_ 
crossing from the « to the 8-chain. Haernoglobins Y 
and Kempsey affect aspartic acid G1, the carboxy! g 
of which makes a hydrogen bond with the main è 
imino group of glutamic acid G38 and thus stabilizes the 
8-chain internally. Its replacement by histidine in 
haemoglobin Yakima would loosen that hydrogen 
bond, although it could still be made by one of the 
imidazole nitrogens, and introduces an additional 
non-polar contact with the «-chain (Table 2); the replace- 
ment by asparagine in haemoglobin Kempsey would also 
loosen the hydrogen bond, but it could leave the local 
pattern of interatomic contacts almost unchanged. The 
stereochemical changes that may be caused by haernoglo- 
bin Kansas are described in Table 1 and discussed later. 
The oxygen affinity is raised in haemoglobins Chesapeake, 
J Capetown, Yakima and Kempsey, but lowered in haemo- 
globin Kansas. Despite the diminished haem—haem mter- 
action all five haemoglobins exhibit a Bohr effect. From 
the point of view of respiratory function they are among 
the most interesting yet discovered because they offer an 
opportunity to study the separate factors influencing 
oxygen affinity, haem—haem interaction and the Bohr 
effect. They also demonstrate the importance of the con- 
tact 2,8, for the transmission of haem—haem interaction. 

Haemoglobin Kansas also throws light on the forces 
holding the subunits together, because it dissociates more 
easily into «8 dimers. In the oxy form its dissociation 
constant in 0-1 M phosphate buffer at pH 7-5 and 20° © 
is 2x 10-4 M compared with about 1-2 x 10-* M for haemo- 
globin Ats. This means that in a 1-3 per cent solution of 
haemoglobin Kansas half the molecules would be dissoci- 
ated into dimers, compared with about one thirteenth in 
a similar solution of haemoglobin A. In the contact up 
of oxyhaemoglobin A, the hydrogen bond between aspara- 
gine G48 and aspartic acid Gl« is one of more than 106 
interactions, all but one or two of which are non-polar. 
In the mutant the hydroxyl group of threonine, which 


of aspartic acid G16, so that the hydrogen bond stabilizing 
the contact between subunits in the wild type would be 
replaced in the mutant by another which stabilizes the 
8-chain internally. At this stage the presence of con- 
formational changes cannot be excluded, but we wonder, 
all the same, why the hydrogen bond in haemoglobin A 
should be so strong that its loss raises the dissociation 
constant by two orders of magnitude. 

One explanation is this. In the tetramer of haemoglobin 
A the hydrogen bond lies in an environment from which 
water is largely excluded, which would raise the bond 
energy by lowering the local dielectric constant. On 
dissociation into dimers the polar groups of both aspara- 
gine and aspartic acid would be exposed to water where 
the dielectric constant is high, so that each of the two 
polar groups would form only weak hydrogen bonds with 
water. 


Residues in General Positions (Table 3, Figs. 3 and 4) 

The mutations in general positions bring out several 
interesting points. Positions All and H8 are two of the 
internal sites which are occupied by non-polar residues 
in all globins*. The replacement of leucine Allg by 
arginine in haemoglobin Sogn does not introduce an 
internal polar group, because the guanidinium group can 
protrude from the surface, but it does remove some of the 
non-polar contacts between segment A and segments GAD 
and H. The appearance of free -chains suggests that this 
is sufficient to make the 8-chains unstable. 
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7 Torino 


8 M Boston 
M Iwate 





10 Bibba 


6, Hammersmith 


£ M Saskatoon 


Zürich 





$ M Milwaukee 


14 Sydney 


*Sinta Ana 


M Hyde Park 


6, Kölin 
f 


18 Kansas 





* Personal communication from J, Green, 


Residue 
No. Position From To ability 


43 


58 
87 


136 


42 


83 


63 


88 


92 


98 


102 


CDI 


E7 
F8 


H19 


CDI 


E7 


Eli 


Ell 


F4 


F8 


G4 


Replacement Yari- 


phe 


his 


lew 


phe 


his 


his 


val 


val 


leu 


his 


val 


aan 


val 


tyr 


tyr 


pro 


ger 


tyr 


arg 


gla 


ala 


pro 


tyr 


+ 


met 


thr 


‘Table 1, RESIDUES IN CONTACT WITH HAEM GROUPS _ 





Clinical 
symptome 


I Inclusion body 


I 


anaemia 


Cyanosis 


» Methaemo- 
tT} 


globinaemia 


Inclusion body 
anaemia 


Inclusion body 
anaemia: 
cyanosis 


Properties simi- 
lar to 
Boston 


Haemolytic in- 
chision body 
anaemia on 
treatment 
with sulphon- 
amides 


Properties simi- 
lar to Hb 
Boston 


Haemolytic an- 
aemia. In- 
clusion bodies 
formed on in- 
cubation of 
blood at 37° C 


Haemolytie an- 
aemia. Inclu- 
sion bodies in 
tiro after 
splenectomy 


Cyanosis. Met- 
haemoglobin- 
aemia 


Haemolytie an- 
semia. Inet- 
sion bodies iz 
vivo after 
splenectomy 


Cyanosis 


-Chain 


Abnormal 
properties 


Unstable at 50° C 


Difficult to reduce, a- 
Chains do not com- 
bine with O, 


Unstable at 50° C. Sep- 
arable by electro- 
phoresis at pH 8-6 


8-Chain 


Unstable at 50° CÇ, 
easily oxidized, then 
loses haem. Lower 
oxygen affinity 


Combines reversibly 
with O, but is more 
easily oxidized and 
precipitated 


Unstable at 50° C, 
Easily oxidized; loss 
of haem on heating 


No haem in 8-chain 


Difficult to reduce. f- 
Chains do not com- 
bine with O,. Un- 
stable 


Slightly increased + ve 
charge at pK &-6, 
suggesting a rise in 
the pK of a histidine. 
Abnormally high 
oxygen affinity in 
red cells 


Unstable at 50° C. De- 
creased oxygen aff- 
nity. Decreased 
Hill’s constant. 
Large Bohr effect. 
High rate of aut- 
oxidation. Oxyhae- 
moglobin dissociates 
into af dimers 


+ Unpublished results of R. W. Opfell, P. A. Lorkin and H. Lehmann. 





GLOSSARY FOR TABLES 


Bohr effect: dependence of the oxygen affinity on pH. 


Structural effects of 
replacement 


Substitution remeves the contact of the 
haem group with Ce and Cé¢ of phe, 
leaving a gap at the surface of the 
haem pocket, Cy, of val makes a 
short contact. with Cf of the phe 
D446) which would disturb the 
conformation of the CD segment 


Phenol group cf tyrosine probably 
forms ionie links with Fet, thus 
stabilizing it in the ferric state 


In addition to the effects described for 
Hb Boston, the haem group must be 
displaced towards helix E. X-ray 
studies show that Hb Iwate has a 
conformation similar to normal de- 
oxyhaemogiobin in both the reduced 
and oxidized states. A small confor- 
mational change occurs, but does not 
alter the erystal lattice* 


Substitution removes contact of Cd, 
with the kaem group and leads to un- 
folding of residues 136-8 of helix B, 
Should inhibit normal function of the 
a-chains 


Substitution removes the contact of 
the haem group with Ce and C: of 
phe, leaving a gap at the surface of 
the haem pocket, The presence of the 
hydrophilic OH opens the pocket to 
water 


The arginine side chain cannot be ac- 
commodated in the haem pocket, but 
must protrude at the surface leaving 
a large cavity at the ligand site of the 
iron atom 


COO- of gia forms a salt bridge with 
Fet and pushes the side chain of his 
E7 out of the haer pocket 


Breaks contact of the haem group with 
2 Cys of val. Loosens haem group 


Proline occurs at the amino-end of 
helix F and may not cause any 
change in the conformation of the 
main chain, but the replacement 
removes the contact of the haem 
group with Cy and Cô of leu. This 
opens a crevice on the proximal side 
into which water could enter 


See Hb M Iwate 


There are two possibilities. (a) The 
side chain of met could zo into an 
internal position by the haem group. 
This would displace the haem towards 
the distal histidine or cause a change 
in conformation of the FG corner. 
(6) The side chain of met could be 
external, which could happen only at 
the expense of a change in confor- 
mation of the FG corner 


Cy of thr probubly makes short contact 
with vinyl and methyl of pyrrol I, 
This would displace either the haem 
or helix G, Also asn G4 of chain fa 
normally forms a hydrogen bond 
with asp Gi cf chain a. This would 
be broken by the replacement, which 
should favour dissociation into af 
dimers 


Inclusion body anaemia: precipitated haemoglobin forms inclusion bodies in the red cell and shortens iis life span. 

Cyanosis: blue colour of skin due to deoxyhaemoglobin in the capillaries; can be due to the oxygen affinity of haemoglobin being too low, — 

Polyeythaemia: excess of red blood cells. Can be caused by stimulation of red cell production by shortage of oxygen in the tissues; for example, if the 
oxygen affinity of haemoglobin is too high. 

Splenomegaly: rapid destruction of red cells enlarges the spleen. ; ; , | 

Hill’s constants a measure cf the interaction between the four haem groups causing the sigmoid shape of the oxygen dissociation curve. 





JOL. 219. AUGUST 31. 1968 


THustration 


Fig. 1 of this 
article, and 
Fig. 2 of ref, 4 


Fig. 2 of ref, 4 


Fig. 2 of this 
article and 
Fig. 2 of ref. 4 


y) “8 i 
3 ga + 
t? t+ oF 
Fig. 2 of this 
article and 
Figs. 2 and 8 
of ref, 4 
LEJ BY oF 











NATURE. VOL 


. 219, AUGUST 31. 1968 


Table 2. RESIDUES AT CONTACTS BETWEEN SUBUSITS 














a-Chain ze 
. Residue Replace- eae 
Refer- Designation Posi- ment Vari- Clinical Abnormal properties Structural effects of replacement d 
ence No. tion From To ability symptoms in oxyhaemoglobin 7 
24 G Chinese 36 Bll glu gin I None None git Blla, makes contact with pro Fig 
H24,, but replacement of CO by 7 
NH, should not matter 
25, J Capetown 92 FG4 arg gin I Possibly mild High oxygen affinity; arg FG4a, is in Van der Waals con- 
26 polyeythaemia diminished haem- tact with arg C68,. In addition, 
haem interaction its guanidinium group may make 
a hydrogen bond with a recipient 
group in ĝe Replacement may 
interfere with structural transi- 
tion between oxy and deoxy forme 
27, Chesapeake 92 FG4 arg ieu I Polveythaemia High oxygen affinity: See Hb J Capetown 
28 diminished haem- 
haem interaction; 
normal Bohr effect 
29 Chiapas il+ GH2 pro arg 1 None None Would be expected to weaken GH Fig. 4 of ei 
corner and make a-chain and aly ref. 4 
contact less stable 
8-Chain 
30- E 26 BSR glu lys I None in hetero- Diminished affinity of Replacement of glu B&S, removes Fig. 4 ot af 
a2 zygotes. normal a-chains for one of the residues designed to ref, 4 | 
Mild haemo- these abnormal f- neutralize arg B12, introducing 
lytic anaemia chains. Diminished instead an extra + ve charge. This 
in homozy- oxygen affinity would disturb the hydrogen bond- 
gotes ing between the arginine and the i 
a, -chain Ea 
33 * Tacoma 30 BIZ arg ser I None reported Increased oxygen affi- Removes the hydrogen bond be- Fig. 4 of ayy. 
nity. Unstable at tween arg B122, and phe GH5a,, ref, 4 ae 
50° C thus weakening bonds between Ds 
a, and B, 5 
+ Philly 35 Ct tyr phe I Mild haemolytic Al six cysteinesreact Removes the hydrogen bond be- aiy 
anaemia, sple- with PMB. Un- tween tyr CIA, and asp H9a, thus 5 
nomegaly. stable at 50° C weakening bonds between o, and 
Inclusion bo- By 
ilies formed 
on incubation 
of blood with 
brilliant ere- 
svi blue 
34, Yakima 99 GI asp his I Polycythaemia Increased oxygen affi- The carboxyl group of asp Gf, nor- Pig. & of tliy 
35 nity; diminished maly forms a hydrogen bond ref. 4 
haem-haen inter- with NH of gin G3s,. It also 
action} normal touches Cy of val G3a,. The imi- 
Bohr effect dazole ring of histidine could still 
make the same hydrogen bond, 
though it would be weaker, and 
touch val GSo,. In addition it 
would make a new contact with 
36 Kempsey 99 GI asp asn I Polyeythaemia; Increased oxygen affi- Replacement of CO- by NH, would Fig. 8 of ayy o 
less severe nity; diminished weaken internal hydrogen bond ref, 4 
than in Hb haem-haem inter- and alter contact with val G3a, 
Yakima action: Bohr effect 
: : present i 
18 Kansas 102 G4 asn = thr I See Table 1 fishy 
37 New York 113 GI5 val giu I None reported No increased electro- Introduces a — ve charge deep in a iy fy 
phoretic mobility at surface crevice. Might cause re- 
pH $8, despite arrangement of arg B12, gin Bs 
extra — ve charge and his G19. Unchanged electro- 
phoretic mobility might be due to 
a rise in pK of his G19 
38 K Woolwich 132 HiO tys glu I None None Lys H106 is in a position to form a Bails 


* And personal communication from R. T, Jones. 


Haemoglobin Wien illustrates the disastrous effect of 
an internal polar group. The replacement of tyrosine H8 
by aspartic acid leads to haemolytic anaemia, even in the 
heterozygote. The absence of a change in electrophoretic 
mobility at pH 8-6 can hardly be a consequence of this 
aspartic acid residue remaining unionized, but suggests 
that an extra positive ion is created, accompanied by 
extensive conformational changes, by some mechanism 
such as suggested in Table 3. In haemoglobins Genova, 
Freiburg and Gun Hill the introduction of a proline into 
a helical region, or deletions of one or more residues, 
clearly have drastic effects on stability and function. 

Prolines can be accommodated in the first three positions 
of an «-helix, but in all others short contacts between the 
pyrrolidine ring and the next turn of the helix would 
force conformational changes. Accordingly the introduc- 
tion of a proline in position B108 must disrupt helix B. 
So would the deletion of valine B5 in haemoglobin Frei- 





hydrogen bond with the «-car- 
boxy] group of histidine H24 of 
the opposite f-chain in oxy, but 
not in deoxyhaemogiobin. In 
deoxvyhaemogiobin it may bind 
diphosphoglycerate. Its replace- 
ment by glutamic acid may affect 
the oxygen dissociation curve 


+ Personal communication from R. F. Rieder, F, A. Oskiand J. B. Clegg. 


burg, because it would bring glutamic acid B4, a strongly 
polar group, into an internal position. The deletion of 
five residues between positions 91 and 97 in haemoglobin 
Gun Hill would force drastic conformational changes m @ 
segment which is normally in contact with the haem group, 
and leads to loss of haem. 


External Replacements without Clinical Symptoms in 

Heterozygotes (Table 4) 

No abnormalities have been reported for most of the 
external replacements, but on structural grounds some 
of them are likely to impair the stability of the molecule. 
These, together with haemoglobins 8 and C, have been 
singled out for comment at the bottom of Table 4. 

Haemoglobin S has been the subject of many investiga- 
tions, including X-ray analysis and electron microscopy. 
The unit cell dimensions and the distribution of intensities 
of its oxy form are identical with those of oxyhaemoglobin 
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31, 1968 
Table 3. RESIDUES IN GENERAL POSITIONS 
a-Chain 
. Rae Residue Replace- 
Refer- Designation Posi- ment Vari- Clinical Abnormal properties Structural effects of replacement Ilustration 
ence No. tion From To ability symptoms 
89 Etobicoke 84 F5 ser arg I None reported Heat labile In Hb A the OH of serine F6 probably Fig, 4 
forms a hydrogen bond with CO of 
leu HIG. Substitution of arg would 
force a conformational change, either 
within helix F (short contact between 
Cy(arg) and OH (ser F2)), or by pris- 
ing helices F and G apart 
* Manitoba 102 G9 ser arg Ii None. Present Difficult to separate In central cavity, May introduce insta- 
only in small from Eb A by electro- bility through excess of + ve charges 
proportion phoresis at pH 8-6 in central cavity 
-Chain 
40 Tokuchi 2 NA? his tyr Y None reported Little evidence The imicazole ring of his 2 is probably 
external, Phe phenyl ring of tyrosine 
is more hydrophobic and is rarely 
found in external positions. The re- 
placement is likely to lead to a con- 
formationa! change in the NA seg- 
ment 
41 Sogn 14 All leu arg Va None Increased rate of dena- Removes contact of Cô, of leu All with Fig. 3 
turation at 58° ©, Cé+Ce of phe GH5 and of Cå, with 
Appearance of free Ce of phe GHL Also of C4, of leu All 
a-chains with Cå, and Cô, of len H4. Conld 
form salt-bridge with asp GH4 
42 Freiburg 23 BS val -~- Va Cyanosis High oxygen afinity Deletion would draw the carboxyl Fig, 4 
group of glu 22 (B4) into a crevice 
about 4 A below the protein surface, 
it would also remove the last turn of 
the B helix and disturb the conforma- 
tion of the AB corner 
43 Genova 25 B10 leu pre I Inchision body Heat labile at 50° Introduction of proline would disrupt 
haemolytic än- helix B 
acmia 
44 Gun Hil Deletion of 5 residues Haemolytic an- No haem in -chain Removes section of polypeptide chain Fig. 4 of this 
between 91 and 97 aemia which forms essential haem contacts paper and 
and contacts with a-subunits Fig. 8 of 
ref. 4 
tWien 130 H8 tyr asp Vn Haemolytic an- Unstable at 50° C. No In Hb A the phenyl ring of tyrosine is Fig, 3 
aemia increased electropho- internal; its hydroxyl emerges in a 
retic mobility at pH surface crevice near helix A, probably 
8:6 despite extra neg- forming a hydrogen bond with CO of 
ative charge val AS11136 
Its replacement by asp creates an in- 
ternal —ve charge which would be 
unstalde and draw a +ve charge 
near it. The absence of an increased 
electrophoretic mobility at pH 8-6 
suggests that a new + ve charge is 
created by a risein pK of a previously 
uncharged group. This could be the 
imidazole ef his NA2 or the a-amino 
group of val NAL. Either of these 
could be drawn in to neutralize asp 
HS at the expense of a displacement 
of helix A 
45 Hope 136 Hi4 giy asp I None Difficult to separate Could form salt bridge with a-amino 
from Hb A by electro- group of val NAI and by raising its 
phoresis at pH 8-6 pis produce a compensating charge 
46 Rainier 145 HC tyr his I Polyeythaemia Increased oxygen afi- Hb A the phenolic OH formsa hy- Fig. 4 


nity. Unusual TESIS- 
tance to alkali 


drogen bosd with CO of val FG5, and 
the phenyi ring acts as a spacer be- 
tween helix H and the FG segment. 
The imidazole ring is too short to 
make this bond but could instead 
form a hydrogen bond with CO of teu 
H19. While the former hydrogen 
bond wouki be broken by alkali, the 
latter might not 


* Unpublished results of J, H. Crookston, J. Goldstein, H. Lehmann and D., Beale. 
t Unpublished results of H. Pietschmann, P. A. Lorkin, H. Lehmann and H. Braunsteiner. 


A, which excludes conformational differences between the 
two proteins. Deoxyhaemoglobin § crystals have been 
obtained, but have not yet been examined by X-rays®5. 
Fig. 3 shows that the residue of glutamic acid which is 
replaced by valine in haemoglobin S lies at the surface of 
the A-helix. The insolubility of deoxyhaemoglobin S 
could therefore be explained without invoking con- 
formational differences between it and deoxyhaemo- 
globin A. A non-polar instead of a polar residue at a 
surface position would suffice to make each molecule 
adhere to a complementary site on a neighbouring one, 
that site being created by the conformational change 
from oxy to deoxyhaemoglobin. Its nature is still 
unknown, but it probably exists in both deoxvhaemo- 
globins S and A. Fig. 5 shows how the two-fold sym- 
metry axis which relates the two valines and the two 
complementary sites in each molecule could lead to 
the formation of long linear aggregates in homozygotes 
and how the presence of hybrid molecules in hetero- 


zygotes would cut these aggregates short. Linear aggre- 
gates of deoxyhaemoglobin S have been observed under 
the electron microscopes®5s, 

Table 4 ineludes mutations at ten “invariant” sites, 
but at only cne of these (CD58) does the model suggest 
any reason why the residue of the mutant (K Ibadan} 
might not serve as well as that of the wild type. Among 
the variable sites there is one (H48) normally restricted to 
non-polar residues where the replacement of valine by 
glutamic acid in haemoglobin Hofu might be harmful. 


Discussion 


The haemoglobin molecule is a model system for study- 
ing the effects of somatic mutations and species variations 
on the structure and function of a protein molecule. It 
appears to be insensitive to most replacements on its 
surface, except those which affect the solubility of either 
the oxy or deoxy form, and those which disrupt some 
essential contact between neighbouring segments of poly- 
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Figs. 1-4. Stereoscopic drawings of the atomic model of horse oxyhaemoglobin. g 
one is available from Stereomagniscope, Inc., 40-31 81 Street, New York. More elaborate ones are made ty €. F. 
Britannia Walk, London, N1, and by the Lansing Instrument Corporation, Lansing, Michigan, USA. A pair of eniari 
85 mm, mounted 70 mm apart between cardboard, is also adequate.) The main chains are drawn in bold lines and t 
Broken lines indicate hydrogen bonds. Hydrogen bonds within helices have been omitted from seme of the fi 
a-chaing are underlined; those belonging to the B-chains are not, The atomic positions in Figs. 1 and 2 are derived from ap 
those of Figs. 3 and 4 from Dr R. Diamond’s model building”? and Mr T. H. Gossling’s model drawing programmes, as describe 
the polar side chains on the surface of the 8-chain in Figs. 1-4, the only ones whose conformation emerges clearly frem the eles On de 
are lys E3, gix B2, B3 and B8, and asx GH4. Lys E10 and one and gin B4 ete clearin parts. The conformation of the remaining ones Ha 
rawn arbitrarily. -> 
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Figs. 1 and 2. 


near the surface, are shown. The interior contacts belonging to segments G and H are omitted. Dist 


Haem group with surrounding residues of the a and f-chains. Only the residues belonging to segments CD, E and F, whic 
ortions of the porphyrin ring in Fie. 2 h 


resulted because some of the atoms were obscured in the photographs used for making the drawing, so that their positions had to be 
The orientation of the vinyl groups is arbitrary. 
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Fig.3. Segments A, B, GH and H of the 8-chain. 
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The side chain of lys A5 has been omitted. The amino ends of helices A, B and H are stabilized 
by hydrogen bonds between the a-NH of residue 4 in the helix with the oxygen of serine Al, glx B1 and thr Hi respectively. Also the AB corner 


contains only one amide group which does not form part of either helix A or B. 
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Fig. 4. Segments F, FG, H and HC of the -chain. Note the single turn of a-helix between his F8 and his FG4. 


peptide chain. Certain external positions which have no 
special function and are variable in normal mammalian 
haemoglobins show a particularly high incidence of 
mutations, all of which seem to be harmless in hetero- 
zygotes. On the other hand, the molecule is extremely 
sensitive to even quite small alterations in the pattern of 
non-polar contacts, especially of those near to the haem 
groups. Such alterations decrease its stability, leading to 
precipitation of the haemoglobin in the red cell, and, in 
some cases, to loss of haem. Similar alterations in the 
pattern of non-polar contacts may be the cause of instabil- 
ity of essential enzymes in thermosensitive microbial 
mutants. The haemoglobin molecule appears to react 
to the introduction of a negatively charged carboxyl group 


into the non-polar interior of one of its subunits by a large 
conformational change which allows it to compensate 
the negative charge by a newly created positive one 
(haemoglobin Wien). So far, only two replacements of 
an internal non-polar residue by another have been 
reported (Köln and Sydney); there must be many others, 
still unknown, affecting the function and stability of the 
molecule. 

Replacements at contacts between « and B subunits may 
affect the oxygen affinity, haem—haem interaction, and the 
equilibrium between tetramers, dimers and monomers. 
Changes in oxygen affinity could be brought about by 
alterations in the relative stabilities of the oxy and deoxy 
forms; increased stability of the oxy form leading to a 


Table $. EXTERNAL REPLACEMENTS WITHOUT CLINICAL SYMPTOMS IN HETEROZYGOTES 


Residue Replace- Residue Replace- Residue Replace- 
Designation Posi- ment Vari- Designation Posi- ment Vari- Designation Posi- ment Vari- 
No. tion From To ability No. tion From Te ability No. tion From To ability 
a-Chain -Chain -Chain 

J Toronto & AS ala asp V S 6 AB giu val Yy Hijivams 120 GH3 lys glu Yp 
J Paris 12 A10 ala asp YV C 6 A3 glu lys V O Arab 121 GH4 glu lys V 
J Oxford 15 AIB gly asp YV G San Jose 7 A4 gilu giy = Vp D Panjat 121 GH4 giu gin Vv 
I 16 Al4 lys giu ? Siriraj 7 A4 giu lys V Hofu 126 Ha val giu Vu 
J Medellin 22 B3 gly asp V Porto Alegre 9 <A6 ser eys V 
Memphis 23 B4 giu gn V J Baltimore 16 A13 giy asp V Chain 
G Audhali 23 B4 glu val V D Bushman 16 Al giy arg ¥ E z S i i y 
L Ferrara 47 CDS asp giy I G Coushatta 22 B4 gu aa YV F Texas il a 49 ee ne Vv 
Hasharon 47 CD5 asp his I E Saskatoon 22 Bt gla lys V P Aleceedrt o Aa mme e y 
J Sardegna 50 CDS his asp I GTaiwan-Ami 25 B? gly arg Vn yp Hall ra 3 GHA ti J roe y 
Russ 5i CDO gly arg I G Galveston 43 CD2 gh ala Vp rae $ A Bt ES 
Shimonoseki 54 E3 gin arg Vp K Ibadan 46 CDS giy gh f -Chai 
Mexico 54 ES gin gju Vp G Copenhagen +47 CNS asp asn Vo ae 
Norfolk 57 Eð giy asp YV J Bangkok 56 D7 giy asp V A, Sphakia 2 NA? his arg V 
G Philadelphia 68 E17 asn lys V Dhofar 8 E2 pro arg Vn A,’ 16 A13 giy arg V 
Ube IT 68 EI? aan asp V N Seattle G1 HS ys gin } A, Flatbush 22 P4 ala glu V 
Stanleyville IT 78 EF7 asn Iys Y Hikari 81 Eb ys asn ë I A, Pabinga 136 Hl4 giy asp I 
G Norfolk 85 F8 asp asn Vr J Cambridge 69 #13 giy asp V 
Broussais 90 FG2 lys asn I C Harlem: 73 ET asp am V 
Dakar 112 GI9 his gin I G Korle-Bu : 30 variable, 6 invariant in 6+ y+é 
J Tongariki 1145 GH’ ala asp V J fran 77 EFI his asp Vp ‘Total: 45 variable, 12 invariant, 2 queries 
0 Indonesia 116 sH4 glu ivs Ve G Accra 79 EF3 asp asn I 

D Ibadan 87 EB thr lyg Vv 

15 variable, 6 invariant Agenogi 90 Fö glu lys I 
Oakridge 94 FGI asp «Asn ? 
N 95 FG2 Hys alu Yy 


Comments on some of the mutants listed above 


$ (sickle ceil) gives rise to severe haemolytic anaemia in homozygotes, because of diminished solubility of deoxyh 
non-polar for a polar side chain at the surface leads to filamentous aggregation of haemoglobin and to deformatien of 


(Fig. 3). 


aemogiobin S. Substitution of a large 


red celis in the absence of oxygent?-+* 


C, Mild haemolytic anaemia, in homozygotes, due to slightly diminished solubility of oxyhaemoglobin ©. Red cells are more rigid, 


(Fig. 3). 


a I, The electron density map shows the hydrocarbon chain of lysine Alda to bee 
_ This rigidity is probably due to both polar and non-polar contacts with 


to make the a-chain less stable®*, 


Hofu, Valine H48 lies in a surface crevices and makes non-polar contacts with leucine All 
by non-polar residues in all mammalian haemoglobins examined so far. Its replacement by glut 
K. Thadan, Glycine CD58 probably has a conformation which is forbidden for residues with 
would entail a conformational change in the CD region, which might make the j-e 


Loci where more than two different mutations occur in a, §, y 
function, and are variable in normal mammalian haemoglobins. 


Locus 


References to the abnormal haemoglobins listed here are given in refs. 1 and 2 exce 


of the authors and include thefollowing: Dakar(D. Labie and J. Rosa): F 
de Jong and L. F. Bernini). 


No. of mutations 


shin 5B eB 


side chains. 
hains less stable’. 
and 6-chains taken together are shown below. All these loci are external, without special 


# and phenylalanine GH5s. 
amie acid may make the j-chain less stable’ (Fig. 3), 
In that case its replacement by glutamic acid 


Splenomegaly**-*# 


extended and rigid, unlike the majority of lysines which are flexible. 
aspartic acid GH4a, Replacement of the lysine by ghitamie acid would be expected 


The position H4 is oceupied 


pt for those not yet published, which are mentioned by permission 
Alexandra (D. Loukopoulos, A. Kaltsoya and Ph. Fessas); A. Babinga (W.W. W. 
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Hb Nib A 
Fig. 5. Suggested scheme for linear aggregation of sickle cell haemo- 
globin, The top line shows from left to right: deoxyhaemoglobin 5 
which has two valines and two sites complementary to valine; deoxy- 
haemoglobin A which lacks the valines but has the complementary 
sites; oxyhaemoglobin S which has the valines but lacks the comple- 
mentary sites; and oxyhaemoglobin A which lacks both. The sign at 
the centre of each molecule marks the two-fold symmetry axis. The 
second line shows an aggregate of deoxyhaemoglobin S, made possible 
by two valines and two complementary sites related by a symmetry axis 
in each molecule, The third line shows an equimolar mixture of deoxy- 
haemoglobins S and A. Linear aggregates are terminated by hybrid 
molecules which lack the two-fold symmetry axis. Oxyhaemoglobin 8 
cannot form aggregates because it lacks the complementary sites. The 
entire scheme is based on the knowledge that oxy and deoxyhaemoglobin 
have different quaternary structures, but it requires no conformational 
differences between haemoglobins A and 5. The linear aggregates may, 
of course, take helical forms, 


rise and of the deoxy form to a drop in oxygen affinity. 
Haemoglobins Chesapeake and J Capetown should be 
examples of the former and haemoglobins Kansas and E 
of the latter. Changes in haem—haem interaction cannot 
yet be interpreted, because the mechanism is still un- 
known, although the complete absence of haem—haem 
interaction usually means that the change in quaternary 
structure which normally accompanies the reaction with 
ligands is inhibited. This might be happening in haemo- 
globin Yakima which has a Hill constant of 1-0. Studies 
of the equilibrium between tetramers and dimers in 
haemoglobin Kansas have shown that the loss of a single 
pair of hydrogen bonds among a multitude of non-polar 
interactions at the contacts «B, and aB may lead to a 
striking increase in the dissociation constant from tetra- 
mers to dimers (although the possible contribution of 
conformational changes cannot be excluded at this stage). 
Similarly the loss of a single pair of hydrogen bonds at 
the contacts «,8, and aB, in haemoglobin Philly favours 
the dissociation of tetramers to monomers. This confirms 
the prediction®® that dissociation into dimers occurs by 
splitting at the contacts «,8, and «,8,, while splitting inte 
monomers occurs at the contacts «,8, and «8, (Fig. 3 of 
ref. 4), 

The abnormal haemoglobins have been discovered 
either by population surveys using electrophoresis at pH 
8-6 or by examination of patients with clinical symptoms. 
Many mutations involving neutral residues, however, 
might be missed by these methods, and it has been esti- 
mated that as large a fraction as one in 600 of the popula- 
tion may carry a mutant haemoglobin®’. The number of 
different proteins in a human may be of the order of 
10-108, which makes it likely that each person carries 
many kinds of mutant proteins; however, the relative 
rarity of congenital disease suggests that deleterious 
mutations of most proteins are pathogenie only in homo- 
zygous but not in heterozygous form. The data presented 
here do not hold out any hope that the lesions in mutant. 
protein molecules could be repaired directly; repair at 
the genetic level, by transduction of a wild type gene, say, 
is imaginable but still Utopian. A less remote possibility 
might be the replacement of the organ producing the 
abnormal protein, for example of the bone marrow to 
replace the red blood cells. At present the only hope lies 
in preventing conception of homozygotes, or even of 
heterozygotes carrying strongly pathogenic mutations 
such as haemoglobin Wien or Freiburg. 


of the model shown in Figs. 3 and 4, Dr F.H. C. C 
critical discussion, and Mr B. K. Harvey, Miss C. A. Lo 
and Miss P. A. Snazle for technical assistance. 
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in males are heterochromatic, and they seem to carry “controlling 
centres’’ which affect both sex determination and various somatic 
characters. The euchromatic X chromosome may carry the struc- 
tural genes for testicular as well as ovarian determination, the 
former only functioning in the presence of a Y chromosome or 


suitable autosomal modifier. 


GENE dosage compensation in mammals results from the 
random inactivation of major X-linked gene loci on all 
but one X chromosome'-*. This inactivation is effected 
by facultative heterochromatinization of all X chromo- 
_ somes in excess of one In somatic cells and can be demon- 
strated cytologically by precocious condensation during 
prophase‘, late replication’ ® and sex chromatin formation 
during interphase’. In diploid cells the number of sex 
chromatin bodies correlates exactly with the number of 
late replicating X chromosomes and is one less than the 
total number of X chromosomes present in the cell. 

The Y chromosome in mammals is also late replicating 
and largely heterochromatic*, strongly male determining! 
and does not in any way affect the inactivation of excess 
X chromosomes. Thus a subject with 49,.XNXXY and 
one with 48,X XXX chromosomes both have three late 
replicating heterochromatic X chromosomes and three sex 
chromatin bodies. 

Evidence from a study of polyploids suggests that one 
morphologically normal euchromatic X is required to 
balance each pair of haploid sets of autosomes’. This 
suggests a carefully balanced system, and is supported by 
a study of females with ovarian dysgenesis who have 
a structurally abnormal X chromosome; for example, 
46,XXgi; 46.XXg—; 46.XXp—; 46.NXr. In each of 
these cases the random inactivation breaks down, and it 
is invariably the abnormal! X chromosome which becomes 
heterochromatic, late replicating and which forms the sex 
chromatin t, (The nomenclature used throughout this 
article is that recommended by the Chicago Conference!?.) 

This evidence suggests that one morphologically 
normal and fully active X chromosome is required to 
balance each diploid set of autosomes. Ohno! has shown 
that these facts apply to mammals like man and the 
mouse in which the X chromosome represents about 5 
per cent of the genome. Duplicate X chromosomes 
representing 10 per cent of the genome are found in the 
Eurasian hamster such as Cricetulus griseus. A triplicate 
type chromosome representing 15 per cent of the 
genome is found in Microtus oregoni, while a quad- 
ruplicate X chromosome representing 20 per cent of the 
genome is found in M. agrestis. In each case facultative 
heterochromatinization acts so that finally X chromosome 
material representing only 5 per cent of the genome 
remains euchromatic while the remainder becomes 
heterochromatic. This demonstrates that, for a cell to 
function adequately, X chromosome material representing 
approximately 5 per cent of the genome is required as 
euchromatin to carry and transmit the X-linked and 
mendelizing genes, while the remainder becomes hetero- 
chromatic and apparently inactive with respect to most 
major X-lmked gene loci'-*.}4, 

It must be remembered, however, that in most sex 
chromosome abnormalities which will be discussed, the 
amount of euchromatin remains constant and it is the 
amount of heterochromatin which varies (Table 1). I 
wish to consider here the effects of this heterochromatic 
material on three aspects of development in mammals, 
sex determination, stature and psychosocial development, 


Table 1. VARIABILITY OF SEX CEROMOSOME DERIVED HETEROCHROMATIN 


IN MAN AND ITS PHENOTYPES 


Sex chromosome Euchro- Hetero- 
constitution matin chromatin Phenotype 
46,42 X xX Normal female 
46 XF X Y Normal male 
iLAXXY x AY Klinefelter’s syndrome 
cae ©. ©. Oe X AXY si as 
40 YY XXY A AXXY Sterile male abnormal pheno- 
cage type 
454 x 0 Ovarian dysgenesis, short sta- 
ture 
i cae Xx AX Variable 
AZ t aA a“ ia PREC wis 
exe ss To ae dy i nesis } Short 
46.XXr x Xr i 2 J Beaune 
46.4109 — x Xq — Ovarian dysgenesis! ? Normal 
48, X pi x Api fon. i ii » stature 
46 X Fgi Xx Vai Female 


and I hope to show from the available data, especially 
where they relate to sex chromosome abnormalities in man, 
that, far from being inactive, the heterochromatic X and 
Y exercise a strong controlling function at least on these 
three aspects of development and to suggest how this 
control 1s brought about. 


Sex Determination 


Until recently sex determination in mammals was 
considered to have a similar mechanism to that demon- 
strated by Brdges™ for Drosophila in which sex is 
determined by a balance between the female determining 
factors on the X and the male determining factors on 
the autosomes. The Y chromosome in Drosophila is 
heterochromatic and required not for the determination 
of maleness but for the production of functional sperm- 
atozoa'—!", In this case, some form of switching mechan- 
ism must therefore exist so the inactive Y becomes 
“switched on” in the spermatids or spermatozoa only. In 
contrast the mammalian F chromosome jis a strong testis 
determinant, while in the absence of a Y chromosome an 
ovary is formed. The strength of this © Y effect” in man is 
illustrated by the observation that 47,X XY, 48, NXNY 
and 49,.X XX XY subjects are all male, whereas 45,X 
subjects are female. In the present context sex deter- 
mination will be taken to refer to the developmental 
pathway taken by the indifferent gonad, the presence of 
a Y chromosome causing testicular development and the 
absence of a Y resulting in ovarian development. 

The questions which stiil need to be answered are how 
the Y chromosome brings about the formation of a 
testis and what is the function of the second hetero- 
chromatic A chromosome, and much of this information 
can be derived from a study of various types of abnor- 
malities. For example, why are 39,X mice fertile females 
while 45,X humans are sterile females ? How are the XX 
males and X Y females in man to be accounted for ? What 
is the significance of the XO chromosome complement 
in the female of Microtus oregoni, and of the sterile XX 
male pseudohermaphredites in the domestic goat (Capra 
hirea) ? 

In man, 45,X females are almost invariably sterile girls 
with ovarian dysgenesis, short stature and often other som- 
atic anomalies. 45,X foetuses, however, have relatively 
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normal gonads containing germ cells in similar numbers 
to 46.XX foetuses at least up to the third month of 
gestation'’. After the third trimester the ovarian stromal 
tissue increases in 45,X relative to 46,XX ovaries}, 
Germ cells are, however, still present at birth and up to 
6 months post partum, although in considerably lower 
numbers than in normal ovaries (ref. 19 and personal 
communication from P. E. Polani). With rare exceptions 
all germ cells have disappeared by the time of puberty. 
Ohno! has suggested that this complete atresia results 
from a deficiency of follicle cells and failure of organization 
of the primordial follicles. The presence of follicles soon 
after birth, however, does not support this. These obser- 
vations do, however, make it quite clear that the loss of 
one X chromosome does not prevent the formation and 
migration of the primordial germ cells into the germinal 
ridge, nor does it prevent the organization of the germinal 
ridge into a functional ovary. Ovarian dysgenesis is 
also found in girls with structurally abnormal hetero- 
chromatic X chromosomes. This implies that the balance 
necessary for normal female development requires the 
presence of two normal X chromosomes. 

In the mouse, 39,X females are fertile, although a 
reduced litter size®* suggests that there may be fewer 
germ cells. There is no direct evidence for this and the 
reduced litter size could be due to resorption of 39,X or 
39.¥Y foetuses. In Microtus oregoni 17,X females are 
fertile. In this species, however, this is because of pre- 
directed nondisjunction so that only Y bearing and null- 
isomic sperm are produced by the male, while in the 
female nondisjunction results in the formation of an AX 
ovary'®, It is clear therefore that in most mammals 
both X chromosomes are necessary for normal ovarian 
development, although the mouse may be an exception 
to this. In the goat the pleiotropic autosomal dominant 
gene ‘‘polled’’ (P) (absence of horns) causes male pseudo- 
hermaphroditism and testicular development in homo- 
zygous (PP) females*':**.  Degenerating germ cells are 
observed in the testes up to 126 days gestation and these 
have completely disappeared by birth®®. The testes 
may be intra-abdominal, inguinal or scrotal in position**:*4 
and produce testosterone in normal male amounts. 
This is conclusive evidence of the somatic nature of sex 
decision, for in this case an autosomal gene results in the 
formation of a testis in genetic females despite the presence 
of an XX sex chromosome complement. This gene has, 
however, no effect on the formation or migration of the 
germ cells which are female, but despite their genotype 
they are unable to prevent the formation of a testis. 
These germ cells are also apparently unable to survive 
in a testicular environment. In man, similar autosomal 
modifiers could account for the rare XX males. AY 
females with testicular feminization also probably result 
from the action of an autosomal gene which makes the 
target tissues insensitive to testosterone. 

Usually, however, the presence of a Y chromosome 
results in the development of a testis or testicular struc- 
ture and as a result the development. of a male phenotype, 
while absence of the Y chromosome results in the develop- 
ment of an ovary and as a result a female phenotype. 
When, however, there is more than one X chromosome 
present as well as the Y, development is abnormal, 
due, presumably, not to an effect on testis determination 
which is mediated by the Y chromosome, but to an 
effect of additional X heterochromatin on the regulation 
of testicular development. An excess number of Y 
chromosomes with only one X does not, however, seem 
to affect sex determination or fertility®®. A further 
observation of interest is the rare individual with an 
isochromosome for the long arm of the Y chromosome”®. 
These are invariably female and this suggests that the 
male determining factors or controlling elements are 
present on the short arm of the Y chromosome. 

To summarize, therefore: the data I have outlined show 
clearly (1) that the act of sex decision is a simple deter- 














mination as to whether the indifferent gonad de: 
into a testis or ovary; {H) that this act is me 
through the somatic elements of the genital rid 
not through the gonia; (ii) that in normal co 
a Y chromosome is necessary for the developme bo j 
testis, but that under the influence of an auto 
modifier gene a testis can develop in the presence ¢ 
X chromosomes; and (iv) that only one X chroni 
is necessary for the determination of an ovary, ai 
the second X is necessary for its normal develo 
The facts suggest the following hypothesis: tl be 
act. of sex decision is the inhibition of cortical development. 
in the male, allowing the primary sex cords in the medulla 
to develop into a testis. In the female the medulla regresses 
while the cortex is stimulated allowing the secondary sex 
cords to develop into an ovary (Fig. 1). In the female, 
one X chromosome only is necessary for the determination 
of an ovary and this must therefore carry both the 
structural gene for cortical stimulation or medullary 
inhibition, and its operator. In the male i is suggested 
that the Y chromosome or some part of it acts as a 
“controlling centre” for the structural gene or its operator 
for medullary stimulation or cortical inhibition, and that 
this gene or its operator is situated elsewhere in the 
chromosome set other than on the Y chromosome itself. 
In the presence of a Y chromosome, or per haps the short 
arm of the Y, these become ‘switched on` and mediate 
the production of a “medullary stimulator’ or “cortical 
inhibitor”. It is also suggested that autosomal modifiers 
such as P in the goat and perhaps a a similar gene in the 
pig act in the same way as the “Y controlling centre” by 
switching on the male gene or its operator (Fig. 2). The 
most likely site for both the male and female structural 
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Fig. 1. Diagram to illustrate the proposed scheme for sex determination 
in mammals. M, Gene for medullary stimulation; F, gene for cortical 
stimulation; ©, controling elements on the X and Y: P, avtosomai 
gene or chromosome region controlling horn growth in the goat with 
apleiotropic effect on sex ip lal devateiar X, X chromosome, Y, F 
chromosome; A, autosome; S, suppression. Hatched « hramosomes are 
heterochromatic. Hatched areas in the ovary indicate functional 
follicles; solid areas indicate atretic follicles. Hatched circles in the 
testis indicate tubules with germ cells; open circles, tubules wilhouw? 

germ cells, 
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genes is on the X chromosome (as originally suggested 
by Polani*’), if we remember that the heteromorphic XY 
pair originally evolved from a homomorphic pair and 
that the two genes are likely to be situated fairly close 
to each other, particularly if the activity of one leads to 
suppression of the other. 

The finding of germ cells in 45,X ovaries with some 
follicular organization shows that only one X is necessary 
for the development of germ cells and their migration, 
and it may be that the action of the second X is to regulate 
the rate of atresia (Fig. 3). In normal ovaries germ cell 
atresia is a continuous process throughout gestation and 
post-natal life, so that by the time of puberty only a 
small proportion of the gonia remain to form ova®*. In the 
45,X state atresia is complete and no germ cells survive 
to puberty. The second X may also regulate oestrogen 
production by the ovary and abnormalities in this path- 
way may result in reduced amounts of oestrogen and 
hence sexual infantilism. The abnormalities in somatic 
development so often seen in 45,X females may result 
from rates of development which would normally be 
controlled by the second heterochromatic X. 

The degeneration of XX germ cells in the XX testes 
of the goat intersex may be a consequence of the wrong 
environment; that is, hormonal or absence of follicles or 
to an acceleration of the normal atretic process and the 
ineapability of an XX germ cell to perform successive 
mitotic divisions after reaching the gonial stage. 

In the male, increasing doses of “X-heterochromatin”’ 
im XXY, XXXY and XXXXY lead to imbalance, 
sterility and the abnormal male phenotypes observed. 
The sequence of events here is presumably mediation 
of testicular development by the Y chromosome, followed 
by abnormal regulation of steroid pathways resulting 
from the presence of excess X heterochromatin and 
leading to the abnormal phenotypes observed. 
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Fig. 2. Diagram to show the proposed mechanism by which an auto- 
somal gene acts by controlling the “medullary stimulating’ gene 
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genetic females in the goat (Capra hirea}. Key as in Fig. 1. 
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Stature 

Sex chromosome abnormalities affect the mean stature 
of each group of subjeets carrying a particular abnormal 
sex chromosome complement. Males who have 46,X Y 
are on average shorter than those with 47,XXY or 
48,4 XXY chromosome complements, while the 47,X YY 
and 48.XXYY subjects are on average considerably 
taller than any of the preceding groups***, The growth 
pattern of males with multiple X chromosomes may, 
however, differ from these with two Y chromosomes 
although the evidence for this is by no means complete. 
In general, the presence of multiple X chromosomes 
leads to a greater excess of limb than of trunk growth, 
while excess Y chromosomes seem to result in a greater 
than usual size throughout childhood?*:29, 

Females with 45,X; 46.XXqi; 46,.X Xp— and 46,X Xr 
as well as mixoploids with ovarian dysgenesis are in- 
variably of shorter stature than normal females and are 
frequently less than 5 feet tall“, This may be an effect 
of failure of proper growth regulation apparently at the 
peripheral tissue level resulting, perhaps, from a failure 
of these cells to respond to growth hormone, as a result 
of a breakdown in the regulation of the normal metabolic 
pathways controlled by the X-heterochromatin. An 
increase in X-heterochromatin alone, however, does not 
affect stature. This is shown by 47,XXX females who 
have a mean height similar to normal. Similarly, girls 
with ovarian dysgenesis and 46,X Xq —; 46,XXpi may 
have more nearly normal stature? although the numbers 
in this category are so low as to make this observation 
of doubtful significance. Assuming, however, that these 
observations are valid, they suggest that the ‘‘controlling 
centres for growth are present on the heterochromatic 
Y and the short arm of the heterochromatic X. Excess 
dosage of the X centres combined with a single Y centre 
leads to a greater excess of limb than of trunk growth, 
while excessive dosage of the Y centre alone leads to 
a greater than usual size throughout childhood. A com- 
bination of excess X and Y centres results in a large 
size with particularly long legs. 


Psychosocial Development 

The finding of an inereased frequency of males and 
females with sex chromosome abnormalities among mental 
hespital and mental deficiency institute populations is 
new well known, the increase being of the order of three 
to five-fold for males and two to five-fold for females 
when compared with the frequency in the newborn 
population and depending on the types of population 
studied, The greatest increase is found in the mentally 
deficient, epileptic and schizophrenic groups among 
the males, and mentally deficient and schizophrenic 
group among tbe females“. The commonest sex chromo- 
some abnormality among the males is 47,X XY while 
most females are 47,4 XX. Males with two Y chromo- 
somes were considered rare until the work of Casey*, 
and Jacobs and her colleagues”, who studied the sex 
chromosomes of males in three special security insti- 
tutions for the mentally subnormal criminal patients, 
two in England and one in Scotland. Casey% found 
twenty-one chromatin-positive males in 942 inmates, 
an incidence of 2-2 per cent, and of these, seven had 
48,4 X YY chromosomes. Jacobs et al. in a study of 
the chromosomes of 315 men in the Seottish State 
Institution at Carstairs found that nine had 47,X YY 
chromosomes, an incidence of 3-14 per cent. The behav- 
iour of these men with X YY sex chromosomes has been 
found to differ in a nu.cber of important respects from 
a control group with only one Y chromosome. In 
particular, in comparison with the control group they 
had a severe personality disorder, they displayed less 
violence against the person, they commenced their 
criminal activities, on an average, 5 years earlier than the 
controls, they had no significant family history of crime 
or mental illness and their criminal behaviour was resis- 
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tant to conventional forms of corrective training and 
treatment. In a recent summary of fifteen other 47.X Y Y 
males**, eight were identified in a hospital for the mentally 
subnormal or mentally diseased, one in an epileptic 
colony, three in penal institutes, one in a psychiatric 
clinic and one in a survey of the newborn. The one 
remaining patient was identified in a survey of patients 
receiving intra-arterial thorotrast. Fourteen of these 
subjects ranged in age from 13 to 62 years and eight 
had been convicted by the courts for what were largely 
petty offences. 

It is clear from all these data that excess X or Y 
ehromosome heterochromatin may lead to mental or 
psychotic disturbances and difficulties in adjustment to 
normal adult life. Hambert** considered that these 
disturbances resulted from sex chromosome imbalance 
in the cells of the cerebrum, and Maclean et al.** have 
suggested that this, combined with post-pubertal testi- 
cular atrophy, may account for the difficulties encoun- 
tered by the XXY males. Many of the AYY males 
have greater problems. The highest concentration of 
such males have been found in institutions for mentally 
subnormal subjects requiring special security. They are 
usually aggressive and frequently appear in court at an 
early age. Work of Court Brown et al.?*, however, suggests 
that this does not apply to all these males, and some 
may drift along on the edge of society until late in life 
before falling foul of the law. The problems faced by 
these men cannot be accounted for by testicular atrophy 
at puberty, for, so far as is known, the majority have 
normal testes and are fertile, and at least some are married 
and have children. 


The Control Mechanism 


The data reviewed here show that the abnormalities 
in the dose of sex chromosome-derived heterochromatin 
affect not only sex determination but also stature and 
psychosocial development. These somatic characters are 
quantitative and are usually thought to be controlled 
















by a number of genetic factors interaeting with 
environment. They are therefore characters re 
to effects of gene dosage and of a type which 
expected to be mediated or controlled by heteroe 
and there seems little doubt that imbalance in 
sex chromosome-derived heterochromatic block 
potential phenotypic disturbance of both these 
Abnormal mental development may also be affe 
testicular atrophy at puberty. This can, however 
apply to the multiple XY male. ee 

Abnormalities of growth regulation at the peripheral 
tissue level and failure of response to growth hormone 
account for short stature in the 45.X and other fem | 
with ovarian dysgenesis who are not usually mentally 
disturbed. It does, however, seem hkely that the prin- 
cipal cause of the phenotypic abnormalities is the presence 
of abnormal amounts of heterochromatin. How does 
this heterochromatin act? Commoner” has suggested 
that DNA in the chromosomes acts in two ways, first 
as a mediator of typical mendelian inheritance through 
the nucleotide sequence which makes up the genetic — 
code, and that this code relates to the production of 
specific proteins and is confined to the euchromatic 
chromosome regions. Second, DNA acts as a powerhil - . 
agent of nucleotide sequestration thereby giving rise to — 
genetic regulation of certain metabolic processes and | 
the genetic effect of heterochromatic DNA appears 
to be exclusively mediated through this system. Charac- 
ters which are considered to be controlled in this way 
include the determination of cell size, the total rate of 
oxidative metabolism and more specific regulation of 
metabolic pathways which are affected by free nucleotide 
concentration. The phenotypic effects of this nucleotide 
sequestration system are related to the total amounts 
of heterochromatic DNA and to the nucleotide compo- 
sition of the DNA synthesized during particular times in 
the development of the cell and are typically quanti- 
tative in contrast to the qualitative all or none effects 
of the mendelan euchromatic systems. 

Recently Cattanach and Isaacson” have reported on 
the existence of controlling elements in the heterochromatic 
X chromosome in the mouse, which controls the spread 
of gene inactivation to associated autosomal structural 
genes introduced into the X by translocation. In maize, 
McClintock**:* has identified elements which control and 
regulate the function of associated structural genes, 
switching them on and off at precise times in development 
and with precise frequencies. The system may be 
affected by dosage or changes of state of the controlling 
elements. The gene P (polled) in the goat is highly 
pleiotropic and variable in penetrance and expressivity 
in the homozygous state (PP), affecting not only sexual 
development in females®!-** but also sex ratio, litter 
size*? and fertility in homozygous males, and it may be 
that, like the tabby gene (Ta) in the mouse**-**, if should 
be considered as a short chromosome region rather than 
as a single gene. 

It is becoming clear that there are similarities between 
the control of position-effect variegation in Drosophila 
and the mouse and the mechanism of genetic instabilities 
in maize, At least one of the systems in maize, the Spm — 
type-element, can be independently located to the gene 
it controls and the control is affected by the dose of the 
controlling elements., In Drosophila and the mouse, 
control is mediated through heterochromatin while in 
maize this is probably so although direct cytological 
evidence is not available. In man the contro! of sex 
determination and the somatie characters discussed 
would seem to be mediated through the heterochromatic 
X and Y chromosomes and to be affected both by the 
dose of heterochromatin and interaction between elements 
on the X and F chromosomes. In the goat, if P repre- 
sents a short chromosome segment rather than a single 
locus, and if crossing over within this region is reduced 
or non-existent, then the failure to find any exceptional 
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(PP) horned intersexes?! would be explained. The iso- 
lation of such a short segment would lead to its total 
linkage with P which would thus become part of a short 
chromosome region with several functions. In single 
dose it controls only horn growth; im double dose it has 
a sex limited effect on gonad development. by acting as 
a “controlling element” for the male structural gene 


which is switched on and leads to the development of 


testes in an XX female. Also in double dose it affects 
male fertility, sex ratio and litter size. By analogy 
with the “controlling elements” on the Y chromosome, 
and with other species, it seems reasonable to su ggest. 
that this region is heterochromatic, and that it acts 
very much as the “controlling elements” in maize. the 
mouse and Drosophila. 

There is at present no evidence as to how these control- 
ling elements influence the phenotype, but the mechanism 
suggested by Commoner” would seem to fit. If so, 
these elements could control mRNA synthesis on the 
DNA template either by blocking the polynucleotides 
required for a particular mRNA or by bloekin g the 
action of mRNA polymerase. or the amino -acyl RNA 
synthetase, an enzyme essential for protein synthesis. 
If this is not an all or none effect but depends on the 
dose of the controlling agent, then a hypothesis is avail- 
able to account for the effect of varying doses of hetero- 
chromatin both on the germ line and soma. An alternative 
hypothesis expressed in more conventional terms would 
require de-condensation of the controlling elements, 
thus exposing the DNA template, at specifice times and in 
specifie cells, to the action of RNA-polymerase, so that 
appropriate mRNAs could be made. <A close control 
over the pulse length and amount of messenger produced 
might equally well exercise the type of quantitative 
control required. 

Control would presumably be limited to specifie cells 
and would require switching on for limited periods. For 
example, if the idea that both male and female structural 
genes are located on one X is correct. and the Y acts 
as a controller of the male structural gene, while the 
second X acts as a controller of events occurring after 
formation of the ovaries, such as rates of gonial atresia, 
FSH production and oestrogen synthesis, then imbalance 
in the dose of X-heterochromatin will affect subsequent, 
sexual development but not the type of gonad formed. 
Similarly, imbalance of the controlling elements in the 
cells of the cerebrum may lead to the suppression or 
reduction in amount of certain gene products resulting 


im various mental and psychotic disturbances. Stature 
is more complex and may be affected by both external 


and internal environment as well as genetic factors. 
There does, however, seem little doubt that controlling 
elements exist on the Y chromosome, which in double 


opment while in the absence of a Y chromosome an 
ovary is formed*?. The Y can therefore be said to exercise 
positive control over testis determination. Polysomic 
AY subjects have testes which develop abnormall y 
because of the presence of additional X-heterochromatin. 
Neither extra X nor Y chromosomes alone, however, 
seem to affect sex determination as both 47.XXX and 
47,.X VY subjects are relatively normal in this respect. 
On the other hand, the additional Y chromosomes affect 
both stature and mental development. This can be 
contrasted with the effects of three or even four NX 
chromosomes alone which have little effeet on height 
and a lesser effect on mental development, and suggests 
that there may be an interaction between X and Y 
controlling centres. 

In conelusion it can be stated that the second X and 
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the Y chromosomes act primarily through their hetero- 
chromatin as controlling elements for genes affecting 
sex determination and development and certain quanti- 
tative somatic characters. This regulatory effect is 
extremely strong, and results direct] y from the hetero- 
echromatinization of these chromosomes, which also 
serves to inactivate the major X-linked gene loei in the 
interests of dosage compensation in females. 

I thank Professor P. E. Polani for reading this manu- 
script and also Professor J. M. Tanner for some useful 
discussions. This work was supported by the Spasties 
Society. The studies on the goat referred to here were 
supported by the Agricultural Research Council. 

Note added in proof. Since this paper was submitted, 
the author has seen a paper by MceFeely et al.4? in which 
it is suggested that the X ehromosome carries homologous 
male determining genes which can be repressed or de- 
repressed, and that derepression occurs normally, in the 
presence of an active FY chromosome, 
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Light Induced Proton Gradient links Electron Transport 


and Phosphorylation 
by 
MARTIN SCHWARTZ 


Research institute for Advanced Studies, 
Martin Marietta Corporation, 
Baltimore, Maryland 


MitcHELL!:? has proposed that electron transport and 
phosphorylation (ATP synthesis) are coupled indirectly 
through an electrochemical potential of hydrogen ions 
(protons) and other ions built up across the biological 
membranes involved in electron transport, the electro- 
chemical gradient. in turn, being consumed in the forma- 
tion of ATP from ADP and inorganic phosphate. Special 
interest in this hypothesis arose when Jagendorf, Hind 
and co-workers*-> showed: (a) that on ilumination of 
isolated spinach chloroplast preparations, protons are 
pumped into the inner phases of chloroplasts, and (6) that 
an artificially established pH gradient induced by acid- 
base washing of chloroplasts could generate ATP in the 
dark. 

There are several critical tests of Mitchell's “chemi- 
osmotic’ hypothesis which have been emphasized by 
Jagendorf and Uribe! and by Karlish and Avron’. These 
are: (1) the ratio of protons (H*) translocated to elec- 
trons (e) transported (H*/e ratio) should be stoichiometric 
with the number of sites of energy conversion in the 
electron transport sequence; (2) the protons consumed 
from the gradient and the molecules of ATP synthesized 
(H?/ATP ratio) should show a stoichiometric ratio of one 
or two; and (3) a minimum “critical” electrochemical 
gradient across the chloroplast) membrane should be 
required before ATP can be formed. 

The experiments reported here were designed to test 
this hypothesis in relation to these criteria. They were 
performed with a rapid and sensitive pH detection tech- 
nique (response time of < 20 ms) in which spinach chloro- 
plasts were sedimented directly on a flat horizontal glass 
electrode membrane (supplied by Mr Thomas Jedreze- 
jewiez of Cornmg Glass Company). Amplification of the 
pH signal was accomplished with a high input impedance 
operational amplifier. The electronic instrumentation 
was designed by Mr George J. Johnson, jun., of RIAS. 
The details of the apparatus will be deseribed elsewhere. 

Spinach chloroplasts were prepared as described earlier’ 
except that the chloroplast preparations were washed 
twice m a sucrose~NaCl medium from which buffer was 
omitted. 

In a first approximation the light driven proton 
translocation in chloroplasts can be interpreted as the 
resultant of two antagonistic first order processes: a light 
driven proton uptake, and a dark proton excretion. 
Fig. | shows the time course for the light driven proton 
uptake by non-phosphorylating chloroplasts with methyl 
viologen as Hall oxidant® and also shows the time course 
of proton decay when the light is removed. A steady 
state proton gradient (AH*) is built up and maintained 
-in the hght because the rate of proton uptake equals the 
rate of proton decay. Thus the initial rate of proton 
decay (RB) when the light is removed can be used to 
compute the steady state rate of proton uptake in the 
light. Dark proton decay is first order with respect to 
the magnitude of the proton gradient. 








A rapid pH detection technique has provided quantitative evidence 
for the idea that the link between light driven electron transport and 
ATP synthesis is an electrochemical gradient resulting from the 
movement of ions across the membranes of chloroplasts. 






exper mnretnntti perannya iie aranana. aaeeea e e eaea ae eena angana eaae ny LEE 


smt pee gigi. 








INCREASING pH ——= 





—- ioe Semen BE COA AEA eee ee ees oa ie Re oe ee A 


ON 
Fig. 1. Light driven proton uptake and decay in chloroplasts. The 
reaction mixture contained 250 we chlorophyll total (a+b) in a final 
volume of @2 ml. The reaction mixture (pH 7-2) also contained 17-5 
mM NaCl, 10 mM potassium phosphate, 7-5 mM MgCl, and 50 uM 
methyl viologen. The reaction mixture was allowed to settle for 1) min 
(in darkness} on the flat surfaced pH sensitive glass membrane before 
illumination with saturating actinic Hight passing all wavelengths 
between 570 ma and 670 ma. The experiment was performed at 20° Cis 
air. The pH signal from the amplifier (500 mV/pH U} fe Nearly 
proportional to changes in hydrogen lon concentration within the pH 
range employed. The symbol #4 represents the initial proton decay from 
which the steady state rate of the light driven proton translocation ix 
calculated. i 














The symbol 4H* represents the magnitude of the steady 
state proton gradient established under conditions where the rate of 
proton uptake equals the rate of proton decay. 


It should be noted that because of the buffering action 
of the chloroplasts, there is a direct proportionality 
between the change in pH and the change in hydrogen 
ion concentration in all experiments reported here. This 
proportionality between changes in pH and changes in 
hydrogen ion concentration has already been emphasized 
by Izawa and Hind". 

To determine whether an obligate stoichiometry exists 
in chloroplasts between proton translocation and elect 
transport, I replaced methyl viologen with surta 
oxidants (NADP or ferricyanide) which release protons 
on reduction. With NADP as the Hill oxidant, one 
proton is released for two electrons transported 






light 
NADP++H,0 m » NADPH + H* + 1/2 O, 


With ferricyanide as oxidant, one proton is released for 
each electron transported 


oy = Soe o ligh Ba hesaeais o | 
2Fe(CN)F + H,O ———~+ 2Fe(CN)i- + 2H+ + 1/2 0, 


With either of these oxidants, the steady state rate of 
electron transport can be measured by following the 
acidification associated with the reduction of the oxidant, 
and the steady state rate of ght driven proton trans- 
location can be determined by measuring the initial rate 
of proton decay when the light is removed. 

As Fig. 2 shows, when a chloroplast suspension con- 
taining either NADP or ferricyanide is given continuous 
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illumination, there is a linear decrease in pH with time 
(Rxapp or Rpecy) after the initial increase in pH. This 
linear decrease in pH corresponds to the steady state rate 
of oxidant reduction which is superposed on the steady 
state proton translocation observed after the proton 


gradient (AH*) is filled. On darkening, the initial rate of 


the pH change (RE) shows a marked break in the trace. 
This initial rate of dark proton decay (RB) is equal to the 
steady state rate of light driven proton uptake by the 
chloroplasts. Thus the ratio of the slopes immediately 
before and after darkening provides a method for com- 
puting directly the H*/e ratio. Data obtained as in Fig. 2 
revealed an H+t/e stoichiometric ratio of 2+0-3 with 
either NADP or ferricyanide as oxidant. Previously, 
H*/e ratios of 2 were reported by Izawa and Hind”. 
Other laboratories have reported much higher H+ /e 
ratiog’: 12.12, 


Increasing pH--> 





Fig. 2. Ratio of light driven proton translocation to electron transport 
(Hitje ratio) in spinach chloroplast particles with NADP or ferricyanide 
as oxidants, The standard reaction mixture contained 160 ug chloro- 
phyll total (a and b) in a final volume of 0-2 mi. The reaction mixture 
also contained 30 mM NaCl and either (Fig. 2a) ferredoxin, trans- 
hydrogenase and 1-0 mM NADP ipH 7-4), or (Fig. 2b) 1-0 mM potassium 
ferricyanide (pH 6-8), The chioroplast containing reaction mixture was 
allowed to settle for 10 min on the flat surfaced pH sensitive membrane 
before illumination. Actinic light of intermediate intensity was obtained 
from a narrow band interference filter passing 650 my (5 my, 1/2 band). 
The experiments were performed in air at 20° C. The symbols Rwapp 
abd Ryrecn represent the light driven steady state rate of NADP reduc- 
tion and ferricyanide reduction, respectively. The symbol RË represents 
the steady state rate of light driven proton uptake as measured by the 
initial rate of proton decay when the actinic light is turned off. The 
symbol AH* represents the magnitude of the steady state proton 
gradients. The H*/e ratios are computed as shown in the figure. 


This H+/e ratio is also maintained in conditions in 
which electron transport is at least partially uncoupled 
from phosphorylation. As shown in Fig. 3, at pH 6-8 the 
uncoupler NHCl (at a concentration of 1 mM) doubles 
the rate of electron transport and suppresses the magni- 
tude of the proton gradient (AH*) by 75 per cent. Still, 
the ratio of the initial rate of the dark proton decay 
B eg) from which the hght driven proton translocation 
is computed to the steady state rate of electron transport 
(Recon) is unchanged, yielding H*+/e ratios approaching 2. 

The observation that two protons are translocated for 
the passage of a single electron through the photosynthetic 
reaction chain 1s compatible with two proton translocation 
sites in the electron transport sequence. It is probable 
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Fig. 3. 
without addition of the uncoupler, NHC The reaction mixture con- 
tained 100 ag chlorophyll total (a+) in a final volume of 0-2 ml, The 
reaction mixture (pH 6-8) also contained 17-5 mM NaCl, 10 mM potas- 
sium phosphate and 1-0 mM potassium ferricyanide. Other conditions 
were as described previously. High intensity actinic light (570 mu-670 
mys) was used in these experimenis. The trace in Fig. 36 was obtained 
by addition of 1-0 mM NH,C! ia concentration) to the control system 
rig. Ba). 


Comparison of H*/e ratio in spinach chloroplasta with and 


that a proton is translocated through the chloroplast 
membrane each time a quantum initiates electron trans- 
port in either of the two photoacts’-), The following 
results are consistent with the suggestion that a proton 
translocation site exists in each photoact. As noted 
earlier by Izawa and Hind™, when strong actinic light is 
suddenly admitted to a ehloroplast suspension a rapid 
transient alkaline gush can be observed. I have found 
that this alkaline gush follows the same kinetics as the 
reduction of the secondary reductant of photosystem IT 
(A) which is held responsible, for example, for the oxygen 
burst on the onset of illumination and the fluorescence 
rise as shown by Joliot! and Malkin and Kok". In 
saturating light. this transient is completed in approx- 
imately 0-2 s. It is observed only after several minutes 
of dark preincubation or after a brief preillumination with 
long wavelength hght which activates only system I and 
presumably oxidizes A. Furthermore, inhibitors of the 
O, evolving photosystem {system II) like the herbicide 
3(3,4-dichlorophenyl)-1.1-dimethylurea (DCMU) abolish 
this transient. These observations suggest that there is 
a site of proton translocation between the evolution of 
O, and the reduction of 4. The kinetics of this alkaline 
gush phenomenon will be presented in another report. 
Moreover, there must be another site for proton trans- 
location associated with the electron transport driven 
by system I, for Dilley and Vernon!! have shown that a 
preton gradient forms when appropriate electron donors 
for system I are used with chloroplasts. 

Crucial to the concept of relating the proton gradient 
to phosphorylation is the premise that the membrane 
gradient is the driving potential for phosphorylation and 
is consumed in its translation into the synthesis of ATP 
(ref, 6). Thus no ATP formation would be expected until 
the electrochemical potential of the gradient attains a 
eritical minimal value. In other words, in addition to 
finding a definite stoichiometric ratio between protons 
consumed from the gradient and ATP formed. one would 
expect a certain time lag needed for building this gradient 
before ATP formation occurs. Likewise, one would 
expect that in very weak light the rate of proton trans- 
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~“foeation would be insufficient for establishing this minimum 

< potential gradient required for ATP formation. 

- In order to investigate this aspect of the problem 
experimentally, I made use of the fact that at pH 8-0 
one proton is consumed irreversibly in the synthesis of 


ATP. 
ADP? + HPOJ + H>- ATP*-+H,0 


Thus ATP formation can be measured by following its 
associated alkalinization of the medium. As shown in 
Fig. 4, on strong continuous actinic illumination and with 
the phosphorylating components and methyl viclogen 
in the reaction mixture, the pH rises rapidly as in the 
absence of the complete phosphorylating system (ADP 
omitted). Rather than attaining a steady state value, 
however, as in the absence of the complete phosphoryl- 
_ ating system, the pH continues to increase linearly with 
>- time corresponding to the steady state rate of formation 
of ATP (Rarp). Also from Fig. 4 the concomitant build-up 
of the steady-state proton gradient under phosphorylating 
conditions (AH* app) can be estimated from the size of 
‘the reversible pH rise in excess of the net pH rise resulting 
from ATP synthesis. On darkening, the change of pH is 
o observed to reverse direction and the initial slope of the 
“light off” reaction (RB app) then represents all processes 
which were operating in the light, except for the hght 
driven proton translocation. The ratio of the slopes 
immediately before and after darkening thus provides a 















INCREASING pH 


Fig. 4. Light driven proton translocation in chloroplasts under 
phosphorylating and non-phosphorylating conditions, The reaction 
mixture contained in a final volume of 0-2 mi., 50 ug chlorophyll total 
(a+b); 17-5 mM NaCl: 7-5 mM MgCl,; 10 mM K phosphate; 50 uM 
methyl viologen and 1-5 mM ADP (Fig. 44). The non-phosphorylating 
system (Fig. 4b) did not contain ADP. Both reaction systems were 
adjusted to pH 8-0 with NaOH. The chloroplasts were allowed to 
settle for 10 min before actinic illumination. Under the phosphorylat- 
ing conditions (Fig. 4a), Rapp is proportional to the steady state rate of 
ATP formation; R ie app 18 the initial proton decay observed upon 


darkening. AH, app i8 proportional to the steady state magnitude of 
the proton gradient under phosphorylating conditions. Under the non- 
phosphorylating conditiors (Fig. 45), R g app {8 proportional to the steady 
state rate of proton translocation without concomitant ATP synthesis; 
and 4H | ,»p is proportional to the magnitude of the steady state proton 
gradient under non-phosphorylating conditions. These two experiments 
were obtained with the same high actinic intensity of 570-676 mu light. 
Temperature was 20° C. For further explanation, see text. 















method for computing the ratio between the mumber 
protons consumed and the number of ATP mol 
formed. : 

The rapid initial increase in pH observed in the time 
course of the pH rise under phosphorylating conditions — 
(Fig. 4a) is consistent with the concept that a build-up 
of the proton gradient precedes phosphorylation. This 
interpretation is strengthened by the study of the eff 
of light intensity on this system. The data m I 
show that below a critical actinic intensity Cort cry 
no ATP synthesis occurs although the proton gradient = 
is formed under both phosphorylating and non-phos- 
phorylating conditions. Above Ivritieas ATP synthesis 
is initiated and the steady state proton gradient under 
phosphorylating conditions now increases less markedly 
with increasing actinic intensity than the proton gradient 
under non-phosphorylating conditions. The compara- 
tive suppression of the proton gradient under phos- 
phorylating conditions can be interpreted as a reflexion 
of its consumption in the phosphorylation reaction. 

In Fig. 6 the initial rate of proton decay under phos- 














phorylating (RË pp) and non-phosphorylating (RE app) 
conditions is shown as a function of light intensity. These 





initial proton decay rates correspond to the proton 
gradients for the respective intensities shown in Fig. 6. 
Comparison between Figs. 5 and 6 shows that above Terjticat 
the initial rate of proton decay under phosphorylating 
conditions (Re app) is larger in comparison to the size of 





the respective steady state gradient (AH™, app) than the 
proton decay (RË app) attained under non-phosphorylating 
conditions. Also, the corrected rate of the initial proton 
decay under phosphorylating conditions (RB app On 
rected = RE appt Earr) shows a significant dispropor- 
tionate increase starting at Ieriticap the intensity at which 
ATP synthesis is initiated. This increase in the proton 
decay rate results from the concomitant ATP synthesis. 
As discussed earlier, using the ratio of the slopes im- 
mediately before and after darkening for computing 
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Fig. 5. Effect of light intensity on the steady state magnitude of the 
proton gradient under phosphorylating and non-phosphorylating con- 
ditions and the effect of light intensity on the rate of ATP synthesis, 
Reaction conditions as described in the legend to Fig. 4. The symbole 
AH; app and Rarp are also defined in the legend to Fig. 4. Lvitical 
is defined as the intensity below which ATP synthesis is not observed. 
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Fig, 6. Initial rate of proton deeay under phosphorylating and non- 
phosphorylating conditions. Reaction conditions as for Fig. 4a and b, 
The symbols RE ane and FR" app are defined in the legend to Fig. 4. 
The trace (RË app Corrected) is the computed value for the light 
induced steady state proton consumption under phosphorylating 
conditions (explained in text), Again, I mtesi represents the critical 
actinic intensity required for initiating ATP synthesis under the 
conditions of this experiment (see also Fig. 5). 


H*/ATP ratios, where 


Hy/ATP = Ptapp corrected _ RY app + Rare 
RATP Rarp 

I found that at high hght intensities H+/ATP ratios 
approach 2. An H+/ATP ratio of 2 and the H+/e ratio 
of 2 discussed earlier would correspond to an overall 
ATP/e ratio of 1 in chloroplasts. Only a few workers, 
notably Winget, Izawa and Good’, have so far defended 
such a high ATP/e ratio. 

in Fig. 7, the computed H*/ATP ratios are plotted as 
a function of the respective incident light intensities. At 
intensities above leritica the H*/ATP ratio approaches 2 
and remains constant with increasing intensities. Below 
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Fig. 7. Effect of actinic light intensity on H‘/ATP ratios. These ratios 
were computed from data taken from Figs. 5 and 6. 
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Teriticeat the H*+/ATP ratio increases and tends to infinity. 
This increase in the H+/ATP ratio with decreasing light 
intensities results from the intensity lag in ATP synthesis 
(Figs. 5 and 6) which is not paralleled by an intensity lag 
in the formation of the proton gradient (Fig. 5) or a lag 
in its concomitant decay in darkness (Fig. 6). 

A light intensity lag in ATP formation (Figs. 5 and 6) 
was observed earlier by Shen and Shen in their studies 
of photophosphorylation in chloroplasts. In other photo- 
phosphorylation studies Sakurai, Nishimura and Taka- 
miya? reported a time lag in ATP formation after the 
chloroplasts are illuminated. Both the intensity lag and 
the time lag are coherent with the hypothesis that the 
gradient of protons and other ions is the driving potential 
for phesphorylation, 

An additional correlation can be drawn between the 
proton gradient and the phosphorylation process. As 
shown in Fig. 8, when the rate of ATP synthesis (Rapp) is 
represented as a function of the proton gradient (AH yi ADP) 

z conditions, proportionality is 
observed between the rate of ATP synthesis and the size 
of the gradient in excess of the minimum gradient 
required for initiating phosphorylation. This propor- 
tionality strongly suggests that the rate of ATP synthesis 
is a function of the magnitude of the proton gradient in 
excess of the critical minimum gradient. 

These results obtained with a rapid pH detection tech- 
nique provide quantitative evidence supporting the hypo- 
thesis that the link between light driven electron transport 
and ATP synthesis is an electrochemical gradient estab- 
lished by the movement of hydrogen and other ions across 
the submicrescopic membranes of chloroplasts in accord 
with an earlier suggestion of Mitchell. In brief, the results 
point to the following. 

(1) Two protons are translocated for the passage of a 
single electron (H*/e=2) through the photosynthetic 
reaction sequence, a proton being translocated through 
the chloroplast membrane each time a quantum initiates 
electron transport in either of the two photoacts. 

(2) The proton gradient which is built up across the 
chloroplast membrane in the light needs to attain a 
certain critical value before it can drive ATP formation. 
Once (at high enough intensities) this minimum value is 
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Fig. 8. Correspondence between the rate of ATP aynthesis and the 
magnitude of the Ught induced steady state proton gradient. The 
symbols Rayp and AH $ app were defined in the legends to Figs. 4, 
Sand §. The symbol 4% p-critical represents the critical magnitude 
of the proton gradient required across the chloroplast membrane 
before ATP synthesis is initiated. The linearity between Rarp and 
AH PEA pp at values greater than AHipp-critical suggests that Rare 
is regulated by the size of the proton gradient in excess of AHS yp. 
critical, 
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attained, ATP is generated with a rate proportional to 
the potential in excess of this minimum gradient. 

(3) Once the critical potential gradient is established, 
two protons of the gradient are utihzed in the synthesis 
of one molecule of ATP (H*/ATP = 2), yielding an ATP/e 
ratio of | for photophosphorylation. 

I thank Mr G. A. Ebert for his excellent assistance 
and also Drs B. Kok and G. M. Cheniae for useful dis- 
cussions. 
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Silica Balance in the Ocean and Diagenesis 


by 
S. E. CALVERT 


Grant institute of Geology, 
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Mackenzie and Garrelst? have recently discussed the 
chemical mass balance between river and ocean waters 
and the control of the principal ion ratios in seawater by 
reactions involving alumino-silicates. They contended 
that most of the silica supplied to the ocean reacts with 
bicarbonate and cations to form reconstituted clay 
minerals, and that this ‘‘reverse-weathering” effectively 
maintains a low concentration level of silica in seawater. 

The low concentrations of silica in seawater compared 
with river waters have previously been ascribed to the 
activities of silica-secreting organisms*:*, especially the 
diatoms, radiolarians and sponges. The deposition of 
empty frustules, tests and spicules in bottom sediments 
would then constitute an effective extraction mechanism 
for oceanic silica. Pelagic sediments containing sub- 
stantial amounts of opaline silica are widely distributed 
in the Antarctic. the subarctic Pacifice and the equatorial 
Pacific and Indian Oceans*~’. 

An estimate of the quantity of silica removed from the 
ocean by biological agencies compared with the total 
amount supplied sets a limit to the process outlined by 
Mackenzie and Garrels. Harriss? has compared the 
supply of silica to the ocean with that removed by biologi- 
cal activities. These figures are revised and extended in 
Table 1. 

The amount of silica supplied by streams and submarine 
weathering to the ocean is taken from Harriss*. Volcanic 
silica supply has been estimated by assuming that, 


Table 1. OCEANIC SILICA BALANCE 
All figures are given as g SiO,/yr. 





Supply 
Streams" 4°3 x 10% 
Submarine weathering” M03 x 16" 
Submarine volcanism’ +7 0-0003 x 10% 
Removal 1:3303 x 10" 
A. Primary production 
From Harriss? O77 x10” 
From Lisitsyn e? al! R-16-1 x 19 
Corrected for solution af diatom tests isee text) 0-77-16] x 1034 
B. Deposition of siliceous sediments 
Antarctic** 3-0 x10" 
Pacific Subaretic? s 0-2 x 10% 
Equatorial Pacific’ ° 0-005 x10 
Bering Sea’ 010 xip 
Okhotsk Sea” 15 x 104 
Gulf of California’! O15 «10% 
3-605 x10 


Biological activity must control the concentration of silica in sea- 
water. Inorganic reactions involving the synthesis of silicates cannot 
be responsible. 


volume for volume, a similar proportion of silica is released 
from submarine effusives in the ocean? as that supplied 
to seawater during the eruption of the volcano Surtsey". 
The volume of Surtsey is given as | km” (personal com- 
munication from S. Thorarinsson). Rivers account for 
more than 99 per cent of the total silica supply from these 
three sources. 

Silica extraction from the ocean is estimated from 
plankton production (assuming diatoms to be responsible 
for most of the silica extraction) and the rates of sedi- 
mentation of siliceous oozes*. In the first case, the figures 
obtained from production do not represent silea perman- 
ently removed from the oceanic reservoir as assumed 
by Harriss*, but only fixed by diatoms in the euphotic 
zone. The thinner diatom frustules produced by species 
responsible for most of the production rapidly dissolve 
in the upper few hundred metres of the water column” >, 
The diatom assemblages in the bottom sediments are 
consequently quite different from those in the overlying 
waters'®, To estimate the silica permanently removed 
from these production estimates, it is necessary to sub- 
tract the amount which is recycled through the water 
column. From published datait a 100 to 1,000-fold 
reduction in diatom numbers in the upper few hundred 
metres of water is frequently observed. Allowing for the 
heavier silicification of the surviving diatoms, I have 
reduced the production figures given by Harriss? and 
Lisitsyn et al.“ by 100 times. 

Berger? has described some tn situ solution experiments 
on Radiolaria in the Pacific. Most of the solution occurs 
in the upper 250 m of the water column; very little 
solution occurs below 3.000 m. Although some Radiolaria 
do dissolve in seawater, causing a marked difference in 
faunal assemblages between sediments and water, Rato- 
laria are apparently not as unstable as diatoms. 

Rates of deposition of opalime silica in the ocean are 
derived from a knowledge of the area] extent of siliceous 
sediment accumulation, opal contents of the sediments 
and sediment accumulation rates? 18716,4031, 

The Antarctic belt of siliceous ooze accounts for 
approximately 80 per cent of the silica removal. Curcula- 
tion systems in the deep Atlantic and around Antarc- 
tica??-*4 maintain a constant supply of nutrient-rich 
water to the euphotic zone. Abyssal water flow in the 





920 


Pacific, from south to north”, produces nutrient concen- 
trations in the North Pacific more than double those at 
similar depths in the Atlantic®*. Upwelling of this deep 
water on a vast scale may account for the band of siliceous 
sediments in the subarctie Pacific which does not have a 
counterpart in the North Atlantic. 

Some small basins marginal to the deep Pacific account 
for a considerable amount of silica removal relative to 
their areal extent. This is explained by rates of sediment 
accumulation in these areas up to four orders of magnitude 
greater than those in the deep seal®.?7.18, 

The total amount of silica deposited in sediments as 
skeletons and tests is close to that supplied by continental 
drainage. The figures presented in Table 1 are minima, 
for certain areas of known silica accumulation (for example, 
the equatorial Indian Ocean, south-west African con- 
tinental margin) are omitted through lack of adequate 
data. This conclusion supports the views of Siever’, 
Krauskopf* and Harriss* that biological activity controls 
the concentration of silica in the sea. Moreover, the 
ocean appears to be in approximate steady state with 
respect to dissolved silica. The amount of silica removed 
by imorganic agencies must therefore be quite small. 
This is quite unsatisfactery in view of compelling argu- 
ments that most of the silica supplied to the ocean rapidly 
reacts with bicarbonate and cations to control the pH 
of seawater? and to account for the masses of silica and 
carbonate supplied to the ocean over geological time”*. 

Observations on the silica concentrations of waters at 
the mouth of the Mississippi River suggest that most 
of the dissolved silica supplied to the Gulf of Mexico is 
removed inorganically by absorption on suspended matter 
or by mineral synthesis. Schink** has pointed out, 
however, that the calculations of Bien et al.?? are incorrect; 
only 10-20 per cent of the silica can be removed in- 
organically. Furthermore, in the Columbia River plume 
off Washington’! and in the Amazon River plume off 
Brazil’? no inorganic removal of silica has been observed. 

Biological removal effectively buffers the concentration 
of silica in seawater and no case has been made for 
significant morganic removal of dissolved silica off large 
river mouths, so that it seems that the case for primary 
silica control in the ocean by silicate synthesis is weak. 
In order to meet the requirements of the chemical mass 
balance in the oceans':*, however, it is necessary to investi- 
gate silica uptake as a second stage process. The diagene- 
tic behaviour of silica is consequently more important m 
this connexion. 

The concentrations of dissolved silica in the inter- 
stitial waters of Recent sediments he in the range 3-81 
p.p.m. iQ, (ref. 33). The larger values, usually from 
diatomaceous sediments or from sediments underlying 
areas of high organic production, are close to equilibrium 
solubility levels, at 2°~3° C, with respect to amorphous 
silica", This implies that silica is released from organic 
skeletons within the sediments, the final concentration of 
silica, being governed by the balanee between siliceous 
and non-siliceous sediment supply. Siever et al.® con- 
eluded that there was no dominant range of silica values 
which suggested equilibrium with silicate minerals. 
Because the amount of clay mineral reconstitution 
required by Mackenzie and Garrels!* is quite small, this 
may well be the site of uptake of inorganie silica. Alter- 
natively, dissolved silica may escape into the overlying 
seawater during sediment compaction. 

In the interstitial waters of sediments from the South 
Pacific, dissolved silica concentrations range from 6-788 
p-p.m. SiO, (ref. 35). Most of the values are far in excess 
of the saturation levels for amorphous silica; these data 
remain puzzling. Nevertheless, Arrhenius? stated that. 
authigenic alumino-silicates occurred as overgrowths on 
siliceous skeletons and that chert laminae were present in 
phosphorite and in pelagic sediments which he interpreted 
as silica precipitation from saturated solutions. Further- 
more, Goodell: has briefly reported that a number of 
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silicates and quartz have developed authigenically in 
siliceous sediment from the Antarctic. 

In those sediments where silica values are close to 
saturation, dissolved silica and other nutrients must be 
released during compaction into the overlying waters. 
Silica gradients given by Siever et al.** are very irregular, 
some cores showing increasing concentrations with depth, 
some showing decreases with depth and others showing 
no systematic change. In those cores with less silica in 
the upper part compared with the lower part, dissolved 
silica must move upwards through the sediment®?. At 
some deep hydrographic stations in the Atlantic, Kocezy** 
observed a sharp increase in silica, phosphate and turbidity 
20-50 m above the bottom, followed by a sharp fall in 
these properties between these maxima and the sea floor. 
Schink** has also found a sharp increase in silica at the 
bottom of a deep hydrographic cast in the Pacific. These 
two intriguing observations have not unfortunately been 
pursued. 

In conclusion, it is elear from the data in Table 1 that 
biological activity controls the concentration of silica 
in seawater. Silica solution from opaline skeletons and 
tests produces interstitial water concentrations close to 
saturation. Inorganic reactions involving silicate synthesis 
cannot be the silica buffer m the ocean. Clay mineral recon- 
stitution is more probably a ‘second stage” or diagenetic 
reaction. For this purpose, further work on early sediment 
diagenesis and the fate of dissolved silica in interstitial 
waters is required before the important suggestions of 
Mackenzie and Garrels':*, Sillén?? and Garrels** can be fully 
assessed. 

I thank G. Y. Craig, N. B. Price and R. Siever for con- 
structive comments on the arguments presented here. 
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LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 


= Solar Corona at 
_ Centimetre Wavelengths 


DETAILED spectral information on the Sun in the range 
- of wavelengths from near 3 em to 21 cm was obtained on 
< November 12, 1966, when total solar eclipse measurements 
“were being made. Several observers, using accurate equip- 
- ment, reported the residual solar emission during totality, 
and these data were used in a discussion of the cm—wave- 
length solar corona. In order to have some uniformity in 
the analysis, we first established a smoothed total solar 
: flux speetrum for the period of November 11, 12 and 13 
~ (as shown by Kaufmann!). The residuals, in percentages, 
uncorrected for the active regions present in the solar 
disk, were then transformed into flux units and are shown 
in Table 1. 








Table 1. RESIDUAL SOLAR EMISSION DURING TOTALITY 


Residual 
Frequency Residual fux 
Author (GHZ) fper cent} x įg Symbol 
(W m Hz) 
Pistelli and Tofani* GF 6-0 18 A 
Ishitsuka* G4 i4 13 O 
Straka‘ aR I7 15 h 
Kaufmann et al ®t To &l 14 
Straka? io 4-0) 16 8 
Piatelli and Tofani’ 4-5 RO 12 A 
Piatelli and Tofani® 33 11-0 14 A 
Straka? 2-7 11-5 14 
Peralta and Peralta‘ 2:7 14:5 18 r] 
Straka’ 1-4 14-1 13 & 


The experimental results were obtained, or deduced, from works performed 
by the following groups: Arcetri Observatory, Italy’, Geophysical Institute 
of Perut, Air Force Cambridge Research Laboratories, USA’, Mackenzie 
University, Brazilit", and Institate of Radio Astronomy of the Argentine‘. 


The eclipse magnitude was nearly the same at all 
observing sites (two in Peru: Ishitsuka? and Straka‘; 
one in the Argentine: Peralta and Peralta‘; and one 
site in Brazil: Piatelli and Tofani® and Kaufmann ef 
al.*7). The disk of the Moon covered the solar chromo- 
sphere during totality, so that only coronal regions at 
distances greater than 1-023 solar radii (Ry) from the 
centre of the Sun*®, to which the residual fluxes cor- 
responded, were visible. The main sources of errors for 
the data in this note were: (a) the diversity of equipment 
used, which usually had limiting sensitivities worse than 
1x10- W m Hz"; (5) the four observing sites were 
not exactly at the centre of totality, but had small devia- 
tions from that position; (e) the criteria used by different 
observers for correcting their results, especially for the 
contribution of the Moon during totahty, may have 
introduced further inaccuracies. On the other hand, some 
observations in the X-ray and ultraviolet bands (for 
example, ref. 9) indicated the presence of active regions in 
the corona. and thus our analysis may not correspond to 
a strictly quiet em-wavelength corona. As suggested by 
the study of Castelli and Aarons’, it is possible that the 
spectra of the residuals can present small changes at 
different phases of solar cycle activity. 

Even considering the several possible sources of in- 
accuracy for the data shown in Table 1, it is very signi- 
ficant that the spectrum of the residuals remained nearly 
flat in the microwave frequency range. This result is 
compatible with the radio emission from a volume of 
thermal plasma observed through a solid angle nearly 
constant in the range of frequencies considered. The 
brightness temperature T, of the whole corona can be 
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Fig. 1. The brightness tempersture in relative unite (depending on 

the constant factor n) for the whole cm-wavelength corona, as observed 


during totality of the November 1966 solar eclipse. The symbols are 
explained in the table. 


then estimated from the flux values, and is plotted m 
Fig. 1. The experimental points fit well to a curve 
Ty=7f-"*, where y is a proportionality constant, and f 
the frequency (in Hz). This relation, within the experi- 
mental accuracy, approximates well to 7T,acf?, cor 
responding to the radio emission of an optically thin 
thermal plasma!!-}, | 

The discussion can be extended when brightness temi- 
peratures are known for certain regions of the corona. 
From the observations performed at 7 GHz (ref. 6), it 
was possible to estimate the brightness temperature of 
coronal regions near the solar equator, situated between 
1-023 R, and 1-12 R, from the centre of the solar disk 
(see Fig. 2). For these regions it was found that Tpm 
27 x 10° °K (+20 per cent). This corresponds to yx 10%, 
and it is interesting to verify that this constant used at 
6-5 GHz leads to an equatorial brightness temperature 
of nearly 24 x 10° °K, a value compatible with the result 
obtained by Higgs and Broten“ for the eclipse of July 
1963 at that frequency. 

If one assumes the measured brightness temperature 
valid for a homogeneous and symmetrical corona (from 
the 7 GHz residual flux density), it is found that it eor- 
responds to an equivalent solid angle of AQ~0-5™x 10-* 
steradian, which is much less than the solid angle sub- 
tended by the ring limited by 1023 R, and 1-12 Ry 
(AQ x 1-4 10 steradian) defined from the radio contacts 
near the equator. This means that the equatorial corona 
must be much brighter than the polar regions. 

Further analysis of this effect can only be carried to 
a first approximation, as there is a lack of two-dimen- 
sional data on brightness temperatures. Referrmg to 
Fig. 2, the temperature of 27x 10° °K can be restricted 
to the whole ring sector of angular width 34°, correspond- 
ing to a solid angle AQe~0-13x 10+ steradian. Both 
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Pig. 2, Diagram illustrating the coronal equatorial and polar sectors, 
defined from measurements at 7 GHz during the November 1966 total 
solar eclipse. 


equatorial sectors, subtending a solid angle 2AQ¢. con- 
tribute Sy~lix 10? W m Hz-!. Consequently the 
remaining two sectors, at nearly polar regions, contribute 
only Sp2x3x 10-2 W me Hz-, 


A more detailed study of the coronal gas depends on 
two-dimensional data which are not yet available, based 
on accurate measurements of Ts at several microwave 
frequencies and at different heliographie latitudes-—work 
that can be carried out with radiometers more sensitive 
than those that are commonly used in solar radio astron- 
omy. During eclipses, measurements with radiometers 
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Localized Solar Enhancement 
at 1-2 mm Wavelength 


We wish to report a number of measurements of the 
radiation from the Sun in a wavelength range centred 
at 1-2 mm, which show a large amount of solar acti vity. 
Since the discovery by Newstead (unpublished work) of 
an active region at 1-2 mm we have made a more detailed 
localized study of the solar disk. This has shown measur. 
able activity on a considerable fraction of the days on 
which observations have been made, and may indicate a 
long term increase of solar activity at these wavelengths 


With a scanning cycle time of 
80 s this gave twelve seans over the solar disk and enabled 
the information for a complete map to be collected in 
about 15 min. The measurements were corrected for 
beam width using the Gary edge restoration function 
technique’, the function itself being deduced assuming a 
value of 1-11 for the ratio of the average intensity of the 
disk to the central solar intensity. Fig. 3 shows a sequence 
of seans across the solar disk all taken with the hour angle 
driven at solar rate so that the sarne path across the solar 
disk was scanned in each case. Fig. 2 shows some of these 
scans replotted as a difference between the quiet and 
active Sun. From both diagrams it is clear that the en- 
hancement fluctuates relatively rapidly and often with a 
period considerably less than a minute. In particular the 
active region in the southern hemisphere fluctuated from 
a maximum to a minimum and back to its maximum 
within 90 s. 

It is suggested that the observed enhancements shown 
in Fig. 3 are related to two large filaments which were 





Fig. 1. Solar brightness isotherms 1200 cwr, May 14, 1968. The 

east-west asymmetry was confirmed by equatorial drift curve measure- 

ments made at 1250 GMT and the map also shows a general correlation 
with the Fraunhoter map of the same date. 
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Fig. 2, 
to the mean of measurements made within 30 min of 1200 GMT. 
of the diagram in which the increased brightness tem perature with respect to the quiet Sun is shown as a fanction of time. 


30° K and less are not above the noise level of the detector and therefore may have no significance. 





Solar brightness isotherms, April 4, 1968. Because of the variable intensity of the enhanced regions the diagram of the disk refers 
The variation of intensity of the active regions is shown in the left hand 


Fluctuations of 
Effects within 4° of are of the solar 


limb will not appear on these diagrams because of the rapid signal variation due to the instrumental smoothing effect near the limb. 
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Fig. 3. Sequence of solar scans taken parallel but 2’ to the east of the solar diameter, April 5, 1968, The time interval between successive 


scans was 43 s, 


In order to show the variations clearly, the zero level of the scers has not teen inchided but may be inferred from. the 


left-hand seale. 


seen on the same day by direct photography. The daily 
solar map for April 5, 1968 (ref. 2), compiled by the 
Fraunhofer Institute from data on spectroheliograms in 
the light of the Ha and calcium K lines, and from un- 
filtered and broadband photographs, showed strong 


-localized filaments which coincide with the regions of 


enhancement within the limits of our telescopic resolution : 
3’ of arc. Such filaments are identical with the prominences 
often observed at the solar limb. Within these looped 
structures, arching out of the chromosphere and into the 
corona, the coronal electron gas condenses*:* and streams 
along magnetic field lines, down toward the photosphere. 
The streaming material, which exists in the corona’? at 
kinetic temperatures of one or two times 10% °K, gives up 
a fraction of its energy to the denser chromosphere by 
collision, which raises the temperature at the base of the 
prominence. Energy may also be emitted by the stream- 
ing electrons as they gyrate round the field lines. 

The millimetre enhancements had characteristic bright- 
ness temperatures of 100° K above the observed chromo- 
spheric brightness ternperature of the surrounding disk. 
This is an effective temperature; being a mean over an 
area on the disk corresponding to the central lobe of the 
telescope receiving pattern, it represents a minimum value 
for the true rise in brightness temperature, which is pre- 
sumably concentrated in a volume not much greater 
than that of the optically observed prominence. Changes 
of 50° K in the measured apparent temperature occurred 
over a time seale of 1 min, while the features themselves 
persisted for over an hour without noticeable fall in 
intensity, before observing conditions became unsuitable. 

In order for the radiation observed to be purely thermal 
in character, due to the large scale heating of the chromo- 


sphere in a situation approximating local thermodynamic 
equilibrium, the rate of energy dissipation would have to 
reach at least 10° erg cem? s~! above the quiescent level 
(the em- refers to one square em of projected solar sur- 
face). The calculation assumes the model given. in Allen? 
to be a good representation of the lowest 20,000 km of 
the chromosphere. This rate of heating is half an order 
of magnitude greater than that observed at the maxima of 
type 3+ flares, the brightest observed. During such a 
flare very strong optical emission is seen, particularly in 
Ha. and bursts of particles cause geomagnetic and iono- 
spheric disturbances after a day or so. Such phenomena 
do not accompany normal prominences, and mdeed were 
not observed on this occasion. The alternative of a non- 
thermal mechanism due to spiralling electrons is suggested 
to be the main source of the radiation. Rapid bursts 
would be due to rapid changes in the field configurations 
and in the rate of condensation of coronal gas. The 
energy needed to give a mean effective brightness tem- 
perature of 5,700° K throughout the wavelength range 
above 0-9 mm is only 10- times the black-body energy 
or ~l erg em s“, and this would be still leas if one. 
assumes this temperature to be effective only within the 
observed wavelength range of 0-9 mm to 2mm. These 
energies, and the characteristic times of variation, are 
compatible with type II’ radio noise bursts, which occur 
in noise storms associated with active solar regions. Such 
bursts are usually observed at wavelengths between 1-5 
and 6 m emanating from the corona at heights of 100,000 
km and more above the photosphere. 

If this explanation for the enhancements is correct, 
one should expect the observed radiation to be strongly 
circularly polarized, and to be closely correlated in time 
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with the type H radio phenomena. One should also look 
for a correlation in position with optically observed fila- 
ments on the disk, and with active sunspot groups. 
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Electrical Heating of Meteorite 
Parent Bodies and Planets by 
Dynamo Induction from a Pre-main 
Sequence T Tauri “Solar Wind” 


SEVERAL lines of evidence suggest that the time interval 
of early heating in the solar system was short in compari- 
son with the total age of solid matter. The fast heating 
process has been attributed to radiogenie matter of short 
half life. Urey was the first to point out the possible 
significance of Al in this respect!, but certain difficulties 
eventually led him to question this hypothesis?. Interest 
was again aroused with Reynolds's discovery*:* of radio- 
genic daughter *°Xe and, together with Pu fission 
tracks®, this attests to the presence of short-lived sources 
of radiogenic heat in the protosolar nebula. Fish, Goles 
and Anders have studied the hypothesis of extinct radio- 
nuclide heating in great detail and have provided specific 
estimates of the required nuclide concentration for melting 
and differentiation®. 

We report here preliminary calculations of a new heat 
source for solid objects in the solar system based on a 
pre-main sequence Sun thought to pass through a T 
Tauri-like phase. The mechanism is distinct from the 
fast heating derived from extinct radionuclides, but has 
a similar time scale. The model is based on the unipolar 
dynamo because of the action of a strongly enhanced 
solar wind and joule losses in the planetary interior. The 
potential equation governing the heating rate is identified 
in refs. 7 and 8 as 


cV? D+ Va-VO=0 (1) 


where o is the bulk electrical conductivity, usually a 
function of both position and time, and © is the electrical 
potential. Solutions to the separable case where o =s(r,f) 
alone are given in ref. 7. The heating rate, H =ojE(r,t)/? 
where E(r,t) is the electric field, also a function of position 
and time. H is the source of heat used as input to the heat 
transfer equation 


oT l l] £ oT. : 
ly cc oe oe pe | + Hirt PA 
eU eee ge R 2) 


where the parameters chosen in this report are 9 = 3-34 
g/em* (except for Mereury, which is discussed later), 
Cp= 1-2 J/g deg. and K is computed using MacDonald’s 
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equation for thermal conductivity’. Parameters used for 
K which is temperature dependent follow those of Fricker 
et al., Spherical symmetry is assumed. 

The motional electric field which drives the unipolar 
induction current through the planet can be expressed 
as Æ = orB, where w is the angular spin rate of the Sun, 
ris the radial distance from Sun to planet and B, is the 
radial component of interplanetary magnetic field. The 
effect of large w is to wind up the field in a tight Archi- 
medean spiral" so that it is chiefly tangential and intensi- 
fied; it is the tangential component which actually drives 
the induction. Thus the solar spin is important through 
its geometrical effect. and spin damping of Sun comes into 
the problem. 

We find that the kev parameters in the calculations are 
the solar spin rate and the temperature, Tẹ of the surface 
of the body being investigated, or alternatively to T, 
the conductivity—temperature funetion for the material. 
Of these, the surface temperature history appears to be 
the most erucial. The reason is that the unipolar current 
system which drives the joule heating is required, in the 
steady state, to close through the neighbouring plasma and 
therefore pass through the crust’*, Thus its electrical 
conductivity becomes a dominant factor, especially be- 
cause the interior conductivity grows with ternperature, 
and the bulk of the joule losses migrates outward in time, 

Other factors included in the calculation are the loss 
of plasma to the limbs of the body because of the baek 
pressure of the induced magnetic field, and the require- 
ment that the power loss in the body never exceeds the 
available power in the scolar wind which resides mainly 
in the particles supplying the magnetohydrodynamie ram 
pressure to drive the field into the body. The former is 
approximated by a factor, k, so the net. electric field in the 
interior is reduced by the factor (1—k) and the joule 
heating rate by (1— k. It is assumed that the target 
area is the geometric cross-section of the planet; this is 
possibly an underestimate, for the magnetohydrodynamic 
interaction, if pronounced, is communicated through 
magnetic stresses over a larger effective cross-section. 
The conductivity function used here is a preliminary 
version of others we plan to examine; it is that of a 
Rikitake olivine of relatively low conductivity. The 
lower temperature extreme is shaped ad hoc, because we 
do not think that the surface conductivity attains values 
in the extremely low range indicated by the simple conduc- 
tion meehanism given in ref. 12. 

The solar wind used is of a form where the density, 
velocity, and magnetic field are permitted to decay ex- 
ponentially to the present epoch values by means of two 
time constants for the density and one each for the 
velocity and magnetic: field. We use a Parker corona 
starting at 4x 10° °K 4-5 eons ago resulting in a plasma 
flow at that time of 1,200 km s~! and a density of 500 em-3. 
The initial value of the magnetic field determines the spin 
damping of Sun'*.44 for which the end point of spin and 
magnetic field are the present epoch values. This con- 
strains the field to a maximum of 23 gauss at the onset to 
maintain centrifugal stability of Sun if the field decay 
is exponential. The field time constant, ô measured in 
eons} is employed as a parameter in the calculations 
reflecting its importance in the two roles of spin damping 
and motional electric field intensity. 

The surface temperature of the body is determined by 
the radiation background temperature. The latter requires 
a model which, in this case, is given by an exponential 
decay with a time constant identical to the flow decay 
used for the T Tauri phase discussed next. The asymptotic 
temperature assumed is 273° K. The model considers no 
additional effects due to solar insolation which might be 
higher than now, the Sun being presumed still to le on 
the Hayashi! track. Thus a fundamental constraint 
becomes that of the circumstellar obscuration, and the 
calculations reflect: sensitivity to the temperature of the 
background. 
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Before considering the results of the thermal calcula- 
‘tions, we describe the T Tauri flow assumed for the 
problem. The mean values of Kuhi" of 11-7 x 10° yr and 
3-7 x 10-8 M,/yr mass loss for the active period are used 
and are assumed to vary exponentially. No correction 1s 
made for spin damping resulting from the fow enhance- 
ment; this should introduce at most a time constant of 
about 5x 108 yr as a result of torque enhancement. All 
joule heating due to the T Tauri phase culminates in order 
of 10° yr or less, so this is not an important source of 
error. Strong obscuration is a regular feature of the T 
Tauri phasel’:"*, 

The field requirements of the model are modest; further 
increase of the magnetic field can be provided by a suitable 
modification to the decay law so the present epoch end 
point is reached for œ and B,, but for those cases where 
the loss factor, k, approaches unity, little heating would 
be gained. Empirical evidence of .spin and magnetic 
fields for T Tauri objects is poor because of spectral dis- 
persion limits and alternate interpretations of line broad- 
ening!?8, If the Sun's present spin is a fossil residue from 
earlier times, its position on the low spin side of the angular 
velocity break in the Hertzsprung-Russell diagram, 
together with the high angular momentum of the con- 
tractive stage of the protosolar nebula, suggest an early 
high spin’*. Calculations of temperature profiles versus 
time, heating rates, loss factors and power flow have been 
made for bodies with different radii at 1 and 2-5 AU, 
together with values for the Moon and for Mercury. 


Table 1. FINAL CORE TEMPERATURES AT T=2x 10% yr FOR ASTEROIDS 
ENDING AT 2:5 ASTRONOMICAL UNITS FROM THE SUN* SUBSEQUENT TO THE 
$ TAURI FLOW FOR VARIOUS STARTING TEMPERATURES, RADIT AND 8 = 0457 


Body radius Starting temperature (C) 
400 


{km} 300 500 
(a) 1,500 1,063 
1,000 335 652 1,181 
500 332 577 1,313 
300 328 538 1,265 
159 323 498 1,030 
100 320 920 
75 319 855 

50 316 TT 


Moon for three field time constants and three starting temperatures 
Solar magnetic field Starting e CC) 
40) 


time constant (eons?) 300 500 
{b) 0-457 1,334 1,592 1,690 
0-447 659 1,395 1,637 
0-430 337 514 1,332 


* Conservation of orbital angular momentum with changing solar mass 
means that planetary bodies start at 0-67 times their solar distance and 
spiral outward in times ~ 12 x 108 yr. 


Table la shows that melting temperatures can be 
reached for asteroidal bodies in conditions of high tem- 
perature start and high solar spin. Additional preliminary 
tests on higher conductivity matter suggest that T, 
need not be started at 500°C. As an example at Ty)= 
300° C, a 300 km body attains 10° °C for $= 0-457 eons“. 
If the starting temperature is raised to 500° C, then the 
system is saturated for all 3 between 0-430 and 0-457 
eons-! with final temperature ~10°°C. By saturated it 
is meant that the factor, k, approaches unity, a strong 
shock wave develops, and most of the flow is deviated 
so that there is an upper limit to the current. This 
strengthens the argument that the olivine conductivity 
function used is conservative; possibly more liberal 
estimates for the conductivity of the primordial conden- 
sate will permit a decrease in the value of T, required for 
significant heating. Table 16 shows the central tempera- 
tures for the Moon after 2x 108 yr for variable starting 
temperature and 8, the time constant for B, in eons“? 
which also affects œ. A peculiarity of the model is the 
very small temperature gradient over most of the interior 
because of the short time span used for the heat 
transfer calculation. Thus in the most extreme case 
($= 0-457 eons“! and 7',=500° C) the Moon is melted to 
within 24 km of the surface. It is possible to draw the 
conclusion that strong heating in the Moon for an initial 
temperature of 300° C is difficult, but significant tempera- 
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Fig. 1. Time-temperature history for a 300 km asteroid with a final 


distance from the Sun of 2:5 astronomical units, 7, = 5 


The temperature for different radii in the body is given in the left ordin- 
ate and the heating rate in log J/g-yr on the right. Radiative losees.in 
the crust are apparent and consume the bulk of the heat ae time pro- 
gresses; the heat is promptly lost to space as seen from the drop in 
temperature. —~—, Temperature; ~~~, heat rate. 





ture increases are attained for solar spins of about 150- 
times the present value and 7,= 400° C. (This argument — 
excludes an atmosphere bearing primordial Moon which 
would quench the induction.) 

Fig. 1 shows the time temperature history for an asteroid 
of 300 km radius, starting temperature T= 500° C, and 
§=0-457 eons. The surface temperature drops to 43° C 
in 2x 10* yr while the core temperature rises in about 
10° yr to the asymptotic value of 1,265° C. The greatest 
thermal gradient is seen to exist in the crust of the body, 
The effects of radiative losses from the surface overtake 
the thermal rise eventually and the temperature begins 
to drop. The thermal input to the body migrates outward 
with time as seen from the heating rate also given in Fig, 1. 
There exist some six orders of magnitude difference be- 
tween the core and crustal heat rates after 2x 10° yr 
attesting to the rise in resistivity in the crust compared 
with the centre. The heating rate peaks in about 0-8 x 10° 
yr and the subsequent decrease can be attributed to a 
fall-off in the solar gas flow parameters. Because the 
asteroid begins with homogeneous temperature, however, 
the heat rate at the start is uniform throughout. With 
time the rates diverge and the bulk of the heat is deposited 
in the crust where it is rapidly lost to space. 

Fig. 2a shows the temperature-time profile for Mercury. 
It should be pointed out that the loss factor, k, for d= 
0-457 and 0-447 eons approaches unity. Thus no im- 
crease in the product, œB, would aid the final tempera- 
ture rise. Accordingly, the arguments discussed here would 
indicate an initial product for the Sun of oB, > 1-94 x 10- 
gauss radians s~}, provided that T> 300° C. ‘These con- 
clusions would be modified by a more exact model where 
solar insolation was separately introduced, a possibly 
important correction for Mercury. Finally, it is interesting — 
to examine again the time for the joule heating process. 
For Mercury the effects are most dramatically illustrated 
by Fig. 2a. For the other cases cited, heating does not 
usually take place as quickly, but the usual main heat 
development is over in times of order 10° yr, though in 
some cases there is still a slow increase noted. | 

Fig. 2b shows the graphs for the k factor and power 
ratio accompanying Fig. 2a for the case of Mercury start- 
ing at 7')= 500° C and for three values of 3. The value of 
k approaches unity in a time comparable with the rise time 
for the core temperature. The attainment of k~ i means 
the development: of a strong collision free shock wave on 
the sunward side of the planet; most of the plasma is 
deviated to the limbs. The system is saturated and can 
provide no further increase in temperature, irrespectt yo 
of increases in B,. Te or the conductivity. The variation — 
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Fig. 2. a, Time-temperature history tor Mercury at 2x108 yr after 
the onset of the mean T Tauri flow. The cases shown are for the three 
starting temperatures, Z, = 800°, 400° and 500° C, and for three values 
of 6. Also shown is the surface temperature of the body for the three 
Te All cases display saturation except the extremes of T, = 300° C and 
d= 430, 300° C; 400° C: » SOG C; mee 300° C, 
b, Loss factor, k, and power ratio for å = 0457, 0-447 and 0-430 with 
T's = 500°C, Similar values are found for 7, =400° C and for all but 
§= 0-430 and T,=300° C. Details of the curve variations are discussed 
in the text, The asymptotic approach of $ to unity for all three cases 
is especially noteworthy and indicates nearly complete saturation of 
the dynamo system. ——-—, Power ratio; ===, k factor, 


Ga me ie 4 -wn 
£ > Fi 3 





of the power ratio typifies the complexity of the dynamo 
action, for the plasma flow is steadily decreasing. 

We thank G. W. Wetherill, J. T. Wasson, K. Keil, 
A, G. W. Cameron and E. Anders for their encouragement 
and comments, and P. E. Fricker, R. T. Reynolds and 
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thermal history computer code. 
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Influence of Snow on Neutron 
Monitor Intensity 


melt. On the following day, the part of the roof coveri ng 
the neutron monitor and the newly installed meson 
scintillator telescope was cleared of all the snow-—now 
thaw and 20-30 em thick. Removal of the snow began 


It is a well known fact that neutron monitor data 
should be corrected for atmospheric pressure, humidity 
and temperature. It has been shown by Bercovitch and 
Robertson! that water vapour can produce a seasonal 
effect of 0-2-0-3 per cent in the same direction as the 
effect of temperature. It is also obvious that the sur- 
roundings of the neutron monitor are important in the 
registration of data. 

In order to see how great an effect the removal of the 
snow on the roof produced, neutron monitor data from 
Deep River, Kiel and Oulu were compared after they 
had been corrected for pressure. Data from these stations 
were normalized to the hourly mean level of May 18, 
whereafter the normalized hourly values from Oulu were 
subtracted from the corresponding values for Kiel and 
Deep River. The results are given in Figs. 1 and 2. The 
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Fig, 1. Neutron monitor data from Oulu and Deep River for the period 

May 18-2, 1968. Hourly values, normalized to the mean hourly level of 

May 18. Snowfall started late on May 19 in Oulu and melting started on 

May 22. Snow cleared from the roof above the neutron monitor on 
May 24 hetween 11.00 and 13.00 h cr, 
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Fig. 2. The difference between normalized neutron monitor data from 
Kiel and Oulu. At the bottom normalized data from Kiel. (See text and 
Fig. i.) 


graphs show that: (1) A decrease in intensity took place 
at Oulu between 03.00 and 04.00 h ur on May 20, appar- 
ently as a result of the sudden snowfall. This decrease was 
not seen at Kiel nor at Deep River. (2) A small Forbush 
decrease of about 2 per cent is seen at all three stations 
starting anisotropically in the “garden hose” direction?®. 
The decrease at Oulu is masked by the influence of the 
inereasing depth of snow. (3) The effect of snow is clearly 
seen. A gradual melting began on May 22, whereas the 
recovery of the Forbush effect had not yet started. (4) A 
sudden change of approximately 2 per cent took place 
between 11.00 and 13.00 h on May 24, marking the 
removal of the snow from the roof above the monitor. 
(5) During May 25 the difference curves show that 
most of the snow from the adjacent roofs had also dis- 
appeared. (There was at this stage still some snow left on 
the ground outside the building.) 

A possible value for the density of thaw snow seems to 
be somewhere between 0-3 and 0-4 g/em*. (For dry 
packed snow, values in the neighbourhood of 0-2 and 
0-3 g/em* are frequently obtained during the winter.) 
Thus a 20 em thick layer right above the mstrument 
would correspond to an absorber of the thickness of 
6-8 g/em®. It has been shown by Hatton and Carmichael? 
that evaporation neutrons from the surroundings con- 
tribute at least 5 per cent of the counting rate of a super 
neutron monitor. The increase of the thickness of an 
absorbing material can thus exclude these particles. as 
well as absorb those cosmic ray nucleons which produce the 
stars in the lead surrounding the proportional counter. 

In our neutron monitor the thickness of the paraffin 
moderator is 7-5 em (ref. 4). It would then seem tempting 
to increase the thickness of this layer to make the instru- 
ment less sensitive to the very low energy parts of the 
spectrum. This has already been done at some Canadian 
stations, as reported by Steljes®. Further studies along 
these lines need to be done. 

I thank Dr Sauli Niemi, Dr Eric Dyring and Lic. Jorma 
Kangas for valuable discussions. I am also indebted to 
Sohlberg Foundation and the Finnish Academy of 
Sciences for financial support. 
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High Resolution Transient ESR Spe tr 


In two recent publications? we have demonstra 
method for observing radicals by electron-spin reso 
(ESR) a short time (~1 ms) after their formation. 
photolysis. We report here the hyperfine spectrum of 
benzophenone radical ion which was observed at v 
short times by two methods, one being the technic 
which we have already described", and the ott 
improvement of a method used by Wilmshurst € 
We believe this to be the first report of a high-res 
ESR spectrum in other than steady state situations. 

The first technique is to examine the spectrum at a 
series of discrete field values over a range of time by 
feeding the signal into a digital storage device which 1s 
triggered at the same time as the photolytic flash. In the 
experiment this procedure was repeated sixty-four times 
at each field setting, and the signals were averaged. The 
decay curves were measured at 0-1 gauss intervals with 
a modulation of 0-1 gauss at 100 KHz. One half of the 
entire spectrum of photolysed benzophenone is shown in 
Fig. la; this spectrum is the profile at 10 ms of the set of 
decay curves obtained in the foregoing manner. Because 
the signal was recorded for 0-3 s, after the flash at each 
field, the spectrum for any time up to this limit could be 
reconstructed. 

The second technique is essentially that used by Wilms- 
hurst et al, but with greatly improved resolution as a 
result of the use of a lower modulation amplitude. This 
is made possible by the ability of the apparatus to reduce 
the signal/noise ratio by averaging within the digital 
storage device the spectra from successive sweeps. In the 
method the field was swept continuously, but slowly, and 
the flash was triggered at intervals of 10s. Each channel 
of the recorder observed the signal at a given field and at 
a given time (10 ms). The field was swept in a sawtooth 
mode at 0-1 gauss/min and the average over eight passages 
was recorded. The entire spectrum, which spreads over 
25 gauss, was obtained by dividing it into six overlapping 
regions and carrying out the foregoing operations on each. 
The spectrum from photolysed benzophenone is shown in 
Fig. 1b. 

The spectrum in each case is consistent with the 
reported splitting constants for the benzophenone radical 
anion®: the measured constants are @ortho = 2°84. Gmeta = 
1-O1, apara = 3°52 gauss. 

It is of interest to compare the methods, both of which 
can give highly resolved spectra of transient species and 
which, as we shall see, are complementary. Both require 
stable and reproducible magnetic fields: in our method 
one must be able to vary the field m Òl gauss steps, 
whereas that of Wilmshurst e¢ al. requires a linear and 
reproducible sweep that can be triggered with sufficient 
accuracy to keep, in this case, eight successive passages 
in synchrony. In our experiments a 430 channel data 
store was used, which means that in the modified form 
of the method used by Wilmshurst ef af. 6 x 480 points 
were obtained to display the complete spectrum, each 
point being the average of eight measurements, We 
obtained 180 points for half the spectrum, but these 
were inherently more accurate, each being the average of 
sixty-four measurements. The total time taken was 30 h 
(180x 10 min) for the half-spectrum obtained by our 
method and 78 h (6x 13 h) for the complete speetrum by 
the other method. If, as we plan, a laser source is used 
for the photolysis, both times will be reduced considerably, 
for less averaging will be required: lifetimes of the order 
of 1 us should also come within range. © 





The extra time 
taken for the method of Wilmshurst et al. is deceptive, 
because we were able to run the experiment overnight; 
our own method was run during the intervening day anda 
week’s work was sufficient to determine the radical’s 
spectrum and decay kinetics. 

The method of Wilmshurst. et al. allows large portions 
of the spectrum to be displayed without further data pro- 





928 


Fig. 1. Transient ESR spectra of benzophenone radical anion in a hi 
trace (a) was obtained by the stepped field method with time resolution 








ghly alkaline isopropanol solution 10 ms after its formation, The lower 


and the upper trace (b) by the continuous sweep method and recording at 


a specific time. 


cessing, and we recommend its use for radical identification 
in simple cases. Our method gives immediate kinetic data, 
and after traversing the spectrum we have information 
on 480 different ESR spectra as a function of time. In 
our method the presence of a secondary radical produced 
by reaction of the initial species would easily and immedi- 
ately be detected because we have the spectra of the 
radicals in the system over their entire lifetimes. The 
other technique does not observe the system continuously. 
Furthermore, our method is capable of providing exact 
measurements of line positions by its ability to locate the 
crossover points of the derivative curves, 

We thank the Gas Council for a maintenance grant to 
A. F. 5., and the Science Research Council for financial 
support. 


P. W. ATKINS 
K. A. McLaucHLan 
A. F. Simpson 
Physical Chemistry Laboratory, 
University of Oxford. 


Received July 30, 1968. 


! Atkins, P. W., McLauchlan, K. A., and Simpson, A. F., Chem. COMMUN., 
179 (1968), 

* Atkins, P. W., McLauchlan, K. A.. and Simpson, A. F., Pree. Inst. Petrol., 
Brighton Conference (1968) (in the press). 

$ par J., Smith, R. C., and Wilmshurst, T. H., Chem. Commun., 513 

ih 

t Wilmshurst, T. H., Bennett, T. J., and Smith, R, C., Proe. Roy. Soc., A, 302, 
305 (1968), 

* Ayscough, P. B., Electron Spin Resonance (Methuen, 1968). 


Determination of Purity by Nuclear 
Magnetic Resonance 


Burnett and Muller! recently reported a method of measur- 
ing melting points using nuclear magnetie resonance 
spectroscopy. For the past 18 months we have been 
using a nuclear magnetic resonance technique to determine 
the purity of organic compounds. 

Our experimental procedure is somewhat. simpler than 
that reported’. A high-resolution spectrometer (Associ- 
ated Electrical Industries type RS2) operating at 40 
MHz records the proton speetrum of the material investi- 
gated from about 20° below the melting point up to the 
temperature at which the sample is completely molten. 
A non-spinning sample tube is-used, so that the magnetic 
field inhomogeneity over the sample volume of 2 x 10-7 m? 
(0-2 em’) is about 30 Hz, and this determines the width 
of the line from the molten liquid. The width of the 
line from the solid material is typically of the order of 
104 Hz, so that the magnetic field sweep can easily be 
adjusted to show only the line from the liquid. The 
intensity of the liquid line is measured from the area 
under the peak by cutting out and weighing peaks, and 
the fraction melted is thus found. A graph of the tempera- 


ture of measurement against the reciprocal of the fraction 
melted can be plotted. This is linear for systems not 
forming solid solutions, the slope giving the purity of the 
sample and the intercept on the temperature axis the 
melting point of the absolutely pure material. 

This plot is linear for various samples of phenol with 
water added as impurity, and the purity so found agrees 
well with that expected for samples between 94 and 99-6 
mole per cent purity. Mixtures of phenol and o, m or 
p-cresol containing not less than 90 per cent phenol 
behave in an interesting way. While the phenol-p- 
cresol system gives a linear plot of temperature against 
the reciprocal of the fraction melted, mixtures of phenol 
with o or m-cresol give curves, showing the existence of 
solid solutions. Values of the distribution coefficient of 
the impurity in the solid and liquid phases can be derived 
from the nuclear magnetic resonance data. Such values 
are important——for example, in deciding whether zone 
refining is a feasible method for the purification of a 
compound. 

We have also studied mixtures of 1 and 2-methyl- 
naphthalenes over the entire concentration range. Meas- 
urements of the intensity of the liquid signal again give 
the distribution coefficient im the solid and liquid, and also 
enable the phase diagram of this system to be drawn 
much more accurately than previously’. This useful 
technique should find wide application in the study of 
solid—liquid phase diagrams. 

As a method of purity control, nuclear magnetic reson- 
ance is quicker than other cryoscopic methods and, 
because a fraction melted of 1 per cent can be readily 
measured, the requirements for very accurate temperature 
control are not stringent. Samples covering a wide range 
of purity can be studied. 

Experiments in progress using a simple commercial 
nuclear resonance apparatus should enable the extension 
of the method to industrial purity control. 
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Analogy between Vortex Stretching 
by Drag-reducing Additives and 
Vortex Stretching by Fine Suspensions 


Tue reduction of drag in water and other solvents by 
the addition of traces of certain long-chain molecules is 
a well known effect, which Gadd! explains by a vortex 
stretching mechanism. He discusses the transient diffu- 
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= sion of a two-dimensional vortex in a Newtonian liquid 
for 


v= a(n- 2n tn) O<y<! (1) 
f = Tits 
which is given by the speed coefficient 
i 2 
(hy Pay $ 
CL sere ge eee ae (2) 
re, + 56v 0/3 
and r, the effective eddy radius 
ro = (ra + 56 v t/3)t? (3) 
Initial values are indicated by the subseript 1. Gadd 


considers that the contaminant molecules make the fluid 
viscoelastic: this means that the tangential stress 


2a 


— — (4- 7')ee (4) 
Fo 


T = 


is given by an effective viscosity 
ue = u + 28 C/(r§, + 56 vt/3) (5) 


It is therefore easy to see that the eddies can be expected 
to decay more rapidly because of the larger tangential 
stress. A faster vortex decay through diffusion causes a 
smaller energy dissipation, however, because it is—-accord- 
ing to Von Karman?—proportional to (duj/éuj)*. In 
other words, a faster vortex diffusion of the single vortices 
—-the turbulent elements of the flow—is equivalent to a 
reduction of the velocity gradient in the vortex, which is 
responsible for the energy dissipation. Gadd! has tested 
this model qualitatively by showing the decrease of 
turbulent mixing in a jet of water and “‘polyox”. 

Fine sand suspensions are also known to have the 
effect of reducing drag. I have proposed a similar mechan- 
ism for this phenomenon*. A potential vortex similar 
to Gadd’s was used as a basis for the study. We cal- 
culated the tracks of the particles in this vortex, and 
found that they came together in certaim zones, 80 
. that vortex fields of higher particle concentration were 
formed. This higher concentration of the suspension 
implies fields of greater viscosity, a fact that involves, 
analogous to the vortex model of Gadd, a faster vortex 
diffusion. We tested this theory by means of the statistical 
relationship between vortex size and the autocorrelation 
spectrum of the velocity variations. For a statistical 
scale the smallest vortex A was chosen. Our model would 
he verified if this smallest vortex grows faster (in the same 
flow conditions) with suspensions than without particles. 
These measurements and computations have been made by 
Mülleri. He was able to find this spectral behaviour in 
pipe flows, especially close to the pipe axis. This is exactly 
where the vortices are exposed to the largest diffusion 
time, because of the described mechanism, and therefore 
where the mechanism would be most active. Because the 
drag-reducing effect is only around 4 per cent with sand 
suspensions, compared with the effects of Toms-fluids of 
up to around 60 per cent, good measurable conditions 
can be found by autocorrelation measurements if Gadd’s 
theory for the Toms-effect is right. 

The vortex diffusion times for the tw) cases will now 
be discussed. Comparing the time necessary for the initial 
vorticity Q, at the axis to decay to Q,/n for vortices with 
the same effective radius, yields to 


To. Ton ; 
tn = ky Rae = Ky — (6) 
y Yy 


with k =0817 in our case and k,= 0-314 for Gadd’s case. 
This means that in Gadd’s vortex the mean decay, 
because of the viscosity, is of the same order of magnitude 
as in a potential vortex. Thus, if Gadd’s vortex is to have 
a much greater drag-reducing effect than the vortex in 
our model, ue must become larger in his ease. But this 
implies, according to equation (5), that either C must 
be very big—which would contradict the fact that the 
effect appears at very weak dilutions—-or the factor 
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(r2, +56 v t/8) must increase. Because the diffusion timet — 
of a vortex decreases as ri’, the effect must occur Mi ie 
very smallest elements’. This is proved for the Toms-e 
by the importance of the buffer layer close to the we 





We see that Gadd’s vortex model describes a drag a 
His 


reduction model on the basis of vortex diffusion. 
model will only achieve significant drag reductions for 
very small elements, showing that he can describe the 
Toms-effect if this effect only takes place in the buffer 
layer. Outside this layer the vortices are too large to be 
affected by his mechanism. Our model, on the other hand, 
is analogous to a diffusion mechanism, based on the 
concentration of fine sand suspensions in the wake- 
region of the flow, and is therefore a bulk effect which 
acts best if middle-sized vortices are present. We see that 
two effects, an elastic effect and a concentrational effect, 
are possible and both are certainly often present. 


ALBERT GYR 

Laboratory for Hydraulic Research and 

Soil Mechanics, 

Swiss Federal Institute of Technology, 

Gloriastrasse, 

Zurich. 

Received May 31; revised July 19, 1968. 

1 Gadd, G. E., Nature, 206, 463 (1965). 

? Von Karman, T., J. Aeron. Sei., 4, 131 (1937). 

3 Gyr, A., Proc. Twelfth Cong. Inter, Assoc. Hydraulic Res, Colorado State 
Univ., USA, B2, 9 (1967). 

4 Müller, A., Proc. Twelfth Cong. Intern. Assoc. Hydraulic Res., Colorado State 
Univ., USA, D12, 107 (1967). 

è Gyr, A., ZAMP, 16, 721 (1965). 


Right-handed «-Helix and 
Conformational Changes in 
Poly-8-benzyl-L-aspartate 


THe need to use non-aqueous solvents has limited the 
biological value of experimental work on many synthetic 
polypeptides. Considerable interest has therefore been 
shown in their surface chemistry, because, quite apart 
from the importance of understanding the conformation 
of polypeptides at interfaces, the properties of the polymer 
when exposed to water can also be investigated. From 
a combination of the classical methods of surface chemistry 
with the normal methods of structural investigation, there 
is at present good evidence to show that the a-helix is 
present in molecular monolayers of a number of synthetic 
polypeptides at the air/water interface’. This work has 
been extended to poly-8-benzy]l-L-aspartate, and in this 
communication I consider chiefly the properties of 
the polymer after removal from the water surface; 
full details of the surface chemistry will be given 
elsewhere. In contrast to most synthetic polypeptides 
composed of L-residues, this polymer normally exists m 
solution and in the solid state as a left-handed rather than 
a right-handed q-helix?*. If a specimen is heated to 
160° C it undergoes a transition to the w-helix, containing 
four residues per turn, which also appears to be left- 
handed‘. Orientated specimens have characteristic infra- 
red absorption frequencies and dichroism enabling the two 
conformations to be clearly recognized and distinguished 
from the right-handed «-helix'. 

I have examined two polymer specimens, with mole- 
cular weights given as 250,000 and 130,000, from Pilot 
Chemicals Incorporated and the Sigma Chemical Com- 
pany, respectively. In all respects the results from the 
two specimens were very similar. Monolayers were spread 
on distilled water in a Langmuir trough using 0-06 ml. of 
solution containing about 1 mg/ml. of polymer, the 
solvent being either chloroform contaimng | per cent 
dichloroacetie acid (in which the polymer is a-helical) or 
chloroform with 10 per cent dichloroacetic acid (in which 
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the polymer is randomly coiled?). From either solvent. the 
force/area curve of the monolayer gave a condensed area 
of about 20-5 A2/residue (consistent with a monolayer of 
a-helices) and a plateau at a pressure of 10 dyne cem- 
which, as in certain other cases’, probably arises from 
the regular collapse of the a-helices in the monolayer to 
form a bilayer. 

As with other synthetic polypeptides, it has been found 
that if a monolayer is compressed between two barriers 
until it is a narrow collapsed film with a mean thickness 
of about 300 A, it can be removed from the surface and 
the dry film can be examined by electron diffraction}. 
Considerable orientation develops during compression, 
and the diffraction pattern shows the principal features of 
an orientated «-helical structure, including a meridional 
reflexion at 1-495+0-005 A and a strong equatorial 
reflexion at 126 A. Orientated air-dried specimens, for 
examination by polarized infrared spectroscopy, were 
each prepared by folding up a similar narrow collapsed 
film of polymer on the water surface and lifting it off on 
a silver chloride plate. The infrared dichroism and fre- 
quencies of the principal amide absorption bands were 
found to be those which are normally obtained for right- 
handed a-helices composed of t-residues. Furthermore, 
with very slight differences which are attributable to the 
differing side chain composition, they are almost identical 
to the spectrum obtained by Bradbury et al for the 
copolymer (86 per cent ethyl-.-aspartate : 14 per cent 
benzyl-L-aspartate) which they clearly show is from a 
right-handed «-helix. The spectrum produced by the 
left-handed «-helix is quite different in detail and it is 
reasonable to conclude from this evidence that specimens 
prepared from collapsed monolayers of pol y-$-benzyl-L- 
aspartate are in the right-handed «-helical conformation. 
This conclusion is not surprising because many of the 
side chains, which by their interaction with the backbone 
normally cause the left-handed sense to be marginally 
more stable®’, will have less effect in the polar environ- 
ment of the interface. It would therefore appear that, 
depending on the solvent used, a transition occurs to the 
right-handed «-helix from the left-handed x-helix or from 
the random-coil form, as the case may be, on spreading 
the monolayer. 

Investigation by polarized infrared spectroscopy of 
orientated specimens prepared as already described has 
shown that the right-handed form has the following 
properties. (1) As with the left-handed form, heating an 
orientated specimen to 160° C causes a transition to the 
orientated @-conformation. (2) While exposure to chloro- 
form vapour has no effect, exposure of an orientated 
specimen for about 10 min to the vapour of chloroform 
containing 4 per cent by volume trifluoroacetic acid, or 
10 per cent dichloroacetic acid, causes the polymer to 
undergo a transition to the orientated left-handed «-helical 
form. Prolonged exposure to the vapour (particularly 
when trifluoroacetic acid is used) or use of a concentration 
of acid which is too high causes the polymer to become 
disorientated. The film is swollen and softened by the 
acid and it would therefore be wrong to consider this 
conformational change to be strictly a solid state transi- 
tion, 

In view of the molecular weights of the polymers, 
these conformational changes imply quite extensive 
molecular rearrangements. It might, however, be pointed 
out that to change the sense of the helix does not require 
a net rotation of the whole molecule about its axis: the 
transition can take place simply by breaking hydrogen 
bonds, together with rotations about the bonds to the 
aC atoms. The fact that the orientation of the molecules 
is not lost during the transition suggests that short regions 
first become unfolded, and that refolding in the opposite 
sense then takes place with a concomitant propagation 
of the unfolded regions along the molecules. The changes 
are therefore no more or less remarkable than the transition 
reported in orientated films of salts of poly-L-lysine where 
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the x-helical structure can be converted to an orientated 
-conformation by changes in the humidity®.®. 

I thank Dr E. M. Bradbury and colleagues for allowing 
me to see their paper? before publication, and Miss L. 
Mallaby for technical assistance. This work was supported 
by a grant from the Science Research Council, 
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Partially Annealed Interstitial 

Material in Neutron-bombarded 
Graphite 

BROMINE lamellar compound formation has been re- 
ported'? to be inhibited almost completely even by very 
slight neutron bombardment. We were therefore sur- 
prised to find that a moderator graphite that had been 
irradiated in carbon dioxide (25-7 x 1019 neutrons/em?* at 
approximately 220° C) took up bromine very freely. 
This was first discovered in the course of electron spin 
resonance (ESR) experiments; on exposure to the halogen, 
the initially intense signal (4-5 x 10" unpaired electrons/g) 
decayed virtually to zero within 15 min. Furthermore, 
we were subsequently able to demonstrate a considerable 
uptake of bromine gravimetrically. Lamellar compound 
formation was clearly taking place for we were able to 
observe additional lines on X-ray diffraction photographs 
of the brominated specimen, which were similar to those 
shown rather conclusively by Eeles and Tumbul to 
result from intercalation. 

This specimen is not typical, however, for several cases 
were subsequently discovered in which the ESR signal 
of the irradiated material was virtually unaffected by 
exposure to bromine and the amount of halogen taken up 
was very small. Further examination, which will be 
described in detail elsewhere, led to the conclusion that 
the differences in behaviour are connected with the atmo- 
sphere present during neutron bombardment; bromine 
was taken up readily by specimens irradiated in carbon 
dioxide but not by those irradiated in vacuum. 

In Hennig’s original reports, inhibition of the lamellar 
reaction was attributed to steric interference by unan- 
nealed interstitial material. Our results now indicate 
that this idea cannot be correct because estimation of 
the interlayer spacing by X-ray diffraction confirms that 
considerable numbers of unannealed interstitials are 
present in the specimens irradiated in earbon dioxide 
which will take up bromine very readily. 

It is conceivable, however, that unannealed interstitials 
might be indirectly responsible for the absence of a lamel- 
lar reaction in vacuum-irradiated polycrystalline graphite 
specimens by producing closure of pores which would 
otherwise allow access of bromine to the structure. Indeed, 
the associated decrease of surface area caused by neutron- 


* All doses are expressed on an equivalent nickel damage flux seale. 
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temperature exceeded 1,000° C. 
For this and other reasons we are considering an 
Electron microscope studies 


annealing treatment. 
measured spin concentration was significantly smaller 
in the first sample, presumably reflecting the much higher 
concentration of dislocations present during the heating 
process in this case. 


Table 1, ESR DATA FOR NEUTRON-IRRADIATED SPECTROGRAPHIC GRAPHITE 
ROD ANNEALED (3 H AT 500° C) IN DIFFERENT STATES OF SUBDIVISION 


Unpaired 
electron Line 
concentration* width 
(10°9/2) ( AH i/a AUSS) 
Irradiated graphite powder (unannealed) 26°1+1:3 14053 
Irradiated graphite, powdered prior to annealing 11-3+ Ot §h8+O0-1 
Irradiated graphite, powdered after annealing 15:3 + OS $3+0-1 


* Error limits are standard deviations for six determinations. 


It is suggested that a fraction of the interstitial species, 
while not re-integrating completely with the structure, 
undergoes a process of partial annealing at the disloca- 
tions, losing unpaired electrons in the process. As a 
result, adjacent. layer planes may be pinned together 
(cross-linked) by strong bonds so that the interlayer 
spacing of 3-35 A cannot be increased to the 7-05 
spacing necessary to accommodate bromine molecules’. 
Such strong bonding is consistent with the apparent stabil- 
ity of these complexes to thermal annealing. 

It should be pointed out that, some years ago, Maire 
and Mering' considered the possibility of cross-linking 
between the layer planes to explain why neither bromine 
nor potassium would form lamellar compounds with non- 
graphitizing carbons, although the alkali metal may do 
so with graphitizing turbostratic structures. 

In this connexion it is interesting that we have found 
that the capacity of graphite to form lamellar compounds 
with potassium is reduced after irradiation in a vacuum, 
although uptake is not completely prevented in this 
case. These observations are consistent with a mechanism 
involving cross-linking of the layers, for a smaller expan- 
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sion of the interlayer spacing would be required fo accom. 
modate the alkali metal’. It 1s more difficult to sego 
for them in terms of pore closure, because this wot 


> 


presumably affect the entry of bromine and of potassium 


to much the same extent. 

The ready uptake of bromine and potassium by speci- 
mens irradiated in carbon dioxide is attributed to con- 
tinuous removal of the partially annealed interstitial 
groups by radiolytic oxidation. This idea is supported 
by the finding that bromine lamellar compound formation 
by a graphite irradiated in vacuum can subsequentiy be 
facilitated by progressive reaction with molecular oxygen 
(Table 2). 


Table 3, EFFECT OF PROGRESSIVE REACTION WITH MOLECULAR ONYOEN 
ON THE UPTAKE OF BROMINE BY NEUTRON-IRRADIATED GRAPHITE 
Camposition of 


Surface area residue compound 


(m?/e) (109 bromine 

manlecuies/2} 
Irradiated graphite prior to annealing 00000 = 5 
Irradiated graphite annealed at 700° C DË 19 
Oxidized to 4% burn off ea 4-4 
10%, burn off 65 4-3 
28%, burn off fib Sez 
33% burn off G4 15°6 
Unirradiated graphite annealed at 760° C Gre B30 
Oxidized to 60% burn off tid 85-0 


The further implication that the trapped interstitial 
material is more reactive than the main carbon structure 
may be relevant to the chemical behaviour of graphite 
both in-pile and out-of-pile. For example, it may 
explain the observation, to be discussed in detail elaewhere, 
that the reactivity of graphite to oxygen is increased 
much more by irradiation in vacuum than by irradiation 
in carbon dioxide. 

The existence of partially annealed interstitial material 
may also be interesting with respect to certain changes 
of physical property that are produced by neutron Dom 
bardment. For example, cross-linking of the layer planes 
might account for the marked decrease in the c-axis 
thermal expansion coefficient that has been observed on 
irradiating graphite single crystals'*. The concept might 
also help to explain the increase in c-axis electrical con- 
ductivity which has been found after i rradiation 8 of 
pyrolytic graphite. 

We thank the UKAEA for the irradiated specimens. 
One of us (D. R.) was in receipt of a grant from the 
Science Research Council when this work was carried out. 

D. ROBSON 
H. HARKER 
School of Chemistry, 
University of Newcastle upon Tyne. 
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BIOLOGICAL SCIENCES 


Bacterial Nature of Radioactive DNA 
found in Tomato Plants incubated in 
the Presence of Bacterial DNAH 


Fornien DNA can enter the cell nuclei of tomato plants, 
but its composition remains largely unaltered'~?. When 
tritiated bacterial DNA is taken up by tomato plants, 
all the DNA can be isolated and centrifuged on a caesium 
chloride gradient. The radioactive molecules are of two 
kinds: one having the density of the tomato DNA, the 
other that of the foreign DNA used in the experiment. 
Thirty to sixty per cent of the radioactive molecules 
which sediment have the density of the bacterial DNA. 
Radioactive molecules having the density of tomato DNA 
have been considered to be bacterial DNA which has been 
broken down and used for de novo synthesis?. 

We have also studied different factors which affect the 
quantity of the DNA uptake*}. Plants grown and 
incubated in light take up more foreign DNA than in 
darkness (Fig. 14, I and II). Pretreatment for 2 h in 
a solution of sodium citrate (0-15 M} also increases the 
amount of foreign DNA absorbed by the plants (Fig. 1B, 
[and II). On the other hand, the synthesis of endogenous 
DNA is unaffected by either one of these two factors 
(Fig. 1A, III-VI; B, III-VI). This seems to prove that 
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Fig. 1. Radioactivity found in plants treated in different ways (re- 
lated to 100 ug of endogenous DNA), (A) I. Plants grown in light 
and incubated in the presence of tritiated bacterial DNA. TI. Plants 
grown in darkness and incubated in the presence of tritiated bacterial 
DNA. ITI. Plants grown in the light and incubated in the presence of 
tritiated thymidine. IV. Plants grown in darkness and incubated in the 
presence of tritiated thymidine. V, Plants grown in light and incubated 
in the presence of hydrolysed tritiated bacterial DNA. VI. Plants 
grown in darkness and incubated in the presence of hydrolysed tritiated 
bacterial DNA. (8) I. Control plants pretreated for 2 hin water and 
subsequently incubated in the presence of tritiated bacterial DNA. 
ii. Plants pretreated for 2 h in a solution of sodium citrate and sub- 
sequently incubated in the presence of tritiated bacterial DNA. 
Til. Control plants pretreated for 2 h in water and subsequently in- 
cubated in the presence of tritiated thymidine. IV. Plants pretreated 
for 2h in a solution of sodium citrate and subsequently incubated in 
the presence of tritiated thymidine. V. Control plants pretreated for 
2h in water and subsequently incubated in the presence of hydrolysed 
tritiated bacterial DNA. VI. Plants pretreated in a solution of sodizm 
citrate and subsequently incubated in the presence of hydrolysed 
tritiated bacterial DNA. (Each Roman number corresponds to three 
series of plants. The black series took up or synthesized the smallest 
amount of DNA, the white the largest, the hatching series being inter- 
mediates.) Each plant was exposed to the tritiated solution for 6 h 
and was then transferred to water for 24 h. 
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Fig. 2. Radioactivity found in plants treated in various ways (re- 
lated to 100 ug of endogenous DNA). (4) I. Plants pretreated in 
light, incubated for 6 h in the presence of bacterial DNA followed by 
Zi h im the presence of tritiated thymidine. IL Plants pretreated in 
darkness, incubated for 6 h in the presence of bacterial DNA followed 
by 24 hin the presence of tritiated thymidine. III. Plants pretreated 
in the light, incubated for 6 h in the presence of bacterial DNA fol- 
lowed by 24 b in the presence of hydrolysed tritiated bacterial DNA. 
IV. Plants pretreated in darkness, incubated for 6 h in the presence of 
bacterial DNA followed by 24 h in the presence of hydrolysed tritiated 
bacterial DNA. (8) I, Plants pretreated in a solution of sodium citrate, 
incubated for 6 h in the presence of bacterial DNA followed by 24 h in 
the presence of tritiated thymidine. IT. Control plants pretreated in 
water, incubated for 6 h im the presence of bacterial DNA followed by 
24 hin the presence of tritiated thymidine. ITI. Plants pretreated in 
a solution of sodium citrate, incubated for 6 h in the presence of bacterial 
DNA followed by 24 h in the presence of hydrolysed tritiated bacterial 
DNA. TV. Control plants pretreated in water, incvbated for 6 h in the 
presence of hydrolysed tritiated bacterial DNA. (Every Roman number 
corresponds to three series of planis. The black series synthesized the 
smallest amount of DNA, the white the largest, the hatching being 
intermediate.) 


transloeation of exogenous DNA and synthesis of endo- 
genous DNA are two distinct phenomena, although this 
particular argument is not sufficient, as incorporation of 
thymidine or of the products of hydrolysis of DNA might 
not be an exact reflexion of the rate of DNA synthesis. 
Thus cne could expect that pretreatment with either 
light or sodium citrate—which increases the uptake of 
foreign DNA several times—-would give a different distri- 
bution of radioactive molecules after ultracentrifugation 
in a caesium chloride gradient. This was not the case, 
however; even though the amount of radioactivity in- 
creased, the proportion of DNA sedimenting at the level 
of bacterial DNA was not changed by either of these two 
factors. These data seemed to be contradictory because 
synthesis of endogenous DNA from small precursors, 
tritiated thymidine or hydrolysed tritiated bacterial DNA, 
is not im the least affected by either light or treatment 
with sodium citrate. 

One hypothesis was that the presence of bacterial DNA 
may have rendered the synthesis mechanisms of the plants 
sensitiva to factors such as light, darkness or sodium 
citrate. Consequently, tomato plants {variety ‘Tuek- 
wood’) were given either light or darkness, or else were 
pretreated either in sodium citrate or in water. These 
plants were then placed in a solution of non-radioactive 
bacterial DNA (200 ug/ml.) for 6 h followed by treatment 
in a solution of either tritiated thymidine or hydrolysed 
tritiated bacterial DNA (using pancreatic DNase I). The 
DNA of the plants was extracted by a method already 
described’, and its radioactivity was measured in a liquid 
scintillator after having separated the acid-sohible DNA 
from the acid-insoluble DNA by means of chromato- 
graphy on DEAE cellulose cclumns®. As shown in Fig. 2, 
the presence of foreign DNA in the plant does not modify 
the normal synthesis of endogenous DNA either in light, 
darkness, or after treatment with sodium citrate. 

Another explanation was that the DNA sedimenting at 
the tomato DNA level after caesium chloride gradient 
utracentrifugation might consist of small segments of 
bacterial DNA attached to the tomato DNA-——these seg- 
ments being in too small a proportion in relation to the 
bulk of the plant’s DNA to change its centrifugation 
gradient. This hypothesis was supported by the fact that 
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Fig. 3. CsCi ultracentrifugation diagram of the DNA extracted from 
tomato plants. (4) Incubation for 6 h in the presence of tritiated DNA 
from <A. tumefaciens followed by 48 h in water. Interrupted line: 
ultraviolet absorption (tomato DNA: o@=1,692 g/ml.; M. lysedetikticus 
DNA: o=1,731 g/ml.). Uninterrupted line: radioactivity sedimenting 
at tomato DNA level (g =1,692 g/ml.) and at A. tumefaciens DNA 
(o= 1,722 g/ml). (B) CsCl ultracentrifugation diagram after ultra- 
sonication of the molecules sedimenting in the position of tomato 
DNA (= 1,692 g/ml.). Interrupted line: ultraviolet absorption (tomato 
DNA: ¢=1,892 g/ml; DNA from M. lysodeikticus: e@=1,731 g/ml.). 
Uninterrupted line: radioactivity; a second peak appears in the 
position of DNA from A. tumefaciens (o = 1,722 gimi). 


when the DNA which we extracted was highly polymerized 
we observed that after ultracentrifugation in CsCl there 
were fewer molecules sedimenting at the level of bacterial 
DNA than when we obtained a lower polymerized DNA 
(my unpublished results). We therefore performed the 
following experiments. Apical shoots of adult tomato 
plants (variety ‘Tuckwood’) were placed for 6 h in a 
solution of Agrobacterium tumefaciens DNA labelled with 
tritiated thymidine? and extracted by the method of 
Marmur’. The cut shoots were then transferred to water 
for 48 h. To the DNA extracted? was added unlabelled 
DNA from Micrococcus lysodeikticus (p= 1-731 g/ml.) as 
a reference. Caesium chloride was added to the final 
solution and the different fractions obtained after ultra- 
centrifugation were measured on a spectrophotometer and 
on a liquid scintillation counter’. 

The fractions corresponding to the density of the tomato 
DNA were collected and ultrasonicated with an MSE 
Pullard instrument at the optimum frequency at 0° C, 
and ultracentrifuged again in the presence of CsCl. 

As Fig. 3 shows, before ultrasonication, radioactive 
molecules having the density of tomato DNA (p= 1,692 
g/ml.) and those having the density of bacterial DNA 
(p= 1,722 g/ml.) are in about the same proportion. But 
after ultrasonication of the labelled molecules sedimenting 
at the level of the tomato DNA, followed by ultracentri- 
fugation, two radioactive peaks occurred. One still had 
the density of tomato DNA, and the other sedimented at 
the level of Agrobacterium tumefaciens DNA. In contrast, 
the control plants which were given tritiated thymidine 
show only one peak of radioactive molecules after ultra- 
centrifugation in CsCl gradient, this peak having a density 
of 1,692 g/ml. Ultrasonication followed by ultracentrifuga- 
tion does not alter its level of sedimentation. 

This seems to show that after absorption of bacterial 
DNA by the plant a substantial portion of the radioactive 
molecules found at the density level of tomato DNA after 
ultracentrifugation in a CsCl gradient is actually bacterial 
DNA. 
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Competitive Effects of Phleomycin 
and Mercuric Chloride in vivo 


Tuis study is a test of a prediction that phleomycin’ 
attaches to the carbonyl oxygen of 2’-thymidine in DNA‘. 
In non-living conditions, phleomycin and Hg'* do react 
with this site’; pretreatment of fibres with either HgCi, 
or phleomycin prevents the other from reacting. Both 
phleomycin and HgCl, inhibit growth. If they do com- 
pete for the same site in vivo, then the sum of the conse- 
quences of both taken separately should give a value 
greater than the inhibition exerted by the two reacted 
together but sequentially. 

Studies were conducted with H. coli grown at 30° C in 
brain—heart infusion broth. Cultures were established in 
a vessel with a side-arm monitoring chamber. Growth 
was assessed by the rate of change in optical density at 
550 mu. In the first series, the object was to determine 
the consequence of pretreatment with phleomycin. 
Experiments were conducted in five volleys consisting of 
four cultures each. A newly established culture (OD 556 
myu about 0-05) was subdivided into 25 mil. aliquots. 
At zero time two cultures received 0-5 ml. of buffered 
distilled water and two others received a final concentra- 
tion of 1-0 ug/ml. of phleomycin freshly dissolved in 0-5 
ml. of buffered water. Forty minutes later, one culture 
from each volley which had been given phleomyein, and 
one which had been given water, were brought to 3-68 x 
10- M HgCl,. The remaining cultures were given the 
stated volume of water. Optical density was monitored 
every 15 min for the next 105 min. 

Data are compiled in Table 1 and analysed in Tables 2 
and 3. In cells which had been pretreated with phleomycim 
before being challenged with HgCl,, the level of inhibition 
was less than the sum of the effects of the two agents 
reacted separately (Table 2); the degree of protec- 
tion was a direct, linear function of the specific activity 
of phleomycin (Table 3). The following considerations 
made it possible to examine this correlation still further. 
The precise level of phleomyein inhibition (1), calculated 


Table 1. CHANGE IN TURBIDITY AS A FUNCTION CF TIME IN E. coli OM ALLENGED. 


VARIOUSLY 
Prieomyein t 
Experiment* Water Heth, ft Phleomycin t+ + Hgh $ 
1 701 400 44% 202 
2 RIS 540 600 370 
3 1,608 ŠRI 1,078 S28 
4 383 225 281 156 
5 246 158 185 118 


* Same numbers used to identify experiments in Tables 1-3. Experiments 
in a row represent subcultures from the same parent culture. 

+ Phleomycin added at At=0. 

t HgCl, added at 4t= 40 min. 


Values represent (d-optical density.s. m pl A-min) x 10-4. 


Table 2. PROTECTION OF CELLS FROM Heth, BY PRETREATMENT WITH PHLEO- 
MYCIN AS A FUNCTION OF DIFFERENCES BETWEEN CALQULATED AND OBSERVED 
PERCENTAGES OF INHIBITION 


Phieomycin + Heth, 
Experiment* Calculated + Observed é 
1 79 58 21 
2 61 55 
3 73 67 ii 
4 79 59 20 
5 61 53 8 


* See Table 1. 
+ Calculated values represent the sum of inhibition by phleomycin and 
Hei, reacted separately. 
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as a function of the initial rate (R) for the cultures of 
experiments l, 2 and 4 treated with phleomycin, gave 
the equation {=10-5 R-%* (determined by regression 
analysis and semi-empirical curve-fitting). Reproducing 
the initial conditions of experiments |] and 4, and halving 
the concentration of phleomyein, should result in an 
inhibitory level of some 15 per cent. A comparable 
linear reduction in the factors responsible for protection 
against HgCl,—a change of some twenty increments in 
protection (Table ¢ 3)—should give net zero influence on 
the effects of the mercuric salt. If phleomycin represents 
that factor, then reducing its concentration by the 
amount indicated should, likewise, result in no protection 
against HgCl,. Cultures were established as previously 
described and an attempt was made to produce an initial 
rate factor of 0-12 (this was judged by the observed effects 
of phleomyein). HgCl,, again, was 3-6 x 10-3 M; phleo- 
myem at 0-5 ug/ml. was introduced after 40 min. a 
inhibition by phleomyem and HgCl, taken separately a 
the indicated concentration predicted the effects of the 
combined materials to 0-01 per cent (see Table 4). There 
is thus a direct relationship between protection against 
HgCl, and the pharmacodynamic reaction of phleomycin. 
Each phleomycin molecule in vitro is able to bind four 
mereurie ions’, The possibility that this may have 
influenced the results seemed highly unhkely in view of 
the correlation between the activity of phleomyein and 
its protective role. Nevertheless, it was decided to exam- 
ine the issue experimentally. Cultures were established 
as before, but (to ei ra this time they 
were challenged with 10+, 10- and 10 M HgCl,. Results 
(Table 5) ean be expressed as inhibition= F (conc,)= 
52:4 conc.®®, Qualitatively, this means that an effective 
dose was achieved at a very low level--far below the 
minimurn used. Once the threshold is reached, however, 
only the very large changes in concentration become 
reflected by changes in inhibition. The molecular weight 
of phleomycin. is approximately 1,500. Assuming that 
four Hg+ are removed/phleomycin (the maximum), the 
concentration of HgCl, would be reduced by some 2 per 
cent in the experiments—-an amount too small to be 
manifested in observed changes in growth. In addition, 
dose-response experiments also reveal that the toxicity 
attributable to low levels of HgCl, is quite specific and 


Table 3, PROTECTION AS A FUNCTION OF THE PERCENTAGE OF INHIBITION 
BY PHLBEOMYCIN 
Inhibition by Protection 

Experiment*® phleomycin (7) (Initial factor 

(per cent) accel.) + (dt 
37 0-12: 22 
pd 27 0-210 6 
3 33 Undetermined il 
4 3s 9-121 20 
5 25 Undetermined 8 


* See Tables 1 and 2. 

+ This value was ascertained for purposes of reproducing initial conditions 
in later experiments (see Table 4). 

t ô= PU) =0-87724 —14-26. dis obtained trom the last columnin Table 2. 
The coefiicient of correlation between 7 and 4 is 6-9 (these and all other 
calculations were carried out on an SDS 940 computer system). 


Table 4. PREDICTION OF THRESHOLD VALUES FOR PHLEOMYCIN PROTECTION 
OF CELLS FROM Hecl, 


Percentage inhibition 


Predicted Observed 
Phleomyein (0-5 ug/ml.) 15* 14-31 
Hel, | 4045+ 45-22 
Phieomycin (0-5 ne/mij + Hell, 59-53 f 59-52 


* Percentage inhibition of phleomycin calculated to correlate with zero 
protection; based on values in Table 3. 

+ Mean + standard deviation in inhibition by HgCh alone: 
Table 1 

t šum of the effects of 0-5 po/ml. 
separately. Phleomycin was introduced at -H= 


from datain 


phicomycin and HgCl, reacted 
Gand HeChL at At= 40 min. 


Table 5. INHIBITION OF GROWTH BY Ha@cl, AS A FUNCTION OF CONCENTRATION 


Concentration Observed Caleulated* 
(M) (%) (%) 
10* ot) 52 
BO” 70 64 
19 75 73 


The equation was determined by regression and semi-empirical curve- 


fitting, 


* Inhibition = = F (concentration) = = FU) = 7 = 52:49 (approximate), 
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Table 6, ABSENCE OF EFFECTS OF PHLEOMYCIN ON GROWTH IN CELLS 


PRETREATED WITH Heth, 


Growth 
Total® Ratet Features t 
A B A B- A B 
{107} 
Hel. + water 257 3:05 1-23 1:36 244-045 244-051 
Hg Cl, + phleomycin 2-41 3°37 140 1-85 244-0588 244-103 


* A and B represent separate runs. Water or phleomycin was administered 
at 45 or 49 min, respectively, 


ae 212. 283 z% 
= J finds — d firidr, = {eir — f Goode 
bi = qu 
where x is time, limits represent min and f(z)=a+he—ix*4+ mz; 
determined by poly nomial least aquares curve-fitting. 
+ Differential coeficient during challenge inter’ val. 


fix) was 


va Y ox in arbitrary units, 


involves UIE. A with enormous competitive 
affinity for Hg**. (It is suggested, parenthetically, that 
the Katz equations’ approximate the effects of mercury 
in vivo for very low concentrations.) 

Finally, a test was made of the ca pacity of Het? to 
prevent effects attributable to phleomyecin. Cultures 
were established with 36x10- M HeCl, introduced at 
time zero. After 45 or 49 min, cultures were challenged 
either with water or with | ug/ml. of phleomycin. Optical 
density was monitored to 290. odd min. The equations 
for changes i in optical density of each culture were determ- 
ined by “polynomial least squares curve-fitting. Having 
determined the funetion, the total amount of growth 
during the period of treatment with phleomycin was 
ASSES ssed, as Indicated in the definite integral for this period, 
by the rate of growth, as reflected in the differential 
coefficient, and through characteristics as revealed quanti- 
tatively in the are length of each curve. 

Results are « compiled i in Table 6. Growth was an identi- 
cal covariate of time for HgCl, plus water and HgCl, plus 
phleomycin cultures alike. In other words, there were 
neither negative nor positive effects attributable to phleo- 
mycin when HgCl, was applied first, despite the otherwise 
growth inhibitory influences of the antibiotic. Phleo- 
mycin and Hgt attack the same sites in the living cell. 
Consideri: ig the ineses apabdle parallel with in vitro findings’ 
and the simple fact that these results were completely 
predictable a priori? we propose that this site is the 
oxygen at 2°-thymidine. 

Pach PIETSCH 
CYNTHIA CORBETT 
Biochemical Research Laboratory, 
The Dow Chemical Company, 
Midland, Michigan. 
Received May 20, 1968, 
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Enzyme Mechanism for the Active 
Transport of Sodium and Potassium 
lons in Animal Cells 


SEVERAL mechanisms have been proposed which link 
the active transport of Na* and K+ to the hydrolysis of 
ATP. These suggest either diffusion across the membrane 
of specific carriers of Na* and K*}-%, or the formation of a 
phosphorylated membah derivativet- 7 Evidence in 
favour of these mechanisms is not, however, conclusive, 
and this article presents a new model for transport of Nat 
and K*, the experimental verification of which may be 
possible. 

A possible method of linkage of ATPase activity to 
active transport of Nat and K> is illustrated in Fig. 1 
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The essential features of this mechanism are as follows: 

(1) The ATPase molecule is in contact with media inside 
and outside the cell and possibly extends across the whole 
width of the cell membrane. The existence of large lipo- 
philic proteins of this type has been suggested by Wallach 
and Zahler’ from physical studies of membranes, although 
evidence from electron microscopy is lacking. 

(2) The substrate of the ATPase is a complex of ATP*-, 
Mg?+, and three Na+. The figure of three Na+ ions is selected 
because of the stoichiometry of transport found in the 
human erythrocyte’! and in the giant axon of Loligo™. 

(3) As a result. of binding ATP-Mg*+-3Na* (but not of 
binding ATP-Mg*+-3K* or similar species) the enzyme 
changes its conformation from form A to form B (Fig. 1). 
In form B, Na* ions on the bound substrate are available 
for exchange with cations in the external medium, but are 
effectively isolated from the internal medium. 

(4) Hydrolysis of the bound ATP occurs only when the 
three Nat ions on the substrate have been replaced by two 
K+ ions. The hydrolysis might be catalysed, for example, 
partly by a positively charged amino-acid residue whose 
approach to the substrate was previously hindered by the 
three Na+ ions. A simultaneous return of the ATPase to 
form A accompanies hydrolysis, for this eliminates the 
substrate necessary for form B. The transport of three 
Nat and two K> ions is thus completed with return of the 
ADP and inorganic phosphate (Pi) formed to the internal 
medium. 

Sensitivity to ouabain, which inhibits both active trans- 
port and the (Na+, K+)-dependent ATPase. can be ascribed 
to a “locking” of the enzyme in one form. Baker and 
Manil*® have shown recently that irreversible ouabain- 
poisoning of active transport in giant axons of Loligo occurs 
only after transport has taken place, and Matsui and 
Schwarz!4 have shown that binding of 3H-digoxin to miero- 
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Fig. 1. A diagram illustrating stages in the mechanism proposed for the 

active transport of Nat and K+ ions. The (Mg**, Na*, K>}-dependent 

ATPase is shown in cross-section and does not necessarily consist of two 
subunits. A fuller explanation is given in the text. 


somes with (Nat, K*)-dependent ATPase aetivit 
dependent on ATP. It therefore seems more li 
ouabain locks the enzyme in the substrate-bound fort 

As stated, the proposed mechanism does not a 
volve the phosphorylated membrane derivative? ®t 
associated with the activity of many, if not all (Na+, K*)- 
dependent ATPases. The mechanism could be modified to 
include this intermediate, but it is perhaps more likely to 
be the product of a secondary reaction of the enzyme, as 
suggested by Skou”. According to this view the inter- 
mediate, the transient existence of which is normally cata- 
lysed when K* ions are present at the enzymatic centre, 
can also be formed and degraded much more slowly when 
theenzyme binds ATP-Mg?*-3Na+* in the absence of K* ions. 

The foregoing model can be adapted to account for the 
onabain-sensitive efflux of Na* in the absence of external 
K+ which oceurs both in the human erythrocyte’ and in 
the Loligo giant axon'*. In erythrocytes, Garrahan and 
Glynn?! showed that at high internal ATP concentrations, 
ouabain-sensitive exchange of internal and external Na* 
is increased by lowering the cellular concentration of Na*. 
This can be explained if, in these conditions, the (Nat, K>} 
dependent ATPase binds Mg?*-ATP with an incomplete 
complement of Na+ ions, and if this results in an abnor- 
mal conformational change, or an osmilation between 
forms A and B, so that the bound substrate can exchange 
with Na* ions on both sides of the membrane. Increasing 
concentrations of external K* would be expected to pro- 
mote the hydrolytically active form of the enzyme, and 
therefore to inhibit exchange diffusion of Na* and catalyse 
active Nat-K+ transport as observed experimentally. 
Garrahan and Glynn?* also showed that when erythro- 
cytes contain low concentrations of ATP, ouabain-sensitive 
exchange of Na* is increased by increasing the cellular 
concentration of Pi. This is explained if ADP and Pi (with 
Mg?* and Na+) compete significantly with ATP for the 
enzyme substrate site, and if the abnormal conformational 
change suggested here results from the binding of ADP 
and Pi. 

A erucial requirement of the present hypothesis is that 
the binding of Na* and ATP to the enzyme should be 
interdependent. Evidence for this has been obtained by 
Robinson, Working with Nal-treated brain microsomes 
with high (Na+, K*)-dependent ATPase activity, he 
showed that the Ky for Mg**-ATP increased with increas- 
ing concentrations of Na*, and that the concentration of 
Na+ required for half-maximal activation of the ATPase 
increased with the concentration of ATP. The results of 
Fujita et al.*1 may also be relevant to the present mechan- 
ism. These workers found that the (Nat, K*)-dependent 
ATPase, the normal pH optimum of which is 7-6, also has 
ouabain-sensitive K*+-dependent and Na+-dependent 
ATPase activities, the pH optima of which are 5-3 and 9-0 
respectively. These two optima may represent indepen- 
dent effects of pH on the substrate binding and hydrolytic 
functions of the ATPase. Thus at pH 5-3 the substrate 
affinity of form A may be modified to accept Mg**-ATP 
with associated K+ ions, while at pH 9-0 the enzyme in 
form B may hydrolyse the bound ATP-Mg**-3Na* com- 
plex more readily than at pH 7-6. 

Further indirect evidence for the proposed mechanism 
can be found in the properties of the other enzymes which 
metabolize ATP. Common to probably all of these is a 
requirement for Mg*+, and several also require K* ions. 
It is not unlikely that others also need K*, but this require- 
ment has not been reported®. Enzymes activated by K? 
include pyruvate kinase®*, glutathione synthetase’, fruc- 
tokinase**, tyrosine hydroxamate synthetase, panto- 
thenate synthetase? formyl glycineamidine phosphoribo- 
syl synthetase**, and propionyl-CoA carboxylase®*. ‘The 
significance of these requirements for K* may be that 
these enzymes which use ATP have a common step in their 
mechanisms. Thus the enzymes may differ in their 
substrate-binding specificities, but be similar im that the 
transfer of the terminal phosphate group of ATP occurs 
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only when K* is present. Additional evidence for a com- 
mon step is that pyruvate kinase apparently catalyses the 
phosphorylation of fluoride and of hydroxylamine”, 
both processes being K+-dependent. These reactions may 
be related to the inhibition of the (Nat, K+)-dependent 
ATPase by fluoride’? and to the sensitivity to hydroxyl- 
amine”? of the Na*-dependent phosphorylated derivative 
of the ATPase. If such enzymes do have a common step 
in their mechanisms, it may be reasonable to suggest that 
parts of their molecular structure are also common, and 
that many enzymes metabolizing ATP are evolutionary 
modifications of a primitive enzyme. 

Interestingly, by substituting H+ for Na+, and Ca** (or 
valinomycin and K+) for K+, and modifying the stoi- 
chiometry, the proposed mechanism can account for the 
ATP-dependent uptake of Cat and K+ ions by mito- 
chondria**5, Oxidative phosphorylation can also be 
represented as a reversal of the hydrolytic steps in the 
present model, using Mitchell’s chemiosmotic hypothesis**, 
Factors required would include generation of H+ ions by 
electron transport at the active centre of the ATPase, 
and subsequent removal of these by OH- ions inside the 
mitochondrion after formation of ATP. Synthesis of ATP 
would be dependent on internal K+ ions, but the imperme- 
ability of the mitochondrial membrane to K+ ions would 
permit their return to the inside of the mitochondrion 
following exchange with H+ ions. The co-factors suggested 
by Mitchell, X- and 10-, might here be ionized groups on 
the enzyme. 

I thank Drs H. Bobinski, A. F. Brading, R. P. F. 
Gregory and S. Hunt and Messrs A. Atkinson, A. D. 
Gatenby and N. B. Roberts for helpful discussions and 
encouragement. 
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Department of Biological Chemistry, 
University of Manchester. 


Received June 5; revised June 20, 1988. 


*Giynn, 1. M., Prog. Biophys. Biophys. Chem., 8, 241 (1957). 

* Baker, P. F., Endeavour, 25, 166 (12966). 

* Caldwell, P. C., Physiol. Rev., 48, 1 (1988). 

t 8kou, J. €., Prog. Biophys, Mol, Biol.,14, 131 (1964). 

* Albers, R. W., Fahn, S., and Koval, G. J., Proe. US Nat. Acad. Ser, 50, 
474 (1963). 

k wa L., Sen, A. K., and Rosenthal, A. 3., J. Biol, Chem., 240, 1437 

5). 
t Jardetzky, ©., Nature, 211, 969 (1966). 


8 HA D. F. H., and Zahler, P. H., Proc, US Nat. Acad. Sei., 56, 1552 


* Garrahan, P. J., and Glynn, I. M., J. Physiol, 192, 217 (1987). 
 Whittam, R., and Ager, M. E., Biochem. J., 97, 214 (1965). 

t“ Sen, A. K., and Post, R. L., J. Biel. Chem., 289, 345 (1964). 

Baker, P. F., and Shaw, T. L, J. Physiol., 180, 424 (1965), 

i Baker, P. F., and Manil, J., Biochim. Biophys. Acta, 150, 328 (1968). 
i Matsui, H., and Schwarz, A., Biochim. Biophys. Acta, 151, 655 (1988). 
u Ahmed, K., and Judah, J. D., Biochim. Biophys. Acta, 104, 112 (1965). 
* Bader, H., and Post, R. L., Biochim. Biophys. Acia, 150, 41 (1968), 
v Skou, J. C., Physiol. Rev., 45, 596 (1965). 

8 Garrahan, P. J. and Glynn, I. M., J. Physiol., 192, 159 and 189 (1987). 


" Caldwell, P. C., Hodgkin, A. L., Keynes, R. D., and Shaw, T. I J. Physiol., 
152, 561 (1960). 


* Robinson, J. D., Biochemistry, 6, 3250 (1967). 

*) Fujita, M., Nagano, K., Mizuno, N., Tashima, Y., Nakao, T., and Nakao, 
M., J. Biochem., 61, 165 (1967). 

3 Lowenstein, J. M., Biochem. d., 75, 269 (1960). 

* Kachmar, J. F., and Boyer, P. D., J. Biol. Chem., 200, 669 (1953), 

** Snoke, J. E., Yanari, 8.,and Block, K., J. Biol. Chem., 201, 573 (1953). 


ae at E., Ben-Gershom, E., and Lardy, H. A., J. Biol. Chem., 227, 231 
1957). 

3 Schweet, R., Fed. Proc., 16, 244 (1967). 

Maas, W. K., J. Biol. Chem., 198, 23 (1952). 

*® Melnik, I., and Buchanan, J. M., J. Biol, Chem., 225, 157 (1957). 

= Edwards, J. B., and Keech, D, B., Biochim. Biophys. Acta, 159, 167 (1968). 

* Tietz, A., and Ochoa, S. Arch. Biochem. Biophys., 78, 477 (1958). 

* Kupiecki, F. P., and Coon, M. J., J. Biel. Chem., 285, 1944 (1980), 

= Yoshida, H., Nagal, K., Kamei, M., and Nakagawa, Y., Biochim, Biophys. 
Acta, 150, 165 (1968), 

33 Nagano, K., Kamawaza, T., Mizuno, N., Tashima, Y., Nakao, T., and 
Nakao, M., Biochem. Biophys. Res. Commun., 19, 759 (1985). 

Rossi, C. S. and Lehninger, A. L., Biochem. Z., 388, 698 (1963), 

3: Caaan R., Harris, E. J., and Pressman, P. C., Biochemistry, 5, 2326 
1966). 


> Mitchell, P., Biol. Rev., 41, 445 (1986). 


NATURE, VOL. 219, AUGUST 31, 1968 


Effect of lodoacetate and Fluoride 
on the Position of the Haemoglobin 
Oxygen Dissociation Curve of 
Human Whole Blood 


Tue influence of various electrolytes on the position 
(haemoglobin-oxygen affinity) and on the slope (haem~ 
haem interaction) of the oxygen dissociation curve 
(ODC) of pure haemoglobin solutions has been known for 
several years'. Recent investigations?" have revealed 
the unique role of organie phosphates, such as 2,3-di- 
phosphoglycerate (2,3-DPG), as determinants of the 
haemoglobin-oxygen affinity. Thus, with pure haemo- 
globin solutions, an inerease in the concentration of 
2,3-DPG in the medium decreases the affinity by com- 
petitive reaction with oxygen®, while a decreased con- 
centration of 2,3-DPG is associated with an increased 
affinity for oxygen. The concentrations of 2,3-DPG used 
in these experiments are in the range which occurs in 
normal or abnormal physiological conditions in the 
intact erythrocyte. Because variations in concentrations 
of 2,3-DPG do not appear to influence the sigmoid shape 
of the ODC but only its position, these compounds pre- 
sumably do not affect the haem—haem interaction®. 

The relevance of these observations to the intact 
erythrocyte has not been established. We have therefore 
investigated the effect of certain inhibitors of glycolysis 
on the ODC in whole blood in an attempt to alter the 
erythrocyte content of 2,3-DPG and thus to a displace- 
whether or not the position and/or slope of the ODC is 
affected. 

Based on studies in muscle preparations, 80-90 per cent 
of the glycolytic pathway in the erythrocytes involves 
the step from 1,3-DPG to 2,3-DPG rather than directly 
from 1,3-DPG to 3-DPG (refs, 7 and 8). The principal 
inhibitory effect of iodoacetate is believed to be on the 
glyceraldehyde 3-dehydrogenase, and so the addition of 
this substance to whole blood should lead to a decrease in 
erythrocvte content of 2,3-DPG, and thus to a displace- 
ment of the ODC to the left. On the other hand, addition 
of fluorice, an inhibitor of enolase, should lead to an un- 
changed or inereased 2,3-DPG concentration because of 
the inhibitory effect of 2 or 3-phosphoglycerate on 2,3- 
phosphoglycerate phosphatase’. Because the maximal 
effect of 2,3-DPG on ODC seems to be achieved at normal 
concentrations of 2,3-DPG®*, the position of ODC should 
remain unchanged even if 2,3-DPG would be elevated. 

Heparinized blood sarnmples were collected from normal 
non-smoxing adults to ensure samples free of sulph- and 
methaemoglobin, foetal haemoglobin and carboxyhaemo- 
globin. To each of two samples (2 ml.) was added 25 ul. of 
iodoacetic acid or potassium fluoride in strength sufficient 
to give final concentrations of 0:001 M and 0-002 M 
respectively. A third 2 ml. sample was processed without 


addition. All samples were then incubated for 6 h at 
38° = 0-05° C. 
Using our own technique (our unpublished results), 


each sample was then equilibrated for 40 min with a gas 
mixture of oxygen, nitrogen and CO, mixed by a cascade 
of two or three gas mixing pumps. This technique per- 
mits the concentration of CO, to be fixed at 5-00 per cent 
and the oxygen concentration to be varied stepwise at 
predetermined concentrations between 0 and 10 per centt 
Furthermore, the technique also allows the pH to be keps 
constant at any pre-set value, thus eliminating any error. 
in the pH correction of the measured oxygen saturation. 
After 40 min of equilibration, duplicate determinations of 
oxygen saturation were carried out using microspectro- 
photometric techniques". The oxygen tension of the 
equilibrating gas was then adjusted and the procedure 
was repeated. The entire svstem, including the blood 
sample, equilibrating gas mixtures and pH electrodes, was 
thermostated (38°+0-05° ©). AH results reported here 
were obtained at pH 7-400 + 0-005. 
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The concentration of 2,3-DPG in whole blood was 
measured by the enzyme method of Towne et al.™. Four 
heparinized blood samples were collected, and each was 
divided in two—one part being incubated with iodoace- 
tate, and the other incubated with no addition. The 
conditions were the same as those used for determining 
the oxyhaemoglobin-dissociation curve. 

Fig. 1 shows the oxygen dissociation curves obtained 
for control blood samples and blood to which iodoacetate 
or fluoride had been added. (Eight similar experiments 
gave the same results.) A mean dissociation curve pub- 
lished by Astrup and Engel’? is also shown for comparison, 
this curve being based on blocd samples from fifty-two 
normal non-smokers. As Fig. 1 shows, iodoacetate 
exerted a dramatic effect on the ODC in displacing it to 
the left. The deviation of the curve representing blood 
with added fluoride and control blood from the mean 


normal curve of Astrup and Engel (obtained on blood | 


preserved with fluoride) does not exceed the individual 
variation obtained for normal blood’*. 
Fig. 2 shows a plot of the data according to the Hill 


equation: [HbO,]/[Hb]=A-(pO,)" on logarithmic co- 
ordinates. All lines are nearly parallel to each other, 


signifying that the exponent of the Hill equation (n) 
remained constant despite a considerable displacement 
of the ODC to the left in the case of blood treated with 
iodoacetate. On the basis of this finding we assume that 
haem--haem interaction is unchanged either by iodoacetate 
or by fluoride. 

Table 1 summarizes the n-values calculated from the 
data in Fig. 1 together with values for pz, and the log p50, 
both of which are expressions of the oxygen-affinity. 
Addition of iodoacetate leads to a significant decrease in 
Pso from 29-7 to 16-0 mm Hg. 

Table 2 shows the influence of iodoacetate on the 2,3- 
DPG concentration of whole blood treated in the same 
way as the blood samples used for obtaining the ODC. 
It is evident that incubation with iodoacetate leads to 
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a marked decrease in the 2,3-DPG concentration, Thus 

the influence of iodoacetate on the ODC is probably a 

result of its influence on erythrocyte concentration of 

2.3-DPG. These results agree with the work by Zipursky™ 

and Schréter® and their colleagues, who found that. addi- 

tion of iodoacetate to whole blood leads to a decrease in the 

non-hydrolysable fraction (chiefly 2,3-DPG) of organic 

phosphates. A possible alternative effect of iodoacetate. 
on the haemoglobin affinity, however, cannot be completely 

ruled out. Certainly such a hypothetical effect is not 

mediated by changing pH, for plasma pH was constant 

during the experiments and pH measurements on packed 
haemolysed erythrocytes showed no significant differences — 
between samples with or without iodoacetate addition. 

Results reported by Benesch* and Chanutin’® suggest 
that 2,3-DPG acts as a powerful regulator of the allosteric 
properties of haemoglobin of human erythrocytes. Our 
findings obtained with intact erythrocytes using iodoace- 
tate support this concept. The consequences of a dis- 
placement of the ODC incident to a change in the 2,3-DPG 
content of the intact erythrocyte and the influence of 
such displacement on the transport of oxygen to the 
tissues may be of major physiological importance. 

A possible clinical implication is suggested by the recent 
finding of Charache et al?! that the low haemoglobin- 
affinity for oxygen in sickle cell anaemia is associated with 
an increase in 2,3-DPG content. 





Tabie i 
Poo mm He log Pas R 
Blood with iodoacetate 148 1:17 TRZ 
Blood with iodoacetate 17-0 125 286 
Astrup~Engel 272 1-44 a 7h 
Blood with fluoride 2R G 1-46 2-76 
Blood without addition 29-7 1:47 CK} 
Table 2 
Blood 2,3-DPG concentration in" pmeolea/ml. of 
sample whole blood 
No. Without icdoacetate With iodosacetate 
I Bis MRG 
2 2-56 3-48 
3 2-23 0-62 
4 4-93 59 
5 2-12 O74 
6 2-06 O-B0 
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Variable Behaviour of Blood Group H 
on HeLa Cell Populations 
synchronized with Thymidine 


EVALUATION of blood group activity on cultured cells is 
complicated by naturally occurring metabolic events 
during the cell cycle. The following experimental findings 
are consistent with this idea, 

In cultured primary amnion cells, a high degree of 
positivity for A, B and H groups is observed when cells 
placed in culture are undergoing fairly rapid division as 
judged by increases in cell numbers, In contrast, serologi- 
cally active cells are negligible in ageing cultures which 
are marked by a diminuticn in other forms of cellular 
activity (unpublished results of Kuhns, Bramson and 
Faur). Cloning experiments using cells which seem to 
lack certain serological markers are able to give rise to two 
colonial forms: (a) negative clones, (b) clones containing 
negative cells in mixture with positively reacting cells!. 
Tests for blood groups carried out repeated! y on trans- 
formed cell lines, that is, HeLa (group H) and FL ( group 
B), and on primary cells invariably reveal the presence of 
serologically uninvolved cells, a finding which is indepen - 
dent of the titres of reagents or technique used for showing 
blood group activity (mixed agglutination, immunofluores- 
cence), 

The experiments described here indicate that increases 
in mixed agglutination of synchronized HéLa cells for 
blood group H occur during cellular events immediately 
preceding, and associated with, cell division. This is 
followed by a decrease in the number of cells positive for 
group H during the interphase period immediately follow- 
ing cell division. Synchrony of cultured HeLa cells in 
these experiments was accomplished by using an excess 
of thymidine, a natural metabolite when not used in 
excess. In this circumstance, however, it behaves as an 
inhibitor of DNA synthesist, During the period of inhibi- 
tion, protein synthesis and RNA synthesis continue, and 
cells in G1 and G@2 phases proceed through the mitotic 
eyele until they reach the beginning of the S period. When 
excess thymidine is removed and the medium replaced 
with normal nutrient medium, cells proceed to synthesize 
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DNA from the point in the S period at which they had 
been halted. The inhibitory technique allows for sequen- 
tial blood group testing of cell suspensions containing a 
high percentage of cells in the same metabolic phase 
beginning with, and subsequent to, DNA synthesis. 

An uncontaminated S3 strain of HeLa cells (unpub- 
lished results of Kuhns, Bramson and Faur) was main- 
tained as monolayer cultures in plastic bottles (Falcon 
Plastics). The growth medium consisted of Eagle’s MEM 
and 15 per cent foetal calf serum supplemented with 100 u 
penicillin, 100 ug streptomyein and 0-25 ug fungizone/ml. 
Monocellular suspensions were prepared by trypsinization 
of cells attached to the plastic surface with 0-25 per cent 
trypsin (Grand Island Biological Co.) in a balanced salt 
solution lacking Ca++ and Mg++. The number of cells in 
the suspension to be used were counted by microscopic 
examination, and dilutions were prepared with growth 
medium. More than 90 per cent of cells were single, and 
the remainder were present in clumps of two or three cells. 
One hundred thousand cells in 2 ml. of each suspension to 
be tested were seeded onto cover slips in Leighton tubes. 
Simultaneously, suspensions were placed in plastie bottles 
(300,000 cells in 6 ml.), and growth in these containers was 
allowed to proceed in growth medium for 3 days. Growth 
medium was then replaced by medium containing 2 mM 
thymidine’. 

After 24 h, cultures were washed three times with normal 
medium and again incubated at 37° ©. After thymidine 
had been removed and replaced with normal growth 
medium, mitotic indices were noted at intervals (Fig. 1) 
with cells—-fixed by air drying and stained with orcein— 
attached to cover slips from which medium had been 
removed. Simultaneous mixed agglutination tests for 
blood group H along with controls? were carried out on 
cell suspensions derived from plastic bottles. These 
determinations were obtained up to 12 h subsequent to 
thymidine withdrawal. The results of an experiment are 
summarized in Fig. 1. A parallelism is observed between 
the curve which indicates the percentage of total cells 
involved m mitosis, and the curve which represents cells 
involved in mixed agglutination, that is, cells possessing 
blood group H activity. Peaks of mitosis oceurred 7 and 
8 h after withdrawal of thymidine, when 17 per cent and 
15 per cent of cells counted were observed to be in the 
mitotic phase, The highest level of mixed agglutination 
for group H was after 8 h, when 16 per cent of cells were 
involved. A fall off in mitotie activity and in mixed agglu- 
tinated cells was observed thereafter. The finding in 
repeat experiments that maximum mitoses occurred at 


7-9 h after removal of thymidine is in close agreement 
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Hours after removal of thymidine 
Fig. 1. Blood group H activity in HeLa cells synchronized with thymi- 
(line, »-—-x, Mixed agglutination: x --- x, mixed agglutination 
control; @-~@, mitotic index: @ -- - @. mitotic index control, 
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with observations of other workerst®7, We also observed 
a consistent parallelism between increases in mitoses and 
increases in blood group H positive cells. Controls in 
which thymidine was not used did not show the changes 
in activity noted for test cells. 

An alternative technique for detecting blood group H is 
based on the direct agglutinability of HeLa cells sensitized 
with ulex extract (anti H), the same reagent used in mixed 
agglutination tests. Agglutinated HeLa cells are par- 
titioned from non-agglutinable cells by differential sedi- 
mentation, and the degree of positivity for group H is 
reflected in the proportion of agglutinated cells (sediment) 
to the unagglutinated cells in the supernatant fluid. The 
control reagent consists of ulex extract which has been 
absorbed with human group O erythrocytes. 

If the changes in group H during the synchronized HeLa 
cell cycle are indicative of similar events in other cell 
systems, these may explain some of the blood group 
findings described earlier in this report (refs. 1 and 2, and 
unpublished results of Kuhns, Bramson and Faur). In 
addition, such alterations may reflect a general series of 
events in which other cell constituents participate. In 
synchronized Chinese hamster cells, the enzymes glucose- 
6-phosphate dehydrogenase and lactate dehydrogenase 
increased imtermittently during the GI phase, midway 
through the S phase and again in late S phase along with a 
net increase in cell size and total protein’. Schmidt* 
suggests that some cellular events such as the obvious 
changes in nuclear division and cross wall deposition are 
related to enzymes and structural proteins which are 
normally discontinuous and function only during these 
events. Masters et al.® indicate that periods of the 
bacterial cell cycle during which certain enzymes increase 
in concentration may be closely correlated with replication 
of the corresponding structural genes of these enzymes, 

The use of synchronized cells permits time sequence 
relationships to be studied between DNA synthesis, 
specific enzyme formation, and blood group determinant 
activity. In the case of blood group H, an enzyme trans- 
ferase has been described which mediates incorporation of 
fucose into H substance!!, These experiments may pro- 
vide an approach to sequence studies for a structural 
antigenic determinant whose properties in the soluble 
state are fairly well known’’. 

We thank Dr Howard Green for providing the $3 strain 
of HeLa cells. and Dr Matthew Scharfe of the Albert 
Einstein College of Medicine, New York, for instructions 
on the method of cell synchrony. 
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Parathyroid Hormone-like Action of 
N‘-2'-O-Dibutyryladenosine-3'5' 
(Cyclic)-Monophosphate on Bone 
Explants in Tissue Culture 


N6_2’-O-DIBUTYRYL-3’5 (CYCLIC)-AMP (DCA) has a direct 
parathyroid hormone (PTH)-like action on bone explants 
in culture. It stimulates bone resorption, as manifested 
by the release of calcium, inorganic phosphate (Pi) and 
hydroxyproline from the explants; it enhances their 
production of lactate and of citrate; 1t increases synthesis 
and excretion of several lysosomal enzymes, acid p-nitro- 
phenylphosphatase,  @-glucuronidase and  N-acetyl-5- 
ghicosaminidase. All these effects mimic those of PTH 
in this system'-*. Neither 3’5‘(eyelic)- AMP (CA) or 5- 
AMP, nor theophylline or caffeine, is active. 

Calvaria from 19 day mouse embryos were cultivated 
in L ml. of medium! +, CA, DCA (obtained from Calbio- 
chem), 5’-AMP, theophylline or caffeine, dissolved in the 
culture fluid and adjusted to pH 7:4, was added directly 
to the cultures. The culture media were renewed every 
day. The following assays were done on the media (after 
centrifugation at 600g during 10 min) or on the tissues 
(after homogenization) after culture for 1-3 days: lactate"; 
citrate’; inorganic phosphate’: hydroxyproline® (after 
hydrolysis in 6 N-HCl for 22 h at 110° ©); §-ghicuronidase® ; 
N-acetyl-8-glucosaminidase®; acid phosphatase ( p-nitro- 
phenylphosphatase)*. In some experiments, the pregnant 
mice were injected subcutaneously, 64 h before being 
killed, with 50-90 pCi of *Ca-labelled CaCl, (1 Cig Cay, 
Control explants were paired with the experimental 
ones’, and differences between groups were determined 
by Student's £ test. 

Addition of DCA results in the appearance on the second 
day of culture (occasionally on the first) of small resorption 
lacunae in the explants; these lacunae, similar to those 
produced in similar conditions by PTH (illustrations in 
Vaes!?), extend later in the tissue. The effect is almost 
constant with 0-3 mM DCA; it was observed only in four 
out of ten cultures made with half that concentration. 
It is manifested biochemically by the release of “Ca and 
of Pi from the bone mineral into the culture fhud as well 
as by a loss of hydroxyproline from the organie matrix of 
the calvaria. The explants release more lactate and more 
citrate as well as larger amounts of lysosomal? acid 
hydrolases (3-glucuronidase, N-acetyl-3-g! ucosaminidase 
and acid phosphatase). After 3 days of culture, however, 
they have equal or greater enzyme activities than the 
eontrols (Tables 1 and 2). 

CA or 5’-AMP does not cause bone resorption and has 
no effect on the release of “Ca, lactate or hydrolases 
The results in Table 1, for the second 


PTE (refs. 2 and 4). 


940 


Table 1, 
Ca Pi Lactate 
DCA (0-3 mM) 
Day1 C (23) 124 + 42 (3) 4$+35 (19) 19+ 0-6 
FT 133 + 26 63 + 33+ 2240-5 
Day 2 C> (23) 123 + 46 (3) ~ 62438 (12) 1:2+0-3 
T 195 + 42* 287 + 47* 2°56 4+0-5* 
Day 3 C (23) 97437 (3) -9411 (11) 6-9+0-2 
T 186 +74* 135 + 47+ 2°1+0-5* 
CA (0-3 mM) 
Day2 © (6) 137 +387 (6) 0-640-1 
T 163 +496 O07 +01 
CA (0-6 mM) 
Day 2 C (5) 115 + 22 
T 104 +25 
5’- AMP (0-3 mM) 
‘Day 2 © (6) 107 +138 (8) 1140-3 
T 101 +29 1O0+0-1 
5’-AMP (0-6 mM) . 
Day 2 © (6) 107418 
| 109 +22 
Theophylline (1 mM) 
Day 2 © (6) 88:9 
ý 49 +8 
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EFFECT OF DOA, CA, 5’-AMP AND THEOPHYLLINE ON THE RELEASE OF "CA, PI, LACTATE, CITRATE AND ACID HYDROLASES FROM CALVARIA IN CULTURE 


es | N-acetyl-p- Acid 
Citrate 8-ghieuronidase gluicosaminidase phosphatase 
(5) 1244 (31) 53+ 16 (17) 463 +156 (8) 491+ 97 
32+3* 66+ 16 524 + 208* 517 + 87 
(531548 (24) 89 +11 (10) 397 + 182 (8) 93+ 54 
78+ 2* 844 32* 846 + 254* 828 + 116* 
(5) 1544 (23) 48 +16 (10) 496 + 286 (8) 121+ 87 
72+16* 81 +32* 779 + 413* 369 +131" 
{5} 42+6 (6) 275 + 20 
5417 321477 
{4} 3549 (4) 435 + 159 
46429 549 + 100 
(8) 3448 (6) 413 +176 (8) 93 +54 
37 +10 466 +176 80+ 58 
(6) 832 +6 (6) 413 + 176 
4441 493 +167 
(7) 49 +18 (7) 567 + 1838 
49 +18 464 = 140 
th 


The results (means +.$.D,) are expressed per calvarium and in CPM x 10 for “Ca, mumoles for Pi and citrate, kmoles for lactate, «-units for the 
enzymes. C, Control; T, treated explant: between brackets the number of paired comparisons (+, P<0-05; *, P <0-005). 


Table 2. EFFECT OF DCA AND OF 5’-AMP ON THE TISSUR CONTENT OF 
HYDROXYPROLINE AND OF ACID HYDROLASES AFTER CULTURE FOR 3 DAYS 
AND IN NON-CULTIVATED BONES 


N-acetyl-f- 
Hydroxy- -glucuron- glucos- Acid 
proline idase aminidase phosphatase 
Controls 12-6+1-9 309 +110 1,766+567 6,264 + 1,600 
DCA (0-3 mM) SO+1-90* 220455 2,290 + 265 24,179 + 4,968* 
6’- AMP (0-3 mM) a 267 + 99 2,263 +4481 7,719+2,915 
Non-cultivated 14:6+42-5 ee — =- ; 


The results (means +$.D.) are expressed per calvarium and in “eg for 
hydroxyproline or in micro-units for the enzymes. Each group contained 7 
or 8 single explants for the hydroxyproline and 4 or 5 pools of calvaria for the 
enzyme determinations (*, P < 0-005). 


effects (perhaps mimicking those of other hormones) on 
the explants, but, as I have discussed before!’, the signifi- 
cance of such chemical inhibitions of the resorption 
induced by PTH in bone explants in culture is particularly 
difficult to assess. In vive, theophylline also inhibits the 
hypercalcaemie action of PTE (ref. 12). The fact that 
theophylline? and DCA (ref. 13) are hypercaleaemic in 
parathyroidectomized rats, but not in intact rats, may 
be due to a similar antagonism. Cytological studies of 
explants in our culture system may help to answer these 
questions. 


Table 3, EFFECT OF DCA ON THE ACTION OF LIMINAL DOSES OF PTE ON THE RELEASE OF “CA AND OF §-GLUCUEONIDASE 


Day 1 
Ca 8-glucuronidase 
No addition 93 + 10* 44+ 6* 
PTE 149 + 25 644+ 16 
PTE + DCA (0-15 mM) 120 + 14+ 52+ 12+ 
PTE + DCA (0-3 mM) 120 + 22 50+ 15+ 


Day 2 Day 3 
Ca -glucuronidase bCa -glucuronidase 
944 31* 48 + 22* 98 + 39° 46+411* 
236 + 76 116435 164+ 45 84+18 
184+ 42+ 101+ 30 106 + 29* 64 + 26+ 
168 + 53 65 +24%* 113 + 43+ 40 +17" 


The results (means +.5.D.) are expressed per calvarium and in CPM x 10- for “Ca or in micro-units for S-giucuronidase. PTE (0-05 unit/ml.) and 
DCA were added together to the culture fluids. Each group contained 4 or 5 cultures. The significance of the differences is calculated by comparison with the 


PTE group (+, P<0-05; x, P<0O01; *, P < 0-005), 


These experiments demonstrate that DCA has a direct 
action on bone cells, similar to that of PTH (refs. 1-4), 
The action is not duplicated by 5’-AMP or by CA itself, 
presumably, in the case of the latter, because CA has a 
higher rate of inactivation and/or a slower entry into the 
cells than DCA (ref. 11). DCA may influence the metabolic 
pathways leading to bone resorption, which involves? an 
increased synthesis and excretion of lysosomal enzymes 
(connected with the resorption of constituents of the 
organic matrix) as well as a stimulation of glycolysis and 
acid production (which may be related to the resorption 
of the mineral). The experiments with actinomycin D 
and puromycin suggest that the action of DCA on bone 
resorption requires a stimulation of protein synthesis; 
they should be interpreted with caution, however, because 
of the high toxicity of these drugs to the cells in culture. 

These observations are compatible with the suggestion 
that CA may be the mediator of the action of PTH on 
bone resorption, as DCA and theophylline have a hyper- 
caleaemic action in parathyroidectomized rats!2.5, PTH 
also increases the production of CA by homogenates of 
rat kidney and DCA duplicates some of the renal 
actions of PTH (ref. 16). Although CA is probably an 
intermediate of the action of PTH on bone, as it is for 
the action of many other hormones on their targets”, 
there are difficulties in interpreting some of our results. 
First, the lack of effect or the depressive action of theo- 
phylline and caffeine, both inhibitors of the enzyme 
transforming CA into 5’-AMP (ref. 17), may be caused by 
the toxicity of these drugs in prolonged in vitro experi- 
ments. Second, the slight inhibition of the action of 
liminal doses of PTE by DCA suggests that it has other 
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Genetic Control of 8-Hydroxybutyric 
Dehydrogenase in 
Paramecium aurelia 


MAMMALIAN 8-hydroxybutyrie dehydrogenase is known to 
be firmly bound to the outer membrane of mitochondria 
and can be extracted by the neutral detergent “Triton 
X-100. In the investigation reported here the same 
enzyme was shown-—-by a similar extraction procedure— 
to be present in the mitochondria of the protozoan 
Paramecium aurelia. Extracts were made from a number 
of clones isolated from a natural population of P. aurelia 
(syngen 9), collected near Ediaburgh and examined by 
starch gel electrophoresis. Two electrophoretically distinet 
forms of the enzyme were found in different clones and 
have been designated HBD-1 and HBD-2 respectively 
(Fig. la). 

Paramecium aurelia is particularly convenient for the 
study of the geneties of mitochondrial proteins, for when 
paramecia undergo conjugation, exchange of haploid 
nuclei occurs and the two ex-conjugants-—-each containing 
eytoplasm (including mitochondria) from one parent only 
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Figs. la and 6. Starch gel zymogram of &-hydroxybutyric dehydrogenase. 

Stain developed with 0-5 g of sodium-f-hydroxy butyrate, 3 mg of nicotin- 

amide adenine dinucleotide, 6 mg of MTT tetrazolium and 0-5 mg of 
phenazine methosulphate in 25 ml. of 0-1 M phosphate buffer pH 7-4, 


—-can be isolated and grown into clones. In 
clones of paramecia are obtained which origir 
plasmically from one or other of the parent alo: 

which contain nuclear genes from both. =. 


kept at 4° C for 30 min. Unis. 
extract was then run on a 10 per cent starch gel in a 
tris-citrate buffer using the discontinuous system ot 
Poulik?. Electrophoresis was carried out at 18 v/o with 
the gel at 4° C (cooled by an ice-pack), until the brewn 
borate line was 3-4 cm from the anodal wiek. The gel 
was sliced and stained for 8-hydroxybutyric dehydro- 
genase activity using a method adapted from a histo- 
logical stain’. 

Heterozygotes were obtained (from both cytoplasmic 
origins) by crossing paramecia containing HBD-1 and 
HBD-2 respectively. The hybrids containing cytoplasm 
from either conjugant gave identical patterns on starch 
gel electrophoresis. This immediately suggests that the 
genetic factors controlling $-hydroxybutyrie dehydro- 
genase are nuclear and not cytoplasmic. To confirm this, 
heterozygotes of the type HBD-\/HBD-2 were passed 
through autogamy and a 1: 1 ratio was obtained, indicat- 
ing the segregation of a pair of alleles corresponding to 
the two forms of the enzyme (for details of the geneties 
of P, aurelia see ref. 4). These results are shown in 
Table 1, and establish that this enzyme, although firmly 
bound to the mitochondrial membrane, is controlled by a 
nuclear gene. 


Table i 


HBD-1 HBD-2 Total 
24 34 BB 


(y= 1-72 not significant at the 5 per cent level) 


The segregation of the two alleles HBD-1 and H BD-2, after passing the 
heterozygote through autogamy. 


This raises further questions as to where the poly- 
peptides are synthesized and how they pass inte the 
mitochondrial membranes. Using isolated mitochondria, 
Roodyn, Work and Reis? found incorporation of radio- 
active amino-acids into a ‘Triton X-100 insoluble frac- 
tion; this would suggest that synthesis of proteins soluble 
in “Triton X-100 occurs outside the mitochondrion. ‘This 
means that the polypeptides must be assembled and 
incorporated into the membrane from outside. 

A further piece of information which has come from 
this work is that 8-hydroxybutyric dehydrogenase is a 
tetramer, consisting of identical polypeptide chains. In 
the homozygous state the enzyme occurs as a single band, 
for all the polypeptides are identical, whereas im the 
heterozygous state a five banded pattern is obtained. 
This is easily explained if HBD-1 consists of four poly- 
peptides AAAA and HBD-2 consists of BBBB (A and B 
differing in charge); the heterozygote will then contain a 
randomly assorted mixture of the two types® as shown in 
Fig. 16. 
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Haemoglobin Initiation in Protein 
Synthesis by Animal Cells and the 
Universality of the Genetic Code 


THE biosynthesis of proteins involves the formation and 
stepwise elongation of peptide chains starting from the 
N-terminal amino-acid?. The order of addition of different 
armuno-acid residues is under genetic control and is determ- 
ined by the sequence of bases in messenger RNA, each 
amino-acid being specified by a codon consisting of three 
nucleotides», The nature of the genetic code has been 
elucidated largely by using synthetic oligo and poly- 
nucleotides as artificial messengers, and at the present, 
time sixty-one of the sixty-four possible triplets have 
been assigned to one or other of the twent y protein 
amino-acids. Of the remaining triplets, two seem to 
be involved in chain termination and the function of the 
third is still uncertain®. 

The genetic code is based largely on biochemical and 
genetic experiments with Escherichia coli, but the informa- 
tion obtained so far from similar experiments with a 
variety of other organisms. including bacteria‘-®*, yeast’, 
plants" and animals *-", suggests that it is probably 
universal, that is, that identical codons specify the same 
amino-acids in all species. Translation of natural messen- 
ger RNA into protein would therefore be expected to 
take place by similar mechanisms in all cells and give 
identical products. The cell-free synthesis of proteins 
by natural messengers has received much attention in 
recent years, but unequivecal evidence for the synthesis 
of identifiable products characteristic of the messenger 
has been obtained only with viral RNA from f2 and various 
closely related bacteriophages!*-!*, In other eases, difficul- 
ties have been encountered in obtaining the correct 
translation of heterologous messengers in vitro. Thus 
haemoglobin messenger RNA stimulated protein synthesis 
by cell-free extracts from E. coli, but the product re- 
sembled Æ. coli protein rather than haemoglobin! +8, 

A key step in the biosynthesis of protein is the initiation 
of peptide bond formation, which is unique in the sense 
that during this process an amino acyl-RNA oceupies a 
site on the ribosome that normally contains only the 
growing peptide chain in the form of peptidyl-RNA. In 
E. coli, the N-terminal amino-acid residue in protein 
synthesis is provided by a special {RNA, N-formyl- 
methionyl-RNA?!*2°, which has not yet been found in 
cells of higher organisms. It is therefore possible that 
differences in the mechanism of chain initiation could 
control the translation of heterologous messengers, for 
the appropriate codon would be required at the beginning 
of the message for the initiation of protein synthesis. 
We wish to present evidence for the participation of 
valyl-RNA in the initiation of haemoglobin biosynthesis 
by a mechanism which apparently does not involve the 
formation of a derivative with a substituent on the 
amino group. 

In the first series of experiments?!, we investigated 
the nature of the N-terminal amino-acid residue of the 
nascent protein synthesized by rabbit reticulocytes, for 
these cells chiefly synthesize a single protein, haemo- 
globin. Furthermore, the structure of rabbit haemoglobin 
has been completely elucidated®?-*4 and it is thus possible 
to caleulate the amino-acid composition of the nascent 
protein with some degree of certainty. Nascent protein 
was labelled by incubating washed rabbit reticulocytes 
(20 ml.) for 4 min at 37° © with L-f[“C]valine (40 uC, 
specific activity 107 uCi/umole) in a mixture of Tyrode 
solution (72 ml.), serum (3-6 ml.), FeSO, (0-5 mg of iron 
in 0-4 ml. of water) and all protein amino-acids except 
valine (7-2 umoles of each in 4 ml. of water)?*. The cells 
were cooled to 0° C, lysed and cell debris was removed by 
centrifugation at 10,000g for 10 min®*. The supernatant. 
was layered on 30 per cent sucrose and a polysome-rich 
fraction was sedimented by centrifuging at 105,000g for 
60 min. The pellet was resuspended in 0-25 M sucrose. 
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0-05 M tris HCl, pH 7-6, 0-025 M KCl, 0-001 M MgCl, 
and fractionated into polysomes and monoribosomes 
by zone centrifugation through a linear 15-30 per cent 
sucrose gradient*’. The polysomes containing nascent 
radioactive protein were sedimented at 105,000g for 
60 min from the appropriate gradient fractions, resus- 
pended in water to a concentration of 20 mg/ml. and the 
protein was deaminated by adding acetic acid (1 ml.) and 
saturated aqueous NaNO, (0-5 mi.) in small portions 
during 2 h at room temperature. After a further 20 h at 
room temperature, protein was precipitated with 10 per 
cent trichloroacetic acid. The precipitate was dissolved 
in I ml. of 0-1 N NaOH and kept at room temperature 
for 30 min to hydrolyse any deaminated amino acy] RNA. 
The protein was reprecipitated with trichloroacetic acid 
and the cycle of solution in alkali and reprecipitation 
with trichloroacetic acid was repeated until the super- 
natant was no longer radioaetive. The purified protein 
was then hydrolysed with 6 N HCl at 105° € for 18 h, 
excess acid was removed by evaporation to dryness in 
vacuo and the residue was chromatographed on Whatman 
No. 1 paper with butanol—acetie acid—water (4: 1:5, by 
volume) to separate valine (Rp 0-43) from a-hydroxy- 
isovaleric acid (Rp 0-87). The chromatogram was cut into 
sections which were counted in a Packard liquid scintilla- 
tion spectrometer. Fig. 1 shows the result of a typical 
experiment in which 12-1 per cent of the radioactivity 
was found in the «-hydroxyisovaleric acid spot. In two 
other experiments, 13-7 per cent and 11-5 per cent of the 
radioactivity were found in this area of the chromatogram, 
the remainder being present as valine. The validity of 
the nitrous acid degradation procedure was checked by 
comparing proteins labelled with “C-valine and 1C- 
leucine, respectively. Only protein labelled with valine 
gave rise to radioactivity in the hydroxy acid after 
deamination and hydrolysis, whereas in the experiment 
with labelled leucine ne radioactivity was found in the 
a-hydroxyisocaproie acid spot on the ch romatogram. 
By this degradation method «-hydroxyisovaleric acid 
arises from N-terminal valine residues of the nascent 
protein provided the amino group is unsubstituted. These 
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Fig. 1. Chromatographic separation of valine and a-hydroxyisavalerie 
acid obtained from nascent protein by deamination and hydrolysis, 
Nascent protein was labelled by incubating rabbit reticulocytes with 
4C-valine. It was isolated, deaminated and hydrolysed as deseribed in 
the text. After chromatography on Whatman No. 1 paper using 
butanol-acetic acid-water (4: E: 5 by volume) the radioactivity in the 
valine spot was 2,055 cpm. and that in a-hydroxyisovaleric acid was 
282 ¢.p.m. Hence percentage N-terminal labelling = 100 x 28242,0055 4 
282) = 12:1 per cent. 
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results indicate therefore that on average reticulocyte 
polysomes carry nascent polypeptide chains with 12-4 
per cent free N-terminal valine. 

In reticulocytes the predominant polysome species 
actively synthesizing protein contains five ribosomes**, 
On the assumption that the ribosomes are equally spaced 
along the haemoglobin messenger and that a and $-chain 
messengers are present in equal amounts, it is possible to 
ealculate the average percentage of N-terminal valine 
in nascent protein from the known amino-acid sequence of 
haemoglobin, as shown in Fig. 2. According to this cal- 
culation, such a pentasome mixture would contain 9 
N-terminal and 58-5 internal valine residues, givmg a 
value of 13-3 per cent for N-terminal valine, which 1s in 


excellent agreement with the experimental results. It 


is concluded that most of, if net all, the nascent haemo- 
globin chains have valine residues with a free amino group 
in the N-terminal position. It is therefore unlikely that 
haemoglobin synthesis is started by an amino-aeid other 
than valine and if valine with a masked amino group 1s 
used for chain initiation the substituent must be lost at 
an early stage of polypeptide synthesis, for example, 
immediately after the first peptide bond is made. 

This conclusion is supported by another approach in 
which the incorporation of «-hydroxyisovaleryl-RNA 
into haemoglobin was investigated, for such a modified 
{RNA would be expected to transfer the hydroxyacy! 
residue only into the amino terminal position of protein’. 
Commercial yeast RNA (Schwarz Bio-Research Ine.) 
was stripped of amino-acids by incubation in 0-5 M tris 
buffer, pH 10, for 60 min and loaded with MC-p-valine, 
using reticulocyte pH 5 enzymes. Some of the labelled 
valyl-RNA was then deaminated to a-hydroxyisovaleryi- 
RNA by treatment with nitrous acid’, the rest serving 
as the control preparation. The utilization of each of 
these {RNA preparations for cell-free protein synthesis 
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was examined with a ribosome-pH 5 enzyme system i 
rabbit reticulocytes**. After the cell-free system hi 
incubated for 15 min, the reaction mixture was ¢ 


counting in a Packard ‘Tricarb 3003 spectrometer. The : 
fractions containing polysomes were combined, treated 
with alkali to hydrolyse any aminoacyl RNA and protem 
was precipitated with trichloroacetic acid. The purified 
protein synthesized from the “C-valyl-RNA had a radio- 
activity of 975 pan., and that from the labelled a- 
hydroxyisovaleryl-RNA had one of 65-7 e.p.m. After correcte 
tion for differences in the amounts of polysomes recovered 
from the two gradients (23-2 mg and 14-7 mg, respectively) 
the ratio of radioactivity was 975/104=%4. Tf i is 
assumed that «-hydroxyisovalery]-RNA can be meorpor- 
ated only into the N-terminal position (compare ref. 29), 
whereas valyl-RNA ean enter both terminal and internal 
positions of the haemoglobin chains, the observed ratio 
corresponds to 10-6 per cent terminal labelling by the 
g-hydroxyisovaleryl-RNA. In two similar experiments, 
values of 7-6 per cent and 6°3 per cent were obtained. fn 
another experiment, nascent protein labelled by cell-free 
incorporation of 4C-L-valine was degraded by the nitrous 
acid procedure, giving 5,393 cpm. in valine and 473 e.p.m. 
in a-hydroxyisovaleric acid, corresponding to 8-1 per cent 
N-terminal valine, indicating that chain initiation in a 
cell-free system is somewhat less efficient than im the 
intact cell. Other workers*' have reported similar 
amounts of N-termmal valine (6-8 per cent) in nascent 
peptides labelled with “C-valine in a cell-free reticulo- 


eyte system and released by puromycin. These results 
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Fig. 3. Separation of a and B-globin chains labelled by incubating a cell- 
free system from rabhit. reticulocytes with a-hydroxyisovalervl- RNA, 
Glebin was prepared from the soluble protein after incubation of the 
cell-free system and chromatographed on CM-cellulose as described by 
Dintzis'. The relatively large amount of @-chain was obtained con- 
sistently from the globin of the rabbit used for this ex periment. Peak 
fractions (Nos, 21-28 and Nos. 36-50) were combined, the protein was 
precipitated with trichloroacetic acid and counted in a Nuclear-Chiecago 
low-background counter. The specific radioactivity of the protein from 
peak I (7-5 mg) (a-chain} was 82 ¢.p.m./me, that from peak H (27 my) 
(3-chain) was 1-28 ¢.p.m./mag, 


are therefore consistent with good terminal labelling by 
a-hydroxyisovaleryl-RNA. Chromatography of the sol- 
ble protein from the experiment with “C-labelled x- 
hydroxyisovaleryl-RNA on carbox ymethyl-cellulose! gave 
labelled polypeptides that behaved similar! y to the « and 
B-chains of globin (Fig. 3). Similar experiments have 
been reported by Rich et als? although apparently only 
the g-chain was labelled in this case. 

These experiments demonstrate that translation of 
haemoglobin messenger involves chain initiation either 
by free valyl-RNA or possibly by a valyl-RNA in which 
the amino group is temporarily masked by a labile 
substituent. In a recent experiment, nitrous acid degrada- 
tion of nascent liver protein, labelled by incorporation of 
4C-glutamie acid with microsomes and pH 5 enzymes, 
showed that about 3 per cent of the glutamic acid residues 
in the nascent proteins had free amino groups (unpub- 
lished work of Arnstein and Duggan). Serum albumin. 
which is one of the main proteins synthesized in the liver, 
has an N-terminal glutamic acid residue, and so the syn- 
thesis of liver protein may also involve chain initiation 
by a free amino-acid. 

Protein synthesis in animal cells thus differs as regards 
chain initiation from protein biosynthesis in Æ. coli for 
which N-formylmethionyl-RNA is required. These ob- 
servations may provide an explanation for the apparent 
difficulty in obtaining haemoglobin synthesis with 
haemoglobin messenger in cell-free extracts from E. coli, 
for such a heterologous system can funetion only if chain 
initiation is possible. Similarly, it has been found that 
tobacco mosaic virus RNA inhibits the incorporation 
of amino-acids by a cell-free system from reticulocytes, 
whereas turnip yellow mosaic virus RNA gives a product 
which resembles the virus coat protein in amino-acid 


composition®’, and these results may be a consequence of 


the presence of an initiating codon in tobacco mosaic 
virus RNA that cannot be translated by the reticulocyte 
system. The validity of this explanation remains to be 
investigated, but in any case it is clear that there are 
important differences in the initiation of protein biosyn- 
thesis in bacterial and animal cells which may place 
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restrictions on the translation of heterologous messengers. 
H. R. V. ARNSTEIN 
HANNAH RAHAMIMOFF 

MRC Research Group on Control of 
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In vitro Inhibition of Peptide Synthesis 
and GTP Hydrolysis by Cycloheximide 
and Reversal of Inhibition by 
Glutathione 


THe inhibition of protein synthesis by cycloheximide 
seems to occur at some stage later than the formation of 
aminoacyl-tRNA and its subsequent transfer to the 
ribosome! Studies of the action of cycloheximide on 
intact cells’? have led to the proposal that the inhibitor 
has two sites of action at the ribosome level, one involving 
chain initiation and the other chain elongation. Using a 
cell-free protein-synthesizing system, wet have observed 
that cycloheximide can inhibit polysome aggregation in 
much smaller doses than are needed to prevent chain 
elongation. With this system, we also observed that the 
action of the inhibitor on chain elongation could be 
partially reversed by adding high concentrations of gluta- 
thione to the incubation medium. This communication 
presents evidence that the site of this action of cyclo- 
heximide and its reversal by glutathione is the sulphydryl- 
dependent enzyme transferase IT. Skogerson and Moldave® 
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have suggested that transferase II is identical with trans- 
locase, an enzyme responsible for transferring the peptidy]- 
iRNA from the acceptor to the peptidyl site on the 
ribosome, with concomitant hydrolysis of GTP. We have 
now demonstrated that this specific hydrolysis of GTP is 
inhibited by cycloheximide, and that this effect can also 
be partially reversed by raising the concentration of 
glutathione in the medium. 

The cell-free protein-synthesizing system was prepared 
from rat liver. Polysomes were isolated as the C-ribosome 
preparation® and purified as described before’. Partially 
purified but unresolved aminoacy] transferases were made 
by the method of Gasior and Moldave’ and rat liver -RNA 
was labelled in vitro with a mixture of “C-amino-acids’. 
Incorporation of 4C-aminoacyl-tRNA into peptides was 
studied in a reaction mixture of final volume 1 ml., 
containing 500 ug of polysome protein, 500 ug of trans- 
ferase fraction protein, 25 yg of MC-aminoacyl-tRNA 
(15,000 c.p.m.), 0-2 mM GTP, 4 mM glutathione (reduced), 
80 mM NH,Cl, 5 mM MgCl., and 50 mM tris HCI buffer, 
pH 7-6, with addition of different concentrations of cyclo- 
heximide as indicated in Fig. 1. The reaction mixture 
was then incubated at 37° C for 30 min. The fractions 
insoluble in hot trichloroacetic acid were collected on 
‘Millipore’ filters, washed, dried and counted??. 

Hydrolvsis of GTP by the system was determined by 
measuring radioactive inorganic phosphorus released from 
322P.y-GTP as described by Conway and Lipmann™. The 
reaction mixture was similar to that used for 'C-amino- 
acyl transfer to peptides, except that only '*C-aminoacyl- 
tRNA was present and the GTP used was labelled with 
32P in the terminal phosphate (11,000 ¢.p.m. of *P-y-GTP, 
International Chemical and Nuclear Corp., re-purified by 
chromatography on DEAE cellulose). The reaction mix- 
ture was incubated at 37° C for 30 min, and the reaction 
was terminated by adding equal amounts of 002 M 
silicotungstie acid in 0-02 N HS0, and 1 ml. of 0-001 M 
potassium phosphate, pH 6-8, as carrier. The extent of 
GTP hydrolysis was measured by extraction of the released 
inorganic phosphate as phosphomolybdate complex into 
iso-butanol-benzene and counted for radioactivity". 

Fig. 1 shows the effects of increasing concentrations of 
eycloheximide on the incorporation of "C into peptide and 
on GTPase activity in this cell-free protein-synthesizing 
system. With increasing concentrations of cycloheximide 
from | ug to 1,000 ug/ml. of the reaction mixture, there is 
progressive inhibition of both 4C-incorporation from 
aminoacyl-tRNA and release of **P from GTP. The 
inhibitor seems to have a less extensive action on GTP 
breakdown, but this is because of considerable non- 
specifie hydrolysis of GTP by the system (see controls 
without either ribosomes or enzymes in Table 1). 

Fellicetti, Colombo and Baglioni? have suggested that 
cycloheximide inhibits transferase IT, a known sulphydryl- 
dependent enzyme??, It has also been concluded’ that the 
same enzyme can hydrolyse GTP during peptide bond 
formation, and may thus be identical with translocase. In 
this connexion Nishizuka and Lipmann! demonstrated 
in E. coli that hydrolysis of GTP during peptide bond 
formation occurs through an enzyme system requiring 
sulphydryl compounds. We therefore examined the effect 
of different concentrations of glutathione on the inhibitory 
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Fig. 1. Effect of various concentrations of cycloheximide on transfer 

of “C-aminoacvliIRNA to peptide and on GTP hydrolysis in s cell-free 

protein-synthesizing system. Each point is the mean value obtained 
in three experiments. 


action of cycloheximide using both incorporation of MC- 
aminoacyl-tRNA into peptides and hydrolysis of GTP as 
criteria. The incorporation system was the same as that 
described here, except that the partially purified enzyme 
preparation containing transferases I and I] was pre- 
incubated for 5 min in 0-5 ml. of buffer before adding the 
polysomes, GTP and aminoacyl tRNA. When appro- 
priate, “C-aminoacyl-tRNA or *P-y-GTP was also added 
to the incubation mixture and incubation was continued 
for a further 30 min followed by assay of C-aminoacy! 
transfer or release of **P. Control tubes were incubated 
without the transferase fraction or without polysomes. 
Glutathione (4 or 20 umoles) and cycloheximide (1 mg) 
were added either during pre-incubation or during incuba- 
tion, as indicated in Table 1. 

Table 1 shows that pre-incubation of the transferases 
in different concentrations of glutathione had no important. 
influence on subsequent incorporation of @C-amino-acnis 
or on GTP hydrolysis by the complete system (tubes | 
and 2). Addition of cycloheximide during mcubation, 
however, led to a reduction in uptake of “C-amino-acid 
and release of P (tube 3) which was much less effective 
when the transferases had been pre-incubated with a 
higher concentration of glutathione (tube 4). If eyelo- 
heximide was added during pre-incubation, the inhibitory 
action on both reactions was exaggerated (tube 5), and 
subsequent addition of 20 umoles of glutathione during 
incubation again caused a partial, though less extensive. 
reversal of the effect of the inhibitor (tube 6). 

These results show that one site of action of cyclo- 
heximide involves sulphydryl-sensitive enzymes, for ghuta- 


EFFECT OF GLUTATHIONE ON THE INHIBITORY ACTION OF CYCLOHEXIMIDE ON PEPTIDE SYNTHESIS AND ON GTP HYDROLYSIS IN A CHLI-FREE PROTELES 


SYNTHESIZING SYSTEM 


Table 1. 
l Pre-incubation 
Tube No, Glutathione Cyclo- 
Enzyme (umoles) heximide Polysomes 

1 + 4 _ + 
2 + 20 ~ + 
3 Ti 4 E + 
4 + 20 _ + 
5 + _ + + 
G + — + + 
7 + _ ~ = 
8 — — — + 


Each point is the mean value obtained in three experiments. 


Incubation 4O-amino-acids 

Glutathione Cyclo- incorporated “P released 

tRNA GTP (umoles) heximide ic p.m tube) (cpm tute) 
+ _ ~- 5,570 1,470 
+ — — 5,900 1,819 
+ — + 1,806 1,000 
$ ae + 3,500 1,366 
4- 4 -- 1,100 800 
+ 20 ~ 2,306 970 
+ 4 = 100 500 
+ 4 _ 430 378 
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thione and other sulphydryl compounds (unpublished 
data) can reverse its aetion. The complete parallelism 
between the actions of the inhibitor on uptake of “C and 
release of “P suggests that the site of inhibition is common 
to both, namely transferase IT. This conclusion agrees 
with the identity of transferase IT with translocase®. But, 
because hydrolysis of GTP depends on all previous steps 
in protein synthesis, our data cannot exclude the pos- 
sibility of the presence of separate enzymes. 


H. N. MUNRO 
B.S. Banica 
A. W. PRONCZUK 


Massachusetts Institute of Technology. 
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Crystallization of an Adenovirus 
Protein (The Hexon) 


ĪCOSAHEDRAL capsids of adenoviruses are each composed 
of 252 capsomeres? of which 240—-situated at the faces 
and sides of the triangular facets—are called hexons, and 
the remaiming 12~-situated at the vertices—-are called 
pentons’*. The hexons are approximately spherical, 
with a diameter of 80 A, whereas the pentons consist 
of a base which is morphologically similar to the hexons, 
to which is attached a fibre with a terminal knob. Hexons, 
pentons and fibres are found as free antigens in extracts 
of infected cells and can be purified by a variety of 
techniques. The study of their morphological, physico- 
ehemical, antigenic and biological properties has received 
a great deal of attention (see review by Pereira and 
Valentine’). None of these antigens (or, indeed, the 
antigens of any other animal virus) has previously been 
crystallized. 

We describe here the crystallization of the hexon of 
the human adenovirus type 5. The prototype strain of 
this virus (AD 75) was propagated in HeLa cells, and 
the viral components were extracted from infected cells 
as described previously®®. Extracts of infected cells 
treated with fluoro-carbon were fractionated by density 
gradient centrifugation in caesium chloride’. This proce- 
dure resulted in a visible band containing mature virus, and 
several bands of less dense materials including dispersed 
viral antigens and cellular material. The portion of the 
gradient above the virion band was used as a source of 
antigen for purification, As a first step, the crude antigens 
were thoroughly dialysed against 0-01 M phosphate buffer, 
pH 6-8, and fractionated by chromatography on DEAE 
‘Sephadex 450° (Pharmacia). The gel was equilibrated with 
the phosphate buffer and eluted with increasing concen- 
trations of sodium chloride m the buffer ranging from 
002 M to 0-50 M in steps of 0-02 M. Fractions were 
assayed for protem by the Lowry technique? and for 
viral antigens by a micro immunodiffusion technique’. 
Most of the cellular proteins were eluted between 0-02 
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and 0-06 M sodium chloride followed by fibre, penton 
and hexon antigens with elution peaks at 0-14, 0-30 and 
0-46 M sodium chloride respectively. Six fractions, each 
of 20 ml., covering most of the hexon peak were pooled 
and concentrated to 0-5 mL by pressure dialysis. The 
concentrate was layered on a continuous sucrose gradient 
and centrifuged at 80,000g fer 17 h in a swinging bucket 
rotor (MSE 40). Twenty-two fractions were collected 


of potassium dihydrogen phosphate (pH 4-4) at 4° C. 

At the end of 3 h it was noted that an abundant. preci- 
pitate had formed in the dialysis bag; on microscopic 
examination under low power, this appeared to consist 
of amorphous material. The dialysis bag was then trans- 
ferred to a (8 M potassium dihydrogen phosphate 
solution (pH 4-4) and retained at 4° C. Microscopic 
examination 13 h later revealed numerous crystals of 
tetrahedral shape (Fig. 2) with sides measuring up to 
Ol mm. The crystals were very fragile and care had to 
be taken not to disrupt them between the slide and the 
coverslip. Their tetrahedral shape together with the 
complete absence of birefringence indicated that the 
erystals had a cubic space group. 

Various observations have confirmed that the tetra- 
hedral crystals are composed of hexons. Thus the 
crystals could be sedimented under gravity, washed 


Lo n: \ 
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Fig. 1. Sucrose gradient centrifugation. A, 0-5 mi. of concentrate from 

preliminary purification on DEAE *Sephadex’ layered on 4-5 ml. of a 

continuous 5-25 per cent sucrose gradient and centrifuged at 80,0009 

for 17 h. #, 0-5 ni. of a concentrate from the first gradient layered on 

4-5 ml. of a continuous 5-20 per cent sucrose gradient and centrifuged at 
80.0009 for 17 h. 
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with buffer and distilled water and they still retained 
the bulk of the protein and antigenicity as measured by 
immunodiffusion of the original hexon concentrate 
(Table 1 and Fig. 3) The washed crystals could be 
readily dissolved in 0-01 M tris/glyeine buffer at pH 9-0, 
and when examined by electrophoresis in this buffer in 
5 per cent acrylamide gels they gave a single component 
which was also noted in much smaller amounts in the 
washings from the crystals. 

Electron microscopy has shown that the hexons 
rapidly aggregate in the conditions used for crystal- 
lization, although the crystals themselves are too thick 
for direct observations. After crystallization, no hexons 
were seen in the supernatant liquor. On the other hand, 
the settled crystals, when dissolved, showed released 
hexons in vast numbers and no other material. Minor 
modifications of the procedures described have been carried 
out successfully. Thus the hexons concentrated by preci- 
pitation with ammonium sulphate or by 66 per cent 
alcohol instead of by pressure dialysis could also be 
crystallized. 





Fig. 2. Crystals of hexon antigen ( x 165). 





Fig. 3. Immunodiffusion pattern obtained using adeno 5 antiserum with 
dissolved crystals and washings, Central well contained serum from a 
rabbitinfected with adeno 5 and peripheral wells adeno 5 soluble antigens, 
dissolved crystals, mother liquor and washings as described in Table 1. 
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Table 1. PROTEIN RECOVERIES FROM ORYSTALS AND WASHING FLUIDS 


Hexon concentrate in 1 ml. of 0-01 M phos- 
phate buffer, pH 6'8 (2°3 mg of protein) 
| Dialysed against 0-8 M potassium 

| dihydrogen phosphate, pH 4-4 


Crystals 
| Transferred with wash of 1 mil. of 
| 0-8 M phosphate buffer, pH 4-4, to 
| small tube in ice bath at 4° C and 
i allowed to settle for 20 min 


E” 4 
Crystals Mother liquor (ML)+2 ml, of wash 
(740 we of protein) 
| 


Phosphate buffer, pH 4:4, 
added and crystals allowed 
| to settle for 20 min 


3 ml. of wash (W1-100 ag of protein) 


Crystals ————_——_- 
| 
| Similar wash to above 


2 ml. of wash (W2-48 ag of protein) 





+ 
Crystals - - - 


Similar wash to above 





Crystals ———— —_— — > 2ml, of wash (W3-80 ug of protein) 


| 

| Distilled water added and 
| crystals allowed to settle 
| for 20 min 





Crystals — —— > Imi. of wash (W4-50 ug of protein) 


Approximately 1/5 of total yield of crystals when 
dissolved (DC) in 0-01 M fris/glycine, pH 9-0, 
contained 255 we of protein 


Crystallization provides an additional method for the 
purification of adenovirus hexon and opens the way for 
a more detailed study of this protein. 

I thank Mr F. Wanless for the photomicrograph of the 
crystals. 
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Allosteric Transitions of Glutamate 
Dehydrogenase 


L-GLUTAMATE dehydrogenase from beef liver, GDH (EC 
1.4.1.3), has a molecular weight of 310,000 (referred to as 
the oligomer) consisting of six identical subunits’ and six 
active sites*. 

Guanosine-5’-triphosphate (GTP) is a powerful inhibitor 
of GDH", and its six binding sites are different from the 
active sitest-*. In the presence of NADH (the coenzyme), 
GTP causes a structural transition in the protem?-*. 

4-(lodoacetamido)-salicylic acid (ISA) is an active site- 
directed irreversible inhibitor of GDH*. We have analysed 
its reaction with GDH in terms of a model that gives us 
information about subunit interactions. Because other 
allosteric enzymes are oligomeric, this method may be of 
more general validity. The rate of inactivation of GDH 
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Fig. 1. Reaction of GDH (5x10 mg/ml.) with ISA {8-8 x 10-4 M) 
followed by measurement of activity of aliquots. (@) Normal assay: 
(@) assayed in presence of 6 uM GTP. 


by ISA (in the absence of NADH) is consistent with a 
reaction scheme 


A] e ksi S Kas 
E + ISA e BISA —> E* 
k~ 
where E* is inactive enzyme. Values of k,.= 2-07 x 10°? 
i ksa + k- 
min? and Km = -3 = 1-08 x 10- M were found. 


+1 
The kinetics of the reaction were first order in enzyme, 
indicating that the active sites are reacting independently. 
The substrate («-ketoglutarate) protected against inactiva- 
tion (in the absence of NADH). This protection could be 
analysed in terms of a scheme 


hey Ke 
E + ISA = E.ISA —> E* 


k- 
kaa IL kos 
K.akg 
E kg p 7 , 
giving a K; = -— value of 4:3 x 10 M for the «-keto- 
+3 


glutarate binding. 

The response of the enzyme to GTP is diminished faster 
than the activity is lost (Fig. 1) and this is brought about 
by reaction at one type of site. Addition of GTP to the 
reaction mixture had no effect on the rate of inactivation 
by ISA. Addition of «-ketoglutarate to the reaction mix- 
ture resulted in a 1: 1 correspondence between protection 
against inactivation and protection against loss of GTP 
response. This means that inactivation of the active site 
of one subunit reduces the ability of the other subunits 
in that oligomer to respond to GTP. The data can be 
analysed in terms of a relatively simple model. 

it is first necessary to calculate the number of oligomers 
at time t which contain 0,1,2...6 active sites modified. 
Let E, be the number of oligomers with n (0 <n < 6) 
active sites modified. Initially the activity will be given 
by 6E, 6=6Etotal 0 (where 6 is the turnover number of 
one active site) and at any subsequent time t, E, will be 
given by an expression calculated on the basis of a bi- 
nomial distribution 


6! | , 
n = Etotal TAT ) 
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where k is the measured rate constant for the inactivation, 
(1—e#)0 is the probability of finding n sites modified in 
the same oligomer, e1-*#t is the probability of finding 
(6~7) sites unmodified in this same oligomer and 6!/ 
(6—n)!nt allows for the random distribution of these 
modified sites within the one oligomer. 

The total enzyme concentration is given by 


n= 
a= 0 


and the activity is given by: 


n= 6 
Activity = £ (6 — n) En 0 = GEtota o-# 4 


K 


f= Q 


Let us first assume that once one site in an oligomer 
has been modified, none of the other subunits is capable 
of responding to GTP. (This corresponds to a hypothesis 
that allows twe and only two conformational states for 
the enzyme.) Then if the activity of the unmodified 
enzyme in the presence of a given concentration of GTP 
is reduced to a fraction x, the activity of the modified 
enzyme in the presence of this same amount of GTP 
will be given by 


Activitysrp = Erta (e% — [1 — x] e-6kt) 6 


Plotting log activity as a funetion of t (k is 1-31 « 10-2 
min- from the experimental data) gives curve A of Fig. 2. 
Significant deviations from the experimental points occur 
at high values of ¢ in that theory predicts congruence of 
the lines representing activity in the presence and absence 
of G'TP, whereas experiment suggests that these lines 
remain parallel for some considerable time. 

We can refine the model by assuming that modifica- 
tion of a subunit does not abolish the GTP response of 
contiguous subunits but merely causes the activity, in 
the presence of GTP, to fall to a fraction z (where z>w 
and | —z is the fractional inhibition of GTP at high values 
of t, see Fig. 1}. Then activity in the presence of GTP 
is given by: 


Activityerr = 6Etotay [ze 4t + (x-z) e-ki] 6 


1-8 
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Fig. 2. Comparison of experimental points and calculated curves. 
A, B, Cand D are the curves predicted by the various models. E is the 
line predicted if GIP response is not lost on modification. 
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(The former case corresponds to z=1.) This log activity 
is plotted as a function of t for z= 0-805 and z= 0:18 (Fig. 
2, curve B). 

Curve B corresponds at high values of t to the experi- 
mental points. A better fit at low values of t can be 
obtained by assuming that, after modification of one 
active site in the oligomer, the GTP response of the 
remaining sites is intermediate between that of the un- 
modified and the more fully modified. Let the fraction 
y (2>y>x) be the activity of the monomodified oligomer 
in the presence of GTP, then the activity is 


Activityarp = 6E, [e-Sk#t(a — 5y + 4z) + e Skt (Sy — 5z) + ze-*t]0 


Log activity is plotted for k= 1-31 x 10 min“, z= 0-18, 
z= 0-805 and y=0-4 (curve D, Fig. 2) and y= 0-5 (curve 
C, Fig. 2). The line Æ in Fig. 2 is the activity in the 
presence of GTP if the GTP response is unchanged on 
modification («= 0-18, y= 0-18, z= 0-18). 

Curves C and D are reasonably good fits to the experi- 
mental points. At other GTP concentrations, where x 
has different values, the curves have similar features. 

In conclusion, each subunit in the unmodified enzyme 
is equally inhibited by GTP. Substitution in one subunit 
by ISA decreases the inhibition produced by GTP in the 
remaining subunits in the oligomer. Substitution m two 
or more subunits by ISA further decreases the GTP 
inhibition of the remaining subunits. This falls within the 
general sequential model for allosteric systems proposed 
by Koshland®.®, and is consistent with our earlier kinetic 
studies on the biphasic nature of the allosteric changes 
in GDH”, 

We thank R. B. Freedman and N. C. Price for discus- 
sions, the Science Research Council and the Medical 
Research Council for financial support, and Merton College 
for a Harmsworth Scholarship to A. D. B. M. 
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Use of a Juvenile Hormone Analogue 
as Insecticide for Pests of Stored Grain 


INFESTATION by insect pests of stored grains is one of the 
principal causes of food losses in developing countries. 
Fumigation and treatment with conventional organic 
insecticides are handicapped by the problems of residual 
toxicity and the development of resistant strains of 
insects. Wiliams??? has pointed out that juvenile hormone 
or its chemical analogues could be used as insecticides 
free from such disadvantages. We have explored the pos- 
sibility of using a chemical analogue of juvenile hormone—- 
methyl 3,7,11 - trimethyl - 7,11 - dichloro - 2 - dodecenoate# 
(MTDD)-—in controlling the multiplication of stored grain 
pests and the preliminary results are reported in this 
communication. 

MTDD was synthesized and purified according to the 
method of Romanuk et al.4.. Tribolium castaneum (Herbst), 














Stegobium paniceum (L), Bruchus chinensis L= 
wheat flour, spices and pulses respectively——™ 
as the test insects. Known amounts of M 
dissolved in ether and mixed thoroughly with t} 
stuffs. The food commodities in the control expe 
were also treated with an equivalent amount o 
For testing the effect on T. castaneum, twenty 
ten males and ten females—of known age were | 
on wheat flour containing various amounts of | 
maintained at 70 per cent relative humidity and $ 
At least three replicates were carried out for each | 
ment. Observations were made once a week for egg 
and the course of larval development was followed fo 
a period of 90 days. 

The results (Table 1) indicate that at all the concentra- 
tions of MTDD tested, viable eggs were produced and the 
percentage of first instar larvae reaching fifth instar was 
a function of the concentration of the chemical. Similar 
results were obtained when third instar larvae were liber- 
ated into the treated media. When the experiments were 
repeated with fifth instar larvae, however, a large number 
of them pupated and became adults, indicating that there 
is a critical stage—probably the late fourth instar or the 
early fifth instar—beyond which MTDD is not effective. 
The most salient feature of the experiments is the obser- 
vation that none of the first instar or third instar larvae 
could either pupate or become adult even at the lowest 
concentration of the chemical tested. 





Table 1. EFFECT OF METHYL 3,7,11-TRIMETHYL-7,11-DICHLORO-2-DODE- 


CENOATE ON Tribolium castaneum (HERBST) 


Percentage deveiopment on ppi. 


Stages of of MTDD in wheat flour Contre t 
5 


development — 100 250 
First to fifth in- 

star* 500420 2664+37 27-5419 FLit@R TETESI 
Third to fifth in- 

start 45643-4 306427 238-6422 160410 864229 
Fifth instar larva . 

to adults t 51-5416 89-2410 281414 21-0221 S20+51 


+ Adult insects were allowed to lay eggs on wheat flour treated with MTDD 
and percentage development is based on number of first instar larvae formed 
from eggs. 

+ Third and fifth instar larvae were selected from standard culture, _ 

t No adults were formed in any of the experiments using first or third 
instar larvae, In the control 82-9 per cent become adult. 


Other economically important pests were tested with 
only two concentrations of MTDD. Stegobium paniceum 
grown on Cuminum cyminum showed an average increase 
of 23 per cent of adult population at 500 p.p.m. and 19 per 
cent at 1,000 p.p.m. of MTDD, whereas in the control the 
increase in adult population was 260 per cent. Bruchus 
chinensis grown on Cicer arietinum treated with 500 ppan. 
of MTDD laid viable eggs, but the larvae were not able to 
complete their development. In the control, a 488 per cent 
increase in the adult population was noticed. These results 
indicate that MTDD may be successfully used in prevent- 
ing development of a second generation of insect pests of 
stored grains. The concentration of the chemical required 
seems to vary with the nature of the stored food and/or 
the type of insect. 

We thank Dr H. A. B. Parpia, director of this institute, 
for his interest and financial support of the project. 
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Frequencies of Pseudocholinesterase 
Variants in Icelanders, Greeks 
and Pakistanis 


THe formation of the human pseudocholinesterase variants 
is controlled by at least four alleles at one autosomal locus 
termed E, (ref. 1}. The four alleles are Ey", Ee, E,f and 
Eis (refs. 2-5). The heterozygotes E: Ea have been 
found in remarkably uniform frequencies, about 3 to 6 
per cent, in Caucasians from Europe and North 
America®’, and also in Australian aborigines!? and 
Mexican Indians", but are relatively rare among Negroes" 
and Mongoloids!®1114, | 


Table H. 


U i 
Population N n Per cent # Per cent 
icelanders 128 125 97-66 — = 
Pakistanis 121 118 97-52 3 2-48 
Germans 137 135 9R- 5d 2 1-46 
Greeks 318 201 92°20 10 4-59 


z*=167020; d.f.=9; 0-10 > P>005, 


We report an examination of six hundred and four 
individuals belonging to four Caucasian populations: three 
of European origin (Icelanders. Germans and Greeks) and 
one from Pakistan. The Icelanders come from the region 
of Dalasysla in north-west Iceland, and comprise both men 
and women of varying ages. Closer or further relationship 
between some of them cannot be excluded. The sera from 


Peshawar and they were not closely related. The Greek 
and German sera are from healthy. adult, unrelated blood 
donors, most of whom were men. The Greek individuals 
were born in various areas of Greece, The German control 
group comes from Hessia. 

The material was first investigated by two screening 
tests, the agar diffusion test®? and the spectrophotometrie 
inhibition test with RO 2-0683 as inhibitor according to 
Goedde et al.*. In this way, sera with a variant enzyme 
were discovered. The dibucaine and fluoride numbers 
were then determined on these samples and on all the 
Icelandic sera. 

The carriers of the alleles for both the dibucaine-resis- 
tant. and the fluoride-resistant enzymes can be identified 
by these methods. Altogether six phenotypes can be 
recognized by speectrophotometry and the remainder are 
assumed to be U phenotype. Four of these six phenotypes 
were found in our material. Table | shows the frequencies 
of the various phenotypes and the gene frequencies 
estimated by simple gene count. Because the hetero- 
zygotes H,vH,s cannot be discriminated by the screening 
tests used here, such sera may be included in the nurnber 
of samples with U phenotype. thus introducing a small 
error in the estimation of the frequency of the usual allele!*, 
As Table 1 shows, the incidence of the I phenotype is 
highest in the Greek population (4-6 per cent); it is absent 
in the Icelanders, intermediate (2-5 per cent) in the 
Pakistan population and low (1-5 per cent) in the German 
population. The UF phenotype was found only in the 
Icelanders and Greeks and in about the same incidence 
(2-3 and 2-8 per cent respectively). The populations from 
Iceland and Pakistan differ very slightly in the distribu- 
tion and incidence of the pseudocholinesterase phenotypes 
(chi-square, d.f.=2, 0-05> P> 0-02), and there was no 
difference between the other series. The frequencies of 
the UF phenotype in the four populations fall within the 
range of the few comparable data yet available; these are 
Germans (Baden) 1-5 per cent®, Brazihans 0-93 per cent™ 
and Japanese 2-0 per cent“. The frequencies of the usual 
and atypical heterozygotes from Germany and Greece do 
not differ significantly from the data reported by other 
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workers in the field’. The Pakistan series has a frequency 
similar to the European one. In another study" a group 
of ninety-eight students from India yielded a similar 
result (3-1 per cent). The Icelandie series, however, is the 
first European population with a complete absence of the 
dibucaine-resistant pseudocholinesterase variant. In this 
respect this population resembles racially different popula- 
tions, living in similar conditions: there are Alaskan 
Eskimos (0/145) (ref. 11). another series of Alaskan 
Eskimos (0/122) and Athabasean Indians (O/141) (ref. 16). 
Further mvestigations should determine whether the 
absence of the allele Æa in Icelanders should be ascribed 
to chance or to the influenee of some familial relationships 
or whether it is indeed typical of the population. 


FREQUENCIES OF PHENOTYPES AND GENES FOR SERUM CH OLINESTERASE IN THE FOUR POPULATIONS STUDIED 


UF IF 
Per cent y Per cent By Ey ore 
2-34 = ii 0-9883 O O-O117 
a ee 0-9876 0-0124 as 
— : = 0-9927 0-0073 — 
2-75 I H46 O-VS8T 0- 0252 0-O161 
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Pigment Studies on Several 
Eye-colour Mutants of the 
Honey Bee, Apis mellifera 


ANALYSES of eye-colour mutants have brought important 
contributions to the geneties, as well as to the biochemis- 
try, of pigment metabolism of inseets'. As in Drosophila, 
Ephestia and Bombyx, mutants have been found in Apis 
mellifera which are more or less different in their eye 
eolour?*, Although several genetic studies have been 
carried out on these honey bee mutations®-', their charac- 
teristic phenotypes have not been analysed chemically. 
The objective of the research reported here was to identify 
the substances producing the eye colour of the mutants 
and to follow every change in their metabolism so that 
all mutants could be chemically characterized. 
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s(at) iit) 
tryptophan —--> formylkynurenine— + kynurenme —---» 3-hydroxykynurenine 
er, p. (bk) ch 
= T 3-hydroxykynurenine | 
see, See ular 3-hydroxykym ne |. ommochrome 


Fig. i 


Our studies were made on drones (3) of fourteen 
genetically different eye-colour mutants. Only the 
principal results are given here; further details and a 
description of methods will be given later. 

Ommochromes are widespread in insects as accessory 
eye-colour pigments’. They are chiefly derivatives of 
tryptophan, and the most important steps in their gene- 
dependent biosynthesis are known®. The mutants of the 
honey bee furnish excellent examples of how this chain of 
biosynthesis can be interrupted at different points (Pig. 
1). The ommochromes xanthommatin and several 
ommins cause the black eye colour of the wild type bee 
eye’, Quite different from this are four white eyed 
mutants that possess no ommoechromes. The mutant 
snow (s) is unable to produce formylkynurenine, which 
normally follows tryptophan in pigment biosynthesis, 
and this results in an excessive accumulation of tryptophan 
during the pupal stage and the first hours of adult hfe. 
The just-emerged adult sf contains about four times more 
tryptophan (166 ug) than the wild type g (42 ug). 

In ivory (i), ommochrome biosynthesis is blocked be- 
tween kynurenine and 3-hydroxykynurenine (3-HOK). 
Kynurenine, normally found only in traces im wild type 
pupae and adults, shows an extremely high level in old 2 
pupae and young 7 drones which have not yet defaecated 
(41 ug/l. è 3). 

This suggested that s and i cannot prepare the specific 
enzymes which are necessary for the transformation of 
the tryptophan metabolites. To demonstrate this, we 
injected formylkynurenine into the compound eyes of 
freshly emerged s gS and 3-HOK into i gd. After 3 days 
the eyes in both cases were deep brown, and an extract of 
xanthommatin and traces of ommins was obtained. 

The mutants pearl (p) and cream (cr), both white eyed 
and genetically closely linked, reach one higher step than 
i, Nine day old 3 pupae of p have accumulated 15:3 ug 
of 3-HOK and cr 14-9 ug, because there is a genetically 
caused block between ommochrome pigments and its 
chromogen 3-HOK. During the first days as adults, all 
these white eyed mutants lose most of their characteristic 
precursor substances. s g3 excrete large amounts of 
tryptophan and i $3 large amounts of kynurenine in their 
first defaecation. The first faeces of p gg and er dj contain 
3-HOK, while only traces of 3-HOK are present in whole, 
14 day old adult p or cr gd. 

In addition to these four white eyed mutants, which 
are totally blocked in their ommochrome biosynthesis, 
we analysed three other eye-colour mutants: fan (st), 
an allele of s, umber (i), an allele of 7, and brick (bk), all 
of which as older adults are slightly pigmented by ommo- 
chromes. The freshly emerged males of both sf and 7 
have nearly white eyes, and the mutants cannot be dis- 
tinguished chemically from their alleles. But during 
ageing the block is cancelled; the eyes turn brown by 
accumulation of a red-brown redox pigment—not yet 
identified——and of traces of xanthommatin and ommuns. 
In the sf compound eye, the pigments are located only 
in the “corneal pigment cells. In 7, all three types of 
eye-pigment. cells are pigmented. 

The red bk eves contain only about 10 per cent of the 
ommochrome present in wild type eyes. Dihydroxanthom- 
matin and five different ommins from this mutant were 
identified by paper chromatography and ultraviolet 
spectroscopy. Though eye pigmentation begins in the 
pupal stage, the bk pupae (like p and cr) accumulate 3-HOK 


in eye-pigment cells 


Schematic pathway of ommochrome biosynthesis and the interrupted gene-action chain in bee mutants, 


in the haemolymph which is later largely eliminated by 
defaecation or decomposition during the first days of 
adult life. 

All mutants of the chartreuse locus (ch'; ch®; ehè: cht; 
chr: and ch! with the modifier m) are characterized 
by a very high content of 3-HOK which. in contrast to 
p and cr, is accumu lated in the eve-pigment cells, thus 
causing in ch', ch®, chb a green eye colour and an obvious 
green ultraviolet fluorescence. The substance appears in 
granular form as seen in microscopic preparations. The 
accumulation takes place continuously throughout the 
pupal stage and the first 12 days as adults. The intensity 
of the pigment block and the corresponding accumulation 
of the chromogen vary greatly in the different ch mutants. 
Some. like chr, show red eyes by producing xanthommatin 
and ommin pigments during the pupal and young adult 
stages, and simultaneously accumulate 3-HOK im their 
eyes. Others, like chè, do not contain any ommochrome 
up to 14 days after emergence, but do contain a large 
amount of 3-HOK in their eyes (136 ug/head in 12 day 
old g chb). The modifier gene “m`, which affects only 
ch}, must be a suppressor of the ch gene. Jt reduces 
the accumulation of 3-HOK and increases the ommo- 
chrome biosynthesis, so that young emerged cht, m gå 
are already slightly pigmented by ommochrome. 

The ommochrome biosynthesis in chartreuse bees is 
never completely blocked during the bee's whole life. 
Even the bright green eyed ch’, which of all the chartreuse 
mutants shows the strongest accumulation of 3-HOK, 
starts forming xanthommatin and small amounts of 
ommins in 14 day old adults, so that the eye colour turns 
olive and later red-brown. But the transformation of the 
chromogen into ommochrome is very incomplete; even 
the oldest ch 33 (6-7 weeks) show an abnormally high 
level of 3-HOK (97 ug/head in chè; 33 ug/head in chr). 

Older che $$ have a shining red eye colour which is 
caused by a relatively high content of dihydroxanthom- 
matin. The same eye colour was obtained by keeping 
severed green ch? and ch? g heads in glass tubes filled 
with O,. After several days these eyes had turned deep 
red and, unlike the relations in vivo, all 3-HOK had been 
transformed into dihydroxanthommatin. 

The course of the reaction for the final biosynthesis of 
emmochromes is still unknown. The deposit of 3-HOK 
in the eve pigment cells—shown so well in ch-—may be 
the first step of this final process. The question remains 
as to how the ch gene suppresses the ommochrome bio- 
synthesis. Up to now it is possible to characterize 
chemically the different ch mutants only by the different 
quantitative relations of 3-HOK and ommochromes. 

The compound eyes of young garnet (g) 38 appear red, 
because they are free of yellow-brown ommochromes 
(oxidized state): only the red-violet pigment (reduced 
state of ommochromes) is present. But 3 days after 
eclosion g eyes show a nearly black colour and, as in 
wild type eyes, both oxidized and reduced ommochrome 
pigments occur. 

Besides ommochromes, pteridines are also present as 
accessory “pigments” in the compound eyes of bees. 
But. unlike their action in Drosophila, they have no 
influence on visible eye colour. 

By means of preparative paper chromatography we 
isolated five pteridines from wild type and mutant eyes. 
They were identified by their characteristic chromato- 
graphic and ultraviolet spectroscopic behaviour im com» 
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parison with synthetic samples. Except for er, all mutant, 
as well as wild type. eyes contain isoxanthopterin (Amax 
in 0-1 N HCl 340 nm) and 7-hydroxylumazin (= violap- 
terin) (Amax in 0-1 N HCI 324 nm) in high concentration, 
so that these two colourless components which fluoresce 
blue-violet in ultraviolet light must be regarded as the 
main pteridines of the bee eye. In addition. very small 
amounts of biopterin, pterin and pteridine-6-carbonic acid 
(=degradation product) were isolated from all mutant 
and wild type eyes. All of these pteridines were found 
in whole wild type worker bee pupae by Rembold et al.’. 

In cr, the pattern of pteridines is different from that of 
other mutants. From 1,000 er eyes we could obtain only 
traces of isoxanthopterin and violapterin. Besides 
hiopterin and pterin, three other blue, green and yellow 
fluorescent substances are present in cr, which still have 
to be analysed. 

Our investigations show that the phenotype of every 
eye-colour mutant results from a changed pigment meta- 
bolism, so that there is for every mutant a specific meta- 
bolic pattern of pigments and pigment precursors. 

This work was financed by the Deutsche Forschungs- 
gemeinschaft. The mutant stocks were furnished by the 
Bee Genetic Stock Center, University of California, 
Davis, which is supported by the US National Science 
Foundation. 
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Quabain and Conduction Velocity 
at Different Heart Frequencies in 
Rabbit Auricles 


In the crista terminalis of isolated rabbit auricles we 
observed a relationship between the frequency of stimula- 
tion and the velocity of conduction, together with a 
relationship between the frequency of stimulation and the 
maximal rate of rise of the transmembrane action poten- 
tial’. An increase in the frequency of stimulation causes 
an exponential decrease in both the maximal rate of rise 
and the velocity of conduction. The change in the velocity 
of conduction is most likely a direct result of the change in 
the maximal rate of rise?. An augmented intracellular 
sodium ion concentration caused by a relative insufficiency 
of the sodium—potassium pump might explain this 
phenomenon. 

We tried selectively toe inhibit the active sodium efflux 
by adding ouabain to the perfusion fluid’. In these 
conditions we expected that a progressive msufficiency 
of the sodium—potassium pump might raise the influence 
of frequency on the maximal rate of rise of the action 
potential and on the conduction velocity. 

An isolated muscle strip of the right atrium, almost 
exclusively the crista terminalis, was kept in a continuously 
refreshed McEwen’s solution at 375° C. The sino-auricu- 
lar node was carefully excised. The muscle strip was 
continuously stimulated with programmed series of small 
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stepwise changes in frequency between 3 and 9 Hz. The 
antegrade conduction time and the maximal rate of rise 
of the transmembrane action potential were measured as 
deseribed earlier’. 

We calculated, at steady state, the mean conduction 
time (S.D. 0-4 per cent) and the mean maximal rate of 
rise (S.D. 1-9 per cent) as the mean of the last twenty 
measurements at every frequency of stimulation. In 
fifty-six series of frequency changes in nineteen rabbits 
we invariably found an exponential increase of the 
maximal rate of rise when the frequency of stimulation 
was decreased; the reverse also holds true. 

In ten series in six experiments, ouabain was added to 
the perfusion fluid in a concentration of 1-5 x 10-7 g/ml. 
In all series to which ouabain was added the influence 
of frequency on the velocity of conduction and on the 
rate of rise was increased. Within 20 min after returning 
to normal perfusion fluid the effect of ouabain had dis- 
appeared almost completely. 

Although the absolute values of the mean maximal 
rate of rise differ considerably from cell to cell, its relative 
change with change of frequency varied only within 
narrow limits in all cells. 

In one case it was possible to keep a micro-electrode 
continuously in the same cell for more than 1 h. During 
the first series of frequency changes we administered 
ouabain (3x 10-7? g/mL). (See Figs. 14, 24 and 34.) 

Immediately after finishing this series we returned to 
normal perfusion fluid. After 20 min of stimulation at 
4 Hz we started a new series of frequency changes, shown 
in Figs. IB, 2B and 32. In Fig. 1 the maximal rate of rise 
of the action potential is plotted against the frequency of 


stimulation. The relationships—-caleulated with the 
method of the least scpuares——are 


A: logdVjdt = 
B: logdV/dt = 


(dV/dt = maximal rate of rise in V/s; f = frequency of 
stimulation in Hz). 

In Fig. 2 the conduction time is plotted against the 
frequency of stimulation. The relationships are as follows 


A: logte = 84(+18). 10-3. f+0-4 (40-2) 
B: logte = 13 (+10). 10° .f4+0-5 (+0-2) 


~ 46 (+6). 102. f4+2-3(+0-2) 
~20 (44). 10-3 742-2 (46-2) 


(te = conduetion time in ms; confidence interval 95 per 
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cent; the slopes of the lines with ouabain are significantly 
greater than those of the lines without ouabain). 
= When the frequency of stimulation is raised 
5-8 Hz the membrane potential falls to values below the 
original value. This results in changes in core-conducting 
properties of the muscle, causing ot her variables to govern 


above 


the conduction velocity rather than the maximal rate of 


rise of the action potential*. Because of this. conduction 
time above 58 Hz has not been plotted. 


Fig. 3 shows the influence of frequency on the course of 


the action potential. Triggered on the stimulus artefact 
the action potentials at different frequencies are super- 
imposed (Al and B1). A2 and B2 show the first derivatives 
of the same action potentials. The following frequencies 
are used: 4-0. 4-3. 4:8, 53. 59, 67 and 7-7 Hz (the 
largest action potential was recorded at 4-0 Hz). 

Under the influence of ouabain the maximal rate of 
rise—that is, the velocity of sodium influx at depolariza- 
tion—is more depressed at high than in 
normal conditions. This is in good agreement with the 
hypothesis that the effect of frequency is explamed by a 
rise in the intracellular concentration of sodium. 

At low frequencies of stimulation there is scarcely any 
difference in the rate of rise whether or not ouabain is 
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added: ¢.q., the intracellular concentration of sodium, will 
be practically unaltered by ouabain. At increasing fre- 
of stimulation, however, inhibition of active 
sodium efflux by ouabain leads to a progressive decline in 
the gradient of the sodium concentration across the cell 


quencies 


membrane in comparison with the original condition. 

[t seems probable that in the auricular heart muscle, 
as in frog skeletal musclet, the increase in activity of the 
sodium pump, which is necessary to reach a steady state 
at higher frequencies, is brought about by an increase in 
the intracellular concentration of sodium tons, 
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Desert Journeys by Bedouin: 
Sweating and Concentration of Urine 
during Travel by Camel and 

on Foot 


EXPLORERS and travellers in Arabia such as Doughty's 
Lawrence? and Thesiger? have given support to the tale 
that desert Bedouin can travel while suffering degrees of 
water deprivation that cannot be tolerated by visitors to 
the desert. 

In September 1967 two of us (R. H.J. and J. L. C.) 
had the opportunity of makıng three journeys with 
Bedouin in the North Arabian Desert of Jordan as part 
of a preliminary physiological study of desert inhabitants. 
The first journey lasting 4 days was made by camel with 
four Bedouin from the desert police foree of Jordan. We 
covered 130 km and asked that the conditions should 
resemble those to which the Bedouin were accustomed in 
the performance of their duties, but that they should 
restrict their drinking to the minimum possible. The 
other journeys were each made on foot over a distance of 
28 km by two groups of eight Bedouin and non-Bedouim 
Arabs. In all journeys the participants started at 0700 h 
and travelled for 4-6 h. The journey by camel also con- 
tinued into the late afternoon. The average temperatures 
during the journeys were 30-5", 32-8 and 34-4° C 
tively. Urine was collected during each imvestigation 
and samples were retained for subsequent analysis for 
electrolytes (Na+, K+, Cl-), urea, creatinine, uric acid, pH 
and osmolality. Sweat was collected by means of a 
weighed filter paper technique at the end of the camel 
journey and during the first hour of each of the journeys 
which were made on foot. Blood samples were taken 
before and after each investigation. 

During the journey by camel 
entertained by nomadic Bedouin in their tents, and we 
found later that when the Bedouin with us said they had 
not been drinking water, they meant water specifically 
and did not include other fluids such as coffee, tea, soup 
or camel's milk. If we had not actually been present we 
would have been misled into thinking that they had gone 
without water for 4 days. Our observations indicated, 
however, that their fluid intake was less than | |. a day, 
and their daily urinary output averaged 380 ml. Urinary 
osmolalities ranged from 720-820 mosmole/kg of water, 
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Table 1. RESULTS OF SWEAT TESTS 


Sera er Na* con- Kt con- Urea con- 
Investigation Subjects centration centration centration 


. (mequiv/L) CGnequiv/t.) (mg/100 ml.) 
Bedouin 
Arabs 
Mean 
SUD, 
Non- Bedouin 
Arabs 


Second foot 
journey 


fmt pie 
So 
we 
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ht 
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hore 


pea} 
pi 
ped hin 


Bedouin 
Arabs 
Mean 4 
SH, +2 


Camel journey 


0 wo 
0 Ll4 
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and the concentrations in urine of eleetrolytes and protein 
metabolites were also fairly constant. No evidence was 
found from the blood samples to indicate that haemo- 
concentration had occurred. During the journeys which 
were made on foot the Bedouin completed the distance 
faster than the non-Bedouin, the fastest average speed 
being 8-0 km/h. 

The concentration of electrolytes in sweat (Table l) 
was lower than values reported for inhabitants of tem- 
perate zones (Nat: 5844157 mequiv/l.; K+:10-04 2-4 
mequiv/]. (ref. 4)), whereas the values we found for urea’ in 
sweat were not remarkable. The electrolyte levels are, 
however, higher than some reported from Caucasians who 
were well acclhimatized to heat*, and our observations give 
support to the conclusion of Wyndham, Metz and Munro? 
that some permanent desert inhabitants are not as well 
acclimatized to hot conditions as is possible in Caucasian 
subjects. 

In conelusion, we have found that although Bedouin 
perform well in their normal environment we have failed 
so far to find evidence of remarkabie adaptation of the 
extent of their sweating. This may be related to the fact 
that while they journey by camel in their normal fashion 
they are not likely to be subjected to severe water depriva- 
tion. 

This work was carried out with the Royal Arab Army 
Medical Corps of Jordan and was supported by the Royal 
Society and the Royal Geographical Society. 
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Effect of LSD-25 on the Septal 
Region of the Rat Brain 


STIMULATION studies have suggested that the septal 
region! ? of many mammals affects behavioural reactions. 
In rats bilateral lesions of the septal nuclei produce an 
acute typical reaction resembling aggression which lasts 
from 24 to 48 h*. Septal hyper-irritability after electrical 
stimulation has been reported to last from 7 to 14 days’. 
Amyegdaloid lesions appear to inhibit the septal reaction 
in the rat and it is beheved that these two structures may 
have opposite functions in the control of emotional 
behaviour, at least in rats’. 

Lysergic acid diethylamide (LSD) has been shown to 
induce aggressiveness in normal animals but not brom- 
lysergic acid diethylamide (BOL-148) (refs. 5, 6 and 7). 
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From an anatomo -physiological point of view, the 
septal region mediates between diencephalic and hypo- 
thalamic structures*. Studies have also shown that the 
septal nuclei can depress both emotional reactions and 
motor activity’. In view of this evidence, it was thought 
worthwhile to investigate the action of LSD and BOL-148 
on rat brain catecholamines. A histochemical fluorescence 
technique developed by Falek et al. was used to visualize 
the catecholamines dopamine (3,4-dihydroxyphenyl- 
ethylamine) and noradrenaline before and after the drug 
treatment. 

Thirty male Sprague-Dawley rats wei ghing between 
150 and 200 g were placed in five groups of six. Group | 
received 0-5 and 1 mg/kg of LSD, grou p 2 received the 
same doses but were pretreated with 250 mg/kg of the 
monoamine oxidase inhibitor nialamide. Grou p 3 
received 0-5 and 5 mg/kg of BOL-148. BOL-148, in the 
same doses, was given to the fourth grou p of rats previ- 
ously treated with 250 mg/kg of nialamide. Rats in the 
fifth group received enly 250 mg/kg of nialamide and 
served as controls. Al drugs were injected intraperi- 
toneally, Rats pretreated with the monoamine inhibitor 
were injected with LSD or BOL-148 2 h after being given 
nialamide and were killed 2 h 45 min later. Nialamide 
control animals were also killed 2 h 45 min after the 
initial injection. Rats reeeiving only LSD or BOL-148 
were killed 45 min after being given the drug. 

Rats were decapitated and sections of the forebrain. were 
quickly frozen in a mixture of isopentane and propane 
(50 : 50) previously cooled in liquid nitrogen to — 170° ©. 
The tissues in the isopentane mixture were then suspended 
in liquid nitrogen where a temperature of — 190° C was 
reached. The sections were next transferred to a | yophil- 
izing machine and were kept for 7 days at a temperature 
well below — 45° C for the drying phase. The vacuum was 
maintained at 10-4 torr. After drying, the method of Falck 
and Owman!! was essentially followed for processing and 
sectioning the tissues. 

The catecholamine fluorescence pattern was anal ysed 
in all regions of the forebrain. In rats that had received 
nialamide-BOL-148 no changes in the catecholamine 
fluorescence of the neuronal or diffuse regions were seen 
when compared with the controls. 

Neither dose of BOL-148 by itself caused changes in 
the pattern of fluorescence in the regions analysed, 

Single injections of LSD moderately increased the 
catecholamine (probably noradrenaline?) cell body 
fluorescence in the septal region. Rats given LSD after 
niälamide showed very marked increases in the cate- 
cholamine-containing cell bodies in the septum. No 
variation in catecholamine intensity was seen with doses 
of between 0-5 and 1 mg of LSD alone er LSD in combina- 
tion with nialamide. 


Table 1. CATECHOLAMINE FLEORESCENCE OF RATS’ SEPTAL REGION FOLLOW- 
ING LSD AND BOL-148 TREATMENT, WITH AND WITHOUT NIALAMIDE 


Dose Septal region 

Drug (mg/kg) fluorescence* 
LSD oS. 1 + 
i Nialamide 250 gä 
iLSD 0-5, | ees 
BOL-148 5,5 — 
‘Nislamide 250 _ 
:BOL-148 0-5, 5 
Nialamide (control) 250 ~ 


+ Moderate increase (+ }, strong increase (+ +), no change (~) as com- 
pared to nialamide control. P< 6-001. 


The septal region in the rat is divided into a lateral 
and a medial area. After administration of nialamide, 
the lateral septum usually shows a scattering of cell bodies 
containing catecholamines which do not extend to the 
medial aspect. even after large doses of nialamide and 
L-DOPA, a precursor of noradrenaline. After treatment 
with nialamide—LSD, the cell bodies in the lateral septum 
were found to have increased in quantity and to extend 
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into the medial part of the septal region. It 1s too 
early to evaluate critically this finding although 
there are several possibilities. It is well known that 
psychotomimetics induce a malfunctioning of per- 
ceptual processes; this is evident after a small intake of 
LSD in the rat, as well as in man, but not after the bromin- 
ated isomer of LSD has been taken'*. It is curious, 
however, that the central effects produced by LSD can 
last 24 h in spite of the fact that the drug is totally 
removed from the body by excretion within a few hours 
of administration’. This seems to suggest that there is a 
residual action which is maintained as a result of changes 
in the brain enzyme metabolism occurring within an 
hour of the drug being given. These changes could affect 
the monoamine metabolism which would persist long 
after the total elimination of LSD. Reserpine, for 
example, produces central depression when given to an 
animal in small doses, and this compound has been 
reported to deplete nerve endings and cell bodies of their 
stores of catecholamines for 24-48 h)*, after which motor 
behaviour and concentrations of catecholamines return 
to normal. Animal studies have further shown that LSD 
ean affect the concentrations of noradrenaline in total 
and particulate (bound) brain fractions'* although its 
specific action was not determined. 

The lack of sympathomimetic activity by BOL-148 
may be a result of its inability to penetrate the blood- 
brain barrier’® or, if penetration is achieved, of its 
inability to exert comparable changes in the monoamine 
brain make-up in the same way as LSD. 

I thank M. R. Guntern for technical assistance and 
Drs M. Taeschler and A. Fanchamps of Sandoz S.A. 
(Basle) for samples of BOL-148. 
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Changes in Rat Brain Neuraminidase 
during Development 


SOLUBLE enzyme preparations from various rat organs 
contain neuraminidase activity’? with brain, liver and 
lactating mammary glands showing the highest concen- 
trations of enzymatic activity. I report here the changes 
in neuraminidase activity which were observed in develop- 
ing rat brains. 

Lactating Sprague-Dawley albino rats were killed by 
decapitation. Cerebra were rapidly excised, homogenized 
in ice-cold 0-154 M KCI (1:4 w/v) and the homogenates 
were centrifuged at 100,000g for 1 h. The enzyme prepara- 
tions consisted of nine volumes of supernatant fraction 


sulphate (NLS}? was used as substrate. 
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Fig. 1. Changes of brain neuraminidase during development. Specife 
activities expressed as nmoles of N-acetvineuraminic acid released Prom 
neuramin-lactose/mae of protein/3 R. 


and one volume of | M sodium acetate-acetic acid buffer, 
pH 58. Neuramin-lactose (NL) or neuramin-lactose 
For the assay’, 
60 nmoles of substrate in 0-1 mi. of distilled water was 
incubated with 0-3 ml. of enzyme for 3 h at 37°. The 
reaction was stopped by adding 0-2 ml. of periodate 
reagent+ and the free N-acetylneuraminic acid (NANA) 
was determined by the thiobarbituric acid reaction. 
Enzyme and substrate controls were run concurrently and 
their values were subtracted from the experimental values. 
Protein was determined by the method of Lowry ef af? 
with erystalline bovine serum albumim as the standard. 
Very low levels of neuraminidase activity can be 
detected during the first week of life. The specifie activity 
starts to increase at the beginning of the second week and 
reaches the levels observed in mature animals? towards 
the end of the third week (Fig. 1). 

Because the protein content of the supernatant fraction 
of brain homogenates is fairly uniform throughout develop- 
ment (mean + S.D. = 4:80 + 0-30 mg/ml.) the plot of 
activity expressed/g of fresh tissue closely resembles the 
curve shown in Fig. 1. 

Neuraminidase in whole homogenates of brain shows 
an optimum pH between 3-5 and 4-0 (refs. 6 and 7), while 
soluble preparations? have an optimum pH of 3-8. Because 
a change of the optimum pH during development could 
be responsible for the changes observed, several bram 
preparations (7-14-21-24 days) were also tested at 
pH 4-0; no neuraminidase activity was detected at 
this pH. 

High levels of activity of NANA-aldolase in the brain of 
young rats would also result in an apparent lack of 
neuraminidase activity. This possibility was investagated 
by ineubating NANA in the conditions of the neur- 
aminidase assay; essentially, quantitative recoveries of 
NANA were obtained with preparations from 3 and 
20 day old rats, respectively. Analogous results were 
obtained by Tsvetkova who, working with whole homo- 
genates of rat brain, found a rather active neuraminidase” 
but practically no NANA-aldolase activity. 

The presence of a neuraminidase inhibitor in the brain 
of young animals was also considered. Such inhibitors 
have been detected in tissue extracts of chick embryo’. 
and its possible presence in rat tissue homogenates!’ has 
been implied. This possibility was eliminated after 
experiments, which were conducted with mixtures of 
enzyme from 3 and 20 day old animals in various pro- 
portions, showed that the values are reasonably additive 
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Fig. 2. Neuraminidase activity of mixtures of brain extracts from 


3 and 20-day old rats. The relative proportions of each enzyme in the 

final assay mixture are shown in the abscissae, Specific activities 

expressed as nmoles of N-acetylneuraminic acid released from neuramin- 
lactose (@) or from neuramin-lactose sulphate CA). 


(Fig. 2). The specific activities obtained using NLS as 
substrate are about twice as large as those obtained with 
NL. We have reported earlier’ a similar finding with 
neuraminidase from rat mammary glands. 

Because the neuraminidase of Vibrio cholerae is an 
inductive enzyme! the possibility that mammalian neur- 
aminidase is also an inductive enzyme!? has been sug- 
gested. The occurrence in rats bearing tumours of both 
high levels of liver neuraminidase and high concentrations 
of blood glycoproteins prompted the postulation of enzyme 
induction. Although no experimental proofs have been 
offered so far to back this speculation, it is interesting to 
note that the changes of neuraminidase activity and the 
parallel changes in the amounts of gangliosides’? and 
sialomucopolysaccharides** in developing rat brain are in 
keeping with such a possibility. 
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Internal Viscosity of the Red Cell 

and a Blood Viscosity Equation 

Boop is known to be viscous and thixotropic!* and its 
viscosity decreases as the flow velocity, or velocity gradi- 
ent, inereases. While at near zero flow velocities, human 
blood may exhibit viscosities from 100 to 10,000 times 
that of water; at high flow velocities, it is only two to 
ten. times that of water?+. Perhaps the most remarkable 
aspect of blood is the fact that it remains fluid even at 
haematocrits of 95-100 per cent. Lf the red cells were rigid 
particles, the consistency of blood at high haematocrits 
would be that of a brick. It therefore seemed’ both 
obvious and simple that the fluidity of blood and of the 
packed blood cells can be explained only by the very low 
internal viscosity of the red cell. 

The determination of the actual numerical values of the 
internal viscosity of the red cell is not simple. A direct 
ingress on the interior of the red cell results in haemolysis 
and dramatic changes of the physical and morphological 
properties of the red cell. A simpler and non-destructive 
method was visualized in which suspensions of the red 
cells could be studied in fluids of different viscosities. 
Such fluids could be solutions of high molecular weight 
dextran, solutions of macroglobulin or even normal 
and pathological plasmas. 

It is the basic rule of suspensions of rigid particles 
that the viscosity of such suspensions is directly propor- 
tional to the viscosity of the continuous phase, other 
factors (that is, degree of dispersion or aggregation of 
particles) being constant. 





Fig. 1. Rotational coaxial rhombospheroid viscometer, A, Torsion 
strip; B, galvanometer mirror; D and Æ, two brass cones containing a 
“Tefion’ suspended unit (in black}: C, a channel for inserting a hypo- 
dermic needle and filling the space between the outer rotating and inner 
suspended member; F, roller bearing; G, thermostated jacket: Q. ol 
hath; H, microscopic stage used for centering of the rhombospheroids; 
J, the base of the viscometer, containing a heavy (85 pounds) keel, 
, for improved stability; K, shock absorbers; O, the top of the trolley: 
P, a steel mast carrying the torsion strip, and adjusted in vertical 
position by spirit levels, R. The rhombospheroid viscometer is a further 
development of the cone-in-cone viscometer, 
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Tt will be shown that this is exactly the rule which is 
>o not being obeyed by blood or by suspensions of the red 
cells. The reason for it is, as already shown for emulsions 
= by Taylor’ and later by Oldroyd’, that the viscosity of 
© suspensions containing fluid drops is a function of the 
ratio of the internal viscosity (q;) of the drop to the vis- 
cosity of the continuous phase (ne). 
The Taylor's viscosity equation for very dilute emulsions 
can be given as follows 


- in which C is the volume fraction of the disperse phase, T 
< (Taylor's factor) is equal to (p+0-4)/(p+1), where 

p= nifo an 

- -_In order to study concentrated emulsions, it is necessary 
to develop a tentative equation which would be based on 

an acceptable theoretical basis. 

- Such an equation can be deduced, along the lines used 
by Roscoe? and Brinkman’ for concentrated suspensions 
of rigid spheres, assuming that at each concentration of 
the disperse phase, the emulsion can be replaced by a 
-continuous phase of equal viscosity. Each subsequent 
addition of the disperse phase is treated according to 
-Taylors equation; after each addition of the disperse 
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Fig. 2. Viscosity of hypertonic suspension of the red cells. Relative 
viscosity (that is, viscosity of suspension divided by the viscosity of the 
continuous phase) of a suspension of red cells is plotted against the rate 
of shear. Viscosity of saline is 0-7 centipoises; viscosity of dextran 
solution is 7 centipoises. Haematocrit, H, is 37 per cent. 
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Fig. 3. Viscosity of hypotonic pos rane of the red cells. Relative 
viscosity of the suspension of red cells is plotted against the shear rate. 
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Fig. 4. Viscosity of hypotonic suspensions of the red cels. Relative 
viscosity of suspensions is plotted against the shear rate, H, Haemato- 
erit. 





phase, the earlier (preceding) emulsion system 1s treated 
as a continuous fluid of equal viscosity, and soon. Follow- 


ing the mathematics of Roscoe or Brinkinan, but replacing ES 
C with CT, the following result is | 


qr= (1-CT)24 
































This relation would be valid for all concentrations if no |. 
plasma was immobilized or entrapped by the red celle: 
it will reduce to Taylor’s equation at low concentrations... — 

Roscoe has considered the entrapment of liquid 
between spheres and introduced a constant k, which f 
suspensions of spheres of equal size is equal to 1:35, a: 
for suspensions of spheres of infinitely diverse sizes i 
is equal to 1-0. It is suggested that in blood, or suspen 
sions of the red cells, the coefficient k might be related to- 
the plasma trapping and the packing of the red cells. 
Plasma trapping can be as little as 2 or 3 per cent in normal — 
laboratory conditions, although it might be as high as. 
10 or 20 per cent if sickle cells are present". 

Equation (2) could be written as follows 


nr= (L-kOT)** B 


If the equation is restricted to the blood containing o 
monodisperse (disaggregated) red cells, at shear rates : 
above 40 s-!, it is feasible to replace the term kO witha. 
direct value of haematocrit as estimated by the standard _ 
techniques, and this equation could read k 


a= (1-H) (4) 


in which H is the haematocrit of the sample given as a 
fraction of the total volume. | 
These equations have been verified. A series of studies 
has been carried out, in which blood and suspensions of 
the red cells have been tested in isotonic, hypertonic and. 
hypotonic conditions. (The latter two systems were used: 
because they both contain nearly spherical red cells.) 
Both saline and the dextran solutions were used. Vis 
cosity was determined with a rotational rhombospheroid- 
viscometer (Fig. 1)—-an improved version of the conem- 
cone viscometer described earlier), The experimental 
data are contained in Figs. 2, 3, 4 and 5, and in Tables. 
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Land 2. It is clear that an increase in the viscosity of the 
continuous phase leads to a decrease in the relative 
viscosity of suspensions of the red cells. It is as true for 
the normal red cells as for crenated red cells and swollen 
red cells. These experimental data were used in an 
attempt.to evaluate the internal viscosity of the red cell 
(Tables 1 and 2). The values obtained vary from | to 6 
centipoises. This low viscosity is most remarkable and 
strongly suggests that haemoglobin itself is present in a 
second phase!?, 


Table 1. ESTIMATION OF THE INTERNAL VISCOSITY OF THE RED CELLS IN 


ISOTONIC SYSTEMS AT DIFFERENT PLASMA VISCONITIES 


Haema- Plasma ty ni 
tocrit (centi- Blood D T p icenti- 
% poises) tir Bo poises) 
98 7 146 Gf} 0-885 415 2- 
OS OF 134 sO 0-875 BRS 27 
3 0-6 1-75 72 0-527 0:27 2-6 
38 13-5 1:70 72 0-560 0-20 2-7 
GR Li OS 100 857 4-19 35 


D, Shear rate. Temperature was 37° C, 


ESTIMATION OF THE INTERNAL VISCOSITY OF THE RED CELLS IN 
ISOTONIC AND HYPERTONIC SYSTEMS 


Table 2. 


Haema- tr JE 

tocrits Relative (at J} = P p centi- 
pA tonicity 160 64 poises) 
04+] } 32 0-796 1:9 1:3 
1-8 } 20-6 0-764 1-5 1-05 
80-0 2 63 O15 8-0 4-2 
S70) a7 55-5 0-92 6-5 455 
98-0 33 380 0-925 70 4-9 
Ge (} 4 528 937 8:3 6-0 


Temperature was 37° C, pH 66-69. 


The term “internal viscosity of the red cell” includes 
both the contribution of the cell interior and the cell 
membrane; and it might be more correct. to refer to the 
“apparent internal viscosity of the red cell”. 

A direct and visual comparison of the experimental 
results and the new equation is shown in Figs. 5 and 6. 
The experimental work described here and earlier results 
of myself and my colleagues allow me to suggest tenta- 
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Pig. 5. Relative viscosity of isotonic suspensions of the red cells plotted 
as a function of haematocrit (F). (©) Normal red cells in saline and 
in dextran solutions of viscosities 3-2, 11, and 67 centipoises. (@), Rigid 
red celle treated with acetylaldehyde in saline or in dextran solutions. 
Note that in accordance with the usual behaviour of solid particles, 
the relative viscosity of rigid cells is not affeeted by viscosity of the 
continuous phase, while relative viscosity of normal (fluid) red cells 
is greatly affected by the latter. Acetylaldehyde treated red cells 
were supplied by courtesy of Dr A. A. Palmer of Sydney Hospital. 
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Fig. 6. Theoretical curves for the viscosities of suspensions of the red 

cells, The curves were obtained from equation (3). Relative viscosity is 

plotted against the product of k, packing coefficient, and C, fractional 

volume of the disperse phase, fer different values of Taylor's factor T, 

Values of 7 equal to 0-4, 0-6, 0-8 and 1 correspond to p (p= njia) values 
of zero, 0-5, 2, and infinity, respectively, 


tively that (a) the internal viscosity of the red cell is 
dependent on the shear rate and decreases as the shear 
rate increases; (b) the paeking coefficient of the red cells 
and the internal viscosity of the red cell are functionall y 
interrelated; (c) the packing coefficient is also dependent 
on the shear rate and decreases with an increase in the 
shear rate in a way analogous to the viscosity; (d) 
although the new equation has been deduced for the 
monodisperse systems, it might also be applicable for 
aggregated systems if the coefficient k included a term 
for further plasma entrapment within red cell aggregates ; 
(e) while the concept of haematocrit is usually accepted 
as the value obtained when spinning red cells at certain 
high speeds (about 15,6009), it should be appreciated that 
the value of haematocrit depends on both the internal 
viscosity of the red cell and the packing coefficient, and 
because these are dependent on the shear rate, the value 
of haematocrit. itself must be dependent on the shear 
rate, and (f) the (apparent) internal viscosity of the red 
cell appears to be within the range of 1 to 6 cen tipoises, 
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Control of the Discharge of Cnidae in 
Diadumene luciae (Verrill) 


ALTHOUGH much work has been carried out on the 
biochemistry and mechanism of discharge of cnidae in 
the phylum Cnidaria, the past decade in particular has 
shown a swing towards research on the actual stimulus 
for discharge, which, along with other aspects of nemato- 
cyst researches, has been reviewed by Picken and Skaer'. 
Pantin? made a great advance in our understanding of 
this problem, working on enidae in isolated tentacles of 
Anemonia sulcata. He concluded that the enidae behave 
as independent effectors, a fact which must be established 
if a hypothesis based on external environmental stimuli 
is to be postulated without involving the nervous system. 

This work was directed towards ascertaining the st imulus 
for discharge of the cnidae in the Actinian Diadumene 
luciae*, using the whole, undamaged animal. Preliminary 
experiments were concerned with the feeding reaction 
of Diadumene. A few Corophium volutator (Crustacea ; 
Amphipoda), or Idotea spp. (Crustacea; Isopoda), were 
crushed on a clean microscope slide and the body fluid 
was filtered and applied in small amounts to the extended 
tentacles of specimens of Diadumene. In all cases it 

evoked a violent feeding reaction in which the tentacles 
writhed about the open mouth. 

It therefore seems that the stimulus for the feeding 
reaction is chemical. This was confirmed by dropping 
an Idotea on to the tentacles after crushing it to release 
its body fluid, when the animal was readily engulfed. 
The chemical stimulus evoking the feeding reaction appears 
to override the tactile stimulus evoking contraction, for 
the feeding reaction was always evoked by Crustacean 
body fluids even when the pipette touched the tentacles 

Two types of cnidae are present on the tentacles andl 
acontia of D. luciae: microbasic p-mastigophores and 
spirocysts, which stain with methylene blue and eosin 
respectively. Strips of clean ‘Cellophane’ were placed on 
the tentacle crown of a Diadumene, agitating slightly to 
simulate struggling prey. The discharged cnidae affixed 
themselves to the ‘Cellophane’ and were pulled from 
the tentacles. When the ‘Cellophane’ was staimed and 
examined under the light microscope, both p-mastigo- 
phores and spirocysts were seen to be discharged, but 
the percentage of spirocysts in the total number of 
enidae was directly proportional to the degree of agitation 
when presenting the ‘C ‘ellophane’ to the anemone. Ewert 
observed a similar phenomenon involving the desmonemes 
of Hydra vulgaris attenuata. The number of p-mastigo- 
phores discharged in Diadumene was fairly constant 
regardless of the degree of agitation. 

These experiments show that both types of cnidae in 
Diadumene can be discharged by a tactile stimulus, but 
the stimulus required to discharge spirocysts has the 
higher threshold. When, however, traces of Crustacean 
body fluid were applied to the ‘Cellophane’ strips, the 
percentage of spirocysts in the total number of enidae 
discharged was as high as that when maximum agitation 
was applied using clean strips, although the number of 
discharged p-mastigophores was the same as before. 
Thus the threshold of the tactile stimulus for the discharge 
of spirocysts, but not p-mastigophores, was lowered by 
Crustacean body fluid. 

The possible sequence of events when Diadumene 
contacts its prey is as follows. The initial tactile stimulus 
of the prey touching the tentacles discharges the low 
threshold p-mastigophores which pierce the integument, 
releasing the body fluid. This has a two-fold effect. 
First, the body fluid sensitizes the spirocysts which now, 
having a lower threshold, discharge to help hold the prey. 
Second, the feeding reaction is evoked and the violent 
action of the writhing tentacles discharges more cnidae 
over a greater area than that of direct contact with the 
prey, which is being engulfed. Unless the p-mastigophores 
discharged at the first contact succeed in releasing the 
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prey's body fluid, no more enidae will be discharged. ar F 
no feeding reaction will be evoked, enabling the anemo 
to conserve its cnidae when it contacts non- food r 
or its own. tentacles. 

cov soa by Pann ene eg a “contact fe Sean 
stimulus for nematocyst discharge in A. sulcata has exact! DiR, 
the same effect on the nematocysts of ue eae ly in view 









daed. was no ET. w an ‘Caltephane’ st rips ” with 
Crustacean body fluid were offered to Phadumene than 
when clean ‘Cellophane’ was used. Further work involving 
solid, water-insoluble food, however, remains to be 
carried out with D. luciae. 
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isolation of 4-Chloroindolyl-3-acetic 
Acid from Immature Seeds of 
Pisum sativum 


METHANOL extracts of immature seeds of Pisum sativum 
exhibited fairly strong auxin-like activity when assayed 
by hypocotyl swelling of Phaseolus mungo’. We isolated 
an active principle from the neutral fraction of immature 
seeds?; it was identified as methyl 4-chloroindolyt-3- 
acetate by synthesis. Preliminary examination showed 
that its auxin activity against Avena first internode and 
section tests was comparable with that of methyl indolyt- 
3-acetate while its activity was stronger against the hypo- 
cotvl swelling test of Phaseolus mungo. Gandar and Nitsch® 
ind pendently isolated the same auxin from the same 
immature seeds, and found it to be a methy! ester of 
chlorine containing indolyl-3-acetie acid. 

We found that the acidic fraction of methanol extract 
contained tw o active substances e activity E which was 


aaa 1: 1) at Rp 0- 2 A Fa 3 a 0. 6- = { +7, a nerr 
The latter Rp corresponded to that of free 4-chloroindoly!- 
3-acetic acid, and confirmation was carr ied out by its 
cee from the acidic substance (84-8 g) obtained from 

276 kg of immature seeds. For purification, the acidic sub- 
stance, which was soluble in acetonitrile and insoluble im 
hexane, was subjected to the counter current distribution 
of seven transfers between ethyl acetate and phosphate 
buffer (pH 7-1). The active substance was recovered from 
tubes numbered 3-5. It was further purified through a 
column of ‘Sephadex LH 20° (solvent, ethanol), and by 
subsequent partition chromatography of siheic acid {a 
stationary phase, phosphate buffer, pH 6-9; and a mobile 
phase, ethyl acetate-hexane). The activity was eluted from 
the column with 20 per cent of the solvent mixture. The 
purified active fraction gave 3-8 mg of crude crystal, which 
was identical to a synthetic sample of 4-chlor oindolyl- -3- 
acetic acid with respect to infrared (Fig. 1) and ultra- 
violet spectra, Rp values on thin layer chromatograms 
(kieselgel H. solvent; isopropyl ether : acetic acid was 
95:5 and chloroform : acetic acid was 95:5 (ref. 4)) and 
biological activities. 

As the seeds were first extracted with methanol, the 
isolated methyl ester might have been an intact com- 
ponent of the seeds or an artefact derived from the acid. 
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Fig. 1. Infrared spectra GL Br), meee, Synthetic 4-chloroindole-8-acetic acid; ...., an acidie auxin isolated from immature seeds. 


Acetone was therefore used for extraction of immature 
seeds (1-7 kg) instead of methanol, and the extracts were 
separated into neutral and acidic fractions. The seeds were 
extracted in parallel with methanol for comparison. The 
measurement of their auxin activity using hypocoty] 
swelling of Phaseolus mungo showed that there is no 
appreciable difference between acetone and methanol 
extracts in the activity of the neutral and acidic fractions. 

Immature seeds (276 kg) of Pisum sativum contain at 
least three kinds of auxin compounds: the main component 
is methyl 4-chloroindolyl-3-acetate (24 mg) and minor 
ones are its free acid (3°8 mg) and an unknown acid, which 
we are investigating. 4-Chloroindolvl-3-acetic acid and 
its methyl ester in Pisum sativum were the first naturally 
occurring new auxins and, to our knowledge, the fourth 
chlorine-containing organic compounds found in higher 
plants. A biosynthetic precursor of the auxin needs to be 
investigated. 
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a Stimulation of Adventitious Bud 


_ Formation in Begonia Leaves 
by Abscisic Acid 

Asscisic acid (“abscisin II”, “dormin’’) is a recently 
| discovered plant hormone originally known to accelerate 
leaf abscission and inhibit plant growth’. It has been 
isolated from various tissues of a variety of plants?:*. Its 
chemical structure was determined by Okhuma ef al.! and 
confirmed by synthesis by Cornforth et al.4. Besides the 
hastening of abscission of leaves and flowers, abscisic acid 
. (ABA) affects a number of physiological processes such as 
seed germination, bud dormancy, leaf senescence, flower- 
ing (stimulation in short day plants. inhibition in long 
day plants) and tuberization®. Most of these reactions 
are usually achieved or controlled by short photoperiods 
and the level of ABA in the plant invariably increases in 
response to short days*. In general, the effects of ABA 
oppose those of auxins and gibberellins?:’. 


The formation of adventitious buds in detached leaves 
of Begonia x cheimantha Everett is greatly stimulated by 
short photoperiods*:*, and this process is inhibited by 
auxin’? and gibberellin™. It seemed likely that ABA would 
affect the ability of such leaves to regenerate, a sup- 
position which the following observations show to be 
correct. 

Leaves about 3-3-5 cm in diameter and with the 
petioles trimmed to a length of 1-5 em were planted in a 
3: 1 mixture (v/v) of sterile ‘Perlite’ and peat and covered 
with a sheet of transparent polyethylene to ensure high 
humidity. The temperature was maintained at 214+ 05°C 
and continuous light (about 1,000 lux) was supplied with 
Philips TL 33 fluorescent tubes. Racemic abscisic acid 
((+ )ABA) was dissolved in distilled water. It was apphed 
by placing the leaves with the basal 1 em of the petioles 
in the solutions (or in distilled water) at 21° C in the hight 
for 24 h before planting. After 50 days of culture the 
leaves were lifted and the number of adventitious buds 
and roots were recorded. 

Fig. 1 shows that ABA stimulated the formation of 
adventitious buds (number and percentage) but reduced 
the number of roots. The inhibitory effect on root forma- 
tion was observed at the highest concentrations only, 
while the stimulation of bud formation was evident at all 
concentrations tested. Assuming that the (+ )enantio- 
morph accounts for all the activity of the racemic mixture’, 
this implies that a significant stimulation of bud formation 
was obtained with concentrations down to about 0-6 
ppm. of (+)ABA. Root length was not significantly 
affected by ABA, while lamina expansion and petiole 
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Fig. 1. Effects of (+ ) abscisic acid (ABA) on the percentage of Begonia 
leaves which formed adventitious buds (1), the number of buds per bud- 


forming leaf (2), and the number of roots per leaf (3). Each point is 
based on forty leaves from two replicates. 
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extension growth were both reduced with increasing con- 
centrations of ABA. 

To my knowledge this is the first demonstration of an 
effect of ABA in plant organogenesis. Linser’, however, 
obtained similar results with an acidic inhibitor extracted 
from Syringa leaves. In root segments of Cochlearia 
officinalis this material stimulated the formation of 
adventitious buds. It also suppressed root formation and 
antagonized the root-stimulating and bud-inhibiting 
action of exogenous indolyl-3-acetic acid. Several pre- 
viously described plant growth inhibitors have now been 
identified as ABA (ref. 3) so it is quite possible that the 
Syringa inhibitor was also identical with this compound. 

On the basis of previous studies on the relation between 
climatic environment, the level of endogenous growth 
substances, and the regeneration ability of Begonia leaves, 
it was concluded**"* that the great seasonal changes in 
the regeneration ability of B x cheimantha leaves are 
mediated by changes in endogenous auxins, cytokinins 
and gibberellins. There is now reason to suppose that 
abscisic acid may also be involved. The wide spectrum 
of physiological processes affected by ABA suggests that 
the hormone may regulate plant growth and development 
to an extent much greater than has hitherto been believed. 

I thank Dr J. W. Cornforth for the generous gift of a 
sample of abscisic acid and the Agricultural Research 
Council of Norway for financial support. 
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Exine and the Role of the Tapetum 
in Pollen Development 


CYTOCHEMICAL investigations and examination by electron 
microscopy of developing anthers in Tradescantia bracteata 
reveal that exine proper develops at a time when the 
microspores are separated from the tapetum by the callose 
walls of the tetrad. The bulk of exine is produced at an 
early stage, and at the time of release of microspores from 
the tetrads it has attained a pattern very similar to that 
seen at maturity. We have found no evidence to support 
the view that sporopollenin is produced by mitochondria’, 
nor have we observed Ubisch bodies or sporopollenin 
deposits in the tapetum of this plant at any stage, as have 
been reported in a number of other species'~*. Six days 
after break-up of the tetrads, when the deposition of intine 
has begun, channels 20-40 mu in diameter can be seen 
traversing the endexine from the pollen surface to the 
intine. Between the intine and endexine, tubular struc- 
tures believed to be sites of sporopollenin polymerization 
can be seen in a plane perpendicular to the long axis of 
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Fig. la and b. Darkly stained endexine splitting to show aggregate 
bundles of fibrils as a consequence of tangential sectioning, Stained on 
grid with uranyl acetate and lead citrate, (> $5,000.) 


ee. 





Electron lucent structures in lipid exudate, seen in radial 
The dark lipid deposit contrasts with the lighter 
Stained on grid with lead citrate 
< 80,000.) 


Fig. 2. 
section of ektexine. 
greyish ektexine in this preparation. 
after glutaraldehyde fixation, | 
the pollen grain. In tangential sections through the exine 
itself it often appears split into parallel bands of fibrils 
again perpendicular to the long axis of the pollen grain 
(Fig. la and b). 
The tapetal system in our material is the so-called 
periplasmodial type‘. The walls of the tapetal cells 
undergo lysis as early as the onset of first meiotic pro- 
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phase, the pollen mother ceils tend to round off , and the 
tapetal protoplasts infiltrate the spaces between them, 
fusing to form the periplasmodium. When the tetrad 
walls dissolve, each pollen grain is engulfed by the plas- 
modium so that in effect it is contained in a vacuole. 
Intimate association between plasmedium and miero- 
spore then develops through invasion of the inter-bacular 
spaces by the plasmodium. Later, elements of the tapetal 
endoplasmie reticulum are seen in the channels of the 
endexine. A range of synthetie activities including protein 
synthesis occurs in the plasmodium and it shows an 
organized ultrastructure if dehydrated by freeze substitu- 
tion after glutaraldehyde fixation. 

About 12 h before anthesis the plasmodium is deposited 
as debris on the surfaces of pollen as the pollen saes lose 


water. Just before this deposition occurs, lipids syn- 
thesized in the pollen cells accumulate under the plasma- 


lemma, exude through the intine and the channels of the 
endexine, to the pollen surface. When the anther is about 
to dehisce, accumulations of lipid ean be seen under the 
debris but quite distinct from it. 


represent the endoplasmic reticulum elements seen in the 
channels of the exine wall at earlier stages of development. 
and now “fossilized” in the lipid exudate. The exudate 
itself is unsaturated and hardens on ex posure to air pre- 
sumably as a result of oxidation. and is then almost as 
stable as the exine itself. Consequently, if it is present in 
other species*, it may be responsible for reported changes 
in the staining of exine as the pollen reaches maturity 
(for example, ref. 7). 

The observations given here appear to us to conflict with 
the view that exine is deposited on the pollen grains 
through direct activity of the tapetum'. Indeed, it is 
surprising that this view ever gained credence in view of 
early reports of exine sculpturing within the tetrad wall; 
for example, Sachs, 1875 (ref. 5). They also conflict with 
the widely held idea that tapetal breakdown is purely a 
degenerative process. We conclude that exine is wholly 
a secretion of the pollen protoplast and that the tapetum 
makes no direct contribution to its development. although 
nutrients entering the pollen cells obviously do so by way 
of the tapetal plasmodium. We interpret the formation 
of a periplasmodium and the changes which take place in 
it as a re-organization and not as a degenerative process. 
While it is clear that details of tapetal behaviour vary 
from plant to plant, it may well be that a process of re- 
organization to form intimate association with the whole 
mass of pollen cells is common to all types. It is tempting 
to suggest that. even in plants with so-called secretory 
tapeta‘, the events which occur after lysis of the tapetal 
cell walls may in reality represent the formation of a 
plasmodium as in our material, but at a later phase of 
pollen development. 
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Influence of Age and Feeding on 
the Success of Mating in a Tsetse 
Fly Species 


mented’. 

Tsetse flies have a remarkable type of reproduction, 
for the complete development of the larva takes place in 
the uterus*. Consequently, it is feasible to differentiate 
between the possible effects of copulation on three pro- 
cesses—-ovinlation, fertihzation and larviposition. This 
separation is important if a meaningful analvsis is to be 
made of the effectiveness of the sterile-male technique in 
tsetse control programmes. 

There is some evidence of considerable delay in ovulation 
in virgin tsetse flies, although the rate of egg development 
appears normal’, It appears also that once effective 
mating has taken place, ovulation and larviposition cycles 
become quite regular®. On the other hand, little is known 
of the mating behaviour of tsetse flies; it is not even 
known which sex seeks the other for pairing’. It has been 
suggested that virgin females of Glossina morsitans, G. 
swynnertonii and G. pallidipes are always attractive to 
males, and that thev usuall y mate within the first hour 
after emergence or immediately after a meal’. A detailed 
study of mating behaviour in G. pallidipes is now in pro- 
gress in this laboratory. This report deals only with the 
effect of age and engorgement on mating. 

Newly emerged G. pallidipes were placed, singly, in 
3x I inch specimen tubes, and kept in an incubator at a 
temperature of 22° C and 40+ 5 per cent relative humidity; 
they were offered male guinea-pigs for food every morning. 
In these conditions, the flies survived for up to 14 weeks!’. 
Immediately after a virgin female tsetse fly had been 
offered food, it was placed with a virgin male fly (also 
recently offered food) in a specimen tube and any mating 
activity was observed for 1 h. Each test was carried out 


A total of twenty-four matings were observed (out of 
103 trials). None of the matings occurred in flies less than 
6 days old. The mean age of the females that mated was 
14-48 + 1-13 SH days, and for the male flies 15-65 + 1-12 SE 
days. At test for the difference in the mean ages of the 
two sexes at successful mating showed that the difference 
is not significant. Thus in these studies, newly emerged 
or young virgin females are not attractive to males 
(compare ref. 9). The studies also indicate that older flies 
may not be prone to nuptial activity. 


Table 1. COMPARISON OF THE NUMBER OF SUCCESSFUL MATINGS OF UNFED 


AND RECENTLY FED TSETSE FLIES 


Total for 
Females Males each group 
Fed 16 14 30 
Unfed 7 9 16 
Total No. 23 23 48 
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Quite frequently, very brief pairings lasting only a few 
seconds or minutes were observed. These did not lead to 
eventual larviposition, and are therefore not regarded as 
successful matings. When copulation resulted in actual 
insemination, the mean duration of the act of mating was 
recorded to be 29-50+ 2:44 SH min. 

The incidence of mating among tsetse flies that have 
recently fed compared with that among flies that have not 
fed was recorded (Table 1). The figures in the table do 
not give the full picture since, in many cases, one of the 
pairing flies would have recently fed whereas the other 
would have refused to feed. Furthermore, the total 
number of matings is rather small. Nevertheless, a 7° 
test indicates that the state of feeding of either of the mates 
has no influence on the success of copulation. This result 
is in contradistinetion to the findings of Vanderplank’*, 
_ who claimed that recently fed virgin females were ex- 
. tremely attractive to the males. On the other hand, in 


the mosquito, Aedes aegypti, recent studies have shown 
~~ that males have no preference either for blood-fed females 
= or those that had not taken a blood meal". 


The results of these preliminary observations on the 
mating behaviour of G. pallidipes are important m two 
respects: (a) they indicate that mating usually occurs 
towards the end of the full-term development of the 
oocytes!®, and consequently the act may possibly be 
important (among other things) as a releaser of the first 
ovulation process; (6) they may suggest that the familiar 
“following swarms” of males of certain species of Glossina’? 
which follow an individual host but do not necessarily 
feed on it may be an important method of reeruitment 
of the two sexes for mating. 

I thank Miss Caroline Walter and Mr Peter Adaji for 
technical assistance, the East African Trypanosomiasis 
Research Organization for the provision of tsetse fly 
pupae, and the Rockefeller Foundation for a research 
grant. 

THomas R. ODHIAMBO 


Department of Zoology, 

University College, 

Nairobi, Kenya. 

Reccived June 17, 1968. 

t Wigglesworth, V. B., The Principles af Insect Physiology. sixth ed. 
(Methuen, London, 1965). 

? Mellanby, K., Parasitology, 31, 193 (1939). 

3 Glaser, R. W., J. Exp. Zool., 38, 383 (1923). 

4 Judson, ©. L., Biol. Bull., 183, 369 (1967). 

5 Odhiambo, T. R., Entomologia Exp. Appl. (in the press). 

e PE P. A., The Natural History of Tsetse Flies (H. K. Lewis, Londom 

7 Mellanby, H., Parasitology, 29, 131 (1937). 

* Nash, T. A. M., Trans. Roy, Entomol, Sce., 104, 71 (1953). 

* Vanderplank, F. L., Trans. Roy. Entomol. Soe., 98, 1 (1947), 

© Odhiambo, T. R., Parasitology (in the press). 

H Wright, J. E. and Venard, €. E., Ann. Entomol. Soc, Amer., 60, 861 (1967). 

H Lamborn, W. A., Bull. Entomol. Res., 7, 29 1816). 


Isolation and Identification of 
Termite Trail-following Pheromone 


Insect pheromones that control chemically the behaviour 
of highly specialized social insect species have been well 
documented!. One of these pheromones, termite trail- 
following substance, is secreted by the sternal glands of 
various species of termite workers apparently to mark the 
source of suitable wood for other workers of the same 
species?:3, When the secretion is streaked across the 
surface of a solid object it has the power to guide the 
termite workers along that trail. 

In 1961, Esenther et al.‘ discovered that woods decayed 
by the fungus Lenzites trabea Pers. ex Fr. produced a 
substance which was attractive to the eastern subter- 
ranean termite, Reticulitermes flavipes. This substance 
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was later found to function as a trail-following subst 
for both R. flavipes and the southern subterranean teri 
R. virginicus. 

In our studies of the chemical nature of the 
following pheromone, we used the termite R. virginie 
(starting material, 385 g) and extracts of wood 
infected with fungus (aspen infected with L. trabea, 
starting material 15 kg). The details of the methods of 
purification to obtain the active principles from the 
extracts will be published elsewhere. The general puri- 
fication procedure from the fungus-infected wood sources 
is shown below. 





Fungus-infected wood (or termites) 
| 


Homogenization 
Extraction with pentane 


Evaporation of the solvent 
| (Filtration) 
Codistillation with mineral oil 


Column chromatography 
| (Florisil, pentane-ether) 
Thin-layer chromatography 


i 


i (Silica gel HF, hexane : ether== J: 1) 
Gas—liquid chromatography | 

| {Silicon rubber SE52, 150° ©) 
Gas-liquid chromatography 2 

| (Neopentyi glyco! adipate, 140° C) 
Pure substance 


The termite substance (starting material; 385 g) was 
purified in the same way. The final step of purification 
was carried out by using a chromatographie tech- 
nique first with a column of S#52 on ‘Gaschrore ier 
and second with a column of neopenty! glycol acipate 
on ‘Anakrom’. by collecting each time nine-tenths 
of the effluent gas corresponding to each peak which 
appeared in the recorded chromatogram. The last. 
step gave a single peak corresponding to the strong 
biological activities for each material. Substances both 
from termites and wood infected with fungus gave peaks 
at identical retention times in both experiments. More- 
over, both substances showed identical Ep's in all thim- 
layer, reverse phase and column chromatographic experi- 
ments that were used for the purification of the material. 
Judging by a standard sample (n-dodecanol) that was 
tested in identical gas chromatographic conditions, 
the final quantity of the pure materials collected was in 
the order of 100 ug from the wood and 1 ug from the 
termites. The overall efficiencies were in the order of 
5 per cent and 1 per cent for the wood and the termite 
experiments, respectively. 

Ultraviolet spectroscopy showed a strong absorption 
peak at 234 my (in #-pentane) for both substances. The 
nuclear magnetic resonance spectrum (NMR) in CCl, was 
obtained only for the wood substance by locking the 
signal for @ (all data expressed in sigma-values) with 
tetramethylsilane and by using a multiscanning device 
coupled with a time averaging computer (Varian (74 100 


with C-1024) to lower the limit of detection. The resulting 


of: 0-93 for CH,, 1-25 for (CHala, 2-2 for CH,CH,CH=, 
5:1 to 6-4 for olefinic protons. 

Mass spectroscopic data for the wood substance indi- 
cated the presence of a small peak at 179, and two distinct 
peaks at 162 (=P) and 149. From the infrared spectro- 
scopie data and the thin-layer chromatographic behaviour 
of the substance, it was concluded that the foregoing 
molecule was an olefinic primary alcohol, and thus the 
The above 


M-31 (M—CH,OH). 


be n-dodecatriene-l-ol. In fact, hydrogenation of this 
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pheromone with platinum oxide produced n-dodecan-1-ol 
which was detectable by gas chromatography. 

The mass spectrum of the termite substance was not 
clear. All the previously mentioned peaks were observed, 
however. From this and the previous chromatographic 
information it was concluded that these two substances, 
from the termites and the wood infected with fungus, are 
very closely related, if not identical. In addition, the 
mass spectrum of the wood substance indicated distinct 
bands at 93, 105 and 121, indicating the peaks of 
P—CH,(CH,),CH=CH, P-—CH,(CH,),CH, and CH,- 
(CH,).(CH:=CH),. The last mentioned peak, which was 
the most prominent among the series of CH,(CH,),- 
(CH=-CH),—peaks, indicated the compound to be a 
triene with one of the double bonds at 3 and 8 carbons‘. 
By the analogy drawn from the mass spectra of n-dode- 
canol and the olefinic fatty acid methyl esters*, and by 
the NMR spectrum which showed the presence of 
CHCH, OH and -—CH—-CH,—CH=, it was concluded 
that the positions of double bonds are at either 3, 6 and 
8, or 3, 5 and 8 carbons. The infrared spectrum also 
indicated the presence of a pair of conjugated cis-trans or 
trans-cis double bonds. Isomers of n-dodecadiene-1-ol— 
cis-3, trans-5; trans-3, cis-5; cis-3, cis-5: and cis-3, 
cis-6-dodecadiene-l-ol—-were synthesized so that a com- 
parison for bioactivity could be made, for diene-1-ol 
isomers could be synthesized with relative ease. All the 
isomers had varied biological activity. The order of 
activity was cis-3, cis-6S>cis-3, cis-5>cis-3, trans-5> 
trans-3, cis-5. It was concluded from the foregoing data 
that the double bond at position 3 should be cis and that 
position 6 is the likely place for the second double bond. 
Thus the balance of evidence indicated that the complete 
molecular structure of the trail-following substance was 
n-cis-3, cis-6, trans-8-dodecatriene-l-ol. The synthetic 
route to obtain the candidate compound was 
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magnetic resonance and infrared spectroscopic analyses. 
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Effect of Temperature on the 
Photobiology and Photochemistry 
of Bacterial Spores 


In 1910, Becquerel! observed a fifteen-fold increase in the 
resistance of Bacillus anthracis spores to ultraviolet light 
when the irradiations were performed at liquid air tem- 
perature instead of at rocm temperature. More recently, 
Ashwood-Smith and others?? found that Bacillus subtilis 
spores were 2-5 times more sensitive to ultraviolet light at 
— 79° C than at 25° C. We show here that the very pro- 
nounced dependence of ultraviolet sensitivity on tempera- 
ture of Bacillus megaterium spores is largely interpretable 
in terms of the temperature dependence of the production 
of the thymine-containing spore photoproducts called b 

and c. These products are not 


Fr H the cyclobutane pyrimidine dimers 
CH,--CH,—CH,---CHO + BrCH,—-C==CH -—-+ CH,—-CH,—-CH eC CECH formed in vegetative cells. The 
experimental techniques have been 
OH described previously®-*. 

1. Tal | E = teraz 1. EtMgBr Survival curves of B. megaterium 
2 Konpon” CHs~CH,—CH,—CH=CHCHECH BrCH;—C=CH+ Cu spores irradiated at three different 
we temperatures are shown in Fig. 

trans , me 
; 3 r e ieee ey See 14. The corresponding photo- 
CH,—-CH,—CH,---CH=CH—-C =C—CH ,C ==CH product production at these tem- 


EtMeBr 


ental 


H,/Lindlar as kee 4 hes sit, cine | ph 
ete oe OF g— CH, —CH,—~CH =CH—CH =- JH—CH,—CH== 
CIS C18 cis 
frans 


Among the two isomers synthesized in this way, n-cis-3, 
eis-6, trans-8-dodecatriene-l-ol had an outstanding bio- 
logical activity. When less than 0-1 pg of the sample in 
10 ul. of n-hexane was streaked across the glass surface 
to make a 10 cm path of 120° are (5 em radius), the worker 
termites followed the trail. This magnitude of biological 
potency and the manner in which they followed the trail 
was identical to that from the naturally occurring termite 
trail-following substance. This compound also matched 
with the natural substance in all chemical and chromato- 
graphic comparisons. 

We thank Mr H. R. Johnson and staff, and Dr G. R. 
Esenther, Forest Service, US Department of Agriculture, 
Gulfport, Missouri, and Madison, Wisconsin, respectively. 
for supplying the biological materials; Dr G. Pomoni; 
and Dr W. Klassen, Agricultural Research Service, 
US Department of Agriculture, Fargo, for analysing 
the sample by infrared and mass spectroscopy; and 
Dr P., Bender, Mr L. D. Sims and Dr B. M. Trost, Depart- 
ment of Chemistry, University of Wisconsin, for nuclear 
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peratures is given in Fig. 1B. 
The survival level at room tem- 
perature (22° C) is between that 
at — 80° C and that at — 196° C, 
which is in agreement with the 
previous results of Beequerel! and 


To obtain a more complete picture of the temperature 
dependence of survival and photoproduct yields we 
irradiated spores with a fixed dose at a series of tempera- 
tures between 22° C and — 196° C. In Fig. 2 the per cent 
survival on a logarithmic scale is shown as a function of 
temperature for doses of 3,500 and 4,500 ergs/mm?. On 
the same graph the variation of photoproduct (linear 
scale) with temperature is shown for a dose of 4,500 
ergs/mm?*. Both the photoproduct yield and the inactiva- 
tion show a maximum at — 80° C, and the shapes of the 
curves, in regions of exponential survival, are nearly 
identical. Thus it is very likely that these photoproducts 
are to a large extent responsible for the observed biological 
inactivation. Independent experiments indicate these 
results are not artefacts of dosimetry. 

The structural differences which may exist between the 
DNA in spores and the DNA in vegetative cells are thought 
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of hydrolysed B. megaterium spores irradiated as in A). 


to be responsible for the difference in the photochemical 
reactions of these two systems’. Irradiation of isolated 
DNA or intact vegetative cells at — 80° C leads to the 
formation of the spore-type photoproduct which is 
formed only in negligible quantities at 25° C (ref. 8). 
Thus, in this case, lowering the irradiation temperature 
may result in a conformational change in at least part of 
the DNA. In the case of spores, lowering the temperature 
to —80° C led to an enhancement of the spore photo- 
product yield, but no change was seen in the types of 
acid stable photoproducts formed. This result is probably 
caused by alterations in the medium surrounding the 
DNA, such as viscosity changes, rather than by a confor- 
mation change of the DNA, for no new acid stable thymine- 
containing photoproducts were observed. The irradiation 
of whole cells at low temperatures, however, produces 
protein-DNA crosslinks which may also be lethal lesions 
in these conditions’. 
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Breakdown of Dieldrin in the 
Soil by a Micro-organism 


SEVERAL soil micro-organisms isolated from soil con- 
taminated with pesticides have been reported to be active 
in the degradation of dieldrin—one of the most stable 
and hazardous insecticidal contaminants in the environ- 
ment!. The part played by these micro-organisms in 
detoxifying this insecticide, however, could not be 
determined, because none of the metabolites was identified 
to indicate the levels of toxicity to various biological 
systems. We have now isolated and chemically identified 
the chief products of degradation involved with one of the 
micro-organisms. 

Pseudomonas sp. (referred to here as Shell 33) was 
originally isolated from a soil sample from the dieldrin 
factory yards of Shell Chemical Company near Denver, 
Colorado. To study the microbial degradation of dieldrin, 
10 mg of highly purified dieldrin in 1 ml. of acetone was 


added to each 11. sample of 3 day old culture medium’ con- E 
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taining the microbe (Shell 33). The system was shaken 
at 30° C for 7 days and stored at 0° C. A total of 10 1. of 
spent growth medium was accumulated with chloroform. 
For soil analysis, the original soil sample was assayed 
directly because this sample already contained approx- 
imately 100 p.p.m. of dieldrin. Two kilograms of the soil 
sample was suspended in 1 |. of distilled water and the 
slurry was extracted with benzene. In both cases the 
solvent phases were dried over sodium sulphate, and the 
carrier was then removed. The residue was picked up in 
200 ml. of n-hexane saturated with acetonitnile, and was 
extracted twice with acetonitrile. The acetonitrile phase 
was retained, the solvent was removed, and the residue 
was picked up in n-hexane containing 15 per cent diethyl 
ether (v/v). The samples were then cleaned on a column 
of ‘Florisil’ (3 x 30 em). The elution scheme was 250 ml. 
each of solvent mixture of n-hexane and ether, (1) 85/15, 
(II) 50/50, and (III) 100 per cent ether. A large portion 
of dieldrin was eluted with 15 per cent ether and all 
principal metabolites were eluted by 50 per cent ether in 
n-hexane. The latter fraction was further purified through 
a series of thin layer chromatographic separation processes 
with silica gel HF (Brinkmann Instruments Co.). The 
mobile phases used were (i) n-hexane : ether (1:1); (ti) 
n-hexane: acetone (4:1); (iii) n-hexane : ether (1: 9): 
and (iv) benzene : ethyl acetate (3:1). The metabolites 
thus separated from others were purified on a gas chrom- 
atographie system, 
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Fig. 1. Thin-layer chromatographic presentation of dieldrin metabolism 

by the bacterium and soil, From left to right: (1) autoradiogram of 

chloroform extract from the bacterial medium incubated with HC- 

dieldrin; (2) the same, incubated with non-radioactive dieldrin (the 

metabolites were detected by spraying AZNO,): and (3) benzene extract 

of soll that had been heavily contaminated with non-radioactive dieldrin 
(detection by AgNO,). 
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A preliminary experiment using dieldrin labelled with 
HC (ref. 1) established that the degradation pattern of 
dieldrin by Shell 33 was similar to that of isolate 103 
reported in our earlier studies (Fig. 1). Metabolites D, 
E, F, G and J seemed to be the chief conversion products 
of dieldrin, although there were other minor spots present. 
In terms of gas chromatographic behaviour the foregoing 
chief metabelites had retention times of 22, 8, 13, 15 and 
3-5 min (compared with 7 min for dieldrin) on the column 
of SE,, (1/4 in. inner diameter). 

From the soil sample approximately 500 ug of D, | mg 
of E, 8 mg of F, 3 mg of G and 1 mg of J were obtained. 
In all cases, the identity of each metabolite from microbial 
action in comparison with those from soil was established 
by critically matching the Rr values and the retention 
times of the compounds on various thi n-layer and gas 
chromatographic systems. 

Infrared analysis indicated that both metabolites G and 
F were ketones (absorption at 5-7 to 58). Metabolite 
E showed a distinct absorption band at 5-75 in addition 
to a weak band at 2-94. Metabolite D gave no peak 
attributable to C=0, but showed a clear peak at 2-8u. 
The band attributable to —-CIC = CCl (6-31) was present: 
in the spectra of D, G and J, and the band for 6-7 epoxide 
(oxirane: 11-82) was not present in any of the meta- 
bolites. The presence of the ketonic group was also con- 
firmed by spraying the silica gel plate after thin-layer 
chromatography of the mixture of metabolites with 
2,4-dinitrophenylhydrazine hydrochloride in methanol. 
Both spots for F and G became dark yellow. 

The mass spectroseopic analysis indicated that the 
parent mass (all expressed as Cl 35) for the foregoing 
metabolites was 378 (D), 364 (E), 378 (F), 378 (@) and 
362 (J), with the pattern of the parent peak group 
indicating the presence of six chlorine atoms m all com- 
pounds. Based on these spectroscopie data, metabolite J 
was identified as identical with aldrin. The spectra for 
metabolite G showed prominent peaks at M-28 ( m/e: 350 
with six chlorine atoms) and M-63 (with five chlorine 
atoms) indicating the loss of C = O followed by one chlorine 
atom. The foregoing information in comparison with the 
known mass spectra for a similar endo-endo isomer (keto- 
endrin) indicated metabolite G to have a molecular 
structure shown in Fig. 2. The mass spectrum of meta- 
bolite F was essentially identical to G. Previously the 
infrared spectrum of F indicated that F lacked —CIC = 
CCIl— bond. Moreover, metabolite F could easil y be 
formed from G under ultraviolet light, indicating that the 
molecular structure of F is essentially isomerized G by 
the formation of a bridge between No. 2 and 9 carbons 
(Fig. 2) in analogous situation with dieldrin and aldrin 
ultraviolet conversion processes to form corresponding 
“bridged isomers’’, 

The mass spectrum of Æ indicated prominent peak 
groups at M-63 and M-77 (both five chlorine atoms), sug- 
gesting that a loss of one chlorine atom was followed by 
cleavage of either C=O or CH,C=O. The infrared 
spectrum of metabolite Z compared well with that of 
known aldehyde from endrin®. This compound also 
reacted with 2,4-dinitrophenylhydrazine and 2,6-dibromo- 
quinone-N-chloro-p-quinoneimine, both forming dark- 
vellow complexes. Its structure was therefore tentatively 
proposed as in Fig. 2. This compound could easily be 
converted into an acidic material through the bacterial 
as well as chemical oxidation processes, implying that the 
acidic metabolites previously reported! could, at least in 
part, include the carboxylic acid of which the molecular 
structure is shown in Fig. 2. 

The identity of metabolite D could not be determined 
precisely, for this compound was not abundant among 
the metabolites. The mass spectram of this compound 
revealed a prominent peak group at 377, 378 (with six 
chlorine atoms) and 351 (with five chlorine atoms), im- 
plying that this compound is one of the aldrindiols, and 
that it can assume similar molecular structure as dieldrin 
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Fig. 2. Proposed dieldrin degradation pathways by the micro-organism 
in soit. The structures of metabolites G and F were established, F being 
one of the stable ‘terminal residues’. The structures shown for # and 
the resulting acidic metabolite are the most Hkely ones. The structural 
arrangement of those two hydroxyl groups in metabolite D is still 
unknown except that one of them is at the 6 carbon position. 


on the loss of one of the hydroxy! groups through dehydra- 
tion. It cannot therefore be trans-6,7-dihydrodihydroxy- 
aldrin, which directly forms the peak group at 361 on 
fragmentation. Another prominent peak group was at 
325, possibly resulting from M-2 (H,O) fragmentation. 

With the exception of aldrin, all the metabolites pre- 
viously mentioned do not exist in nature, and it is there- 
fore important to study their toxicological effects on 
various ecosystems in our environment. The quantity of 
the metabolites finally purified in this study was, how- 
ever, not enough to permit fully fledged toxicological 
investigations. Metabolite F seemed to be one of the 
stable “terminal residues”, and thus its toxicological 
meaning in relation to the problems of environmental 
contamination should be carefully assessed in the future. 

This work was supported by a research grant from the 
US Public Health Service, from the National Com- 
municable Disease Center, Atlanta, Georgia. 
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Isolation and Biological Activity ofa 
Microbial Conversion Product eo 
of Aflatoxin B, 


One of the most striking and significant developments in 
synthetic chemistry has been the use of biological syste 
to achieve chemical transformations, especially. 
oxidation-reduction of steroids and alkaloids. 
on an analogous biological system, we have attempted 
to transform aflatoxin B,, a toxic secondary metabolite 
of Aspergillus flavus, by employing a known steroid- 
hydroxylating micro-organism. 

Our original objective was to produce the hydroxylated 
aflatoxin (aflatoxin MY} by incubating it in the presence 
of a known steroid-hydroxylating fungus (Dactylowm 
dendroides)?. In preliminary work on the hydroxylation 
of aflatoxin B,, a new, blue-fluorescent compound was 
produced as demonstrated by thin-layer chromatography 
(TLC). We have tentatively designated this new deriva- 
tive (Ro). 

Dactylium dendroides NRRL 2575 was grown on a yeast 
extract-sucrose medium in 10-30 mg of erystalline 
aflatoxin B, per flask. After incubation for 48 h the 
culture flasks were extracted with chloroform; this crude 
extract contained aflatoxin and several other fluorescent 
compounds. Chromatography of the crude extract on a 
silicic acid column with 1 per cent ethanol in chloroform 
gave a brown fraction containing aflatoxins B, and Ro. 
These two compounds were separated on a column of 
‘Silica Gel G-HR’ with 10 per cent acetone in chloroform. 
The eluate (Ro) was concentrated, the compound pre- 
cipitated by hexane addition and the precipitate taken to 
dryness. 

Compound (Ro) was originally thought to be aflatoxin 
B, because of an equivalent Rr value on ‘Silica Gel 
G-HR’ thin-layer chromatography plates when 10 per 
cent acetone in chloroform was used as developing 
solvent. Development of the plates with either 20 per 
cent acetone in chloroform or 2 per cent CHOH in 
chloroform, however, separated the two compounds. The 
ultraviolet spectrum of (Ro) showed maxima of 325, 
261 and 254 mu (in CH,OH). Its infrared spectrum had 
an atypical coumarin nucleus as indicated by a loss in 
absorption at 1,760 cm~ and, in addition, a broad band 
at 3,400 cm that suggested a hydroxylated compound. 
The new isolate was light yellow and decomposed at 
230°-234° C without melting. 

Because of the concern about biological and chemical 
detoxification of aflatoxin in agricultural commodities, 
this new compound was tested for biological activity. 
Histopathological examination of bile duct hyperplasia* 
of the livers from ducklings fed B, for 4 days, followed by 
death on the sixth day, has been used as a biological assay 
for the presence of the toxin, for a total dose of 25 ug 
can be reproducibly determined. In the conditions specified 
for the duckling biliary hyperplasia assay’, 56-0 ug B, had 
the same biological activity as LO mg of the new conver- 
sion product, making this product eighteen times less 
toxic than aflatoxin B, by histopathological assay. 
Teunisson and Robertson? have reported a modified B, 
aflatoxin produced by Tetrahymena pyriformis with a 
similar Rp value; however, toxicity studies on this 
compound were not performed. 
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Rapid Preparation of 
Neurospora Mitochondria 


PREPARATION of mitochondria from Neurospora usually 
requires quite drastic treatments such as micro-mills. 
glass beads, sand and disruption of protoplasts. It also 
requires from 2 to 12 h after collection to isolate the 
mitochondrial fraction. We have developed a method for 
preparing mitochondria in 30 min using a combination of 
three new techniques—a nylon bag, a glass homogenizer 
and rapid centrifugation. 

Neurospora, wild type strain Y74A (Genetics Institute, 
Copenhagen), was grown from conidia on Vogel’s complete 
medium as described by Hall and Greenawalt':?. Conidia 
from a slant grown at room temperature for 1-2 weeks 
were inoculated in 10 ml. of water into 500 ml. of Vogel’s 
medium in a 2 1. Erlenmeyer flask. Growth was for 
14-16 h at 30° C on an orbital incubator at about 200 
rpm. (ref. 2), 

Working at 4° C the hyphal mat was collected by pour- 
ing the contents of the flask through a nylon bag (double 
layer, mesh about 50/emë) and resuspending it in 200 
ml. of 0-6 M sorbitol. Scissors were then used to break 
up the hyphal mat which was poured through the nylon 
bag again, and then resuspended in 200 ml, of a prepara- 
tion medium consisting of 0-25 M sucrose, 0-005 M EDTA 
and 0-3 per cent crystalline bovine serum albumin. The 
hyphae were then homogenized in two batches in a fairly 
loose-fitting, medium-coarse, ground glass Wicklund 
homogenizer (130 ml. volume of ground glass stem and 
230 mi. total volume; Wicklund Glasinstrument, Idunga- 
tan 7, Stockholm, Va.). A total of five-six strokes were 
needed to break the hyphae and obtain an even suspen- 
sion. The suspension was poured through the nylon 
bag to remove whole cells, cell walls, etc., and it was 
then centrifuged at 10,000g for 5 min. 

The precipitate containing the mitochondria was gently 

resuspended in 100 ml. of preparation medium using a 
Ten-Broek ground glass homogenizer (A. H. Thomas and 
Co., Philadelphia). Further centrifugation at 10,000g 
for 5 min and resuspension of the precipitate in about 
3 ml. of preparation medium (without EDTA) gave a 
mitochondrial fraction containing about 20 mg of protein/ 
mi. The addition of a short (1 min) 2,0009 centrifugation 
and/or the elimination of the second 10,000g centrifuga- 
tion may be used to give cleaner and/or faster prepara- 
tions. . 
These mitochondria exhibit oxidative phosphorylation, 
respiratory control, reversed electron transport, ATPase 
and pyrophosphatase activities. This work was supported 
by the Swedish Natural Science Research Council. 
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Experimental Human B Influenza Virus 
Infection in Chincoteague Ponies 

A RECENT serological survey conducted among a popula- 
tion of horses in an area near Toronto, Canada, showed a 
high frequency of antibody to Myxovirus influenzae type 
B (ref. 1). Although only a limited number of horses was 
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tested, the evidence nevertheless suggests that natural 
infection of equines does occur., In order to study the 
susceptibility of horses to type B influenza virus, equines 
were inoculated with a virus strain recovered from a 
human source. 

Experiments were conducted with twelve ponies of 
both sexes (Equus caballus) from a wild herd living on 
Assateague Island, Virginia. The animals had previously 
been relatively isolated from human beings, had no known 
prior contact with other equine animals and lacked 
detectable serum neutralizing antibody (< 1:2) to the 
challenge virus. The approximate age of the ponies used 
in the study was 1-5-2-0 yr. The ponies were inoculated 
in a closed shed that was sectioned into open stalls. The 
virus strain (B/Mass/3/66) used in the experiments was 
provided by Dr J. A. Morris, Division of Biologics 
Standards, US National Institutes of Health. Viral inocula 
were prepared and tested for other microbiological agents 
by previously described procedures?*. The material 
administered to ponies 1-9 (Table 1) was the ninth passage 
in rhesus monkey kidney cultures (RHMK). These 
animals received 10 ml. of undiluted inoculum containing 
107° TCIDs, of type B influenza virus; 5 ml. was 
nebulized and sprayed into the nasal cavities and 5 ml. 
was administered intratracheally by a needle’, 


Table 1, INFECTION RESPONSES OF HORSES FOLLOWING INOCULATION WITH 
TYPE B HUMAN INFLUENZA VIRUS 


Fever 
Adminis- Maximum No.ofdays Virus Neutralizing antibody 
Pony tered recorded of tem- isolation, titre* 
No. dose tempera- perature No, of Nasal 
(TCID; ture CF) 2102°5 days Serum secretion 
i 107-0 101-8 0 2 <23f 2 
2 107-9 101-6 9 Q s <2 
3 107-9 105-0 I g as 4 
4 107° 102-0 ü 2 1G 2 
5 107-9 102-0 ü j öd 4 
6 107-8 101-6 Q & 8 2 
4 107-8 101-8 0 0 216 <2 
8 107-4 102-0 $) 5 2 <2 
9 107-8 103°8 2 4 8 <2 
10 10%? 105-0 3 p «2 <2 
ii 10%? 103-6 1 2 3 <2 
12 Q 102-0 {) Q <2 <2 


* Titre on the twenty-eighth day after inoculation: alt pre-inoculation 
Specimens were <1: 2, 
T Expressed as the reciprocal of the dilution. 


In an experiment to determine the feasi bility and 
effeets of inoculating ponies with nasal washings from an 
inoculated animal, a specimen collected from pony 9 on 
day 2 and day 3 was used as an inoculum for ponies 10 
and 11 respectively. These two horses had been kept 
completely separated from the inoculated animals until 
the day of virus challenge. The material was delivered 
nasopharyngeally to each pony by nebulization and, based 
on infectivity titraticns with RHMK cultures, the total 
administered dose of virus for pony 10 was 10%? TCT Ds, 
and for pony 11 was 10? TCID,,. The communicability 
of the infection was studied by placing an animal (pony 12) 
which lacked serum neutralizing anti body to the inoculum 
virus strain in the same stall with pony 9 eight hours after 
the latter had been inoculated. 

Rectal temperatures were taken twice daily for 7 days 
before inoculation and four times daily for 10 days after 
moculation. 

Veal infusion broth (10 ml.) with 0-5 per cent bovine 
serum albumin and antibiotics was used to collect nasal 
wash specimens for virus isolation studies. Specimens 


were taken before inoculation, 6 h after inoculation and 


daily thereafter for 11 days. Immediately after collection, 
undiluted specimens were inoculated into RHMK cultures 
and embryonated eggs. Each virus isolate was identified 
by neutralization tests with appropriate antiserum. 
Antibody titres of serum specimens taken before and 
28 days after inoculation were tested against 32 TCID,s, 
of the tissue culture inoculum virus pool by the haem- 
adsorption—inhibition neutralization test in RHMK 
cultures. The same procedure was used to determine 
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titres of neutralizing activity in nasal wash specimens. 
The latter specimens were collected with 20 ml. of physio- 
logical saline. Before testing, each specimen after homo- 
genization and centrifugation was reduced in volume 
ten-fold by lyophilization and heat-inactivated. 

Responses of the ponies to inoculation with type B 
influenza virus are shown in Table 1. Fever higher than 
102-5° F developed in four of eleven inoculated horses. 
Temperature elevations occurred 24 h after inoculation in 
two animals (ponies 3 and 9) which had been administered 
viral inoculum that was prepared in tissue culture. In 
the horses given nasal wash specimens from pony 9, 
elevations occurred initially in one at 72 h and in the other 
at 96 h after inoculation. 

In pony 10 illness became evident on the fourth day 
after inoculation with the onset of fever. At this time 
the animal was breathing somewhat more heavily 
than usual, appeared listless and was sweating. Signs 
of illness disappeared as the temperature returned to 
normal. 

The virus isolation data as shown in Table 1 are com- 
prised of results obtained from virus shedding studies 
using RHMK cultures and embryonated chicken eggs. 
Eight of eleven ponies became infected as indicated by 
virus recovery. In no case was virus isolated from 6 h 
post-inoculation specimens. Virus was recovered as early 
as day 1 and as late as day 7 after inoculation. In this 
study, embryonated chicken eggs appeared to be the more 
sensitive system for recovering the human type B 
influenza virus from inoculated animals. By this method, 
twenty-seven isolations were obtained from eight animals 
during the observation period, whereas sixteen isolations 
were made from five horses by use of RHMK cultures. 

Nine of the inoculated ponies exhibited imereases in 
serum neutralizing antibody titre and five had demon- 
strable nasal wash neutralizing activity to the challenge 
Virus. 

Despite a fairly intimate contact with an animal which 
shed virus, the uninoculated animal (pony 12) did not 
develop any evidence of infection during the observation 
period. 

These findings indicate quite clearly that inoculated 
ponies became infected after administration of a strain 
of human type B influenza virus. Although these data 
demonstrate the susceptibility of horses to influenza virus, 
the results do not permit any conclusions concerning 
natural infection of equines. Such an event is, however, 
not unlikely, for Myxovirus influenzae B antibody has 
been reported in horse sera'. Thus, from present know- 
ledge, it would seem worthwhile to begin a constant 
epidemiological surveillance of horse populations in 
order to detect interspecific transfer of type B influenza 
virus, 

We thank Miss Margret Huber and Mr Thomas Reed 
for their assistance. 
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Induction and Rapid Expression of 
an Immune Response in vitro 


INDUCTION and expression of the primary immune respo 

in vivo were thought to take several days. Newer. 
niques for detecting the synthesis and release of ary 
by single cells, however, seem to indicate that the 
phase is shorter than was previously assumed. Lat 


reported the release of red cell haemolysins by cells in the pad 








. a 


peripheral lymph nodes of guinea-pigs 7-5 min after the 
primary injection of chicken red blood cells. 

Extracts of RNA from immunocompetent cells exposed. 
to antigen may stimulate the release of specific antibody 
by lymphoid cells isolated from non-immunized animals**. 
Such stimulatory effects may be caused by an RNA- 
antigen complex*:* or by RNA free of antigen’. The part 
played by RNA in the induction and rapid expression of 
the immune response to erythrocytes has not been 
determined. 

We report here a technique for inducing the formation 
of antibody to sheep erythrocytes (sheep RBC) in vitro 
with extracts of RNA from lymphoid cells exposed to 
antigen for 30 min. Synthesis of specific antibody was 
evident within 3h. The process seemed to require active 
protein synthesis and cellular respiration, 

‘ells from either the spleens or peritoneal cavities of 
non-immunized adult female CD-1 mice (Charles River 
Farms, Wilmington, Massachusetts) were used. Spleen 
cells were obtained by gently forcing the minced spleens 
through a No. 40 stainless steel screen into cold tissue 
culture medium 199. The medium contained 25 ujmi. of 
penicillin and 25 ug/ml. of streptomycin, but it was not 
supplemented with serum. Peritoneal cells were collected 
in the same medium with added heparin (0-1 U/ml.) 3 days 
after the intraperitoneal injection of 3 ml. of thioglycollate 
broth (Difeo). Approximately 5x 10’ of either sheep, 
rabbit or burro red blood cells were added to 5x 10° of 
sither nucleated spleen or peritoneal cells in 5 mi. of 
medium. The mixture was incubated for 30 min at 37° C 
in a shaking water bath. RNA extracts were prepared 
from the entire incubation mixture (cells plus medium) 
by the warm phenol technique’ as described previously”, 
After precipitation, the RNA extracts were washed five 
times in 66 per cent ethanol and dissolved in medium 199. 
RNA extracted from cells which were exposed to antigen 
will be called “immunogenic” RNA. The residual content 
of antigen in such preparations was not determined. For 
convenience, RNA extracted from cells which were not 
exposed to antigen will be referred to as “normal” RNA. 

As a test of its biological activity, 100-500 ug of RNA 
was added to 5x 108 peritoneal or spleen cells from non- 
immunized mice. The cells and RNA were incubated at 

7° C for 5 min with gentle agitation. After incubation, 
the cells were assayed for the presence of haemolytic 
plaque forming cells by the technique of Jerne and 
Nordin’. Petri plates containing cells and the appropriate 
erythrocytes were incubated at 37° C for 2 h, after which 
20 per cent guinea-pig serum was added as a source of 
complement. Incubation was continued for 1 h at 37° C, 
by which time plaques had developed. In actual experi- 
ments, however, plates were incubated overnight at 
4° C before the proportion of cells releasing red cell 
haemolysins was enumerated. The results of six experi- 
ments with spleen cells are summarized in Table 1. The 
results of five experiments with peritoneal cells are pre- 
sented in Table 2. Samples from a single pool of cells 
were used for all treatments within an experiment. 

The proportion of plaque forming cells was consistently 
higher in cells ineubated with “immunogenic” RNA 
extracts than in the same number of cells incubated 
without RNA extracts (background). RNA extracts pre- 
pared from lymphoid cells exposed to heterologous ery- 
throcytes failed to stimulate an immune response to sheep 


RBC. RNA extracts obtained from cells which were 


incubated without added antigen were not effective in 
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Table 1. CONVERSION OF NON-IMMUNE SPLEEN CELLS TO ANTIBODY FORMING 
CELLS BY EXTRACTS OF RNA FROM SPLEEN CELLS EXPOSED TO SHEEP RBC* 


f Cells plus immunogenic Cells plus normal Cells 
Experiment. RNA extracts} RNA extracts t alone 
7 3008 170 180 
+ RNase 170 
2 o 2 49 42 
+ RNase 65 
3 44 23 18 
+ cycloheximide 17 17 17 
+ rotenone 18 
4 104 B4 86 
+RNA from cells 
exposed to burro RBC 63 
5 71 100 91 
+ RNase OR 
+ cycloheximide Q1 ; 
a 32 12 0 
+ RNase 10 
+ rotenone 9 


* Approximately 5107 sheep RBC were added to 5 108 spleen cells 
suspended in 5 ml. of medium 199. 
f Immunogenic RNA was extracted by the warm phenol technique from 
spleen cells exposed to sheep RBC, 
Normal RNA was extracted from cells not exposed to sheep RBC, 
§ Plaque forming cells/10* spleen cells exposed to RNA extracts. 
i Experiment 6 used burro RBC throughout instead of sheep RBC. 


Table 2. CONVERSION OF NON-IMMUNE PERITONEAL CELLS TO ANTIBODY 
FORMING CELLS BY EXTRACTS OF RNA FROM PERITONEAL CELLS EXPOSED 
TO SHEEP RBC* 


Cells plus immunogenic 


Experiment. RNA extractst Cells alone 
1 900 f 1 
2 10 1 
3 14 0 
+ RNase 2 
4 10 Q 
+ RNase 1 
5 24 0 
+ RNA from cells exposed 
to rabbit RBC 7 


* Approximately 5 x 10’ sheep RBC were added to 5 x 10* peritoneal cells . 


suspended in 5 ml. of medium 199. 

timmunogenic RNA was extracted by the warm phenol technique from 
peritoneal cells exposed to sheep RBC. 

3 Plaque forming cells/10* peritoneal cells exposed to RNA extracts. 


converting cells from non-immune mice to form antibody. 

sycloheximide (10-3 M), an inhibitor of protein synthesis®, 
or rotenone (10-° M), an mhibitor of cellular respiration”, 
was added to cells exposed to immunogenic RNA before 
they were assayed for plaque formation. Both inhibitors 
completely blocked the appearance of cells stimulated to 
form antibody by RNA extracts; spontaneously appearing 
“background” plaques did not seem to be affected by 
these inhibitors, however. The activity of “immunogenic” 
RNA was destroyed by earlier incubation with 50 yg of 
ribonuclease for 15 min at 37° C. All plaques were com- 
plement dependent and appeared to contain a single cell 
in the centre. 

The propertion of normal cells which were converted 
to plaque forming cells by the “immunogenic” RNA 
extracts varied considerably. At the present time we can 
offer no explanation for this variation. In every case, 
however, the proportion of cells forming haemolysins waa 
higher in experimental groups exposed to “immunogenic” 
RNA than in the various control groups. 

We thank Mrs 8. Shabica for technical assistance. 
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Prolonged Survival in Heterografted 
Kidneys with Transplantation Antigen 
Pretreatment 


SUBCELLULAR fractions of donor specific rabbit liver 
biopsy antigens alone have been used to prolong the 
survival of kidney allografts in rabbits pretreated for 
5 weeks'. Pretreatment with specific histocompatibility 
antigens in large? and small (personal communication 
from R. E. Wilson, A. Rippin, C. R. Hayes, R. K. Dagher 
and G. J. Busch) doses when combined with small doses 
of immunosuppressants has prolonged the survival time 
of kidney allografts in dogs pretreated for 2 weeks. Rat 
kidney allografts have shown prolonged survival using a 
combination of a large single dose of donor antigens with 
antiserum against that antigen 1 day before allografting, 
together with continued mjections of the antiserum alone 
continued on alternate days for 60 days*. Prolonged 
survival of rat kidney allografts has also been reported! 
following the exhibition of large doses of subcellular 
fractions of donor specifie antigens beginning on the day 
of grafting and continued on 5 out of 7 days for the next 
2 weeks, 

The effect of donor specific guinea-pig histocompati- 
bility antigens has been investigated in a heterograft 
system. 

Six guinea-pigs and six young rabbit recipients were 
used In a pilot study. Antigenic preparations were 
obtained from liver biopsies taken from outbred mature 
English guinea-pigs. All preliminary steps were carried 
out in cold conditions. Each approximately 1 g of biopsy 
material was immediately passed through a wire sieve into 
50 ml. of iced, full Tyrode solution, and homogenized 
for 0-5 min with a small blender. The particulate mixture 
in batches of 25 ml. was exposed to ultrasonic bombard- 
ment for 30 min in a Seniprobe type 1130A sonic oscillator 
reading 8 (maximum) tuned to maximum amps. Under 
the light microscope, samples showed 100 per cent nuclear 
rupture. 

The antigenic suspension was made up into a hundred 
1 ml. aliquots of less than LO yg whole cell equivalent 
with iced, full Tyrode solution. This was done by serial 
dilutions, each dilution being resuspended by a few seconds 
exposure to sonication. Aliquots were labelled and stored 
at —36° C m sterilized plastic containers for injection. 
Daily injections of a specific donor antigen suspension 
were given to each of six 3 week old New Zealand white 
outbred rabbits for 5 weeks before challenging with the 
specific donor guinea-pig kidney. 

Splenectomy and bilateral nephrectomy were performed 
on each recipient at the time of transplantation, which 
was performed using a slight modification of the orthotopic 
procedure described by Owen, Slome and Waterston!. 

Six control heterografts were performed from mature 
guinea-pigs to 2 month old rabbits. Without exception 
they failed to function within 24 h. Two of these showed 
evidence of rapid rejection within a few minutes of the 
clamps being removed from the renal vessels. Two 
produced some urine which soon became blood stained, 
and then ceased to function. One was observed to be 
functioning some 4 h after grafting, but when observed 
the following day had died with a swollen, haemorrhagic 
graft. One rabbit lived on for 4 days but did not produce 
urme and died of uraemia with a haemorrhagic kidney. 
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Table 1 

"Desensitization" 

pretreatment with 

2nd daily specific 

GUINEA-PIG ANTIGENS 
3 x 
z x = ? + 
Ae x other 
z xX immunosuppressants 
= ODNOSNO Tiana 
2 
2 | 
a KIDNEY 
mS TRANSPLANT 

0 O oO 0 0 © 


i 





7 


5 4 3 1 


21 and 25 days. 


kidneys with a pale cortex and injected medulla, 





on process, ¢ pir 
i The six animals receiving 
assessed to have began to reject their kidneys at days 4, 7, 


1 2 3 4 5 


Time in days and weeks 


All six contro's ceased to produce urine inside 24 h. Antigen-treated animals passed urine for 4, 7, 12, 14, 
x, Control untreated recipients; ©, antigen-treated recipienta. 


The treated recipients ceased to pass urine at the same time as they had a precipitate rise in the concentration 
of urea in their blood. This indicated a rapid rejecti 


and the animals soon died with swollen 
ng heterografts were thus 
12, 14, 21, and 25 following the operation. The 


normal concentration of blood urea in these rabbits is between 40 and 90 mg per cent, and when rejection 
occurred this would rise within a few hours to 300 mg per cent or more, 


Tabie 2 

“Desensitization” 

pretreatment with 

2nd daily specizic Plus other immunosuppressants 

RABBIT ANTIGENS 
n B D 
= B B C © CCC 3 D 
a B B D D 
3 
m. D 

D 


5 6 





7 8 #9 10 11 12 13 14 15 «16 I7 18 


Time in weeks 


A, Controls untreated with donor specific antigens; B, increased survival by antigens alone: C, increased sur- 
vival continuing giving antigens after the transplantation; D, greatly increased survival givirg antigen pretrest- 


ment and 1/8 dose of ‘Imuran’ after transplantation. 


The pretreated cases all produced urine and were 


~~ observed for 0-5 h following heterografting before their 


abdomens were closed. Results are shown in Table 1. 

Porter? has reviewed extensively the pathological 
changes in transplants following cross species grafting. 
These were all strenuously protected with immunosup- 
pressants*. The immunological aspects of heterografts 
have also been reviewed’. 

A review of the literature has not revealed any previous 
reference to the use of antigens in experimental cross 
species grafting. There is, however, an increasing litera- 
ture on the use of antigens in allografting with some 
sixty-seven references cited by Wilson? and more than 
530 cited by Hutchin’. 

Following the prolongation of rabbit kidney allograft 
survival by antigen-pretreatment alone (Table 25), 
our group has shown greatly increased prolongation by 
continuing the antigen injections after the transplant 
(Table 2C) and in addition giving 1/8 the immunosuppres- 
sive dose of azothiaprine (‘Imuran’™, Table 2D). The 
results reported here in heterografts suggest that we 
should also attempt to increase our prolongation of guinea- 
pig to rabbit heterografts by combining similar low doses 
of immunosuppressants with the antigen protocol. 


This work was started with a grant from the Joint 
Research Board of the Hospital for Sick Children, Great 
Ormond Street, London. 

Bart R. Owen 
Children’s Medical Research Foundation, 
Royal Alexandra Hospital for Children, 
Camperdown 2050, New South Wales, 
and Department of Surgery, University of Sydney. 


Received July 11, 1968. 


1 Owen, E. R., Slome, D., and Waterston, D. J., in Advance in Transplanti- 
tion, 385 (Munksgaard, Copenhagen, 1968). . 

2 Zimmerman, €. E., Stuart, F. P., and Wilson, BR. E., Surg. Forum, 16, 
627 (1965). 

3 Stuart, F. P., Saitoh, T., Fitch, F. W., Spargo, B. H., Surgery Gn the press). 

t Taguchi, Y., Mackinnon, K. J., and Dossetor, J. B., in Advance in Trans- 
plantation, 393 (Munksgaard, Copenhagen, 1965). 

> Porter, K. A., in Starzl, T. E., Haperience in Renal Transplantation, 
chap. 25, 209-359 (W. B. Saunders, Philadelphia, 1964). 

* Kirkpatrick, ©. H., and Wilson, W. E. C., in Starzl, T. E., Hapertence in 
Renal Transplantation, chap. 24, 291 OW. B. Saunders, Philadelphia, 1964), 

* DeWitt, C. W., Ped. Proe., 24, 573 (1965). 

8 Wilson, R. E., in Advances in Surgery, 2,109 (Year Book Medical Pub- 
lishers, Chicago, 1966}. 

2 Hiucchin, M. D., Surg. Gynec. Obst., 126, 1331 (1968). 

u Owen, E. R., Aan. Roy. Coll. Surg. Engl. (in the press}. 

Starzl, T. E., Experience in Renal Transplantation (W. B. Saundera, PRIS- 
deiphia, 196-4). 














972 


Oncogenesis and Poliomyelitis Vaccine 


-PoLioMYELITIS vaccine is usually prepared from monkey 

kidney culture, and some batches of vaccine have con- 
tained simian virus 40 (SV40) which is known to be 
oncogenic for certain laboratory animals. Fraumeni 
et al.’ investigated the carcinogenicity of this virus in 
man after its inadvertent introduction into humans by 
mass immunization with contaminated poliomyelitis 
vaccine. They found that from 1955 to 1959 the leukaemia 
mortality rates/100,000 rose from 3-5 to 3-8 for children 
5-9 yr old, and from 2-2 to 2-5 for children 10-14 yr 
old. They were uncertain of the significance of this rise, 
but were able to exclude SV40 as a cause of it in one 
group of 6-8 year olds. The oncogenic potential of 
parenterally administered poliomyelitis vaccine is exam- 
ined here. 

The immunization status of children whatever their 
disease, admitted to the Royal Alexandra Hospital for 
Children, Sydney, and to the Brisbane Children’s Hospital, 
Brisbane, is usually recorded by the medical attendant 
on the history sheet of the patient at the time of admis- 
sion, this information being obtained from the parents. 
Tn many cases the precise number of immunizing doses of 
vaecine is noted, but often this is not done, and for the 
purpose of this investigation a child is said to have been 
immunized if the record indicated that a particular 
vaccine had been given at least once; doubtful records 
and incomplete ones, in which the immunization history 
was completely ignored, were excluded. 

Of a total of 650 children with various malignancies 
admitted to hospital between January 1958 and May 
1967 in Sydney, the charts of 600 proved satisfactory for 
this analysis; in Brisbane, out of a total of 253 cases, 216 
charts were satisfactorily documented. Each satisfactory 
record was paired with that of a randomly chosen child 
of the same sex and (approximate) age admitted to the 
same hospital at about the same time, pairing being 
done by one unfamiliar with the immunization state of 
either child. 

The selection of controls varied slightly in the two 
places. In Sydney the control was taken from a pool 
comprised of cases admitted to hospital immediately 
before and immediately after patients suffering from 
leukaemia, cancer and ulcerative colitis. (This pool 
provided controls for another investigation to be reported 
later.) In Brisbane the selection was made by choosing 
a random starting point on the shelf with the charts of 
the appropriate year, and taking as a control the chart 
12 in. away from this pomt. If that particular chart did 
not match the age and sex of the test case, the chart 
which was 12 in. farther on was examined until an appro- 
priate age and sex match was obtained. This method of 
selection was necessitated by the fact that the Unit 


Table 1. IMMUNIZATION OF 816 CHILDREN WITH MALIGNANT DISEASE AND 


CONTROLS IN SYDNEY AND BRISBANE 


(a) Under 1 year of age 
i Total 110 pairs 
(Sydney 86 pairs— Brisbane 24 pairs) 


immunization against Malignant disease Control 
Diphtheria 49 52 
Pertussis 48 53 
Tetanus 49 51 
Poliomyelitis 29 2 


(6) Over 1 year of age 


Total 706 pairs 
(Sydney 514 pairs— Brisbane 192 pairs) 


Immunization against Malignant disease Control 
Diphtheria 646 640 
Pertussis 624 626 
Tetanus 616 669 
Poliomyelitis 618 569 
Smallpox 29 20 
Tuberculosis 13 5 

(BCG vaccine) 
Typhoid 0 2 


Cholera 2 1 
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Record system of filing was not introduced until 1961. 
The technique was tested by running a survey to see if 
any significant difference in immunization could be 
obtained between control groups. Of 192 control charts 
in one batch, 138 recorded immunization against polio- 
myelitis in children over 1 year of age, and in 139 other 
similar controls the number immunized against polio- 
myelitis was 109 (y?=1-615; 02 < P <03). 

The paired records from each centre were divided into 
two groups: under | year of age and over l year; separa- 
tion by ages in this manner was necessary because in the 
younger group a large percentage were still non-immunized 
and their inclusion with the others would merely dilute 
and obscure any significant finding that might have been 
present. 

The findings are shown in Table 1, where the frequencies 
are presented in two age groups. The only difference 
between the test and control children is in those over 1 
year of age immunized against poliomyelitis (y* = 12-182, 
P < 0-0005). 

The question arises as to whether or not the test and 
control groups are from strictly comparable populations; 
while city dwellers are in the majority among the control 
children, the test group eontains a greater proportion of 
children brought in from rural areas for expert opinion 
and more sophisticated forms of examination. City 
children are often better immunized than children from 
the country, and any bias is thus in favour of the control 
group receiving more immunizations. 

The socio-economie status is thought by some to be 
an important factor in the genesis of leukaemia. Golden- 
berg and Zarowski? have examined this question and 
found that there is a higher incidence of leukaemia in the 
lower income groups, although they report that others 
have claimed the reverse, and that some have found no 
correlation. In the present series virtually all the children 
were ward-service rather than private cases, and although 
no attempt was made to match the social class of the 
father’s occupation in the test and control groups it would 
seem reasonable to expect a significant difference in the 
socio-economic status to be reflected in the other immuniza- 
tions in addition to poliomyelitis. This was not the 
case, so it was concluded that the observed difference 
in the pohomyelitis immunization histories was not 
entirely attributable to socio-economice factors, if attribut- 
able at all. Most records did not indicate the age at which 
the child had been immunized, but the general practice 
in Australia is to complete all primary immunizations 
against diphtheria, tetanus, pertussis and poliomyelitis 
before the age of 18 months, and it is likely that matching 
by age, sex and year of admission to hospital adequately 
controlled any bias that might be introduced on this 
account. 

It would have been desirable to match cases, taking 
into account such factors as the order of birth and number 
of siblings, but these refinements were technically not 
possible. In assessing the validity of the findings, reliance 
is placed on the magnitude of the association of malignant 
disease with poliomyelitis vaccine and on the fact that 
other immunizations are not different in the test and 
control groups. Stewart and Hewitt? are unable to 
find evidence of carcinogenicity in any of the commonly 
used vaccines and presented their partially completed 
survey in support of their argument. Their raw data 
showed, however, what appeared to be an artefact in that 
immunization with tetanus toxoid was negatively associ- 
ated with leukaemia (y? = 6-35, P < 0-02). This unexpected 
finding may be explained when their report is complete; 
in the meantime it is concluded that there is reason to 
continue the surveillance advocated by Fraumeni and his 
associates. 

I thank the medical superintendent of the Royal Bris- 
bane Children’s Hospital and the general medical super- 
intendent of the Royal Alexandra Hospital for Children 
for permission to examine the records and report my 
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Rosette Forming Cells in 
Non-immunized Mice 


ANTIBODIES which are produced by developing cells can 
be detected and enumerated in the spleen of immunized 
animals either as plaque forming cells (PFC)'*, or as 
rosette forming cells (RFC)*~*. In immunized mice the 
formation of plaques and rosettes has recently been 
shown to be attributable to two distinet populations of 
lymphoid cells*. Both PFC and RFC techniques also 
detect a “background” level of activity in the spleens of 
normal non-immunized animals. Using sheep red cells 
(SRC) as the test antigen, a background level of 0:05- 
0-5 PFC/10* splenocytes has been determined in non- 
immunized mice’?. A much higher background level of 
10%-10? RFC/10* splenocytes’ has, however, been shown by 
the rosette method. This high background number of RFC 
could reflect (a) antibody forming cells; (b) cells passively 
coated with cytophilic antibody’; or (¢) non-immuno- 
logical activity. 

In the work reported here I have investigated the back- 
ground levels of rosettes which are formed with either 
sheep or chicken red cells (SRC or CRC) in various 
lymphoid organs of inbred RIII mice of different ages. 
These two types of red cells are easily distinguishable 
morphologically, and are therefore suit- 
able for demonstrating the specificity of 
rosette formation in the normal non- 
immunized mice. 

Cell suspensions (10-30 x 10° cells/ml.) 
were prepared from spleen, bone marrow 
and thymus in Hanks balanced salt 
solution at 2° C. Macrophages were 
obtained from the peritoneal cavity of 
mice 4-5 days after intraperitoneal in- 
jection of 2 ml. of a 3 per cent starch 

ion. In the rosette assay between 
1x10* to 4x10* lymphoid cells were 
mixed with 0-1 ml. of a 1 per cent suspen- 
sion of either SRC or CRC, or with 0-2 ml. 
of a l : 1 mixture of 1 per cent suspensions 
of both. The volume was adjusted to 
1-0 ml. with Hanks solution, and the 
suspensions were incubated for 30 min 
at 37° C and for 24 h at 4° C. The 
rosettes which formed were enumerated 
in a haemocytometer. Between 2,000 
and 10,000 cells were surveyed in each 
assay. Cells were scored as positive if 
more than five SRC or three CRC were 
attached to one lymphoid cell. Spherical 
clumps of erythrocytes > four erythro- 
cytes in diameter generally showed a 
lymphoid cell in their centre after treat- 
ment with 2 per cent acetic acid, and so 
were enumerated as RFC. Small clumps 
up to three erythrocytes in diameter with 
no detectable lymphoid cell were not 
counted. 


from non-immunized mouse with 
mouse with SRC. c, Splen 
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Preliminary experiments showed the optimal conditions 
for the development of rosettes in the assay. 


number of rosettes. 
recorded after incubation at 4° C for 24 h, indicating that 
protein synthesis in vitro is not needed for rosette forma- 
tion. Preincubation at 37° C for more than 30 min resulted 
in a diminution of the number of rosettes which was 
proportional to the time of preincubation. This effect, 
which was less pronounced with splenocytes of non- 
immunized mice, indicates either elution of a cytophilic 
antibody(ies) from the RFC (ref. 9) or a decrease in the 
number of antibody forming cells’’. Heating the lymphoid 
cells for 30 min at 56° C reduced the number of rosettes 
by more than 90 per cent. Washing lymphoid cells from 
normal or immunized mice three times, before assaying 
for rosette formation, reduced the number of rosettes 
formed with SRC by 50-80 per cent, while the corre- 
sponding number of anti-CRC rosettes was reduced by 
only 0-40 per cent. This suggests that if antibodies are 
responsible for rosette formation, some of them are weakly 
bound to the lymphoid cell membrane. 

Rosettes which formed in the presence of splenocytes 
obtained from non-immunized mice were morphologically 
indistinguishable from those which formed in the presence 
of splenocytes derived from specifically immunized 
animals (Fig. 1). An average diameter of 6-5u (range 
5-92) was determined for lymphoid cells which were 
present in the centre of rosettes formed by splenocytes of 
either normal or immunized animals. About the same 
values for diameter were determined for the corresponding 
normal or immunized populations of splenocytes. Only 
rarely was a cell with a diameter larger than 10. found 
to form a rosette. This limits the type of cells responsible 
for rosette formation in both normal and sensitized 
animals to lymphocytes and plasmacytes of small and 





Fig. 1. Rosette formation in various splenocyte—red cells mixtures ( x 520). a, 


sheep red cells (SRC). b, erence from primed 
ocytes from non-immunized mouse with CRC. d, Splenocytes from 
CRC primed mouse with CRC. 
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medium size and excludes the possibility of a significant 
contribution by macrophages. Staining the rosettes with 
trypan blue revealed that more than 95 per cent of the 
RFC were viable. 

In normal adult mice the number of rosettes formed 
with SRC ranged from 400 to 2,400/10° splenocytes, 
whereas the number of rosettes formed with CRC ranged 
from 3,000 to 18,000/10° lymphoid cells. While this higher 
number of anti-CRC rosettes was accompanied by a titre 
of up to 1: 160 of natural haemolysins and haem- 
agglutinins, no natural anti-SRC antibodies could be 
detected (titre <1:2) in the serum. 

Table 1 shows the number of rosettes formed by peri- 
toneal, bone marrow, thymus and spleen cells, mixed with 
either SRC or CRC. Although bone marrow and peri- 
toneal cells showed about the same number of RFC as 
the spleen, thymocytes from both normal and immunized 
mice showed very low numbers of RFC. Much higher 
numbers of rosettes were found in unwashed th ymocytes 
which were obtained from immunized animals, probably 
because of the presence of traces of humoral antibody. 
These findings confirm those of Zaalberg’ in mice and 
Dent and Good", who failed to demonstrate rosette 
formation with SRC in the thymus and bursa of immunized 
chickens. Rosette formation could not be detected in 
mixtures of normal or immunized splenocytes with the 
autologous red cells (Table 1). 

The number of rosettes formed in the presence of 
mixture of sheep and chicken red cells was equal to the 
sum of the rosettes formed in the presence of either SRC 
or CRC alone. The number of mixed rosettes amounted 
to less than 1-5 per cent of the total number of rosettes 
formed in mixtures of normal splenocytes with both SRC 
and CRC. These findings confirm those of Biozzi et al 8, 
and show that two distinet populations of lymphoid cells 
exist in the spleen of unprimed mice, one reacting with 
SRC and the other with CRC. 

Our studies suggest that the rosettes formed by 
lymphoid cells in non-immunized mice are caused by 
antibody forming cells. An immunological basis for the 
rosette formation is supported by the lack of RFC when 
tested with the autologous red cells, by the very low 
number of rosettes formed by thymocytes, and by the 
small number of mixed rosettes. The different numbers 
of rosettes formed with SRC and CRC, and the low level 
of mixed rosettes, also suggest that the formation of the 
majority of the rosettes is not a result of the binding of 
eytophilic antibody. Although similar clonal distribution 
of RFC could be obtained if there were two distinct 
populations of cytophilic antibodies, each reacting with 
only one type of red blood cell, and able to bind only to 
one distinct population of lymphoid cells, there is no 


Table 1. ROSETTE FORMING CELLS (RFC) IN SPLEEN, BONE MARROW, 
THYMUS AND PERITONEAL MACROPHAGES OF NORMAL AND IMMUNIZED ADULT 


MICE 
RFC/10¢ lymphoid cells 


Exp. formed with 
Na. Mice Type of cells Sheep Chicken Mouse 
red cells red cells red cells 
39 Normal Spleen 800 3,080 < 67 
Thymus 64 < 64 — 
Bone marrow 763 2,290 — 
41 Normal Spleen 473 3,040 < 80 
Thymus 25 25 —_ 
Bone marrow 1,290 2,110 = 
45 Normal Spleen 1,929 12,900 m= 
Peritoneal 
macrophages 991 11,176 — 
Spleen* 1,203 13,750 =-= 
Peritoneal 
macrophages* 625 12,786 —_ 
63+ Normal Spleen 400 4,700 = 
Thymus 46 46 ne 
immunized 
with SRC{ Spleen 9,000 1,760 — 
Thymus 50 <50 E 


* The lymphoid cells were incubated for 24 h at 4° Cin the rosette assay. 
Ail the other assays presented in this table were performed by incubation for 
30 min at 37° C and 24h at 4° ¢, 

+ The lymphoid cells were washed three times with cold Hanks solution 
before assaying for RFC. l 

{ The mouse was primed 5 days before assay by intraperitoneal injection 
of 0-5 ml of 10 per cent suspension of sheep red cells, 
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Table 2, EFFECT OF AGE ON THE NUMBER OF ROSETTE FORMING CELLS 
(RPC) IN THE MOUSE SPLEEN 
Average No.of RFC/10¢ splenocytes formed with 
Age* weight of animals Sheep thicken 
mice ig) assayed} red cells red cells 
~3 days 0 G04 4 <85 < 85 
~ 2 days 0-910 10 7 125 
~ 2 days 1-004 10 14 404 
— 1 day 1:138 8 <12 232 
0 days ~ 6 56 $80 
0 days — 8 190 190 
1I day — ğ 330 2,425 
5 days ae - 5 204 3,970 
7 days — 4 249 3,685 
16 days —_ 7 615 3,500 
23-3 months ws 5 1,361 + 536 6,364 + 850 
3-34 months m= 5 1,527 + 644 10,336 + 4,786 


* The ages of the foetal mice were estimated according to their weight’, 

t Assays were performed on cel] suspensions obtained from pooled spleens. 
Spleens from mice of the last two age groups were assayed individually and 
the mean + standard deviation was computed, 


precedence for such a phenomenon. Furthermore, cyto- 
philic antibodies appear to bind primarily to macro- 
phages!?.8, which form mixed rosettes after both passive® 
and active®! sensitization with two unrelated antigens. 
On the other hand, most of the cells responsible for 
rosette formation in my experiments were of a size com- 
patible with small and medium lymphocytes but not 
with macrophages. Similar clonal distribution has been 
reported for both RFC (ref. 8) and PFC (refs. 14 and 15) in 
mice primed with two unrelated antigens, and recently 
also suggested for PFC m non-immunized mice’. 

The relationship between age and background level of 
RFC formed with either SRC or CRC is shown in Fig. 2. 
While the number of resettes formed with CRC rose rapidly 
immediately after birth to approach the adult level at 
about day §, the corresponding number of rosettes formed 
with SRC remained low during the first month of life, and 
then rose to reach the adult level at the age of approx- 
imately 3 months. These findir gs support our conclusion 
that two separate populations of reactive splenocytes are 
involved. Table 2 shows that RFC also appeared in the 
foetal mouse, and here again the number of rosettes 
formed with CRC was much higher than that formed with 
SRC. It was noted that the rosettes which were formed 
by splenocytes from foetal or newborn mice consisted of 
fewer red cells than those formed by adult splenocytes. 
Because the population of the spleen with lymphoid cells 
has been shown to begin at about 3 days before birth’, 
our results imply that in the spleen rosette forming cells 


(5) 
10-0 (4) (2) 


50 


RFC x 109/108 splenocytes 
[Se] 
Ed 


(5) 
(5) 


5 Qa (4 YS) {2 


G 5 10 15 20 30 8o 90 < 


Age (days) 


Fig. 2. Effect of age on the number of RFC in non-imrawnized mice. 
Cell suspensions were prepared from the pooled spleens of several mite of 
the same litter, and were assayed for RFC with either SRC (@) or 
CRC (©). The numbers in parentheses indicate the number of mice 
assayed at cach age. Mice of 2-5-3 and 3-3-5 months of age were assayed 
individually, and the mean = standard deviation values were computed, 





C NATURE. VOL. 219, AUGUST 31. 1968 


appear at, or very near, the beginning of the lymphoid 
cell population of this organ. It has recently been demon- 
strated that certain antigens may elicit an immune 
response even in utero™™!9, This capacity to respond very 
early in life may be related to the existence of a low 
background level of RFC in wero. It is not yet clear 
whether this specific cyto-adherence property appears 
with or without previous contact with some cross-reacting 
antigen. 
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Effect of Lymphocyte Stimulants 
on Specific Antibody Synthesis 
in vitro 


Since Nowell’s original deseription of phytohaem- 
agglutinin (PHA)-induced lymphocyte transformation}, 
there has been considerable controversy as to whether 
* responses to this substance involve immunoglobulin and 
o specifie antibody synthesis. Several workers*-*, using a 
variety of techniques, claim to have demonstrated 
immunoglobulin synthesis by PHA-stimulated human 
peripheral blood lymphocyte cultures, but others have 
been unable to confirm these findings**. Recent studies 
with the pokeweed mitogen (PWM) suggest that responses 
to this stimulant differ morphologically from those to 
PHA (ref. 10) and that a sub-population of cells responding 
to PWM may synthesize immunoglobulin’ "!. 

Forbes!? has claimed that PHA stimulates anti-thyro- 
globulin synthesis in cultures of lymphocytes from Hashi- 
moto patients. Using more precise controls, however, this 
finding could not be repeated’. Induction of specifie 
antibody synthesis by peripheral blood lymphocyte cul- 
tures might be a variable response dependent on the 
presence of sufficient numbers of suitably presensitized 
cells in the circulation at the time of the experiment’. 
From this point of view, cultures of lymph node or spleen 
tissue might provide a richer source of sensitized cells and 
make possible investigation of the role of specific antigen 
and lymphocyte mitogens such as PHA and PWM in 
stimulating immunological responses. 

A few reports have been published of attempts to elicit 
or modify immunological responses in vitro with PHA 
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using presensitized lymph node or spleen tissue. Tao, = 

using lymph node fragments from presensitized rabbits, em 
reported that PHA stimulates antibody production to — 

bovine gonadotrophin in three out of five rabbits and. to 
bovine serum albumin in one of two rabbits. Two to eight 

days after PHA stimulation, responding cultures contained 

four times the antibody of unstimulated cultures. Svehag? 

reported that PHA did not enhance the effect of poliovirus 

antigen in eliciting a secondary response in vitro of pre- 

sensitized rabbit spleen and lymph node ceil suspensions 
grown on embryonic monolayers. The effect of PHA alone 

on presensitized cells was not reported. Using the haemo- 

lytic plaque technique and “C-thymidine uptake, Harris 
and Littleton!® showed that PHA did not by itself stimu- 

late a secondary response to sheep erythrocytes in 
sensitized rabbit spleen cell suspensions in vitro; neither 
did it enhance the effect of antigen. Furthermore, the 
additive effects of PHA and antigen on DNA synthesis 
strongly suggested that different populations of cells were 
being stimulated by the two stimuli. The conclusions of 
these authors, however, are based solely on the detection 
of direct or 19S haemolytic antibody forming cells, and 
no attempt was made to detect “indirect” or 75 plaque 
forming cells which predominate in secondary responses’, 

Furthermore, in their culture system antigen itself did 
not induce a particularly striking response compared with 
that reported by Richardson and Dutton’ using an 

essentially similar system. A few studies in vivo suggest 
that although PHA may influence antibody production it 
is incapable of inducing an anamnestic response when 
injected into presensitized animals 1920, 

The experiments reported in this communication con- 
cern attempts to detect haemolytic antibody formation 
in vitro by unsensitized and presensitized rabbit spleen 
cell suspensions treated with either the immunizing antigen 
(sheep erythrocytes) or the phytomitogens, PHA and 
PWM. 

Rabbits were immunized against sheep red blood cells 
(SRBC) by intravenous injection as described later. 
Rabbit spleens were removed aseptically and cut into 
several sections, which were then teased to remove all 
cells, leaving a colourless splenic capsule. The cell sus- 
pension was spun at low speed to remove large cell 
aggregates and the remaining suspension was washed 
twice in mediurn 199. Cells were cultured at a concen- 
tration of 0-8-1-0x 107/ml. in 20 per cent inactivated 
homologous serum (absorbed with SRBC) in 199 and 
gassed with 5 per cent CO,/air. After 3 days a further 
0-5 ml. of fresh complete medium was added to each 
culture. 

PHA (Burroughs Wellcome) and PWM, prepared by 
the method of Borjeson et al.™, were added at predeterm- 
ined optimal doses for transformation and DNA synthesis 
of 0-015 ml. and 75 ug/ml. culture medium respectively. 
Washed sterile SRBC were added at a concentration of 
5-7 x 10°/ml. 

2.4C-thymidine uptake was quantitated using the 
method of Ling and Holt®*?. Thymidine was added 16 h 
before the cells were collected. 

Antibody synthesis was investigated by localized 
haemolysis in gel”, antibody producing cells being identi- 
fied as plaque forming cells (PFC). The original technique 
detects only 19S antibody producing cells, that is, direct 
PFCs, and has been modified for experiments with mice 
using anti-mouse immunoglobulin in sera to detect 75 
antibody producing cells, that is, indirect or enhanced 
PFC (refs. 24 and 25). A similar technique of enhance- 
ment of 78 PFC has been used in the present experiments 
with rabbit spleen cells using a goat anti-rabbit 75 serum. 
Antiserum was added to individual plates after direct 
PFC had been developed so as to avoid any imbibition 
of plaque formation. 

Fig. 1 shows the effect of dilutions of anti-rabbit 75 
serum on the counts of PFCs in a spleen cell suspension 
prepared from a hyperimmunized rabbit (serum haemo- 
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lytic titre 1: 640). Actual numbers of indirect PFC have 
been obtained in each case by su btracting direct PFC 
from total PFC on plates with antiserum. Normal in- 
activated goat serum was used as a control. As indicated, 
this antiserum increased the number of PFC for a con- 
siderable range of dilutions. The optimal dilution appeared 
to be 1: 25 and this was used in subsequent experiments. 

The result of stimulating spleen cells from an unsenst- 
tized rabbit with SRBC, PHA and PWM is shown in 
Fig. 2. Both PHA and PWM induced considerable 
lymphocyte transformation (40-60 per cent by day 3) 
and stimulated the uptake of 2-4C-thymidine as shown. 
DNA synthesis in SRBC-stimulated cultures was only 
marginally greater than that of untreated cultures. 

Background direct PFC on day 0 were 25 /eulture 
(107 cells), No indirect PFC were detected. The numbers 
of direct PFC did not inerease above the background 
level in PHA or PWM stimulated cultures aithough on 
day 5 they were present in greater numbers than in 
untreated cultures. 

SRBC-treated cultures showed evidence of a 
response to antigen with direct PFC 
times above background on day 5. 
PFC were detected in any cultures. 

The results of stimulating cells from a rabbit given a 
single injection of SRBC 5 weeks previously are shown 
in Fig. 3. The uptake of 2-4C thymidine stimulated by 
PHA and PWM-treated cultures was similar to that 
observed in the previous experiment. In contrast to the 
latter, however, SRBC induced a considerable uptake of 
thymidine above that observed in untreated cultures. 

The background direct PFC on day 0 were 55/culture 
(107 cells). SRBC appeared to induce a direct PFC 
response similar in extent to that previously reported by 
Richardson and Dutton using a similar in vitro system. 
No attempt was made to quantitate indirect PFC in this 
experiment. 

PHA and pokeweed induced no definite direct PFC re- 
sponse although the numbers of PFC in PHA cultures were 
greater than in untreated cultures. All the PFC on plates 
derived from PHA cultures were examined by high power 
phase contrast microscopy and in contrast to SRBC- 
stimulated cultures more than 90 per cent of these 
plaques contained a central aggregate of six to fifteen 
large lymphoid cells. SRBC-induced plaques invariably 
contained a single central cell. 


primary 
increasing forty 
No indirect or 75 


PFCs/10* mononuclear apleen cells x 10-7 _ 





190 25 5 100 200 Normal 
Vantiserum dilution goat 

serum 

1:10 


Fig. 1. Enhancement of numbers of plaque-forming cells by a goat 
anti-rabbit 78 serum. Spleen cet re collected from a hyperimmune 
rabbit. 
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Fig. 2. Efect of sheep erythrocytes, phytohaemagglutinin and poke- 

weed mitogen on unsensitized rabbit spleen cells in vitro. Measurement 

of direct plaque-forming cells and DNA synthesis (by M(°.thymidine 

uptake). The scale is logarithmic. C, Control, no stimulant added. 
Each point represents an individual culture. 


In a further experiment the formation of both direct 
and indirect plaques was determined and the effect of 
non-specific mitogens in combination with the antigen 
studied. Spleen cells were prepared from a rabbit 21 days 
after a second injection of SRBC. Serum haemolytic titre 
on day 0 was 1: 320. The DNA response of cultures 
stimulated by SRBC, PHA and PWM was similar to the 
previous experiment; counts in untreated cultures were, 
however, considerably higher than previously obtained 
(Fig. 4a). Simultaneous addition of PHA or PWM to 
SRBC-treated cultures increased thymidine uptake above 
that observed in cultures treated with one stimulant 
alone, Although there was considerable variation between 
individual cultures of one group, the mean counts obtained 
in cultures with both SRBC and PHA or PWM suggested 
that the two types of mitogenic stimuli had an additive 
effect on the lymphocyte population, as far as stimulation 
of DNA synthesis was concerned. 

Both direct and indirect PFC were present in con- 
siderable numbers on day 0, reflecting the current, albeit 
declining, response of the rabbit on the day of the experi- 
ment (Fig. 46). 

SRBC alone induced a very considerable response in 
terms of both direct and indirect PFC (Fig. 46). Because 
of a plating error indirect PFC were too numerous to 
count on day 3 but were more than 3,000/culture (8 x 10° 
cells/day 0); by day 5 numbers of indirect PFC had risen 
to 350,000/culture. Cultures treated simultaneously with 
SRBC and PHA or PWM showed no increase in either 
direct or indirect PFC above that observed in cultures 
treated with SRBC alene; in fact, a slight reduction of 
numbers was evident in cultures treated with SRBC plus 
PHA. PHA and PWM individually induced no response 
above background (day ©) although by day 5 numbers 
of indirect PFC were slightly greater than in untreated. 
cultures. 3 
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Fig. 3. Effeet of sheep erythrocytes, phytohaemageglutinin and poke- 

weed mitogen on presensitized rabbit spleen cells in vitro, Measurement 

of direct plaque-forming cells aut vA synthesis (by “C-thymidine 
uptake). 


These experiments with rabbit spleen cell suspensions 
provided firm evidence that, at least for this type of 
immunity, PHA and PWM have no capacity to replace 
the function of specific antigen in stimulating an anam- 
nestic response. The method of detecting 7S antibody, 
that is, indirect PFC, introduced originally for experiments 
with mice, works equally well in the rabbit system. 
Although no conclusive evidence has been presented to 
establish that indirect PFC were in fact 7S antibody 
producing cells, this is the most likely interpretation of 
< their nature in view of the specificity of the antibody used 
: for their detection and the very large numbers of indirect 


= PFC observed in the secondary response in vitro evoked 
= in these experiments (compare ref, 24). 


These experiments have also shown that using cell sus- 
| pension culture excellent 19S and 7S antibody responses 
< can be obtained, quite comparable with in vivo responses. 
It would also seem that at least a small primary response 
can be induced in viiro using this system as previously 
reported for mouse spleen cell suspensions cultured in more 
special conditions**. 

Apart from an extremely marginal response of ill-defined 
plaques observed with PHA stimulated cells in one experi- 
ment, there is no evidence to suggest that PHA or PWM 
is capable of stimulating a secondary response of haemo- 
lytic antibody-producing cells. Neither did PHA nor 
PWM enhance the stimulating effect of specific antigen 
on the development of PFC. These non-specific mitogens, 
however, did stimulate a very considerable blast cell 
response involving approximately 40-60 per cent of the 
lymphoid cells. The lack of significant effect on PFC 
numbers when these mitogens were combined with 
SRBC and the additive effect of these combinations on 
thymidine uptake strongly suggest that the lymphocytes 
responding to non-specific mitogens are distinct from 
those cells primed to respond to a specific antigen such 


©: as sheep erythrocytes. 


M, F. Greaves, E. Rose and I. M. Roitt) and mamm 
have shown that the response to PHA 1s dependent: < 
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Recent experiments on birds (unpublished w 
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Fig. 4. a, Effect of sheep erythrocytes, phytohaemaggiutinin and poke- 

weed mitogen on presensitized rabbit spleen cella in viiro. Spleen ceils 

were collected from a hyperimmunized rabbit. Measurement of DNA 

synthesis (by **C-thymidine uptake). b, The same as (a), measurement 
of both direct and indirect plaque-forming cells. 
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the thymus. Furthermore, most of these cells may be 
actually derived from the thymus?*. It is interesting that 
cells derived from the thymus have been shown to respond 
mitotically to antigen, but appear not to produce anti- 
body*®. Possibly these cells are more directly involved in 
the expression of “cell-mediated” immune responses and 
the recent demonstration of immunoglobulin molecules on 
the cell surface® of cells stimulated by PHA suggests a 
biochemical basis for the specificity of these reactions. 
We thank Professor I. M. Roitt for his criticism of the 
manuscript. One of us (M. F. G.) is in receipt of a grant 
from the Medical Research Council. H-D, F. hoids a 
fellowship of the Max Kade Foundation, New York. 
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Effects of Testosterone Analogues on 
Interferon Formation, Induction of 
Antiviral Protein and Synthesis of Cell 
Protein in Tissue Culture 


INTERFERON, an antiviral protein produced by cells in 
response to penetration of viruses or other agents, has 
been extensively studied. It is known that anabolic 
hormones affect protein synthesis and that production 
and activity of interferon are sensitive to the action of 
inhibitors of protein synthesis'. Some work has been 
published on the influence of hormones on the production 
and activity of interferon, but the effects of hormones on 
these processes and on protein synthesis have not been 
compared* s, 
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We have made comparative studies of the effect of 
synthetic analogues of testosterone on interferon forma- 
tion, interferon activity and overall synthesis of cell 
protein. 

Cultures of chick embryo fibroblasts (CEF) grown in 
Eagle’s medium were prepared by a routine procedure. 
Interferon was produced in 5-7 day old CEF cultures, and 
Lee strain influenza B virus in a dose of 3 EID ;/cell was 
used as interferonogen. Interferon activity was determined 
by the plaque inhibition method in CEF culture infected 
with Chikungunya virus. The overall synthesis of cell 
protein was assayed by measuring the amount of C- 
glycine incorporated into acid-insoluble fraction freed 
from nucleic acids and lipids by extraction with 6 per 
cent trichloroacid and alcohol-ether mixture at 60° C. 
The specific radioactivity of the isotope was 100 mCi/g, 
and its final concentration in the medium was 0-2 uCi/mi, 
The cells were in contact with the isotope for 3 h and the 
amount of protein was determined by the method of 
Lowry etal.?, Testosterone synthetic analogues—-d1-19-nor- 
D-homotestosterone (NDT) described by Rzheznikov et al.* 
and d-19-nortestosterone (NT)—were obtained from 
Professor I. V. Torgov and S. N. Ananchenko (USSR 
AMS Institute of the Chemistry of Natural Compounds). 
NDT was shown to possess a higher anabolic activity than 
natural hormone’. The results obtained showed that 
100 ug/ml. of NDT was the highest non-toxic dose for 
CEF and a concentration of 200 ug/ml. produced cell 
degeneration. The time course of the incubation of NDT 
with the cells influenced the overall synthesis of cell 
protein (Fig. 1). Simultaneous administration of NDT at 
a dose of 50 ug/ml. (Fig. 1, curve I) and the isotope 
slightly inhibited protein synthesis, and the longer the 
preincubation period lasted the greater was the effect. 
Thus the inhibition was approximately 50 per cent after 
3 h and 75 per cent after 72 h. Long-term incubation of 
cells with small doses of NDT (0-1 ug/ml.) did not sub- 
stantially change the level of cell protein synthesis. The 
presence of the compound in the culture medium during 
the contact of the cells with the isotope was necessary 
for the realization of the inhibitory effect in addition to 
preincubation of cells with the compounds. 

Thus in tissue culture the synthetic analogue of testo- 
sterone produced not an anabolic but an inhibitory effect 
on protem synthesis. Analogous data were obtained in 
vitro using other hormones}¢-!2, 

To study the effect of NDT on the production of inter- 
feron, the culture cells were incubated with the compound 
at a concentration of 50 ug/ml. for 18-20 h before adminis. 
tration of interferonogen and for 24 h after it. Control 
infected cultures without steroids were incubated in 
the same conditions. NDT caused a statisticall y sig- 
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Fig. 1. Effect of time of incubation with di-1 9-nor-b-homotestosterone 
on overall protein synthesis in chick embryo fibroblast culture. I, Con- 
centration of drug was 50 gimi. ; IL, concentration of drug was 0-1 Beil. 
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‘nificant inhibition of interferon production in all the 
experiments (Table 1). Parallelism in the action of large 
doses of NDT on the overall protein synthesis and inter- 
feron formation agrees with results in the literature which 
show that the process of interferon formation is the 
process of protein synthesis de novo., The effect of 
NDT on the antiviral activity of exogenous interferon 
added to CEF culture incubated with the drug was 
studied in the conditions optimal for realization of its in- 
hibitory effect on the overall protein synthesis. Inter- 
feron titre in the presence of 50 ug/ml. NDT (110 PDD;,/ 
ral.) was slightly different from that observed in the control 
cultures (146 PDD,,/ml.), which shows the absence of a 
marked effect of NDT on interferon activity and, con- 
sequently, on antiviral protein synthesis induced by 
interferon. 


- Fable 1. INHIBITION OF INTERFERON FORMATION BY dl-19-NOR-D-HOMO- 
RER ar TESTOSTERONE IN CHICK FIBROBLAST OULTURE 


Dose of 


OB Statistical 
- the drug Experiments Average significance 
i az/ml.) 2 3 4 5 NO. of differences 
9 200 #128 64 78 62 106 Statistically signifi- 
50 0 20 18 0 Q 8 cant, P=0-01 


Interferon titre is expresced in PDD,,/mi. (umber of units, corresponding 
to the amount of interferon which caused 50 per cent depression af plaques 
formed by Chikungunya virus). 


The maximum concentrations of NDT used neither 
directly inactivated the influenza B virus nor affected its 
titre determined in CEF cells 24 h after infection. 

The relationship between the inhibitory effects of 
NDT, NT and the doses used is shown in Fig. 2. Com- 
parison of curves I and II shows that similar effects are 
produced by the racemate and d-form of analogues of 
testosterone. As the doses of synthetic analogues of the 
hormone increased, so also did inhibition of overall protein 
synthesis and interferon synthesis. Small doses of the 
preparations, however, which did not substantially 
influence the overall synthesis of protein, inhibited inter- 
feron synthesis by 50 per cent. Inhibition of interferon 
production induced by NDT at a concentration of 10 ug/ml. 
was statistically significant (P < 0-05). 

The differences in the effects of NDT and NT on the 
overall synthesis of cell protein, interferon synthesis and 
its activity (interferon-induced synthesis of antiviral 
protein) are not characteristic of the compounds tested 
alone. These processes are sensitive to puromycin and 
guanidine'*-* and 3-methylcholanthrene’*; some steroids 
and growth hormones also influence to varying extents 
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Fig. 2. Effect of concentration of dl-19-nor-p-homotestosterone (NDT) 
and d-19-nortestosterone (NT) on overall protein synthesis and inter- 
feron synthesis in chick embryo fibroblast culture. I, Inhibition of 
overall protein synthesis by NDT; II, inhibition of overall protein 
synthesis by NT; UI, inhibition of interferon synthesis by NDT. 









the production of interferon and its activity tt, 
direction of the effects exerted by different drugs 1s 
different. One may suppose that there exist some q | 
tative and/or quantitative differences among protein- 
synthesizing systems responsible for interferon synthesis, 
synthesis of antiviral protein and overall synthesis of cell 
protein. 
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Transmission of a Pigmented 
Melanoma in Golden Hamsters by a 
Cell-free Ultrafiltrate 


SEVERAL transplantable melanomas, both spontaneous 
and induced, have been reported in golden Syrian 
hamsters!~?7. We now describe transmission of such a 
melanoma by a cell-free ultrafiltrate and associated with 
appearance of intracisternal virus-like particles®. 

The tumour was an amelanotic variant of a spontaneous 
hamster melanoma? carried by serial transplants in the 
anterior chambers of the eye of New Zealand white rabbits 
for more than fifty generations’®. During this time three 
attempts to return the tumour to the axilla of golden 
hamsters proved successful. The tumour now became 
pigmented and required 30 days to reach 1-4 em in 
diameter (unpublished results of D. Johnson, R. Brandt 
and A. Keston). We have carried this pigmented melan- 
oma intradermally, subcutaneously or intraperitoneally in 
4-6 week old golden hamsters for more than twenty 
generations. Histologically the transplants showed 
central necrosis and haemorrhage with proliferation of 
malignant melanocytes at the edges with melanophages 
and giant cells. Metastases to lymph nodes, lung and 
liver have been seen after intraperitoneal injection of 
homogenized tumour. 

A preliminary experiment in which ‘Milhpore’ {pore 
size O-lu) filtrates of minced and ground melanoma 
were injected intradermally and intraperitoneally resulted 
in growth of histologically typical malignant and invasive 
melanomas within 3 weeks. A more critical experiment 
was designed. Four distinct tumours after the twentieth 
generation were removed aseptically { from different 
hamsters) and ground separately at different times ma 
glass homogenizer at 25° C in 4-8 mi. of sterile saline 
without additives and filtered through a Seitz filter to 
give 1-3 ml. of a clear fluid. This was divided into aliquots 
and injected intradermally on the flank of golden hamsters. 
An aliquot of each filtrate was examined by light miero 
scopy and found to be cell free, Within 3-6 weeks 
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Table 1. APPEARANCE OF HAMSTERS INJECTED WITH CELL-FREE FILTRATE 


Seitz-filtered Hamster No Black Black 
tumour No, No. change Necrosis plaque tumour 
1 002 x 
21 x 
2 17 x 
20 x 
3 13 x 
>) » x 
28 x 
29 x 
40 x 
4 ` x 
9 x 
27 Lost 
2 2 2 5 


melanotic tumours were seen. All animals were autopsied 
by 6 weeks. The results in Table 1 indicate a positive 
transfer in nine out of eleven animals. Two hamsters 
developed necrotic, inflammatory lesions which had par- 
tially pigmented malignant and invasive cells in the base. 
Two hamsters showed black plaques, also made of partially 
melanized cells which were found by electron microscopy 
to contain many premelanosomes and phagosomes filled 
with melanized particles, but few virus-like bodies. The 
black tumours in five animals histologically had the typical 
appearance of the transplantable melanomas (Fig. 1), 
except for the almost complete absence of haemorrhage and 
necrosis. Malignant cells contained abnormal melano- 
somes in all stages of melanization, large phagosomes filled 
with fully melanized particles and abundant viral-like 
bodies in cisternae and budding from membranes (Fig. 2), 
and about 80-90 my in diameter comparable with known 
oncogenic RNA viruses*:":!*, The particle most closely 
resembles Bernhard's type C body, except for its intra- 
cellular location; the central opacity may depend on our 
method of fixation in 3 per cent phosphate-buffered 
glutaraldehyde at room temperature with post-fixation 
in 2 per cent osmium tetroxide. Some immature bodies 
were also seen, but none like the smaller A type particles 
once described in the S91 melanoma’, 

The source of pigment forming cells in these tumours 
is an important consideration. No evidence was found 
that any tumour originated from the epidermis; no 
unrest of epidermal melanocytes was seen in Fontana 
stained sections. They may arise from dermal melano- 


cytes or from melanocytes in hair follicle bulbs, although 





1. Invasion of muscle by melanotic cells induced after injection of 
Fie. Seitz-filtered tumour No. 3. Haematoxylin and eosin, x 360. 
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Fig. 2. Virus-like particles (arrow) in the lumen of rough end 


reticulum. Stained with uranyl acetate and lead citrate. 


no evidence of involvement of the hair follicles was seen 
and, indeed, the dermal melanocytes seem an obvious 
choice. This possibility seems less certain. however, 
because in other unreported experiments intraperitoneal 
injections of the Seitz-filtered ultrafiltrate also induced 
melanoma formation. The actual source of melanotic 
cells is under investigation. 

The findings suggest a viral aetiology for this trans- 
plantable hamster melanoma. Proof of causation as 
outlined by Blair™ and including serial dilution and 
serial transmission of filtrate-induced tumours are under 
way. Also, the relationship, if any, of this tumour to 
human melanomas is being explored. 

This study was supported in part by the University of 
California Sehool of Medicine and by the US Publie 
Health Service, National Institutes of Health. 

Note added in proof. The electron microscopic observa- 
tions of Ito and Mishima (J. Invest. Dermatol., 48, 268; 
1967) of particles in several hamster melanomas, similar 
to those seen in the present study, suggest that if these 
are virus particles a single aetiological agent may be 
responsible for all melanomas. 
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BOOK REVIEWS 


SKULL OF EARLY HOMINID 


_ The Cranium and Maxillary Dentition of Australopithecus 
< (Zinjanthropus) boisei 

- (Olduvai Gorge, Vol. 2.) By P. V. Tobias. Edited by 
L. S. B. Leakey. Pp. xvi+ 264+ 42 plates. (Cambridge 
~ University Press: London, 1967.) 90s.; $17.50. 


< Tms volume is the second in the series on Olduvai Gorge. 
Unlike the first, it is by a single author and concerns a 
-single subject. Indeed, the book is devoted to the anatomy 
` and affinities of a single specimen: the skull (without 
~ mandible) of Paranthropus (=‘Zinjanthropus’) from the 
lower levels of Bed I at Olduvai. 

The appearance of a major monographic study based 
on new fossil material of early hominids is a relatively 
unusual occurrence. This one is to be welcomed because 
it places on public record a great deal of information about 
a much discussed skull, and Professor Tobias is to be 
congratulated on his industry in producing this extensive 
and detailed study. The anatomical description is exceed- 
ingly detailed and occupies fifteen of the twenty chapters 
of a fairly lengthy volume. The other five consist of two 
introductory chapters, a long summary of the anatomical 
portion, a chapter on affinities and another on cultural 
and phylogenetic aspects of this and some other early 
hominids. 

When the present volume was being written a number 
of other new fossil hominid specimens were already known 
from Olduvai and nearby sites, including at least one 
other fine specimen belonging, evidently. to the same 
species as Hominid 5 described here. Plans already existed 
for this material to be described in a later volume in which 
Tobias will describe the cranial material and other authors 
will deal with the posteranial material. Despite the fact 
_ that some highly relevant hominid material from the 
_ game region was yet to be studied and described by him- 
self and others, the author has devoted considerable 
space to taxonomic and phylogenetic aspects of early 
hominids which go far beyond the one specimen being 
described. One wonders about the value and wisdom of 
this procedure; surely it would have been more profitable 
and prudent to have postponed the taxonomic and phylo- 
genetic discussion to the later volume when the relevant 
detailed information will be available. 

The real meat of this monograph is in the anatomical 
description and analysis. At first glance this. the major 
part of the study, arouses admiration at the wealth of 
detail, the many comparisons and the generally high 
level of lucidity of the language--though the latter does 
sometimes become a little pompous. More careful exam- 
ination, however, leads to much reduced enthusiasm. 
Little distinction seems to be made between the significant. 
and the trivial; minor variations of little or no significance 
are pursued as energetically as are major features. Indeed. 
in some cases the author is much attracted to a poor case, 
for example, the “excess neurone” value calculated for 
australopithecines, while others which are more soundly 
based in objective evidence are rejected, as in some of 
the cases mentioned below. 

A second general aspect of the book is that, in spite of 
its length and the detailed nature of the comparisons, the 










latter are of a rather restricted kind. There is no systen 
atic comparison with non -australopithecines. althe 
some such comparisons are made. As the author does 
discuss taxonomy and phylogeny in this volume, more 
systematic comparison with pongids and with later 
hominids would seem desirable. | 

The third general point is that the author seems to 
have much faith in his own interpretations: having put 
forward his own, he tends to treat other interpretations 
as having been disproved—a situation which arises ree 
peatedly with respect to distinctions between Australo- 
pithecus and Paranthropus. This tendency to be overly 
positive can also be seen in the anatomical descriptions. 
For example, a diagram of the paths of blood sinuses as 
deduced by the author from the internal surface of the 
occiput of a juvenile Paranthropus specimen (SK 859) is 
far more positive and clear-cut than can be justified from 
the specimen itself even after examination under a stereo 
microscope with various types of lighting. The same point 
occurs where the author rejects the view that a clear 
distinction exists between Paranthropus and Australe- 
pithecus in the contour of the anterior maxillary alveolar 
margin. He lists by catalogue n wmber a series of relevant 
specimens in the Transvaal Museum collections and con- 
cludes that, while most do agree with the hypothesis, a 
small number exhibit overlap and thus destroy the dis- 
tinction. On checking on this point, however, one finds 
that not 5 but 8 Paranthropus specimens and not 3 


but 6 of Australopithecus have appropriate contours 
according to the hypothesis; evidently six specimens 


were overlooked. Furthermore, the most obviously 
exceptional specimen referred to (SK 55) is one whieh 
has been squashed quite flat—a point which is not men- 
tioned. The specimen actually includes the full thickness 
from the floor of the nasal cavity anteriorly to the palate 
with some teeth in position, but crushing during fossiliza- 
tion has reduced this to a thickness of 2 mm and the 
incisors have become very procumbent and, in some cases, 
cracked and splayed out. This specimen can hardly be 
regarded as reflecting the original appearance of this 
region in general or of the anterior alveolar contour m 
particular. Again, the supposed difference in braincase 
height between Paranthropus and Australopithecus 18 
rejected as an artefact of how the braincase is “hafted”’ 
onto the face. Yet simple tests readily demonstrate that 
no difference in “hafting” exists. The author also throws 
doubt on the height of the best braincase of Australe- 
pithecus as a result of faulty reconstruct ion. When in the 
breccia, this skull was entire (except: for teeth), undistorted 
and unbroken. During excavation the breccia broke m 
a manner that removed the calotte in one piece. The 


comparison between canines of the two taxa with reapect 
to size in which the author concludes that there is a size 
difference with respect to the mandibular canines but not 
in the case of the maxillary ones. But no account is taken 
of the fact, pointed out more than a decade ago, that the 
maxillary canine sample of Australopithecus seems rather 
clearly to be biased to the small side; the mean is actually 
slightly smaller than that for the lower canine sample at 
Sterkfontein. If normal, this would be most unusual for 
a higher primate; that it is not normal is suggested by 
the one Sterkfontein specimen which has both upper and 
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lower canines present and in which the upper is appre- 
ciably larger than the lower. A wholly improbable 
glabella-inion length is given for one of the best of the 
Paranthropus skulls (SK 48): no indication is given of 
where this figure was obtained, but as it almost matches 
that of the large Olduvai male, although it belongs to a 
much smaller female, it is certainly a dubious figure at 
best. 

It may be noted in passing that there is not uniform 
usage with respect to the number of decimal places. In 
one line giving the modules of the three upper molars of 
Hominid 5 from the author’s own measurements, the first 
is given to two decimal places, the second to one and the 
third to three. 

Many other examples could be quoted; their overall 
effect is to reduce very considerably one’s confidence in 
the accuracy of the observational data and the reliability 
of the conclusions drawn from them. 

The taxonomic and phylogenetic analysis is the least 
satisfactory part of the book. This is perhaps inevitable 
because conclusions about affinities are based on the 
morphological analysis and this, as we have seen, leaves 
much to be desired in the present case. Further in- 
consistencies, however, are to be found in the taxonomic 
and phylogenetic analysis itself. An example occurs in 
the discussion of the so-called “dietary hypothesis” aspect 
of postulated adaptive differences between Australo- 
pithecus and Paranthropus, which the author re jects. This 
hypothesis proceeds from what appeared to its author to 
be an obvious difference between the two taxa with respect 
to the relative size of the canine to the cheek teeth, but 
also involves differences in the entire masticatory appara- 
tus. Tobias does not discuss the functional complex as 
a whole but concentrates on some of the individual com- 
ponents, chiefly the basic one concerning tooth proportion. 
Most of the discussion, however, does not concern the 
poimt at issue—-proportions within the same dentition— 
but makes comparisons between individual tooth types in 
one taxon with the corresponding ones in the other taxon. 
He does very briefly consider the proportion of canines to 
cheek teeth for both maxilla and mandible. This is a very 
significant comparison with respect to the hypothesis, and 
the author concludes from it, “It may be concluded that 
there is a real difference between the two taxa in the 
disparity between the sizes of the canines and cheek 
teeth”. But overleaf he writes, “The anterior teeth have 
been shown not to differ significantly between the two 
taxa, save for the mandibular canine. It is most. unlikel y 
that the evidence of this one tooth being significantly 
bigger in Australopithecus than in Paranthropus can sus- 
tain the entire edifice of the dietary—ecological hypothesis”. 
In the next paragraph he writes, “With the attenuation 
and, indeed, collapse of the dietary hypothesis, it would 
seem that the main prop for the generic distinctness of 
the two taxa falls away”. The discussion of this subject is 
thus incomplete, ignores some evidence relevant to what 
is discussed and is inconsistent in that. it provides proof 
for the validity of the cardinal pomt in the hypothesis 
but then treats the hypothesis as having been disproved. 

Having disposed in this manner of the differences 
between Australopithecus and Paranthropus as being either 
invalid or of no significance, the author proceeds to 
compare the Olduvai form with the others and concludes 
that the former differs “in some fairly fundamental 
respects" from Paranthropus, These, it turns out, include 
absolute size of the cheek teeth, especially bucco-lingual 
diameters; marked reduction of the mesio-distal diameter 
of M? as compared with M?; morphology of the labial 
faces of the incisors and lingual faces of the canines. 
Most of these are variable features and have little phyletic 
valence. But it is intriguing to discover that one of these 
“fairly fundamental” differences is the size ratio between 
canines and premolars. Checking the figures provided by 
the author shows that the Olduvai specimen differs from 
the Paranthropus mean by appreciably less than the 
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Paranthropus and Australopithecus means differ from each 
other. Yet the latter difference is dismissed as not signi- 
ficant while the former is a “fairly fundamental” dif- 
ference. It should also be borne in mind that these 
conclusions are based on a sample size of one individual 
for the Olduvai form. Tt is difficult to see how a specimen 
which has so many obvious resemblances to Paranthropus 
and which can be distinguished with the greatest of ease 
from Australopithecus can nevertheless be regarded as 
having more resemblances to the latter than to the former 
and to differ from either in the same ways as these differ 
from each other. One cannot but be dubious about 
analytical procedures which lead to such a result. 

The book is well bound, the printing is clear, of a 
reasonable size and on good paper. Most of the illustrations 
are good but a few, mainly drawings, leave something to 
be desired. Typographic errors are extremely rare; in at 
least one place (Fig. 34) an incorrect reference is given, 
and “dioptrographie” is misspelled wherever used. The 
dates given for the discovery of the artefacts and of excava- 
tion seasons following it at Sterkfontein are incorrect. 

On reading this book one is left with the feeling that its 
author is not especially interested in functional analysis 
or in viewing his material in terms of natural populations 
and their adaptation. Indeed, the taxonomie approach 
seems rather strongly typological and somewhat out of 
step with modern biology. One is also left with the curious 
impression that some evidence was viewed through the 
wrong end of a pair of binoculars while some was put 
under a microscope. J 
basie work was carried out in some haste and that the 


J. T. ROBINSON 


HUMAN MICROSCOPIC ANATOMY 


Histologie und Microskepische Anatomie des Menschen 
By E. Bargmann. Sixth edition. Pp. xii+ 784. (Thieme 
Verlag: Stuttgart, 1967.) 69-80 D.M. 


THE sixth edition of Professor Bargmann’s remarkable 
and comprehensive werk on histology and human micro- 
scopic anatomy has appeared in a new typographic 
form, being printed in the now widely used “two columns 
per page” version. This may for many people ease the 
reading of a text which for its lively and dynamic style, 
appropriate to the author's functional approach to the 
subject, has no equal. A great command of the German 
language is, however, necessary for a full understanding, 
appreciation and even enjoyment of the text. The 
numerous first-class illustrations will appeal to everyone. 
Many electron microscope pictures are reproduced as 
line drawings. This certainly increases clarity, but 
sometimes one feels that an actual photograph-—so many 
first-class electron microscope pictures are now available—- 
would have been preferable, as its feature which is almost 
two-dimensional lends itself so well to this form of 
reproduction. 

The author has tried to keep abreast with the results 
of modern research—an almost unsurmountable task 
these days—-and has largely succeeded in many fields 
(for example, cytology, thymus, haemopoiesis, placenta, 
to mention only a few), though, strangely, the activation 
and transformation of small lymphocytes by phyto- 
haemagglutinin and other antigens do not receive an ¥ 
mention. Numerous references to the literature on the 
subject are given. l 

To find in such a comprehensive work some inaccuracies 
here and there is to be expected, and no doubt some of 
them will be eradicated in a future edition. Others seem 
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to linger on, such as “amitosis’”’ as a mode of cell replace- 
ment in certain organs. For instance, as far as the gall 
bladder is concerned, genuine mitotic activity of the 
epithelium of this organ has been demonstrated. I would 
also like to see the nervous influences affecting ovanan 
processes related to the complex system of transmission— 
“CNS—hypothalamus-anterior pituitary’—-rather than 
to autonomic ovarian nerves. With reference to some 
of the illustrations, an oversight has oecurred in Fig. 451, 
where a and b should be reversed; and in Fig. 35, it 
seems, concerning the magnification. In the borrowed 
diagram of the oesophageal wall (Fig. 412) the “Ring- 
muskulatur” is drawn as if its fibres are running radially. 
This may not matter for the initiated but can be confusing 
for students. 

It is to the great credit of the author and his hterary 
skill that, in spite of the incorporation of much new material, 
the size of the volume has remained practically unaltered. 
This is a text which is stimulating, sometimes challenging, 
not only for the undergraduate but equally so for the 
postgraduate or even the postdoctorate. 

This particular edition is fittingly dedicated to Frau 
Professor Berta Scharrer of New York. F. JACOBY 


ASPECTS OF DIFFERENTIATION 


Cell Differentiation 
Edited by A. V. S. de Reuck and Julie Knight. 
(Churchill: London, 1968.) 60s. 


How do cells differ from one another? This volume 
presents the contributions by many eminent researchers 
towards the understanding of a problem that has long 
been with us. The papers were delivered at a symposium 
held under the auspices of the Ciba Foundation in London 
last year. 

There are fourteen papers and three general discussions 
on various aspects of differentiation. The topics range 
from the properties of natural and artificial membranes 
(by M. D. Rosenberg) to cellular and tissue interactions 
(by E. J. Ambrose, T. Yamada et al.) and from gene 
expression during early development (by J. Brachet, 
J. B. Gurdon and E. Bell) to gene regulation and masking 
in differentiated cells (by G. P. Georgie and J. Paul). 
Extensive discussion follows each paper and its informal 
nature has been retained by careful editing so as to make 
both easy and informative reading. None of the authors 
claims to have said the last word on his subject and in 
some cases what is said is admitted to be speculation. 
There is, however, much of value in this book. 

P. W. BARLOW 


Pp. 257. 


NUTRITION CONGRESS 


Proceedings of the Seventh International Congress of 
Nutrition, Hamburg, 1966 

Vol. 1 : Nutrition and Health. Pp. 369. Vol.2: Regula- 
tion of Hunger and Satiety. Pp. 272. Vol. 3: Nutrition 
under Various Geographie and Climatie Conditions. 
Pp. 371. Vol. 4: Problems of World Nutrition. Pp. 
1091. Vol. 5: Physiology and Biochemistry of Food 
Components. Pp. 880. (Vieweg: Braunschweig; Perga- 
mon: Oxford, London and New York, 1967.) £40 the 
set of five volumes. 


A COMPILATION such as this presents the reviewer with a 
virtually impossible task. It is possible to do no more 
than hint at the many interesting and important papers 
which were presented at the congress in the summer of 
1966. Each volume has an author index and the table 
of contents of the entire work is repeated at the end of 
each volume. The assignment of papers between volumes 
3 and 4 is in some cases rather arbitrary and it is a little 
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unfortunate that an author index covering the five volumes 
is not included. — 

The number of papers presented gives some indication —_ 
of the growth of nutritional science and the printed 
proceedings occupy more than three times as many pages 
as the report of the previous congress. | 

Within each volume the contributions are grouped into 
plenary sessions, symposia and round table discussions. 
The papers in the plenary sessions are given in fall, 
those of the symposia and discussions usually in abbre- 
viated form, occasionally as very short abstracts. The 
reports of the discussions are confined to the introductory 
papers and the chairman’s comments. 

Time alone can provide the answer to the question as to 
which of the many contributions was the more significant. 
We can only select a few which seem of special interest. 

In volume l the plenary lectures by Sernmshaw on 
“Nutrition and Infection” and Pokrovsky on “The 
Problem of the Influence of Nutrition on the Health of 
People”, the symposium on the long-term effects of 
protein—calorie malnutrition and the discussion on nutri- 
tion and mental development are of particular interest. 

In the second volume probably the most pressing 
nutritional problem in the developed countries is consid- 
ered in the symposium on the regulation of fat metabolism 
and the problems of obesity. The discussion on food 
habits, patterns and taboos emphasizes some often 
neglected aspects of human nutritional problems. 

Volume 3 covers the socio-economic aspects of the 
problems connected with the world’s food supplies and 
the symposium on vegetable sources of protem for young 
children may point to one way of alleviating protem- 
calorie malnutrition. 

The nutritional problems of the world are further 
discussed in the fourth volume, and the first plenary 
session in which some evolutionary aspects of human 
nutrition are presented is of considerable interest. In the 
plenary session which considered world nutrition in the 
future, Darby, Mašek, Wilbrandt, Bengoa, Bigwood and 
Fischnich and his colleagues point to the problems which 
each, in his own way, sees as awaiting the researchers. 

The final volume contains the more “conventional” 
nutritional papers in sections covering nutrition im 
general, digestion and absorption, amino-acids, proteins, 
plant proteins in nutrition, lipids, carbohydrates, vitamins, 
minerals, trace elements, micro-nutrients of uncertain 
structure and the pharmacological and toxicological 
effects of food components. Each section contains ab- 
stracts which will interest all concerned with nutrition. 

The wealth of information contained in these five 
volumes makes it inevitable, however, that each and 
every reader will find papers which interest him personally 
and which seem to him of greater importance than any 
mentioned in the review. 

The proceedings thus emphasize the very wide range 
of disciplines contributing to nutritional studies, and the 
papers range from historical and evolutionary studies 
of human nutrition to work on the role of nutrients at 
the cellular level. The overriding problem, however, 
which runs through the entire proceedings, is that of mal- 
nutrition, particularly protein-calorie malnutrition in 
many, if not all, of the developing countries of the world. 

Many papers show that the fundamental aspects of 
this problem are often sociological and economic in nature, 
and it is to be hoped that these volumes will find a place 
in the libraries of sociological and economic departments 
in addition to those of the scientific disciplines more 
usually associated with nutrition. 

For a reference work of this sort the choice of binding 
seems unsuitable and, while we sympathize with the editor 
in the magnitude of such an undertaking, we feel that more 
rigorous editing could have produced an even more useful 
and less expensive report of the congress. 

D, A. T. SOUTHGATE 
E. M. WIPDOWSON 
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PROGRAMMING NUTRITION 


Linear Programming and Animal Nutrition 
By J. B. Dent and H. Casey. Pp. vut+111. 
Lockwood: London, 1967.) 35s. 


THE book falls into two main parts. It deals first with 
the technique of linear programming, and after a chapter 
covering the economie interpretation of feeding standards 
(chapter 5) it goes on to discuss some practical applications 
of the technique. 

Interest in the use of linear programming for least-cost 
ration formulation is increasing. For many people who 
are working in the field of animal nutrition it is difficult 
to find a text which explains the basie economie concepts 
involved alongside the mechanics of the Simplex routine. 
This book is aimed at the non-mathematical reader, and 
the authors are to be congratulated on the clarity and 
simplicity of their treatment of the computational aspects 
of linear programming. Most texts dealing with the 
subject very quickly seek refuge in mathematical symbols 
which can deter even the most earnest reader. Here is an 
exception which takes the reader step by step through the 
use of very simple examples, to an understanding of the 
interrelationships which are important. 

The chapter about the economic interpretation of feeding 
standards is interesting and thought provoking. It 
inevitably exposes gaps in knowledge, and one would 
have liked to see this chapter developed further. 
It reinforces the case for better cooperation between 
economists and animal researchers in the design of experi- 
ments, so that the results obtained may perhaps provide 
more satisfactory data for economic analysis. Nutrition- 
ally, most of the examples used relate to monogastrics, 
which are rather better documented nutritional y. For 
ruminants, the problem of producing satisfactory nutri- 
tional constraints is much more difficult, and the authors 
have wisely avoided this area, and have used, for illustra- 
tion in chapter 3, an example which perhaps lies more in 
farm management in the broader sense than in basie 
nutrition, 

The final three chapters discuss problems relating to 
the feed compounder and to the farmer. Probably the 
feed compounders have, to date, made most use of linear 
programming, and perhaps it was only right that they 
receive some special treatment. One may wonder a 
little, however, at the nature of the problem which is 
posed for the compounder, in illustrating profit maximiza- 
tion. The problem posed is one of maximizing returns in 
relation to mixing and milling equipment and total sales 
commitments. 

The difficulties encountered in solving business problems 
lie firstly in describing the problem, and subsequently in 
using the right technique to solve it. One of the dangers 
in the use of linear programming is in attem pting to use 
it to solve problems for which it is unsuited. The large 
literature on extensions to linear programming testify 
to the need to introduce greater flexibility into the tech- 
nique. It seems probable in this case, even bearing in 
mind that the example used was illustrative of linear 
programming, that the sclution to even this small milling 
and mixing plant required consideration of other opera- 
tional research techniques. 

A rather disappointing feature of the book is the sur- 
prisingly poor bibliography. There is little reference to 
some of the standard texts on linear programming. 
Missing, too, is reference to most of the published data on 
least-cost ration formulation. This is an unfortunate 
omission for the reader who, having read this book, wishes 
to go more deeply into the whole subject. 

Accepting the authors’ statement that “This book was 
conceived as a non-mathematical approach to linear 
programming...to those concerned in feeding farm 
livestock ...’’, the book achieves a large measure of success. 
It is brief (111 pages), and simply illustrated. It should 
provide a very useful introduction to the subject both for 
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those who wish no more and for those who wish to go 
more deeply into it. J. HARKINS 


ELASTIC WAVES 


Theory of Elastic Waves in Crystals 

By Fedor I. Fedorov. Translated from the Russian by 
J. E. 8. Bradley. Pp. xiii+375. (Plenum Press: New 
York, 1968.) $25. 


AN understanding of the theory of the propagation of 
elastic waves in crystals is basic to ultrasonic and piezo- 
electronic technology and to many areas of solid-state 
physics of practical and theoretical significance, so it is 
not surprising that many papers on the subject have 
appeared in recent years. A few survey articles have been 
published, but these have been written for workers already 
familiar with the mathematical techniques of theoretical 
mechanics. Fedorov’s book—the original Russian edition 
appeared in 1965-——provided the only detailed and modern 
account of the general theory of elastic waves in homo- 
geneous crystalline solids. Based on a course of lectures 
to graduate students of crystal physics in Moscow 
University, its clarity of exposition was exemplary. Now 
the Plenum Press of New York has published an excellent 
translation and given the author an opportunity to incor- 
porate some substantial changes and additions reflecting 
recent Soviet work on the subject. 

To make the subject matter accessible to as wide an 
audience as possible the author has made the book 
virtually self-contained—in the sense that in the first two 
chapters it develops the general equations of the classical 
theory of elasticity and the elements of linear algebra 
and tensor caleulus. It does, however, demand of the 
reader a knowledge of calculus up to Gauss’s divergence 
theorem. 

The next three chapters treat the general laws of 
propagation of elastic waves in crystals including a com- 
parison with the corresponding phenomena in isotropic 
materials. This is followed by two chapters which con- 
sider, respectively, hexagonal crystals and crystals of the 
higher systems. The remaining two chapters deal with 
the reflexion and refraction of elastic waves and with 
thermal properties of crystals. 

Extensive tables in the later chapters illustrate the 
application of the general theory to the existing body of 
experimenta! data. 

This book provides an extensive and lucid treatment 
of those aspects of the mathematical theory of elasticity 


which are of interest to workers in crystal physics. It is 
strongly recommended. Ian N. SNEDDON 


SPECTRA FOR THE CHEMIST 


Ultra-Violet and Visible Spectroscopy 
Chemical Applications. By C. N. R. Rao. Second edition. 
Pp. xii+ 216. (Butterworths: London, 1967 J 50s. 


THE first edition of this book, which appeared in 1961, 
was designed to provide the organic chemist with a 
descriptive introduction to the electronic absorption 
spectra in solution of organic compounds, with a minimal 
emphasis on theoretical concepts. It proved to be a 
useful book which replaced earlier accounts of the subject. 
The same treatment has been retained in the second 
enlarged edition and is still a valid approach to the 
problem of providing the organic chemist with an adequate 
background of information for the qualitative inter- 
pretation of the solution spectra of complex molecules. 
In such cases the more rigorous theoretical analyses 
applicable to simpler molecules are rarely feasible, and 
certainly not for the non-specialist. 








“NATURE, VOL. 219, AUGUST 31, 1968 


The descriptive approach involves an exposition of 
the main features of the absorption spectra of the prin- 
cipal classes of organic chromophorie structures, together 
with examples of the effects on these parent spectra of 
substitution, ionization, and the consequences of geometric 
isomerization and of steric factors. As in the first edition, 
this material is supplemented by chapters, mainly by 
co-authors, on such special subjects as far-ultraviolet 
spectra, fluorescence, charge-transfer spectra and a group 
of miscellaneous topics. Both the main part of the 
book and the supplementary chapters contain additional 
material which has expanded the book from about 
150 to 200 pages. The literature references have also 
been brought up to date and include several valuable 
new entries dealing with new books, specialist mono- 
graphs and review articles. 

As in the first edition, the best chapter is still the one 
on conjugated molecules, and the weakest is that on 
- aromatic compounds. Monocychec aromatics are considered 
in fair detail, but the many important classes of poly- 
__eyclic aromatics get very brief mention. In the chapters 
Z on special topics, some attempt has been made to outline 
“the relevant theory in rather more detail than in the 
remainder of the book. As a result these chapters give 
ioan impression of being more concise and up to date 
than the general chapters. Each of the special chapters 
is in fact a very good introduction to its particular 
subject. 

Apart from the particular madequacy noted above, 
this second edition of Professor Rao’s book can still be 
recommended as an excellent textbook which will provide 
the organie chemist with a useful background knowledge 
of the well established relations between electronic absorp- 
tion spectra and chemical structure. G. H. BEAVEN 


BORANE CHEMISTRY 


Polyhedral Boranes 


By Carl L. Muetterties and Walter H. Knoth. Pp. 
vii+197. (Dekker: New York; Arnold: London, 
1968.) 125s. 


In recent years the field of polyhedral borane chemistry 
has made rapid advancement—-in proof of this fact one 
has only to note that of the 255 references quoted in this 
volume only thirty or so refer to work published before 
1960. The publication of this book has come at a time 
when there is great interest in the subject and it is written 
_ by two outstanding research workers from the Du Pont 
<. group, both of whom have been in the forefront of poly- 
hedron boron chemistry for some years. 

A short introductory chapter on polyhedra as structural 
elements in chemistry is followed by an excellent chapter 
on the structure and bonding of all types of polyhedral 
boranes. Comparison is made between the theoretical 
assessment and the experimental results regarding the 
bonding and electron delocalization in polyhedral boranes 
and there is some discussion of multicentre bonding, with 
respect to diborane, including the recent analysis of 
diborane by the SCF method. 

A chapter on the syntheses of polyhedral boranes 
includes polyhedral tons, carboranes, thiaboranes and the 
interesting metallocarboranes and, following this, the 
section dealing with the chemistry of polyhedral boranes 
gives valuable tables of infrared stretching frequencies for 
substituents on B,,H,,2- and BH% and some reactions 
of substituted carboranes. The published data concerning 
intramolecular rearrangements of polyhedral boranes are 
discussed and classified and on the basis of this exercise 
the authors tentatively postulate a useful order of ease of 
polyhedral isomerization. 

There is a chapter dealing with structure-reactivity 
correlations of polyhedral boranes in which thermal and 
hydrolytic stability and also substitution reactions are 
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discussed. Nomenclature and numbering conventions 
are discussed in a short chapter and the book closes.’ 
a review of the recent developments of polyhedral borane: 
chemistry. Oo 
Perhaps the best feature of the book is its thorough 
up-to-dateness. It is well illustrated with diagrams and. 
contains classified author, formula and subject indices 
as well as many useful tables of physical data of poly- 
hedral boranes. This is an extremely well presented book 
and must, to a large extent, fulfil its aim in stimulating 
non-boron chemists. R. H. Crace 


LETTERS FOR ANALYSTS 


Analytical Letters 

Edited by G. G. Guilbault and L. G. Hargis. Vol 1, 
No. 1, October 1967. (Dekker: New York.) Subseription 
(Vol. 1, 1967-68, 15 numbers) $10 (individuals); 340 
(institutions). 


THe appearance of yet another scientific journal must. 
make the bravest heart quail. This one claims, in the 
editorial introduction, to alleviate the serious deterior- 
ation that has occurred in communication between 
researchers in this particular area. It is problematic 
that the addition of yet one more magazine to be con- 
sulted every month may alleviate the burden, but a 
means of rapid communication is certainly laudable in 
objective. It must be confessed, however, that the 
recent torrent of the “letter” type of journal tends to 
stimulate the production of hastily written up “instant. 
papers” which subsequently have to be published more 
fully in a conventional journal or which are so trivial 
that no further communication is necessary. In both 
cases it is doubtful whether the letter serves any purpose 
other than the staking of a claim. There is a problem of 
over-communication and of over-rapid communication. 

Be that as it may, the subject matter defined im the 
introduction as analytical “chemistry”, but which might 
more appropriately be termed analytical “science”, is 
one of the most turbulently developing topics of the 
present time. It would obviously be invidious to comment. 
here on individual research papers, but the topics vary 
from ion-selective membrane electrodes, polarography, 
electroluminescence, fluorescence, potentiometry, chroma- 
tography, end-point detection and atomic spectroscopy. 
Several of these papers, particularly those on the latter 
topic, could conceivably have equally well appeared in the 
sister journal Spectroscopy Letters from the same publishing 
house. 

This first issue is attractively produced and is interesting. 
It sets no records for urgency of communication, however, 
and with due respect to the editors and contributors, one 
remembers the adage that only trivial things are urgent 
and that there is plenty of time for those that are impor- 
tant. T. S. Weer 


GEOLOGISTS AND POLITICIANS 


Government in Science 

The US Geological Survey 1867-1894. 
Manning. Pp. xiv+ 257. 
Press: Lexington, 1967.) $7. 


By Thomas G. 
(University of Kentucky 


Government in Science records the relations between 
geologists and politicians in the period immediately 
preceding and following the establishment of the Federal 
Geological Survey of the United States on a permanent: 
basis in 1879. Most, if not all, official geological surveys 
have originated after geologists have succeeded in con- 
vincing government officials or politicians that the- 
results of such a survey were likely to be of practical 
value through the discovery of deposits of munerais, 
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or other deposits of economie value. This was not diffi- 
cult in the middle of the nineteenth century in a largely 
unexplored country of the size of the United States. 
The Federal Survey replaced earlier western exploratory 
expeditions whose rivalry and duplication of work had 
jeopardized government support. 

Dr Manning concerns himself mainly with the period 
1867 to 1894, and he describes in considerable detail 
what might be called the “birth pangs” of the Survey. 
These resulted from a variety of causes. One was the 
question whether the Survey should be under civilian or 
military control—previously, geologists had been attached 
to topographical surveys controlled by the army, Another 
cause for contention was whether the work should be 
limited to strictly economic objectives, rather than the 
advancement of geological knowledge of the country as a 
whole. Once the Survey got under way some geologists 
were carried away by the opportunities offered to increase 
the general knowledge of a comparatively new and 
rapidly developing science, irrespective of the immediate 
practical outcome of the work in hand. For example, 
it Was not easy to persuade hard headed politicians that. 
public funds should be used to accumulate large collections 
of fossils. Further complications arose in deciding pre- 
cisely what work should be carried out by the Federal 
Geological Survey. Geologists cannot work without 
suitable maps on which to record their results, and at 
that time such maps were not available. Thus a decision 
had to be made as to whether a topographie survey 
should be carried out under the control of the geologists 
in the areas in which they were working, or whether an 
independent topographic survey should be established 
which would not necessarily cooperate with the geologists, 
Requests for information about water supply and advice 
about irrigation for farm lands caused further discussions 
and disruption of plans. Finally, in a country where 
state appointments were often subject to political consid- 
erations and nepotism, the staffing of the Survey raised 
problems whose solution was not helped by intense 
rivalries among the geologists themselves. 

Dr Manning’s story might have had more interest for 
the general reader if he had said a little more about the 
earlier exploratory western surveys that preceded the 
period with which he deals, and the early independent 
state geological surveys established at quite an early 
date in the nineteenth century. In preparing his book, 
the author, a historian by profession, considered it 
“A major duty ... to master the science of the Survey 
and place that science in historical perspective”. In this 
task, which might well merit a book of its own, he has 
been unsuccessful. His book is essentially a study in depth 
of the relations between scientists and politicians during 
a limited but interesting period. For his material he has 
searched the records and sources, published and un- 
published, very thoroughly, and quotes many contem- 
porary letters written by persons involved, which were 
not intended for publication. A final chapter sketches in 
outline the progress of the Survey from its small begin- 
nings to the present highly organized and scientific 
institution that it is today, with an annual budget in 
1965 of 67 million dollars. V. A. Eyes 


CASE AGAINST CLEMENT ADER 


Clément Ader 

His Flight-Claims and his Place in History. By Charles 
Harvard Gibbs-Smith. (Science Museum, London.) Pp. 
x+214. (HM Stationery Office: London, 1968.) 32s. 6d. 


Sruvce the birth of flight the claims of Clément Ader have 
been the subject of some controversy, although it is 
doubtful if they are of the importance to the technical 
` world of aviation which the publication of this book 
would suggest. To the aeronautical engineer, and indeed 





NATURE, VOL. 219, AUGUST 31, 1968 


to most laymen, there can be little doubt that the first 
sustained and controlled flight in a powered machine 
was carried out by the Wright brothers in December 
1903. 

The long controversy which is unfolded in this mono- 
graph is therefore largely of historical val ue, although 
there is much of technical interest in the book, because the 
two aircraft of Ader’s design which he claimed to have 
flown, the Eole (1890) and the Avion ITI (1897), are 
studied in great detail with the help of numerous diagrarns 
and photographs. A particularly interesting feature to 
the engineer is the long chapter on the “W ing Movements 
and Flight Controls” of Ader'’s bat-like aircraft. The 
complex control movements invented by Ader are analysed 
in this chapter with the assistance of the Aerodynamics 
Department of the Royal Aircraft Esta blshment, Farn- 
borough. Other historic aircraft are also included in the 
seventy-two well produced illustrations in the book. 

As the title suggests, however, the book is concerned 
mainly with the flight claims of Clément Ader, in par- 
ticular as to whether Ader was (a) the first man to fly 
in a powered aircraft (in 1890); and (6) the inventor of 
the Wright type of wing warping for roll control. 

This study has been carried out with Mr Gibbs-Smith’'s 
usual thoroughness and one gains a very clear impression 
of the controversy in full detail. In a book of this kind, 
however, the author is in the position of judge, jury and 
counsel for both defence and prosecution and the reader 
expects impartiality of him. Despite the claim of such 
impartiality put forward in the preface by M. Dollfus 
(savant aeronaute et eritique rigoureux h the weakness of 
this book is, in fact, tho very biased approach of the 
author. 

In both the “Introduction” and “The Ader Chronology”’ 
which immediately follows it, the author makes clear his 
condemnation of Ader and throughout the following 
chapters the claims of Ader and his advocates are ruth. 
lessly dissected in detailed analyses of official, legal and 
technical evidence. As presented, this evidence alone 
makes a strong and convincing case against the French 
inventor and it is a pity that the author has thought fit 
to spoil his work by creating the derogatory atmosphere 
which pervades the book. Such terms as “palpable absurd- 
ity”, “mendacity compounded” and “he (Ader) never 
dreamed of it’? occur far too frequently and produce an 
ill tempered air which detracts from an otherwise excellent 
study. One is left with a feeling of sympathy for Clément 
Ader who, whatever his culpability, was a very able 
engineer at a time when such men were rare and deserves 
better than the grudging reference to his abilities that 
this book contains. 

The book itself consists of thirty short sections plus 
nineteen appendices all but three of which are in French. 
The French text therefore covers about one third of the 
book, but relevant parts of the appendices are referred to 
in the main text and translated where necessary. To 
sum up, this is a most readable and interesting book to 
both the engineer and historian, but a more appropriate 
title would have been “The Case against Clément Ader”. 

J. T. HENSHAW 


PSYCHICAL HISTORY 


The Founders of Psychical Research 
By Alan Gauld. Pp. xii+387. (Routledge and Kegan 
Paul: London, 1968.) 50s. 


In the second half of the nineteenth century, efforts 
were made to establish psychical research as a form of 
scientific enquiry. This led to the founding of the Society 
for Psychical Research in 1882. Scientists of that time 
who were connected in one way or another with the 
work of the society included William Barret, William 
Crookes, Oliver Lodge, J. J. Thomson and Lord Rayleigh, 
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Dr Gauld’s detailed and scholarly book aims at providing 
an examination of the lives, characters and work of 
three men-—-Henry Sidgwick, F. W. H. Myers, and Edmund 
Gurney, all Fellows of Trinity College, Cambridge, who 
dominated the early work of the soeiety. 

The book contains two sections. The first is about the 
rise of modern spiritualism in America; spiritualism in 
England in the latter half of the nineteenth century 
and carly work of the Sidgwick group, leading to the 
foundation of the Society for Psychical Research, 

The second section is concerned with the work of the 
society during the first nineteen years of its existence. 
Here some of the famous investigations are discussed 
and reappraised. This section also ineludes a lengthy 
discussion of Myers’s theory of the “subliminal self” and 
his “cosmology and theory of the soul”. 

Dr Gauld’s book has been criticized by Mr Trevor 
Hall, another historian of psychical research'. In his 
review, Hall claims that Gauld, while being historically 
accurate, has failed to mention important material 


that might be considered indispensable to any history of 


that period. The omission of important facts is also 
evident when considering a further aspect of Dr Gauld’s 
book. For, in addition to providing an historical account, 
Dr Gauld attempts to persuade his readers that there 
might have been something, after all, in the rappings, 
levitations and spooky goings-on that occupied the atten- 
tion of the three main characters. He fails, however, to 


mention a letter in Science*, submitted on behalf of an 
investigating committee at Columbia University, in which 
her modus operandi was made patently obvious. 

This book will be indispensable to those, interested in 
the history of psychical research and also to social hist- 
orians concerned with the spread of spiritualism during 
the nineteenth century. It is unlikely to impress those 
people who find it difficult to take seriously the idea 
that spirits of deceased persons should have levitated 
tables for the entertainment and scientific edification 
of groups of Victorian intellectuals. C. E. M. Hanser 


2 Hall, Trevor H., The Yorkshire Post, May 16 (1968). 
* Miller, D, 8., Science, 87 910). 


OBITUARIES 


Dr Edouard le Danois 


Dr Epovarp LE Danois, remembered as one of the great 
“all-rounders” of international oceanography, died at his 
home in Saint Germain-en-Laye on June 11, 1968. He 
was 381. 

Le Danois was remarkable for more than 500 “memoires 
et notes”, ranging over many topics, for besides being an 
eminent specialist in fish systematics, le Danois had a 
considerable competence in palaeography and physical 
oceanography. He was also very well qualified in the 
practical aspects of the great fisheries and he published 
papers on catch handling and preservation. British 
oceanographers will particularly recall his publications 
on oceanie transgressions and deep “fossil waters”, and 
will remember how vigorously he defended his views 
before dissentient audiences. 

His many research expeditions took him to Russia in 
1908, to study the Volga fishery; to Greenland and New- 
foundland in 1910; whaling in 1911; with Charcot in the 
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“Pourquoi-Pas ?” in 1912-14; and with the Cana 
Coastguard in the North Pacifie in 1923. Many w 
him during his long directorship of the Office Sei 
et Technique des Péches Maritimes will remembe: 
powerful influence he exercised at the meetings of 
International Council for the Exploration of the Sea, 
as an expert and later, from 1920 to the outbreak of the 
Second World War, as French delegate. He was chair- 
man of some of its committees and editor of its Rapports 
Atlantiques. He wrote much on the anatomy of cetaceans 
and about the hake, the tunny and the cod. Among his 
numerous books, Les Profondeurs de la Mer and Vie et 
Moeurs des Poissons merit special mention. Many English 
marine biologists will be familiar with his handsome 
translated book, Fishes of the World (Harrap, 1957), and 
will have enjoyed its delightful scholarly preface. Physical 
oceanographers will particularly remember his 1938 book, 
L Atlantique: Histoire et Vie Tun Océan, and various 
other papers on the “hydrology” of the Atlantic. 

His distinction as a soldier of France can be set beside 
his scientific attainments, with the Yser Medal to accom- 
pany his Croix de Guerre (1 914-18). He was an officer 
of the Legion of Honour, a commander of the Mérite 
Maritime, holder of the gold medal of the Société de 
Géographie, possessed the honour medal of the Meteor 
Expedition—and held Italian and Danish honours as well 
as some from former North African possessions of France. 
He was a member of the Académie de Marine, an associate 
member of the Musée d'Histoire Naturelle, secretary- 
general of the International Commission for the Scientific 
Exploration of the Mediterranean Sea and, among a 
number of other distinctions, a corresponding member of 
the Zoological Society of London and an honorary 
member of the Challenger Society. 

His daughter, Mile Yseult le Danois, whe is herself a 
distinguished ichthyologist, is currently engaged on pre- 
paring the work of his last years—a large work on the 
systematics of fishes—for the press, an achievement that 
would bring great pleasure to the many who have lost a 
colleague and friend. 





Georges Lavier 


GEORGES Lavrer, the doyen of the French parasitic proto- 
zoologists, died on January 13 this year in Burgundy, 
where he had been born 75 years earlier. He was educated 
at Dijon and acquired a good grounding in the classics. 
At the same time, he was attracted to nature and he 
later graduated, first im the natural sciences and then m 
medicine, at the University of Dijon. On the outbreak 
of the First World War he joined up and was posted. to 
the East, where he first became acquainted with malignant 


he radiated 
culture, the absence of the ponderous and his light wit 
made him a delightful companion. 

These same characteristics were apparent in Lavier's 
work, the result of elear thinking, unsubmerged in dreary 
statistics, but penetrated by intuition and art. He thus 
made great contributions to parasitology as a living 
subject. As an artist, he drew and described coccidia, 
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amoebae, trypanosomes and haematozoa of fish, reptiles 
and amphibia as well as of mammals; as a biologist, he 
traced their evolution and relationships in schemes which 
are still in use; as a physiologist, he unravelled the 
functions of the parabasal bodies and the kinetoplast of 
flagellates; and, as a tropical pathologist, he was among 
the first to study parasitic eosinophilia—the “Curve of 
Lavier” representing four phases in the development of 
helminthic infections—and the little known cardiae com- 
plications of sleeping sickness. As a zoologist, he studied 
the natural parasites of invertebrates; as a medical man, 
he observed the parasites of human infections in the 
invertebrate vectors. 

Lavier’s work was characterized by fine and careful 
technique. This enabled him to trace the route of migra- 
tions of the polymorphic trypanosomes to their final 
destination in the salivary glands of the tsetse flies; his 
observations on these organisms were largel y made during 
the course of a prolonged visit to Uganda in 1927 and 
1928. 

Wenyon, Brumpt and Lavier were masters of para- 
sitology and, with the death of the last, an era in E uropean 
parasitology seems to have come to an end. 


University News 


Dr C. M. Anderson, Royal Children’s Hospital Research 
Foundation, Melbourne, has been appointed to the chair of 
paediatrics and child health in the Faculty of Medicine 
and Dentistry, University of Birmingham. Mr H. 
Maddick has been appointed to the chair of local govern- 
ment studies, and Professor A. P. D. Thomson, 
University College of Rhodesia, to the newly established 
full-time post of executive dean in the Faculty of Medicine 
and Dentistry. The title of honorary professor of medicine 
of the tropics in the Department of Medicine has been 
conferred on Dr H. V. Morgan. 


Dr R. T. Severn has been appointed to the chair of 
civil engineering and headship of the Department of 
Civil Engineering in the University of Bristol on the 
retirement of Professor Alfred Pugsley. 

Dr D, H. Jennings, University of Leeds, has been 
appointed to the second chair of botany in the University 
of Liverpool. 

Mr R. H. Macmillan, director of the Motor Industry 
Research Association, has been appointed industrial 
professor, and Mr F. D. Hales, also of the Motor Industry 
Research Association, has been appointed professor of 
surface transport, both in the Department of Transport. 
Technology at Loughborough University of Tech- 
nology. Dr D. Johns, reader in aeronautical engineering 
in the Department of Transport Technology, has been 
appointed to a personal chair in the same department; 
and Mr K. J. Hume, reader in production technology 
in the Department of Industrial Engineering and Manage- 
ment, has been appointed to a personal chair in that 
department. 

Dr J. N. Walton has been appointed to a personal chair 
of neurology and Dr D. G. Armstrong to a personal 
chair of agricultural biochemistry in the University of 
Newcastle upon Tyne. 


Appointments 


Dr G. F. Claringbull has been appointed director of the 
British Museum (Natural History) as from December 
l on the retirement of Sir Terence Morrison-Scott. The 
folowing appointments have also been made: Mr R. Ross 
to be a deputy chief scientific officer; Dr P. Freeman 
to be keeper of entomology; and Dr D. R. Ragge to be 
deputy keeper of entomology and a senior pri ncipal 
scientific officer. 
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Erratum. The publisher of the book The Heart of the 


Earth (reviewed in Nature, 219, 655; 1968) is Freeman, 
Cooper and Co., not Freeman as stated. 


ERratum. In the article “Arrangement of the Continents 
during the Palaeozoie Era” by K. M, Creer (Nature, 219, 
41; 1968) the first four tables should have heen as follows: 


Table 1. SOUTH AMERICAN MEAN POLES 


South Pole 


Pole Period Source Lat. Long. Alpha N 
95 


SA3 Cambrian to Lower Mean of Lower Palae- 


ss Devonian azole polesref,11 8° N 45° W 15% 5 
SA 6a Lower Carbon- Pole 6(i) ref, 2 
: iferous 28°38 34° W — | 
SA 6¢ Permo-Carhon- Mean of poles 6{ii) and 

iferous 7i) ref, 2 65°S 13°w — 2 
S410 Cretaceous Pole 16(i) ref, 2 2S 64° RHR « | 


Table 2. AFRICAN MEAN POLES 


South Pole 


Pole Period Source Lat. Long. Alpha N 
No. 95 
AF2 Cambrian-Ordovi- Mean of poles #1 and 
clan #2 ref. 6 21°N 806° W oO 2 
AF 6a Lower Carbon- Pole B4 ref. 6 28675 26 EB — } 
iferors 
AF 6b Upper © arbon- Pole B5 ref, 6 45° 8 40 E — 1 
iferou.s 
AF fa Lower Permian Pole B6 ref. 6 2778 88° E — i 
AF 8c Permo-Carbon- Mean of poles B5 and 
iferous J# equivalent to 
a pole 7(ii) ref, 2 38° SS FEFE = 8 
AF 3 Triassic to Cre- Mean of poles B7 to 
tacecus BiS ref. 6 64° SS 81° RB §° 9 
AF11 Tertiary Mean of poles B18 and 
BAD ref. 6 78° S8 48° W - 2 


Table 3. AUSTRALIAN MEAN POLES 
South Pole 


Pole Period Source Lat. Long. Alpha N 
No. 95 
AU 2 Cambrian Mean of poles Cl and 
C2 ref. 6 3° S 21° EK — g 
AU 6a Lower Carbonifer- Mean of poles C4 to 
ous—Upper CT ref. 6 
Devonian 76° S 23 E 1° 4 
AU 6e Middle-Upper Car- Pole C8 ref 6 
boniferous 73°S 47° RK — Y 
AUT Permo-Carbon- Mean of poles C9 to 
iferous Cha ref 6 46°S 188° ER fF? g 
AU 9 Triassic to Creta- Mean of poles C13 to 
ceos C23 ref. 6 50° S 149° 5 g° og 
AU 11 Tertiary Mean of poles #16 and 
BET ref. 6 43'S BPE — 2 


Table 4. EURASIAN MEAN POLES 


South Pole 


Pole Period Source Lat. Long. Alpha N 
95 


EU2 Cambrian Hastern USSR Rodio- 
noy ref, 7 839 N HW 15° g 
EUs Ordovician ` s $3 et N DPW 6° 9 
EU 4 Silurian y ue a 23N 4 Ww o 3 
EU 5a Lower Devonian Midland Valley Lavas 
ref. 5 10°N 38 Ww — 1 
3578 SEW gt 25 
Pole? iv ref. 2 S IPW 4 24 
Pole 3 iv ref. : 50S 33° Wo 4° 17 


Pole 11 iv ref. 2 78° S 31° W 8 13 


EU 8 Carboniferous Pole 3 iv ref. $ 
EU 7 Permian 


EU 8 Triassic 


bo Lebo 

N spa 
jr 
wa 


ET 11 Tertiary 

In Fig. 4 the pole AF6d should be labelled AF7a. In 
Fig. 5 the pole labelled AF6a in black should be labelled 
AF6D. 


CORRESPONDENCE 


Exploiting and Polluting Oceans 


Str,—Hamlet knew a hawk from a handsaw (Act 2, 
scene 2), 

Doesn’t Nature know a gull from a guillemot ? (Nature, 
219, 840; 1968). 


Yours, ete., 
L. HARRISON MATTHEWS. 


Stansfield, 
via Sudbury, Suffolk. 
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FORTHCOMING EVENTS 


( Meetings marked with an asterisk are open to the public) 
Monday, September 9—Thursday, September 12 


INSTITUTE OF PHYSICS AND THE PHYSICAL SOCIETY, NUCLEAR PHYSICS 
SUB-COMMITTEE (at Queen Mary College, Mile End Read, London, E1)— 
Conference on “Elementary Particles”. 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before the 
dates mentioned: 

CHAIR oF CIVIL ENGINEERING (in the field of either concrete technology 
or soil mechanics) at the University of Sydney, Australia~-The Association 
of Commonwealth Universities (Branch Office), Marlborough House, Pall 
Mall, London, SW1; or the Registrar of the University (September 6). 

LECTURER (with medical qualifications registrable in the UK) in Ophthal- 
mology-—-The Registrar, The University, Manchester, quoting Ref. 156/68 
(September 6). 23 

SISTANT LECTURER (graduate in pharmacology, pharmacy, physiology, 
biochemistry or medicine) IN PHARMACOLOGY—The Registrar, University of 
Strathclyde, George Street, Glasgow, Cl, Seotland (September 7). 

POSTDOCTORAL FELLOW IN THE DEPARTMENT OF CHEMISTRY for research 
on the organic constituents (humic acids) of soils, peats, etc.—Professor R. D. 
Haworth, FRS, Department of Chemistry, The University, Sheffield (Sep- 

-tember 7). 

ae EXPERIMENTAL OFFICER (graduate in biology) to assist work 
on insect trapping—The Secretary, Rothamsted Experimental Station, 

Harpenden, Herts, quoting Ref, 1052/121 (September 8). 

LECTURER (with a science degree with special qualifications (and preferably 
postgraduate experience) in entomology or helminthology) IN ZOOLOGY-— 
The Secretary, West of Scotland Agricultural College, 6 Blytheswood Square, 
Glasgow, C2 (September 9). 
~ POSTDOCTORAL FELLOW IN CHEMICAL CRYSTALLOGRAPHY in the DEPART- 
MENT OF ČHEMISTRY for the study of organometallic complexes by single- 
crystal diffraction methods—The Registrar, The University, Manchester 
13, quoting Ref. 152/68 (September 9). 

ASSISTANT LECTURER (with a good honours degree in psychology and 
postgraduate training (academic and probationary) in clinical psychology) 
In PsyoHoLogy-—Dr. J. M. M. Mair, Academic Department of Psychiatry, 
The Middlesex Hospital Medical School, London, Wi (September 10). 

TEMPORARY LECTURER/SENIOR LECTURER IN ENTOMOLOGY at the Univer- 
sity of Queensland, Brisbane, Australia—The Association of Commonwealth 
Universities (Branch Office), Marlborough House, Pall Mall, London, 5W1 
(London and Brisbane, September 13). 

RESEARCH ASSISTANT IN THEORETICAL CHEMISTRY—The Secretary to the 
University Court, The University, Glasgow (September 14). 

UNiversiry DEMONSTRATORS (2) IN BlocHEMISTRY-~G. R. Anderson, The 
Old Schools, University of Cambridge, Cambridge (September 14), 

CHAIR OF MATHEMATICAL STATISTICS at the University of Malaya—-The 
Association of Commonwealth Universities (Branch Office), Marlborough 
House, Pall Mall, London, SW1 (London and Kuala Lumpur, September 
16). 

DEMONSTRATOR IN PHYSICAL CHEMISTRY to work under Dr. S. C. Wallwork 
on a trystallographic problem leading to a higher degree—The Registrar, 
University of Nottingham, University Park, Nottingham, NG7 2RD (Sep- 
tember 16). 

DEMONSTRATOR (with a good honours degree in chemistry or physical 
sciences, soil science or agricultural chemistry) IN Sor SCIENCES, to assist 
in the practical teaching of introductory physical chemistry and sail science— 
The Registrar, University of Nottingham, University Park, Nottingham 
(September 16). 

Lecturer (experimental physicist) In Paysics—The Registrar, King's 
College, London, Strand, London, WC2 (September 16). 

LECTURER IN BOTANY at the University of Tasmania~—The Association of 
Commonwealth Universities (Branch Office}, Marlborough House, Pall Mall, 
London, SWL (Australia and London, September 16). 

ASSISTANT LECTURERS (2) (with interests in pure mathematics or numerical 
analysis) in MATHEMATICS-—~The Registrar, The University, Manchester, 
quoting Ref. 155/68 (September 20). 

LECTURER (preferably with experience in biochemical pharmacology or 
~ neurapharmacology) IN PHarmMacoLogy—The Secretary, The University, 

| Aberdeen, Scotland (September 20). 

. (Leercreer IN PHARMACEUTICAL CHEMISTRY at the University of Sydney, 

Australia~—The Association of Commonwealth Universities (Branch Office), 
Mariborough House, Pall Mall, London, SW1 (Australia and London, 
September 27). 

LECTURER (preferably with some industrial experience) IN MICROBIOLOGY 
—The Academic Registrar (LFG), University of Surrey, Battersea Park 
Road, London, SW11 (September 28). 

Hap (with academic and professional library qualifications, and preferably 
experience in a large academic or research library and knowledge of foreign 
languages) OF ACQUISITION IN THE UNIVERSITY LIBRARY, Victoria University 
of Wellington, New Zealand—-The Association of Commonwealth Universities 
(Branch Office), Marlborough House, Pall Mall, London, SW1 (September 30), 

LECTURER (chemical engineer, chemist or physical scientist} IN THE 
DEPARTMENT OF CHEMICAL ENGINEERING, School of Engineering Science, for 
teaching and research in developing areas of study which include catalysis, 
reactor design, optimization and data processing—The Secretary, University 
of Edinburgh, Old College, South Bridge, Edinburgh (September 30). 

LECTURER IN BIOCHEMISTRY IN THE DEPARTMENT OF CHEMISTRY, Victoria 
University of Wellington, New Zealand—The Association of Commonwealth 
Universities (Branch Office), Marlborough House, Pall Mall, London, SW1 
(September 30). 

LECTURER (interested in the fields ofeconomic geography, urban geography 
and location analysis) IN GEOGRAPHY at Flinders University of South Aus- 
tralia—The Association of Commonwealth Universities (Branch Office), 
Marlborough House, Pall Mail, London, SW1, or The Registrar Flinders 
University of South Australia, Bedford Park, South Australia (September 30). 

LECTURER (with qualifications in numerical techniques and interests in 
approximation theory and/or the applications of mathematics)in the DEPART- 
MENT OF MATHEMATICS—The Secretary, University House, Bailrigg, Lantas- 
ter (September 30). 

PROFESSOR OF ENGINEERING at Fourah Bay College, University of Sierra 
Leone—The Inter-University Council, 33 Bedford Place, London, WC1 
(September 30). 





READER IN Soctotocy at the University of Canterbury, Christchur 
New Zealand—The Association of Commonwealth Universities. | 
Office}, Marlborough House, Pall Mall, London, S.W1 (September $0), 

BoTaNISt (with a good honours degree and preferably posteraduat 
research achievement) for research on the roots of fruit planis in relation - 
to culturaland environmental factors—- The Secretary, Haat Malling Research. 
Station, Maidstone, Kent (Oetober 1). . 

Director (with a wide range of experience with computers and data 
processing and preferably experience in scientific aa well as business applica- 
tiona, particularly within a University context) of the University Computing 
and Data Processing Centre, University of Zambia—~The Inter-University 
Council, 33 Bedford Place, London, WEI (October 1). 

SENIOR LECTURER or LECTURER (preferably with interest and experience 
in some aspect of lasers and/or plasma physits) IN THE DEPARTMENT oF 
APPLIED Puysics—The Registrar, The University, Hull (Octeber 1). 

PROFESSOR OF CHEMISTRY ; and a SENIOR LECTURER, LECTURER or 
ASSISTANT LECTURER in PHYSICAL CHEMISTRY at the University of Zambia 
The Inter-University Council, 33 Bedford Place, London, WUL (October 9). 

CHAIRS OF HUMAN GEOGRAPHY and of BIoGROGRAPHY AND GROMOK- 
PHOLOGY IN THE RESEARCH SCHOOL oF Pacific STUpIES, Institute of 
Advanced Studies, Australian National University—-The Association of 
Commonwealth Universities (Branch Office), Marlborough House, Pall Mall, 
London, SW1 (October 7). 

FOUNDATION CHAIR OF PSYCHOLOGICAL MEDICINE at Monash University— 
The Secretary-General, Association of Commonwealth Universities (Branch 
Office), Marlborough House, Pall Mall, London, SW1: or The Academie 
Registrar, Monash University, Clayton, Victoria, Australia (October 12}, 

LECTURER or SENIOR LECTURER IN PHILOSOPHY at Victoria University of 
Wellington, New Zealand—The Association of Commonwealth Universities 
(Branch Office), Marlborough House, Pall Mall, London, SW1 (Oetober 15). 

SENIOR LECTURER or LECTURER (preferably with a special interest in 
numerical mathematics or in a branch of applied mathematics) in MATHE- 
MATICS at Victoria University of Wellington, New Zealand-—The Association 
of Commonwealth Universities (Branch Office), Marlborough House, Pall 
Mall, Lendon, SW1 (October 15). 

SENIOR LECTURER or LECTURER IN MATHEMATICS at the University of 
Canterbury, Christchurch, New Zealand-—-The Association of Cammeanwealth 
Universities (Branch Office), Marlborough House, Pall Mall, London, SW1 
(October 16). 

ASSISTANT DIRECTOR (with a wide general knowledge of plant pathology 
and mycology, administrative ability, an interest in scientifle documentation, 
and some knowledge of modern languages) of the Commonwealth Mycological 
Institute, Ferry Lane, Kew, Surrey-~The Secretary, Commonwealth Agri- 
cultural Bureaux, Farnham House, Farnham Royal, Near Slough, Bucks 
(October 31). l 

CHAIR OF ANATOMY at the University of Hong Kong—-The Secretary- 
General, Association of Commonwealth Universities (Branch Office), Marb 
borough House, Pall Mall, Landon, SW1 (October 31). 

CHAIR OF Puysics—-The Seeretary, The University, Old College, South 
Bridge, Edinburgh (Getober 31). 

LECTURER (with an honours or higher degree and research and/or industrial 
experience, chiefly in the physical chemistry of metalextraction and refining, 
and preferably an interest in physical metallurgy) IN CHEMICAL METALLURGY 
at the University of Melbourne, Australia—The Association of Common- 
wealth Universities (Branch Office), Marlborough House, Pall Mall, London, 
SW (October 31). . 

LECTURER (with at leastan honeurs degree in zoology) IN ANIMAL Puya 
OLOGY at Rhodes University, Grahamstown, South Africa- fhe Association 
of Commonwealth Universities (Branch Office), Marlborough House, Pall 
Mail, London, SWI (Sonth Africa and London, October 37}, . 

RESEARCH LABORATORY TECHNICIAN (preferably with experience in 
microbiology) IN THE DEPARTMENT OF GENETICS-~The Seeretary, The 
University, Leicester. 

SENIOR LECTURERS!) LECTURERS IN FORESTRY St the University of Canter- 
bury, Christchurch, New Zealand—The Association of Commonwealth 
Universities (Branch Office), Marlborough House, Pall Mall, London, SW 
(October 31). . 

DEMONSTRATOR in the BOTANY DEPARTMENT — Professor I. Manton, FRS, 
Botany Department, The University, Leeds, 2. . 

GRADUATE in BIOCHEMISTRY Cor a related subject) to join a BECC Research 
Group studying the biochemical effects of irradiation on subeelhalar com- 
ponents of normal and tumour tissues—The Secretary, The Medical School 
of St Bartholomew’s Hospital, West Smithfield, London, BEL 

JUNION RESEARCH ASSOCIATE or RESEARCH ASSOCIATE in PSYCHOLOGY 
in the Department of Psychological Medicine, to investigate memory and 
learning in the aged— Professor M. Roth, Department of Psychological 
Medicine, The University, Newcastle upon Pyne, NEI 41P. . : 

LECTURER or ASSISTANT LECTURER IN ZOOLOGY at the University of the 
West Indies, Trinidad—The Inter-University Council, 33 Bedford Place, 
London, WELE 

POSTDOCTORAL RESEARCH ASSISTANT (wiih a good honours degree together 
with a PhD or equivalent, and preferably experience in high temperature 
chemistry or metallurgy and an interest in microtexture) in the DEPARTMENT 
OF CHEMICAL ENGINEERING AND CHEMICAL TECHNOLOGY. to work on the 
interaction of liquid ferrous oxide and solid magnesia—Mr L. B. Parrett, 
Department of Chemical Engineering and Chemical Technology, Imperial 
College, London, SW7. 

RESEARCH ASSISTANTS {with a first- or second-clasea hanoure degree} in 
BOTANY AND ZOOLOGY-—Head of the Department of Biology and Geology, 
Northern Polytechnic, Holloway, London, N7. 

RESEARCH FELLOWS (2) in BIOCHEMISTRY fo work under the direction of 
Professor A. Korner on research into the mechanism of biosynthesia of 
proteins and nucleic acids in mammalian tissues—Professor A. Korner 
School of Biological Sciences, University of Sussex, Fahner, Brighton, 
Sussex, quoting Ref. 243/2, 

RESEARCH OFFICER or SENIOR RESBARCH OFFICER in the MICROBIOLOGICAL 
CHEMISTRY RESEARCH LABORATORY, DEPARTMENT OF ORGANIC CHEMISTRY, 
for work concerned with various aspects of the biochemistry and genera! 
microbiology of bacterial cell walls and membranes—The Registrar, The 
University, Newcastle upon Tyne, NELTRU. 

STUDENT for research in carbohydrate chemistry— Professor E. J. Bourne, 
Chemistry Department, Royal Holloway College (University of London), 
wnglefield Green, Surrey. 

TUTORIAL RESEARCH STUDENT in ZooLoacy—The Secretary, 
Holloway College (University of London), Englefield Green, Surrey. 
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REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain anc Ireland 


Bibliography of Pharmaceutical Reference Literature. Compiled by 
Magda Pasztor and Jenny Hopkins. Pp. viii+ 167. (London: The Pharma- 


ceutical Press, 1068.) 25s. [247 
Sir George Cayley (1773-1857). By Charles Harvard Gibbs-Smith 
(Science Museum Booklet.) Pp. 32. (Lendon: H.M. Stationery Office, 
968.) 3s. net. [247 
Report of the Rugby School Natural History Society for the year 1967. 
(One Hundred and First Issue.) Pp. 16. (Rugby: Rugby School Natural 
History Society, 1968.) . [257 
Fabian Occasional Paper No.4: Mental Health Services in the Community. 
By Peter Mittler. Pp. 12. (London: Fabian Society, 1968.) 2s. [257 
National Vegetable Research Station. Descriptive Brochure. Pp. 8. 
(Wellesbourne, Warwick: National Vegetable Research Station, 1968.) [257 
Bulletin of the British Museum (Natural History). Zoology. Vol. 16, 
No. 6: The Osteology and Relationships of the Denticipitidae, a Family 
of Clupeomorph Fishes, By P. H. Greenwood, Pp. 213-273. 22s, 6d. 
Vol. 16, No. 7: Notes on Some Tropical Indo-Pacifie Ophiotrichids and 
Ophiodermatids (Ophiuroidea). By Ailsa M. Clark, Pp. 275-3224 1 plate. 
20s. (London: British Museum (National History), 1968.) [257 
Wnhiversity College of Wales, Aberystwyth. Report of the Welsh Plant 
Breeding Station for 1967. Pp. 172. (Plas Gogerddan, near Aberystwyth: 


Welsh Plant Breeding Station, 1968.) _ {257 
Royal Observatory Bulletins. No. 135: The Radial Velocities, Spectral 


Types and Projected Rotational Velocities of 633 Bright Northern A Stars. 
By D. R. Palmer, E. N. Walker, D. H. P. Jones and R. E., Wallis. Pp. 
E385-H456. (London: H.M. Stationery Office, 1968.) 10s. net. [257 

Institute of Personnel Management. Personnel Manager's Guide to Job 


Evaluation. By George F. Thomason. Pp. 49. (London: Institute of 
Personnel Management, 1968.) 12s, {267 
The Nature Conservancy Handbook 1968. Pp. 44. (London: H.M. 
Stationery Office, 1968.) 5s. net. [267 
Clean Air Year Book, 19638-1969. Pp. 130. (London: National Society 
for Clean Air, 1968.) 5s, [267 


Tribos, Vol. 1, Nos. 1 and 2 (January/February, 1968.) Edited by H. 8, 
Stephens and R., Wharton. Pp. 1-27. Subscription : Per volume of 12 
\ S66 (£27 10s. Od 
Europe); $70.50 (£29 7s. 6d.) (Rest of the World), (Cranfield, Bedford : 
The British Hydromechanics Research Association, 1968.) {267 


iv+10. (London: H.M. Stationery Office, 1968.) 2s. 3d. net. [297 
Schools Council, The First Three Years 1964/7. Pp. 35. (London: 
H.M. Stationery Office, 1968.) 3s. 6d. net. {307 


London and Home Counties Regional Advisory Council for Technological 
Education. Bulletin of Special Courses in Higher Technology, Management 
Studies and Commerce, 1968-69. Part 1: Autumn Term. Pp. 120, (Lon- 
don: Londonand Home Counties Regional Advisory Council for Technologi- 


cal Education, 1968.) 9s. [B07 
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Report of the Regional Conference held at Ipswich on March 16th, 1967. 
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Institute of Chemistry, 1968.) 8s. {28 
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1,4-Diazabicyclo 
(2,2,2) octane 
rriethylenediamine) 


E. MERCK AG 








Strongly basic catalyst with a wide range of applica- 
tions; readily soluble in water and in polar and non- 
polar organic solvents. 


Use: 


In addition to its industrial use for the production of 
polyurethane foams, as an acid interceptor (instead 
of pyridine) in acylations’. 


Good catalyst for the addition of mercaptans to a,b- 
unsaturated anhydrides’ and for the reaction of acids 
with epoxides. 


Particulary useful in metalations® and in aldol and 
acetoacetic ester condensations. 


Other uses are in transesterifications, cyanoethyla- 
tions and hydroxyethylations and hydroxypropyla- 
tions of alcohols and glycols with ethylene oxide 
and propylene oxide. 
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1. G.H. Schenk, P. Wines and C. Mojzis, J. analyt. Chem, 36, 914 (1964). 
Angew. Chem., Nachr. Chemie und Technik 11, 414 (1963). 


2. B. Dmuchovsky, B.D. Vineyard and F.B. Zienty, J. Amer. chem. Soc. 
86, 2874 (1964). 


3. C.G. Screttas and J.F. Eastham, J. Amer. chem. Soc. 87, 3276 (1 965). 


Please send for our brochure ,,Synthetica” 


DARMSTADT 


240-8 








Classified Advertisements 


All copy is subject to the approval of the Pub- 
lishers, who retain the right to refuse or 
withdraw advertisements at their discretion. 
The Publishers will not be liable for any joss 
occasioned by the failure of any advertisement 
to appear from any cause whatever, nor do 
they accept liability for printers’ errors, 
although every care is taken to avoid mistakes. 
Semi-displayed £6 per single column inch 
Minimum £3, each additional 1/12th of an inch 
10s. Full page £158, Half page across £80. 
Colour (orange) £20 extra. 2/6 is charged 
for the re-direction of replies to advertise- 
ments with a box number. 


ADVERTISEMENTS SHOULD BE ADDRESSED 
TO: T. G. Scort and Son, Limited, | Clement's 
inn, Strand, Landon, W.C.2. Telephone: 
WEG 4743. Telegrams: Textualist, London, 

















APPOINTMENTS VACANT 
NEW ZEALAND 


University of Canterbury 
Christchurch 


SENIOR LECTURER OR 
LECTURER IN 
MATHEMATICS 


Applications are invited for the above- 
mentioned post. Qualifications in either pure or 
applied mathematics will be accëptatde and a 
qualification in algebra would be particularly 
desirable. The salary attached to the position js 
SNZ3.000 to SNZ5,400 per annum subject to a 
bar at $NZ4.400, commenciag Salary being in 
accordance with qualifications and experience, 
(fhe designation ‘Senior Lecturer” is used to 
denote members of staff who are at present above 
the 34,400 bar}. Approved fares to Christchurch 
will be allowed for an appointee and his depen- 
dent family, together with actual removal ER- 
penses within specified limits. 

Further particulars and information as to the 
method of application should be obtained from 
the Association of Commonwealth Universities 
(Branch Office), Marlborough House, Pall Mall, 
London, S.W.1. Applications close on Octoher 
16, 1968. (727) 


COUNTY OF WARWICK MUSEUM 
APPOINTMENT OF NATURAL HISTORY 
ASSISTANT 


Applications are invited from university 
graduates, or those with comparable qualifica- 
tions, in biology, zoology, entornology or botany. 
The work of the museum covers the whole of 
Warwickshire, with particular emphasis on 
ecology and mature conservation, and the post 
will entail working with naturalists in the county 
and in Warwickshire schools. The salary will 
be on A.P. grade 3 (£1,265 zo £1,485). The 
appointment is subject to the provisions of the 
Local Government Superannuation Acts. The 
successful candidate will be reauired to pass a 
medical examination. Consideration will be given 
to the payment of removal expenses. 

Forms of application and further particulars 
may be obtained from R. M. Willis. Clerk of 
the Council, Shire Hall, Warwick, by whom 
applications, together with the names and 
addresses of two referees, must be received not 
ister than September 25, 1968. (704) 


UNIVERSITY OF BRISTOL 


Applications are invited from Honours 
graduates with training in biophysics, neuro- 
physiology, biomathematics or control 
theory, for the post of RESEARCH ASSIS- 
TANT, to commence Oetober 1, 1968. The 
successful candidate will join a professorial 
unit investigating brain mechanisms in 
homeostasis and reproduction. Salary with- 
in the scale £870 to £1,340 per annum with 
FPSS.U, benefits. 


Applications, giving full details of age, 
qualifications and experience, together with 
the names of two referees, should be made 
to «Professor BH. A. Cross, Denartment of 
Anatomy, The Medical School, University 
Walk, Bristol BSS ITD, not later than 
September 23, 1968. (649) 
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Natural Environment Research Council 
Flood Studies for the United Kingdom 


Hydrologists 


Following the Institution of Civil Engineers Flood Studies Report, a 
team of up to fifteen persons will be recruited to undertake studies 
of the causes and frequencies of occurrence of floods. Applications 
are Invited from well qualified and experienced hydrologists for the 
post of Project Leader and for posts as his senior hydrologists (three 
posts). These posts will be graded as Senior Principal Scientific Officer 
and Senior Scientific Officer/Principa! Scientific Officer. 


Applicants should be experienced in applying, or competent to apply, 
hydrological expertise to practical problems concerned with flood 
alleviation and control. The studies to be undertaken and their objec- 
tives are outlined in the Institution of Civil Engineers Report, and 
the posts offer good opportunities for undertaking both basic and 
applied hydrological research. 


The team will be based at the Institute of Hydrology, Howbery Park, 
Wallingford and will work in close collaboration with the staf of the 
Institute and the staff of the Water Resources Board, Reading, Berks. 


SALARY SCALES: 

Senior Principal Scientific Officer £3,000-£4,000 per annum. 
Principal Scientific Officer £2,408—£3,425 per annum. 
Senior Scientific Officer £1,866-—£2,372 per annum. 


Application forms from the Natural Environment Research Council 
Headquarters(E), Alhambra House, 27/33 Charing Cross Road, 
London, W.C.2. 


Closing date : September 17, 1968. 


LIVERPOOL REGIONAL COLLEGE OF TECHNOLOGY 
DEPARTMENT OF CHEMISTRY AND BIOLOGY 
RESEARCH ASSISTANTSHIP IN ORGANIC CHEMISTRY 


(£820 to £1,020 per anum) 
(APD 


Applications are invited from Honours Graduates in Chemistry and from Graduate 
Members of the Royal Institute of Chemistry for appointment to the above post. 

The successful candidate will be registered for a higher degree (M.Phil./ Ph.D.) of the 
Council for National Academic Awards and will work ender the supervision of Dr. Bhati. 
The topic will be in the field of naturaj product chemistry and will probably be concerned 
with the synthesis of tetracyclines. 


General local government conditions apply. 
Application forms (returnable to the Principal by September 6, 1968} can be obtained 
from the Director of Education, Educetion Offices, 14 Sir Thomas Street, Liverpool, 1. 


STANLEY HOLMES a 
Tows Clerk (739) 


AGRICULTURAL RESEARCH COUNCIL 


BIOCHEMIST 
IMMUNOCHEMIST 


To investigate structural and functional aspects of protein variants in cattle and other 
domestic animals. A science or veterinary graduate preferably with biochemical or im- 
munological research experience is required for an active research pregramme associated 
with the Cattle Blood Typing Service. 

The laboratories which are situated in Edinburgh are new and weil equipped. The appoint- 
ment will be at an appropriate point in the §,.0./$.5.0, scale which from January Ise 1969 
will be £1,020-£2,372 with promotion prospects co PSO. £2,475-£3,425, F.S.5.U. benefits. 


Piease write with details of age, cualificatians, and career to $ 
The Secretary, Animal Breeding Research Organisation, West 
Mains Road, Edinburgh 9. (714) 
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MINISTRY OF 
OVERSEAS 
DEVELOPMENT 





vacancies are arising. 
assessed on qualifications and experience ; and the termas of most 
appointments include free or subsidised accomodation, educa- 
tien grants, family passages and good leare on full pay, ete. A 
contributory pension scheme is available in certain circumstances, 
Most appointments are imited to nationals of the United Kingdom 
or the Republic of Ireland wha ere normally resident in those 
countries, 


BOTSWANA 


Senior Agricultural Lecturers RC 2413/19/01} 
Duties: To carry out a lecture programme and certain administrative duties 
at the Botswana Agriculcurai College. 

Qualifications and Terms: A degree in agriculture or related science with 
experience in teaching, college administration, young farmers’ clubs or 
youth organisations. 

Salary: Rands 2,256-4,800 (£1,316-£2,800} a year plus an inducement 
allowance at present in the range of £156~£372 a year. 25°, terminal 
gratuity tax free in Botswana. Contract 2-3 years. 


BRITISH SOLOMON ISLANDS 
PROTECTORATE 


Forestry Officer 


Duties: District forestry duties. 

Qualifications and terms: A degree in forestry. 

Basic salary $42,232-4,272 p.a. (€Sterling 1,042-1,994 p.a}. An inducement 
allowance, normally tax free, in the range of £Stg. 716-1,160 p.a. is also 
payable by the British Government direct to an officer's home bank account 
Terminal gratuity 25°, of basic salary plus inducement allowance or a ter- 
minal payment of 5 or 6 days gross salary for each month of resident service. 
Contract 2 years. 


BRUNEI 
(1) Plant Pathologist RC 2413/28/03 


Duties: To take charge of a new research station in the Department of 
Agriculture, to draw up new plant importation rules, and to advise on the 
control of diseases of the State's main crop in particular for rice, oii palms, 
fruit and vegetables. Some lecturing may also be involved, 
Qualifications: A university degree in Natural Science with Plant Parho- 
logy as a major subject, and at feast 7 years’ experience in Tropical Agri- 
culture, A knowledge of Malay would be an advantage. 


(2) Entomologist RC 28/03 
Duties: To take charge of a new research section in the Department of 
Agriculture, to study and record insect pasts of rice, off palms, coconuts, 
fruit and vegetables, and to advise on control measures. Some lecturing 
may also be involved. 

Qualifications: A university degree in natural science with entomology as 
the major subject, and at least 7 years overseas or post-graduate experience. 
A knowledge of Malay would be an advantage. 

Salaries: Brunei $12,240-21,840 p.a, (fSterling 1,668-2,976 p.a.) plus an 


RC 324/27/01 


inducement allowance in the range of {Stg.327-556 p.a. Tax free terminal 
gratuity 1245, of basic salary and inducement allowance. 
3 years, 


Contracts 
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CHILE 


Experts in (1) Commercial Egg Production 
and (2) Broiler Production and Marketing 
RC 213/41/01 


Duties: To act as fleldsmen, establish demonstration units, work with 
producers and processers in che field and teach in the schools of agronomy. 
Qualifications and terms: Candidates must have the N.D_P. or the DPT. 
with at least five years’ experience, A knowledge of Spanish is desirable. 
Salary: £2,500-£3,200 a year, according to experience and qualifications, 
subject to British income tax, plus a variable non-taxable, overseas allowance 
at present ranging from £740-£1,465 a year according to marital statu. 
Contract 2 years. 


KENYA 
Fisheries Officer RC 289/95/01 


Duties: To carry out marine fisheries development work including training 
of fishermen, collection of data and other related work. 

Qualifications and terms: A university degree in Biology, Zoology or 
suitable related subject, plus experience in development of tropical com- 
mercial fisheries preferably in Africa. 

Salary EA. Shillings 15,960-32,220 (£Scerling 930-1,878) a year. An 
inducement allowance, normally tax free in the range of £Seg. 7OO-946 a 
year is payable direct to an officer’s bank account outside Ease Africa. 
Terminal gratuity 25%,. Contract 2 years. 


LESOTHO 
Land Use Planning Officer RC 213/18/02 


Duties: To prepare land use plans, supervise drawing office, give in-service 
training to staff, and advise farmers and public on land use. 

Qualifications and terms: A degree in agriculture, preferably with the 
emphasis on soil physics, and not less than three years’ post-graduate 
experience, 

Salary: Rands 2,172-4,440 (£1,267-£2,5%} a year plus an inducemenc 
allowance at present in the range of £153~-£336 a year. 450p terminal 
gratuity tax free in Lesotho. Contract 2 years. 


MALAYSIA 
Agricultural Education Expert RC 213/106/06 


Duties: To be posted to new agricultural school in order to assist in planning 
the curriculum and practical work, to specify equipment and assist in its 
installation in the laboratory, to advise the Principal and to do some 
teaching. 

Qualifications and terms: A degree in agriculture with experiente in 
yecational agricultural training and teaching and the organising of vacations! 
agricultural schoals. 

Salary: £2,500-£3,000 a year according to experience and qualifications. 
Subject to British income tax, plus a variable nontaxable overseas allowance 
at present ranging from £530-£1,605 a year according to marital status. 
Contract 2 years. 


SABAH 
Assistant Conservator of Forests RC. 324/1 50/61 


Duties: Forest administration and management including silviculture, 
forest inventory work and protection of natural resources. 

Qualifications and terms: Candidates should not be under 25 years of age 
and must have (aj an honours degree in forestry, or {b} a pasa degres in 
forestry or natural science with one or two years post-graduate forestry 
study respectively. 

Basic salary: $ Malaysia 750-1,420 per month (fSrerling l dated Aai a year} 
plus an inducement allowance of £804-],303 a year. Terminal gratuity 
approximimately 20°, of basic salary and inducement allowance. Contract 
2 years. 


ST. LUCIA 
Forestry Officer RO 324/153/01 


Duties: To carry out an enumeration survey of the St. Lucia forests and 
prepare a management plan. 

Qualifications and terms: Degree in Forestry with considerable axperience 
of tropical forestry. 

Basic salary: £2,750 p.a. subiect to British income tax plus a variable non- 
taxable overseas allowance at present ranging from £470-2885 p.a. according 
to marital status. Contract: 9 months. 


UGANDA 
Principal /Senior Research Officer RC 213/183/05 


Duties: To take charge of a small section of scientists investigating the 
breeding and selection of food crops. 

Qualifications and Terms: At least a second class honours degres in Botany 
or Agricultural Botany with post-graduate training in piant breeding and 
overseas experience. . 

Basic Salary: EA. Shillings 36,780~43,500 a year ({Scerling 2,145-2,5971. 
An inducement allowance at present payable in the range of Larg, 960-1019 
a year will be paid by the British Government, on behalfofthe Uganda 
Government, direct to an officer's bank account in Uganda and will be free 
of Uganda income tax. Terminal gratuity 25%. Contract 21-27 months. 


For further particulars of these racancies and application form 
please write giving yonr full name, age and brie? details af pro- 
fessional qualifications, and experience, and quoting appropriate 
reference number to the Appointments Officer, Ministry oon tok 
sed ad ala Room SOIN, Eland House, Stag Place, Lender, 
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BIOCHEMIST 


AUSTRALIA 
DIVISION OF ANIMAL HEALTH 


GENERAL The Division of Animal Health of the Commonwealth Scientific and 
industrial Research Organization has three major laboratories-—the Animal Health 
Research Laboratory, Parkville, Victoria: the Veterinary Parasitology Laboratory, 
Yeerongpilly, Queensland: and the McMaster Laboratory, Sydney, N.S.W., which is 
concerned with certain bacteriological diseases of sheep. The appointee in this 
instance will be located at the McMaster Laboratory, situated in the grounds of the 
University of Sydney with which a close association is maintained, 


DUTIES The appointee will be required to develop a research programme related 
to studies on host-parasite relationships, particularly with regard to helminth infections 
of sheep. Adequate laboratory space, technical assistance and experimental animals 
are available. The Laboratory is well equipped with modern instruments, including 
gas chromatography, spectrometry and those required for radio-isotope studies, 


QUALIFICATIONS Applicants should have a degres in Veterinary Science, Science, 
Agricultural Science, Rural Science, or equivalent qualifications, and a Ph.D. degree 
if an appropriate field, or postgraduate research experience of equivalent standard 
and duration, supported by satisfactory evidence of research ability. 


SALARY Depending upon qualifications and experience the appointment will be 
made within the salary range of Research Scientist. $A5,250~$A6,622 p.a.. or Senior 
Research Scientist, $A6,892-$A7,974 pa. Salary rates for women are $A428 p.a. 
less than the corresponding rates for men. Promotion within CSIRO to a higher 
classification is determined by merit. 


CONDITIONS The duration of the appointment will be determined in consultation 
with the successful candidate; some applicants may prefer a fixed term appointment 
for three years. The appointment will be conditional upon a satisfactory medical 
examination and an initial probationary period of twelve months may be specified. 
Confirmation of an indefinite appointment carries with it Commonwealth Superannua- 
tion Fund or Provident Account privileges. Fares paid for the appointee and his 
dependent family. Further particulars supplied on application, 


Applications (quoting Appointment No, 202/327), and stating full name, place, date 
and year of birth, nationality. marital status, present employment, details of qualifications 
and experience. together with the names of not more than four persons acquainted with 
the applicant’s academic and professional standing, should reach: 


Mr. R. F. Turnbull, 

Chief Scientific Liaison Officer, 
Australian Scientific Liaison Office, 
64 Kingway, 


LONDON, W.C.2, by the 25th October, 1968. 


(768) 





immunologist 


FISONS PHARMACEUTICALS have a vacancy for an immunologist at their new 
research laboratories in Loughborough, Leicestershire. 


This appointment arises from the expansion of the Company's research into the action 
of chemicals on allergic reactions and will pravide many challenging problems and 
opportunities for an immunologist who is capable of developing a major research 
programms. 

The person appointed is likely to hold a good hanours degres followed by some five 
years industrial or research experience in Immunology. There is considerable scope 
for expansion and the appointment may also be attractive to a more Senior Graduate. 
The salary will reflect the importance af this appointment. 


Please write, giving brief detalis of age, qualifications and experience, ta: 
The Research Personnei Assistant, 


Fisons Pharmaceuticals, 
Holmes Chapel, Cheshire. 
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AUSTRALIAN NATIONAL 
UNIVERSITY 
ELECTRON MICROPROBE OPERATOR 


Applications are invited for the position of 
Operator in charge of the Electron Microprobe 
Laboratory in the Department of Geophysics and 
Geachemistry in the Research School of Physical 
Sciences, under the supervision of Br. 3. E, 
Lovering. 

This laboratory is concerned with the deter- 
Minatien of major and minor elemental abund- 
ances in micron-size phases in geological mate- 
tials and meteorites with a high degree of accur. 
acy. The laboratory has also been responsible 
for the development of new methods of analysis 
with the electron microprobe and uses computer- 
based data reduction procedures, After an 
initial training period the successful applicant 
will be responsible for the day-to-day running 
of the instrument and will be expected to par- 
ticipate in the research prograrame of the labor- 
atory. 

ko would be an advantage if applicants had 
qualifications in the geological sciences and ege 
perience in the operation of X-ray analytical ipe 
strumerntation. Some knowledge of chemistry, 
tlectronic instrumentation and/or computer pro- 
gramming would aiso be an advantage. 

Salary will be within one of the folowing 
ranges depending upon qualifications and experi- 
ance: Technical Officer Grade 1, $A3,014 to 
$A3,592 per annum. Technical Officer Grade YI, 
$A3.690 to $3,916 per annum. Senior Technical 
Officer, $A4,033 to $A45,376 per annum. Research 
Officer Grade f, $A4.27§ to $45,643 per annum. 
Restarch Officer Grade H, $A5.8845 to SAP HLS 
per annem. (Limits only.) 

Senior Technical Officer and Technical Officer 
salaries art currently under review. In addition 
& salary loading of $A200 for an approved sii- 
versity degree or SAG for certain recognized 
Technical College diplomas or membership of a 
professional body recognized by the University 
is payable to Technical Officers. 

Assistance with passages and accommodation 
will be provided, 

The successful applicant will be required to 
wundergo a medical examination, Writer appli 
cations, quoting reference number 68216, and 
showing détails of date and place of birth, 
marital status. previous employment, and the 
names and addresses of three referees, shouid 
be forwarded to the undersigned at Box 4, P.O. 
Canberra, ACT, 2600, Australia, with whom ap- 
plications close on September 25, 2968. 

D. E. R. HODGKIN, 
Registrar., 
(546) _ 


University of Salford 
Department of Biology 
RESEARCH ASSISTANT 


There is a vacancy in the Department of 
Biology for a Research Assistant to join 
a tam working on the Immune Response 
of Migratory Fish. Applicants should have 
a good honours degree in either Biochem- 
istry of Zoology. Experience io immuno- 
flowy and protein chemistry wouid be an 
advasiinec. 

The post is tenable, in the first instance, 
for three years. 

Salary will be within the range. £1,040 to 
<i g year. 

For further details and application forms 
sease apply to The Registrar, University 
of Salford, Salford MS 4WT. to whom 
comrleted forms should be returned by 
September 7, 1958, quoting reference B/ 
LiNE (704 


WOOLWICH POLYTECHNIC 
LONDON, S.E.IS 
DEPARTMENT OF BIOLOGY AND CELL 
SCIENCE 
LECTURESHIP IN BIOCHEMISTRY 
Applicants should possess a higher degree and 
wil be expected to teach in courses leading to 
BSc. and M.Sc. Teaching experience and/or 
industrial experience in either enzymology or Hpid 
biochemistry would be an advaniage. Research 
facilities arc available. Salary acale: Lecturer, 
Grade Yi, £1,728 to £2,288 plus £70 London 
allowance. Assistance tay Ge given towards re- 

movof expenses. 

Agpliceatioag forms and further particulars from 
the lerk to the Governing Body, Woolwich 
Polytechaic, Wellington Street, London, S.B.18, 
to whom cempleted applications should be re 
turnest by Sepiember 25, }968, CIID 
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The Bacteriology Department at Uni- 
lever’s Research Laboratory, Colworth 
House, seeks bacteriologists for long- 
term research into problems connected 
with the major food poisoning and food 
deterioration bacteria. 

The research programme includes studies 
of the factors governing distribution, 
survival and multiplication of salmonellae, 
staphylococci, clostridia, pseudomonads 
and microbacteria. There are also investi- 
gations dealing with modern methods for 
the detection and enumeration of these 
bacteria in foods. 

Applicants must be capable of controlling 
their own research programme and should 
therefore have a good grounding in bac- 
teriology research, comparable at least to 
Ph.D. standard and following a good 


Research 
Bacteriologists | 


honours degree. 

The Bacteriology Department, which has 
a total staff of 40, is housed in a modern 
air-conditioned building equipped for ad- 
vanced microbiological research. The 
Department’s microbiological investiga- 
tions have been reported in an extensive 
range of published research papers, and 
wide contacts are maintained with major 
microbiology laboratories in all parts of 
the world. 

Assistance is given with removal expenses, 
with the legal costs of house purchase,and 
with obtaining house purchase loans. 


Please write for an application form to: 
The Staff Officer (FRR 309/A), 


Unilever Research Laboratory, 
Colworth House, Sharnbrook, Bedford. 


XXV 





aeaieie ayahe mieie inen eiea e Race maA aee a E PaaS S67 iamm thier attire: AAEN AAAA aama Vaene AA A tnt AEA anniina a ea ana a AAA e Ae AAAA SAA, AAAA m a men aaaea a HEA th ble AUR. pb Aie AA y AAAA A AAAA AAAA A AAAA AARAA A AARAA ONAA AA AAAA AAAA 


WESSEX REGIONAL MEDICAL 
PHYSICS DEPARTMENT 
BOURNEMOUTH AND EAST DORSET 
HOSPITAL MANAGEMENT COMMITTEE 
Applications are invited for the appointment of 
a PHYSICIST (Basic or Senior Grade according 
to «qualifications and experience) for duties initi- 
aly in the Radiotherapy Department at the 
Royal Victoria Hospital, Bournemouth. The De- 
partment is transferring within a few months to 
the new Poole General Hospital where the scope 
of the work will be increased to inchide radio- 
isotope investigations, with adequate laboratory 
facilities and a new mechanical workshop. The 
staff will include four technicians. The person 
appointed will be part of the Regional Physics 
organisation, centred at Southampton, and will 
be encouraged to widen his interests. An interest 
in medical electronics will be an advantage. 
Candidates for Senior Grade must have had pre- 
vious hospital experience, Commencing salary 
for new entrants with first or second class 

honours degrees £1,030 per annum. 

Further information may be obtained from Dr. 
J. R. Clarkson, Chief Physicist, Wessex Regional 
Medical Physics Department, Royal South Hants 
Hospital, Southampton, and applications should 
be made within fourteen days of the appearance 
of this advertisement to the Group Secretary, 
Bournemouth and East Dorset H.M.C., Shelley 
Road, Bournemouth. 703} 


UNIVERSITY OF LONDON 
KING’S COLLEGE 


LECTURER IN PHYSICS 


Applications are invited from experimen- 
tal physicists for a post of Lecturer ten- 
able from October 1, 1968, or as soon as 
possible after this date. Salary on the 
scale £1,470 to £2.630 plus £60 London 


Allowance and F.S.S.U). benefits. 


Research facilities are available in 
molecular and solid state spectroscopy, 
electron spin resonance, electron physics 
and flash photolysis, and preference will be 
given to candidates with interests in these 
fields. 

Application forms and conditions of ap- 
pointment may be obtained from the 
Registrar, King’s College London, Strand. 
W.C.2, to whom completed forms should 
be sent by September 16, 1968. (672) 





_ THE 
UNIVERSITY OF 


LEEDS 


Applications are invited for a pest in 
the following Department ; 


DEPARTMENT OF 
COMPUTATIONAL SCIENCE 


Two posts of 
LECTURER OR 
LECTURER 

one in numerical analysis (preferably 
with research interests in function mini- 
misation and optimisation) and the 
other in operational research or ap 
plied statistics (preferably with research 
interests in transport problems or 
simulation}. Salary on the scale £1,470 
to £2,630 (efficiency bar £2,270) for a 
Lecturer or £1,105 to £1,340 for an 
Assistant Lecturer. Reference No. 68/ 
24/53. 

Applications (three copies), stating 
age, qualifications and experience and 
naming three referees, shouid be sub- 
mitted to the Registrar and Secretary 
(from whom further particulars may be 
obtained), The University, Leeds, 2, by 
September 9, 1968. (716) 



















ASSISTANT 





NORTHERN GENERAL HOSPITAL 
SHEFFIELD, $5 7AU 
GROUP PATHOLOGICAL LABORATORY 


A Scientific Officer, or Senior Technician H is 
réquired in the haematology division. Actual 
duties to be in the isotope and micro-biological 
assay section. A knowledge of isotope work 
(physics) would be an advantage. Salary scales: 
Scientific Officers, probationary period, £915 to 
£1,298. Post probationary period, £1,113 ts 
£1,774. Senior Technician H, £1,210 to £1,840. 

Apply in writing to the House Governor, giving 
details of age, qualifications, experience, and the 
names of two persons to whom reference may 
be made. (708) 


LIN TAS UR {90-2247 


UNITED OXFORD HOSPITALS 
CHURCHILL HOSPITAL 


SENIOR MEDICAL LABORATORY TECH 
NICIAN required for new post in the Oxford 
Haemophilia Centre. The work will mainly be 
concerned with the diagnosis and control of 
treatment of patients suffering from hacmonhiiia 
and other coagulation defects. Experience in 
blood coagulation techniques an advantage bu 
not essential. Whitley Council Salary scale and 
conditions of service, 

Apply in writing, giving the names and agh 
Gresses of two referees, to the Secretary, Oxford 
Haemophilia Centre, Churchill Hospital, Oxford, 

(668) 


ENGIN EER OR PHYSICIS r 


required to work towards a higher degree an the 
development of strain gauge techniques for the 
measurement of forces within the buman body. 
Particular emphasis will be given to the forces 
acting on the female urinary tracts, The agyeoint- 
ment is for two years only and salary will be is 
the range: £630 to £998. 

For farther details please apply to Professor 
G. S&S. Russell at the Jessop Hospital for Women, 
Sheffield, S3 7RE. 661) 


WOOLWICH POLYTECHNIC 
LONDON, $.E.18 


DEPARTMENT OF BIOLOGY AND 
CELL SCIENCE 


LABORATORY TECHNICIAN 


There is a vacancy for a Laboratory 
Technician in the Department of Biology 
and Cell Science to assist in preparation of 
practical work for B.Sc. and Higher De- 


grees. Day release available for further 
study. Some experience im Biology or 
Chemistry fordimary or advanced levels} 


would be an advantage. Suneranneated 
post. Salary scale: At 21 £750 Cimaqeall- 
fied) rising to £1,115 (qualified): commenc- 
ing salary according 10 age and qualifica- 
tions. 

Further particulars and aoplication form 
{to be returned by September 20, 1068) 
from Clerk to the Governing Body, Wook 
wich Polytechnic, Wellington Siueet. Lon- 
don, S.E.18. (1-854 9624 Ext 13), 

{POTS 











UNIVERSITY COLLEGE OF 


DEPARTMENT OF METALLURGY 





CSUR 
AUSTRALIA 


LEADER 


WHEAT RESEARCH UNIT 


Applications are invited for the position of Leader of the Wheat Research Unit of the 
Commonwealth Scientific and Industrial Research Organization located at North Ryde, 
Sydney, N.S.W, 


The Unit is housed in new laboratories in a wing of the Bread Research Institute of Australia, 
with which it is associated, and is on a site, 8 miles from the centre of Sydney, accommodat- 
ing the CSIRO Divisions of Food Preservation, Mineral Chemistry and Animal Genezics. 
it is two miles from Macquarie University. Library and other facilities are excellent and 
the active research in many disciplines proceeding on the site provides a stimulating 
atmosphere. 


The Unit undertakes fundamental research into the biochemical basis of wheat quality and 
its major effort has been an intensive study of protein-protein interactions; studies are 
also in progress in the field of enzyme and lipid chemistry. 


The Leader of the Unit will be responsible for the initiation and supervision of the research 
of the group either along existing or new lines and will be expected to undertake active 
research himself. 


The position requires a scientist who has had extensive research experience, which may be 
iñ a broad field of interest ranging from biochemistry to physics. it offers him the oppor- 
tunity to make a significant contribution to knowledge in an important primary industry 
and to exercise his own capacity for first-class research, initiative and leadership of a small 
but viable research group. 


The Wheat Research Unit has at present positions for 8 graduates some of which have became 
vacant and will not be filled until the Leader has been appointed so that he will have some 
freedom to re-orient research if he so desires. 


Opportunities exist for a limited amount of University teaching and for the training of post- 
graduate students. Close contact is maintained with other CSIRO Divisions and Universities. 


Depending upon qualifications and experience, the appointment will be made within the 
salary range of Principal Research Scientist, $A8,242-$A9,490 p.a. or Senior Principal 
Research Scientist, $A9,918- $A 10,230 p.a. 


Appointment will be dependent upon a satisfactory medical and chest X-ray report. Fares 
will be’paid for the appointee and his dependent family. Further particulars supplied on 
application. 


Applications {quoting Appointment No: 651/27) and stating full name, place, date and year 
of birth, nationality, marital status, present employment, details of qualifications and 
experience, together with the names of not more than four persons acquainted with the 
applicant's academic and professional standing, should reach: 


Mr. R. F. Turnbull, 

Chief Scientific Liaison Officer, 
Australian Scientific Liaison Office, 
64 Kingsway, 


LONDON, W.C.2. by the i frh October, 1968 


(733 


CHELSEA COLLEGE 
OF SCIENCE AND 
TECHNOLOGY 


SWANSEA 





TECHNICAL OFFICER 
HOT-WORKING OF GRAPHITE/CARBIDES 

Appleations are invited for the above post. 
which will be available for two years mo the 
first instance, supported by funds from the 
Science Research Council. The work will involve 
the compaction and hot-working of carbons and 
carbides at very high temperatures, and will aim 
at the development of mew materiais for rocket 
nozzle Hnings. Salary in the range £900 to £1,500 
according to age, experience and qualifications. 
There are generous holidays. 

Further particulars and application forms may 
be obtained from the Registrar, University 
Coliewe of Swansea. Singicton Park, Swansea, to 
whom they should be returned by Saturday. 
September 7, 1968. (708) 
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UNITED OXFORD HOSPITALS 

DEPARTMENT OF RADIATION PHYSICS 

PHYSICIST required to work in the group 
concerned with diagnostice techniques, and in par 
ticular the use of radicisotopes. Honours de- 
gree in Physics or equivalent qualification re- 
quired but previous experience in hospital physics 
ig not essential Initial salary in ranges £915 to 
ELLI or £1,113 to £1,774 according to qualfi- 
cations and experience. 

Applications, giving full details of training and 
experience and the names of two referees, should 
be sent to Mr. R. Oliver, Chief Physicist. 
Churchill Hospital, Oxford. (7313 


(University of London) 


DEPARTMENT OF 
BIOCHEMISTRY 


Applications are invited for a post of Lecturer 
in the Department of Biochemistry. 

Salary scale £1,530 to £2,330 (bar) te £2,690 
per annum. 

Application forms and further particulars (to 
he returned by September 25, 1968), may be ob- 
tained from the Secretary, Chelsea Coliere of 
Science and Technology, Manresa Road, London. 
SW. i734} 
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QUEEN ELIZABETH COLLEGE 
{UNIVERSITY OF LONDON) 
Applications are invited from suitably qualided 
eandidates, preferably with a higher degree, for 
a Research Assistantship to work on °° The 
extracellular products of microphytes and their 
ecological importance.” The work is saoparted 
by a grant from N.E.R.C. to Professor G. 
Chapman and the appointment is for three years 
with the salary on the Lecturer’s scale beginning 

at £1,830. 

Apply to the Secretary, Department of Bio- 
logy, Queen Elizabeth College, Campden Hill 
Road. W.8, giving details of qualifications and 
the names of two referees, by ce aaa 

13) 
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NEW ZEALAND 
Department of Scientific and Industrial 
Research 

Applications are invited for the undermentioned 
vacancies |i 
Vacancy B 13/18/76/2302/4 
ENTOMOLOGISTS 


Vacancies exist in Entomology Division, De- 
partment of Scientific and Industrial Research for 
four entomologists at Nelson. 


2302---Insect Ecologists 
{two posts} 

Duties: To research on ecology of pasture 
insects particularly Costelytra szealandica (Melo- 
lonthinae) and Wiseana spp. (Hepialidae). 

Qualifications desired: Ph.D. in insect, ecology. 
or good honours degree in entomology with post- 
graduate experience in ecology and population 
studies. Experience with insect rearing and nuatri- 
tion an advantage. 


2302—Insect Toxicologist 


Iouties: Toxicological studies of pasture insects 
to help improve chemical methods of control. 

Cuatifications desired: Ph.D. or good honours 
degree in entomology with emphasis on toxico- 
logy. Experience in insect rearing for toxico- 
logical work and resistance to insecticides an 
advantage. 


2304—Entomologist 


Duties: To co-operate in research to improve 
control of pasture insects by chemical means. 

Qualifications desired: Ph.D. or good honours 
degree in entomology. Experience with insecti- 
cides and statistically based methods of field ex- 
perimentation desirable. 

Salary: Up to 3NZ5,990 per annum, according 
to qualifications and experience. An outstanding 
scientist may proceed to $NZ7.300 on scientific 
meri. 

Passages: Fares for appoinice and his wife and 
family, if married, will be paid. 

Incidental expenses: Un to £35 for a single 
man and £100 for a married man can be claimed 
to cover the cost of taking personal effects to 
New Zealand. 

Application forms and general information are 
available from the High Commissioner for New 
Zealand, New Zealand House, Haymarket, Lon- 
don, S.W.1, with whom applications will close 
an Cctober 11, 1968. 

Please quote reference B  13/18/76/2302/4 
when inquiring. (7613 


NEW ZEALAND 


Agriculture Department 


Applications are invited for the undermen- 
tioned VACUNCICS | 
Vacancy B/'3/2/124/ 2308 


SCIENTISTS (2) 
Horticultural Field Research 
ia) Pukekohe. {w Hastings 

Salary: Payable up to SNZ4.450 according to 
cualifications and experience. Opportunity exists 
fer further promotion to $N2Z7,300 on scientific 
merit. 

Duties: fa) Research and field experimental 
work on all aspects of vegetable production in 
Frankin county, including plant nutrition, soll 
management, weed, pest, and disease control 
The two most important crops are potatoes and 
onions. (D) Research and field experimental work 
or all aspects of vegetable and fruit production 
in Hawke's Bay including plant nutrition, soil 
management, weed, pest and disease control, but 
with special emphasis on processed vegetables 
and fruit in the Hastings distric:. 

Passages: Fares for appoiatee and his wife and 
family, if married, will be paki. 

Incidental expenses: Up to £34 for a single 
man and £100 for a married man can be claimed 
to cover the cost of taking personal effects to 
New Zealand. 

Applicaton forms and general information are 
availabie from the High Commissioner for New 
Zealand, New Zealand House, Haymarket, Lon- 
don, S.W., with whom applications will close on 
October 9, 1968. Please quote reference B 11) 
2/:24/2308 when inquiring. (762) 
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GRADUATES IN BIOCHEMISTRY OR A 
related subject are invited to apply to join a 
B.E.C.C. research group studying the biochemical 
effects of irradiation on subcellular componcnis 
of normal and tumour ussues. Candidates would 
be able to register for a higher degree.—-For 
further information apply, in writing, to: The 
Secretary, The Medical College of St. Bartho- 
lomew's Hospital, West Smithficid a 
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Tue Channel Tunnel has been such a long time coming 
—far more than a century—-that nobody will be sur- 
prised that the Governments of Britain and France 
are now being urged to think again before committing 
public money or, worse, before granting a franchise 
to a private developer to bore a shaft from Kent to 
the Pas de Calais. Like many of its predecessors, the 
-present government is committed to a tunnel crossing 
ever since September 1963, when there was published 
‘a White Paper (HMSO, Cmnd 2137) embodying the 
results of a departmental study of the relative merits 
of a bridge and a tunnel. To be sure, bridges have 
usually done badly in comparison with schemes for 
building tunnels. Thus, for example, an earlier scheme 
for building a bridge was described in Nature (1, 160; 
-1869) as “the most incoherent of all the schemes or 
‘suggestions to cross the Channel by rail... . Our 
asylums produce innumerable schemes of this kind, 
but they are not permitted to disturb the public 
mind”. The position now is that the British and French 
Governments are studying the proposals of three con- 
sortia of companies anxious to do the engineering work 
and prepared to finance the greater part of it from 
their own resources. The most likely outcome is that 
one of the three will be singled out to make a further 
detailed study of the proposal for a tunnel. The ques- 
tion to be decided is whether there is really something 
to be said for still another serious examination of 
alternative proposals. 

~ There are several ways in which the 1963 White 
Paper, never an utterly convincing document, should 
now be read with an extra pinch of salt. The most 


Build a Channel Dam 


SEPTEMBER 7, 1968 


The English Channel Railway 


serious defect of the original document was perhaps the 
estimates of the growth of trafie across the Channel 
on which the figuring of 1963 was based. In principle, 
the underlying assumption has been that a road tunnel 


` underneath the Channel would be either impracticable 


or outrageously expensive, so that attention has con- 
centrated on an exclusively railway tunnel. In an 
attempt to estimate the growth of traffic across the 
Channel, the study group on whose work the 1963 
White Paper was based concluded that by 1980 there 
would be between 880,000 and 1-26 million accompanied 
vehicles a year travelling by tunnel and that demand. 
for the bridge crossing would be increased by roughiy 
10 per cent. One quibble is that these figures under- 
estimated the extent to which a bridge, with easy access 
and rapid crossing, would stimulate demand. A more 
serious problem is that the forward estimates of traffic 
across the English Channel, like other estimates of 
traffic along trunk roads, turn out to be serious under- 
estimates. The trouble is that experience with the slow 
and costly methods of crossing now in service is hardly 
any guide to the traffic there would be if tolls across 
the Channel were comparatively modest. Even so, the 
supporters of the tunnel must be somewhat chastened 
by the steady growth of conventional traffic in recent 
years and in particular by the volume of the peak traffic 
through Dover at busy weekends in the summer. Even 
with the sea ferries, that port seems to have handled 
30,000 vehicles in four days spanning July and August. 
Although this traffic is modest compared with the peak 
capacity of the tunnel, estimated to be greater than 
3,000 vehicles an hour in each direction, it is clear that 











THe evident feasibility of the Channel Tunnel no doubt explains why alternative means of crossing this 
narrow strip of water have been comparatively neglected. The result may be that the benefits of other 
fixed Channel crossings may be indefinitely postponed. Yet the possibility of damming the English 
Channel may seem to many people to be particularly attractive. Such an attempt, for example, could no 
doubt provide Europe with more hydro-electricity than it could use and, at the same time. a variety 
of ways of crossing from Britain to France. The tidal range in the North Sea would be reduced, perhaps 
to a third of what it is at present, with the result that the Dutch would not have to worry as they do 
about their dykes, while the reclamation of land between Britain and the mainland would be easi ly 
accomplished—the Goodwin Sands, for example, would emerge from the sea almost without prompting. 
It would be unfair to the reputation of seamen for ingenuity to think that the navigational difficulties 
would not be overcome. 

The problem is simply how to build the dam. Readers of Nature are therefore invited to suggest how 
this might be done. The objective should be a scheme which promises to be feasible but, at this stage, 
development work and actual construction would be premature. A report on the suggestions received 
by November 15 will be published in Nature before the end of the year, and those whose su gestions 
contribute to it will’be rewarded with subscriptions to Nature for 1969. 
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there would be quite considerable queueing delays at 
the terminals of a railway tunnel even as things are. 
And, of course, there is bound to be widespread 
scepticism about the capacity of British Rail, its 
French equivalent and the Customs officers of two 
nations to handle anything like a hundred vehicles 
every minute. Obviously it is essential that the traffic 
estimates should be most thoroughly re-examined 
before real work begins. 

The economics of the project also need more careful 
study. When the 1963 White Paper was prepared, the 
criteria which now determine the profitability of public 
investment in Britain had not been seriously con- 
sidered. It will be interesting and important to see 
whether the building of a tunnel will yield anything 
like the 13 per cent return on capital employed which 
was calculated by the 1963 White Paper. The trouble 
here, for the operators of the tunnel, is that attempts 
to increase profitability by increasing tolls will neces- 
sarily drive customers back to conventional ways of 
crossing the Channel. Before anything is built, it will 
be important to find out not merely whether the build- 
ing of a tunnel can be profitable but also whether 
it is more profitable than the other kinds of capital 
investment erying out for public attention. Even if 
the cost of tunnelling has not risen much since 
1963, £142 million is a lot to spend on a hole in the 
ground. 
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In a sense, however, the most serious defect of the 
tunnel scheme is that it takes much less account than 
would be proper of the consequences of a tunnel. 
These days, isolating the tunnel for separate considera- 
tion is bound to be misleading. Somebody should also 
count the cost of the motorways needed to carry 
traffic to the terminals, the environmental nuisance 
that they will cause, and even the effects of a tunnel 
link on the distribution of population and economie 
activity in Britain and France. This is the kind of 
work that cannot be done on paper-——and certainly not 
on the backs of envelopes. Most probably the experi- 
mental investigations which could be carried out would 
show that a tunnel is a better proposition than alterna- 
tive Channel crossings, at least in the next decade or 
so. Some of the alternatives, in any case, seem to be 
ruled out by extraneous considerations—-advocates of 
the bridge seem to have been put to rout by the 
navigators, even though nobody at this stage can know 
how many of the navigators themselves would be out 
of business if there were an efficient railway link across 
the Channel. In short, while it would be good to see 
the building of almost any kind of link across the 
Channel after so much delay, it is still important not 
merely that the two governments concerned should 
re-examine their calculations but also that they should 
publish much fuller and more sophisticated arguments 
before—perhaps literally-—burning any boats. 


Behavioural Scientists Wanted 


Reputation and the Fulton Commission have it that 
the best qualification for the British Civil Service is a 
classics degree. In the United States, if the recom- 
mendations of the National Academy of Sciences’ 
Advisory Committee on Government Programmes in 
Behavioural Sciences are heeded, the passport to the 
Federal Government will increasingly be a training in 
the behavioural sciences. The first recommendation 
of the committee’s report, published on Tuesday, is 
that the Government departments and agencies should 
set out to identify which jobs ought to be filled by 
those with training in behavioural science. In essence 
the committee was asked to suggest how the data and 
techniques which have accumulated in these fields 
can be used by the Federal Government for making 
policy decisions, and how the Government should 
organize its financial support of behavioural science. 
Economic advisers are now accepted as an essential 
part of government, but social scientists, historians 
and the rest are not yet exploited in the same way. 
It should be consoling to many people that the com- 
mittee has interpreted behavioural science in the widest 
possible sense to include all the disciplines which deal 
with group and individual behaviour—anthropologists, 
historians, economists, psychologists, social scientists 
and so on. 

The immediate stimulus for setting up the committee 
was a blunder in international relations—the ill-fated 
Project Camelot. This was a study supported by the 


Defense Department through the US Army in 1966 
and was designed to uncover tendencies towards 
insurrection and social change in Latin America. 
Unfortunately the Defense Department failed to tell 
the State Department, let alone the governments of 
the countries being investigated. When the project 
was reported in the press there were, inevitably, wide- 
spread national and international repercussions. It 
should, of course, have been obvious, even without 
formal training in behavioural science, that Project 
Camelot was not a good way to win friends and effect 
policies, but the National Academy has done its manful 
best to show how behavioural scientists could help in 
future to prevent such fiascos. The committee sug- 
gests that the Government departments, with the 
Civil Service Commission and the Office of Science and 
Technology, should plan both in-service and university 
training for staff and offer fellowships to academic 
behavioural scientists to participate in Government 
activities. Moreover, it asks that each department 
and agency of any size should have an advisory panel 
of behavioural scientists to suggest what contribution 
the behavioural sciences can make to policy. 
Domestically, these recommendations should be easy 
enough to implement, but in foreign affairs the position | 
is obviously complicated by social, political and military 
factors beyond the control of the US Government. 
Nevertheless, the committee castigates the State 
Department for habitually placing a low value on 
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research into civilian foreign affairs. It would like to 
see an inter-agency group, led by the State Department 
and including all the agencies which operate overseas, 
to plan long-term research objectives in the behavioural 
sciences. The chief responsibility for Government 
support for research in foreign countries should, 
however, remain in the hands of the National Science 
Foundation and the National Institutes of Health. 
The NSF is urged to give increasing emphasis to 
grants for behavioural sciences, but there is no 
means of knowing whether the NSF—with its budget 
cut already——will have to reduce still further its support 
for the conventional sciences. 

The recommendation which has apparently generated 
most debate in the committee itself is that for the 
creation of an independently endowed National 
Institute for Advanced Research and Public Policy in 
Washington. The idea is that such an institute would 
“provide a kind of lightning rod for future changes as 
an alternative to the frustrating process of analysing 
social and economic crises after they have occurred 
and taken their toll’. The committee is not, of course, 
under the misapprehension that behavioural science— 
or anything else for that matter—is a substitute for 
wisdom and common sense in decision-making, but 
it is surely right in believing that civil servants ought 
at least to be familiar with the ways of behavioural 
scientists. No doubt American behavioural scientists 
themselves will be delighted by the report. Their 
British counterparts will be envious, not merely of the 
prospect of more to spend but because this report is 
yet another reminder of how the United States, to its 
credit and to everyone’s advantage, has long recognized 
the value of a free flow between the universities and the 
Government. 





OIL POLLUTION 
-No End of a Lesson 


A PARLIAMENTARY committee has now echoed public 
criticism of the handling of the Torrey Canyon disaster 
in March 1967. Last week on August 30, the House of 
Commons Select Committee on Science and Technology 
said of the disaster that “everyone concerned seems to 
have been caught unawares”. The sense of unprepared- 
ness seems to have been underlined by the evidence 
of Sir Solly Zuckerman, Chief Scientific Adviser to 
the British Government. By all accounts, four days 
went by before his advice was sought and he was unable 
to name a single minister responsible for putting his 
recommendations into effect. The investigation of 
what happened after the tanker went aground has been 
the responsibility of the Sub-Committee on Coastal 
Pollution under Sir Harry Legge-Bourke, MP. Under- 
standably, its recommendations are to a large extent 
concerned with problems of government organization 
for example, it asks that two ministers should jointly 
be given responsibility for preparing to deal with disas- 
ters of similar proportions and for the coordination 
and stimulation of research. There will no doubt be 
some disappointment and even surprise that the report 
names no scapegoats. The spirit of what it has to say 
is that of Kipling’s couplet. 
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“Let us admit it fairly, as a business people should, 

“We have had no end of a lesson: it will do us no 

end of good.” 

To give point to its fears about the future, the 
committee says that two oil tankers are involved in 
collisions every week and that one in ten of these 
results in spillage. The number and size of tankers are 
increasing rapidly—800 were added to the world’s 
fleets in the past three years alone—and the risks of 
future accidents are plainly considerable. This is why, 
in the belief that prevention is better than cure, the 
committee asks that in future ships should not be 
allowed to carry oil to the United Kingdom unless they 
are equipped with VHF radio, echo sounders, radar 
and devices for radio position plotting. There is also 
a plea for further research into the possibility of 
forward underwater scanning equipment and auto- 
matic reversing devices, and the committee asks that 
oil carriers everywhere should adopt the “load-on-top”’ 
system, first put into operation by Shell in 1961, in 
which oil not discharged from a cargo is kept on board 
and not dumped in the sea. 

But how to clear up the mess when prevention has 
failed ? The sub-committee has done its best to thread 
a course through the several suggestions for dealing 
with broken ships and spilt oil which have already 
been tried out or which might be on some future 
occasion. It sets much store by pumps for increasing 
the buoyancy of tankers and has been impressed by 
an experiment in which a pipe a foot in diameter was 
slung between a grounded tanker and another ship off 
the Bahamas in March this year. It has little en- 
thusiasm for the use of detergents or materials which 
sink oil. Containment by means of booms and the firmg 
of oil are limited in application. For the most part. 
the committee has lent its authority, enhanced by the 
thoroughness with which it has carried out its work, 
to a nine-point research programme which Sir Solly 
Zuckerman has put forward: 1. Means for speedy 
transfer of the cargo from a stranded tanker. 2. Methods 
of firing oil in stranded tankers and on the sea surface. 
3. Effects of natural factors on the movement, dispersal 
and destruction of oil at sea. 4. Oil sinking, scavenging 
and gelling agents. 5. More effective but less toxic 
detergents. 6. Detergent spraying and other cleansing 
equipment. 7. Mechanical methods of removing oil 
both from the sea surface and from beaches. 8. Cheap 
and effective booms, primarily for protecting harbours 
and inlets. 9. Effects of pollution on marine life, sea- 
birds and coastal vegetation and on ways of minimizing 
them. It will be interesting to see how much work has 
been done before the next tanker runs aground. 


INDUSTRY 
Helium Prices Haived 


THE expanding industry of low temperature researchers 
has been pleased to see the price of liquid helium in 
Britain drop by almost half in five years. One of the 
factors underlying this reduction has been the challenge 
presented to the British Oxygen Company's monopoly 
position by Oxford Cryogenics, which was formed in 
1963 by the directors of the Oxford Instrument Com- 
pany. Oxford Cryogenics has now been taken over by 
the British subsidiary of Air Products and Chemicals 
Ine. 
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For a few years from 1956, the only source of liquid 
helium in Britain was the National Physical Labora- 
tory, which supplied it at £5 per litre. Growing demand 
led the NPL to encourage the British Oxygen Company 
(BOC) to take over the task of supplying helium but, 
despite the increasing market, BOC made little change 
to the price until Oxford Cryogenics entered the field. 
BOC has said that the high price was necessary to 
cover the costs of research and development—costs 
that Oxford Cryogenics, which entered a ready made 
market at a later stage, did not have to absorb. 

Oxford Cryogenics has a different version of events. 
While paying full tribute to the present management 
of the BOC division concerned, it says that before 1963 
liquid helium was so highly priced and difficult to 
obtain that there was a noticeable brake on the expan- 
sion of low temperature research in Britain. BOC did 
not deliver helium and customers had to arrange for 
their own supply by taxi and rail. Oxford Cryogenics 
began supply in 1963 with little more than a telephone 
and a second-hand delivery truck and within a few 
weeks had captured a substantial part of the market. 

Since that time, prices of liquid helium have fallen 
from about £5 a litre to between £2 and £3, depending 
on quantity and other factors. Though competition 
is undoubtedly one factor in this reduction, the expan- 
sion of the market has also helped. So, too, has the 
acquisition by BOC of a share in a Canadian helium 
source. Previously the US Bureau of Mines had a 
near monopoly of helium. 

Oxford Instruments is disposing of its liquid helium 
business because its primary purpose of making helium 
more readily available has been accomplished. The 
company’s principal sphere of interest is in making 
apparatus for high magnetic fields and low tempera- 
tures. Serious trading began in 1963 and the com- 
pany’s turnover had passed £250,000 by 1967. 


RAILWAYS 
Transport Transported ? 


THE Museum of British Transport, part of the Railways 
Board and at present occupying what used to be a 
tram depot in Clapham High Street, London, may be 
moved to a new site in York. This recommendation 
has been made after an investigation last year of the 
finances and management of British Rail and is just a 
small part of the policy to rid the railway of its 
deficit by 1971. The museum at Clapham houses a 
fine collection of rail and road relics and is one of 
three transport museums in Britain. The other two, 
at the railway centres of York and Swindon, are, 
strictly speaking, purely railway museums. Just now 
the three museums are run by the Railways Board, 
but the plan is to transfer the Swindon museum to 
Swindon Borough Council and to amalgamate the 
Clapham and York museums at York under the 
Department of Education and Science. 

It is important to be clear just what this involves. 
The Clapham museum claims to have the largest 
collection of rail and road relics under one roof, includ- 
ing 13 locomotives and some 22 buses, trams and 
trolleybuses. The prize exhibit is obviously the 
magnificent streamlined locomotive ““Mallard’’, built 
at Doncaster in 1938 and holder of the world speed 
record for steam traction. The museum also hes on 
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show other railway equipment, and a fascinating 
collection of royal coaches, including those used by 
Queen Victoria and by King Edward VII. On a 
smaller scale, all the paraphernalia of road and rail 
travel is there—the ticket machines, posters station 
signs and notices. To move the museum to York has 
some logic in the sense that it gathers together two of 
the important collections into a national museum. 
but it would mean that London then has no substantial 
exhibition of railway equipment. 

The economics of the situation are that the Railways 
Board, in its efforts to improve its financial position, 
quite rightly feels it should no longer be saddled with 
the expense of running the three museums. The 
museum at Swindon is chiefly concerned with the 
history of the Great Western Railway and, as the 
development of Swindon is very much bound up with 
the development of the railway, it is sensible that the 
museum should be transferred to the borough council, 
which in any case already has much to do with running 
it. The York and Clapham museums are to come 
under the Department of Education and Science— 
where they clearly belong—and will be combined as 
an out-station of the Science Museum. 

Last year, visitors to the three museums totalled 
about 350,000, and the gross revenue was £48 000. 
Like museums in general, the three transport museums 








Two of the exhibits at Clapham. Locomotive No. 3 of the Furness 

Railway Co., delivered to the railway in 1849 and withdrawn from 

service in 1898; and a K-type omnibus of the London General 

Omnibus Co., 1919—the first design to have the driver seated 
beside the engine. 
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are losing money; last year the excess of expenditure 
over receipts amounted to £51,100, a little better than 
the figure for 1966 when the excess was £53,000. 
The Railways Board is not divulging figures for each 
museum separately, but York seems to be breaking 
even, while the Clapham museum is said to be running 
at a considerable loss. The plan is to sell the sites at 
York and Clapham and to use the money to obtain a 
new site at York. A locomotive shed at York station 
is under consideration. The road vehicles at Clapham 
—many of them at one time London buses—belong 
chiefly to the London Transport Board and are not 
to be transferred to York. 

It is undeniable that the old tram depot at Clapham 
is not an ideal site for a transport museum. For one 
thing there is no railway to the museum, so the loco- 
motives have to complete the last part of their journey 
by road with all the difficulties that this involves. 


a By their nature, the locomotives and road vehicles 


. need space to be seen to the best advantage, and the 
site at Clapham is beginning to contain more exhibits 
than it can reasonably hold. 

But if the museum has to move, and it is by no 
means obvious that this is necessary immediately, 
it is worth finding another site in London. One idea 
has been to placate the preservationists by retaming 
St Pancras station, once it has closed down, as a 
monument to Gothic architecture and giving it a useful 
function as a railway museum. Until a new site be- 
comes available, there are in any case plenty of 
museums which would be only too pleased to look after 
any of the 71 steam locomotives scheduled for preserva- 
tion by the Railways Board some of which have not yet 
been housed. What is clear is that the country where 
rail transport started ought to have room for a railway 
museum in its capital. 


BRITISH ASSOCIATION 
New Members Wanted 


THE General Committee of the British Association has 
drafted new rules for membership as part of a serious 
effort to solve its financial problems. At the general 
assembly which concluded the Dundee meeting last 
week, Sir Peter Medawar, the newly installed president, 
said that the council had realized that the association 
must become more self-supporting. The first objective 
is to stop subsidizing members’ activities. As things 
are, attendance at the annual meeting is included in the 
four guineas annual membership fee, although it actually 
costs about £11 for each member attending the meeting. 
The new proposal is that ordinary membership should 
cost less but that there should be a more realistic 
charge for attendance at the meeting. Members will 
be entitled to receive the BA Record as part of their 
membership and will be able to obtain the other 
BA journal, The Advancement of Science, at a reduced 
price. 

The hope is that these proposals—which will have 
to be approved by the privy council—will increase 
membership. To the same end, there is also a proposal 
to set up a British Association of Young Scientists (to 
be known as BAYS). All young people with an interest 
in science and technology will be eligible for member- 
ship. They will pay different annual subscriptions, 
considerably less than adult members, according to 
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whether they are full-sized BAYS, aged fifteen. to 
eighteen, or junior BAYS, younger than fifteen. The 
intention is that BAYS will organize their own activities 
in branches throughout Britain with help from existing 
branch or area committees. The full privileges of the 
BA will be open to the young scientists, and the hope 
is that many more than the 200,000 who have recently 
been active in the BA young people’s programme will 
be encouraged to join an organization which has se | 
many distinguished adult members. A gift of £2,000 — 
a year for three years has been given by the Inter- | 
national Publishing Corporation to assist in the | 
launching of BAYS. The activities of the young | 
scientists are to be publicized in the journal Science in — 
Action which IPC is to publish for young people fort- 
nightly from September 19 this year. The BA has 
promised to put experts at the disposal of the 
editors to act as advisers and suggest contributors. 
It will be interesting to see who profits from this 
bargain. 

These moves are all intended to increase interest in 
and thus the membership of the BA, which now stands 
at about 2,500. Whether they are successful remains 
to be seen. In view of the fact that other sources of 
income have not been forthcoming, the membership 
will have to increase dramatically to carry the BA out 
of its present financial doldrums. 














COMPUTER BUREAUX 


Code of Conduct 


In the United States, 35 per cent of computer service 
bureaux-——firms whose assets are a computer and a 
staff of computer personnel—fail in their first year. 
Computer service bureaux in Britain are eager to avoid 
a similar situation, and their trade association, the 
Computer Service Bureaux Association (Cosba), has 
therefore drawn up a code of conduct to help its 
members and to protect their customers. The business 
of supplying computer services through bureaux is 
rapidly growing. The annual turnover of bureaux in 
Britain is at present £15 million and is said to be 
increasing by some 30 per cent a vear. Last year, 
the bureaux realized they had no collective voice to 
air their opinion on matters vitally affecting them, 
especially the Post Office plen to set up a data proces- 
sing service, so Cosba was founded in January 1968. 

The code of conduct now published is mandatory on 
members of the association. There are also recommen- 
dations about standards of service which are not 
obligatory and a list of clauses considered suitable for 
inclusion in the contract between bureaux and clients. 
The security of business information crops up under all 
three headings, and it seems to be agreed that all 
information from clients will be treated as confidential. 
Cosba also reassures its members’ clients that if a 
bureau fails to carry out a contract, another will be 
found to complete the work. 

Even so, one of the recommended contract clauses, if 
implemented, suggests that the first clients of a bureau 
may be at a disadvantage. The clause stipulates that 
patent, copyright and other property rights in pro- 
grams written under contracts will be vested im the 
bureau concerned, which will reserve the right to use all 
or part of them for other applications. The inference 
seems to be that when the same program can be 
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used for several clients, there will be much to be said 
for not being among the first customers. 

Anxieties like this apart, the publication of the code 
is to be welcomed, particularly because it has now 
become plain that the computer bureaux have an 
important part to play in the provision of computer 
facilities for companies not large enough to operate 
their own machines. It is therefore something of a 
surprise that earlier anxieties about the emergence of 
the National Data Processing Service seem to have been 
dispelled. The association now says that competition 
in this field is to be welcomed, but nobody can know 
whether this is merelyan oblique reference to the snail's 
pace at which the National Data Processing Service is 
being established. On present form, the bureaux have 
© nothing to worry about. 


IBP 


New Theme Song 

Tue US committee of the International Biological 
Programme under its new chairman, Professor W. F. 
Blair of the University of Texas, is taking the oppor- 
tunity of the annual meeting of the American Institute 
of Biological Sciences (AIBS) at Ohio State University 
this week to drum up support for its plans. Though 
the plans are well conceived, funds are still chronically 
short and so, to some extent, is talent. 

Since Dr Blair’s accession to the chairmanship, the 
US committee has adopted a new slogan for its efforts 
—~-*“Man’s Survival in a Changing World”. The IBP 
symposium at the AIBS meeting aims to illustrate this 
theme. Dr F. Sargent of the University of Wisconsin, 
who is himself involved in research on circumpolar 
peoples and the American Eskimos in particular, will 
contribute a paper. Dr F. E. Smith of the University 
of Michigan is to describe the involvement of the 
US IBP in environmental research and, in particular, 
the major project on large ecosystems. The chairman, 
Dr Blair, is taking the bull by the horns by considering 
“How International is the International Biological 
Programme ?”, and the practical approach is repre- 
sented by Congressman George P. Miller of California, 
who has long been known for his active chairmanship 
of the House Committee on Science and Astronautics. 
It is too soon to know whether what seems to be a 
concerted publicity campaign will win friends, with 
money to spend, but Dr Blair is evidently full of hope. 


INFORMATION 
Computers on the March 


Prans are going ahead well for the introduction in 
January 1969 of a comprehensive computer-based 
information service involving all the significant pub- 
lished literature available in the fields of physics, 
electronics, electrical engineering, control engmeering 
and computer science. The scheme, INSPEC (Informa- 
tion Service in Physics, Electrotechnology and Control), 
is being developed by the Institution of Electrical 
Engineers (IEE) in cooperation with the Institute of 
Physics and the Physical Society and the Institution of 
Electronic and Radio Engineers in the United Kingdom, 
and the American Institute of Physics and the Institute 
of Electrical and Electronics Engineers in the United 
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States. Two large German organizations, and French 
groups, are also associated with INSPEC. | 

From January 1969, all the INSPEC publications— 
Physics Abstracts, Electrical and Electronics Abstracts, 
Control Abstracts and the associated journals in the 
Current Papers series—will be produced by computer 
controlled photo-typesetting. The publications will 
for the first time cover selected patents, reports and 
dissertations as well as additional journals to make the 
service more comprehensive. Computer science will 
also be covered and the abstracting service Control 
Abstracts will be renamed Computer and Control 
Abstracts. At the moment Physics Abstracts is published 
monthly but, with the wider coverage planned, it will 
come out fortnightly in 1969. 

Current Papers, the classified listings of titles, authors 
and source references, will also change in format and 
coverage with the introduction of computer type- 
setting. The coverage will be more comprehensive 
and titles of two of the three publications in the series 
will change to reflect the new scope; for example, 
Current Papers in Control will become Current Papers 
in Computers and Control, and Current Papers im 
Hlectrotechnology will become Current Papers in Elec- 
trical and Electronics Engineering. The title of Current 
Papers in Physics will remain unchanged. 

It is also hoped to use the computer store of informa- 
tion on magnetic tape in other ways-——for example, 
for a Selective Dissemination of Information Service 
(SDI) and for information retrieval. An experimental 
SDI service has been in operation for some time now 
but only in the field of electronics. It is hoped to expand 
this into physics and control when the whole INSPEC 
service is under way next year. 

The INSPEC project is supported to the end of 1969 
by a grant from the Office of Science and Technical 
Information, a branch of the Department of Education 
and Science, of about £150,000. At the Institution of 
Electrical Engineers, the hope is to have a trial run of 
the new information service in parallel with the present 
system some time toward the end of the year before 
the official introduction of INSPEC in January. A 
system as sophisticated as INSPEC requires coopera- 
tion on an international scale, and for some time now 
the Institution of Electrical Engineers has been work- 
ing in this field with American institutes. French and 
German organizations are now helping with INSPEC 
on a reciprocal basis—it seems there will be exchanges 
of magnetic tapes helding relevant data with similar 
information services in Europe. 


SEISMOLOGY 


The Kakhk Earthquake 


THe earthquake which devastated a large area of 
north-eastern Iran last Saturday is already known to 
have killed more than 12,000 people and the final 
casualty figure is likely to be at least twice as great. 
Minor tremors are frequent in Iran and it is only 
6 years since the earthquake at Qazvin, in which 12,000 
people lost their lives. The occurrence of earthquakes 
in Iran is related to the general instability of the area. 
Tran straddles the system of mountain ranges which 
stretches from the Alps to the Himalayas and which 
was thrown up by the movement of Africa and India 
towards the Eurasian land mass. This movement is 
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Cymograph record of the earthquake made on a horizontal 

pendulum seismograph at the Science Museum. Time scale 

(to left) is one minute. (Crown copyright, Science Museum, 
London.) 


probably still in progress; studies of the folding of 
sediments that Africa has moved some 70 
kilometres towards Asia within the last few million 
years. 

The young mountain ranges of Iran, the Zagros and 
the Elburz, date from the late Tertiary and are seismic- 
ally active; mobile salt basins add to the instability 
of the area. There is little hope of applying to Iran 
the predictive measures developed for the San Andreas 
fault zone in California, which depend on a detailed 
historical knowledge of a well defined zone. 

The loss of life in Iran is made greater by the build- 
ing methods in the mountain villages. Walls are built 
of mud or stone cemented with mud and the roofs 
commonly consist of timber with a mud coating. A 
fresh layer of mud is added each year to provide a 
waterproof covering and the cumulative weight makes 
the collapse of the roof in an earthquake particularly 
likely to be fatal. 

For the survivors of the earthquake the tragedy is 
increased by the damage to the tunnel-wells or qanats. 
Qanats supply 75 per cent of the water used in Iran 
and many regions are entirely dependent on them. The 
qanats are gently sloping tunnels, sometimes 10 miles 
long, which carry water from water-bearing strata in 
the hills to the plains below. Their construction calls 
for considerable engineering skill, although practised 
with ancient and simple techniques, and they represent 
a sizable capital investment. A single qanat may cost 


suggest 
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nearly $400,000 and take 20 years to build, though a 
recent estimate puts the average cost at about $10,000 
per kilometre. 


UNIVERSITY VACATIONS 


Plant Not Fully Utilized 


BERKELEY students are in revolt again and the French 
have been trying to run free summer universities, W hil 
in England another row is brewing over the proposed 
temporary closing of Hornsey College of Art by the 
Haringey Education Committee. But what ot other 
British universities? How are they answering the 
increasing demand for university education and how 
efficiently are they utilizing the facilities they have ' 
A Vice-Chancellors’ committee under the chairman- 
ship of Mr C. F. Carter of the University oł Lancaster 
is studying the question of plant use during vacat ions, 
but the variety is so great that Mr Carter feels unable 
to generalize before all the evidence has been collected 
A sampling of the attitudes of various universities 
would seem to bear this out—the University of Bir- 
mingham remains mostly closed throughout the sum- 
mer while maintenance work is carried out. No summer 
courses are held at the university and only the residence 
halls are used to any extent. At the University of 
Sussex, however, Mr C. de N. Hill, the deputy bursa: 
in charge of conferences, feels that the university has 
such excellent facilities that they should be used to 
their fullest extent. Sussex is fairly busy with 
ferences all during the long vacation and especially 
during the Easter vacation, with between one and four 
usually in residence. Many are organized through one 
or more members of the faculty with particular 
interests. Others have no connexion with the univer- 
sity apart from its residential facilities and lecture 
halls. 

At the University of Cambridge, many ol the colleges 
encourage conferences as a means of raising money and 
thereby keeping fees down during the rest of the year. 
This is especially true of newer colleges such as 
Churchill. which also has the advantage of better 
facilities than many of the older colleges and is almost 
continuously busy from June to September. But the 
attitude of other Cambridge colleges ranges from King’s, 
which accepts weekday conferences throughout all 
vacations but stresses that the students come first and 
that conferences must fit in with college life, to Mag- 
dalene, which accepts conferences in theory but few in 
practice. The bursar stressed that the governing body 
of Magdalene had consideration for the staff, which 
means that there is time only for one or two short 
conferences during the few weeks when there are no 
undergraduates in residence and the college kitchens 


con- 


are still open. 

Few universities offer residential courses during the 
summer, although the extramural departments of both 
Cambridge and Oxford, especially Oxford, do hold 
summer schools. Oxford runs four courses, the best 
known of which is the International Graduate Summer 
School. a six week course for approximately 150 
graduate students which this summer offered a survey 
course of seventeenth century England—its art, history 
and literature. The department also runs a three week 
English language course for 90-100 foreign teachers ol 
English, a fortnight’s course on Oxford for about twenty- 
five students and four week courses of about eighty 
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students each on a variety of general subjects. All of 


these courses are residential and take over a college 
for accommodation; most of the teaching is done by 
the regular tutors from the extramural department 
with occasional lectures given by other Oxford Univer- 
sity professors. 

Obviously the options of a university or college must 
be limited by its facilities, but it seems clear that many 
institutions take too little interest in the full exploita- 
tion of their facilities. 


INSTRUMENTS 
james Short’s Telescopes 


THE Royal Scottish Museum in Edinburgh has been 
holding an exhibition of the life and work of James 
Short, the Scottish telescope maker who died two 
hundred years ago. Short was born in Edinburgh in 
1710, where he was educated at Heriot’s Hospital, a 
school for the sons of burgesses, at the high school and 
the university, where he came under the influence of 
the professor of mathematics, Colin Maclaurin. It was 
at the university, in one of Maclaurin’s rooms, that 
Short began to experiment with the construction of 
reflecting telescopes. He soon developed considerable 
skill and Maclaurin reported that the telescopes Short 
was producing were “by far the best of their lengths 
that have yet been executed”. 

During the 17th century, telescopes were of the 
refracting type and the quality of the image they 
formed was limited by spherical aberration and 
chromatic dispersion. To produce a satisfactory image, 
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A 49 inch focus, 94 inch aperture Gregorian reflector, made by 
James Short for the Paris Observatory, which lent it to the Royal 
Scottish Museum for the exhibition. 
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James Short's price list. 


objectives had to have low curvatures, and hence long 
focal lengths, so that during the second half of the 
17th century telescopes were inordinately lengthy. Sir 
Isaac Newton then realized that a telescope based on 
mirrors would be free from chromatic aberration, and 
in 1668 he built what was almost certainly the first 
reflector. James Gregory, the Scottish mathematician 
who held the chair of mathematics at Edinburgh 
University before Maclaurin, had earlier published a 
design for a reflecting telescope in which the image 
was viewed through a hole in the centre of the primary 
mirror, but the telescope was not built until after his 
death because opticians could not make mirrors of the 
required curvature. Following Newton’s work, re- 
flectors were preferred for many years—experiments 
with refractors had been discouraged by the mistaken 
assertion by Newton that it was impossible to correct 
a lens for chromatic aberration. It was at this stage 
in the history of telescopes that James Short was work- 
ing, constructing the outstanding instruments of his 
time. Ten years before Short died, the London optician 
John Dolland made the first achromatic objective lens, 
but the technique of constructing reflectors had by then 
been brought to such a state of perfection that it was 
many years before refractors came back into favour 
among astronomers in the 19th century. The absorp- 
tion of light by glass objectives of large aperture led 
to the reflectors which are now the world’s largest 
optical telescopes. . 

In 1737, Short was elected to the Royal Society 
and a year later he moved to London, where he made 
telescopes for the aristocrats who at that time were the 
patrons of astronomy. He made the first 12 foot 
focus reflector for the Duke of Marlborough at a cost 
of 600 guineas, and a 12 foot telescope which he sold 
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to the King of Spain in 1752 for £12,000. This latter 
telescope never reached its destination, however; it 
was lost in a shipwreck on the way to Spain. During 
his life, Short gave his backing to a number of scientists. 
When James Watt first came to London to learn the 
techniques of instrument making, Short found a 
teacher for him. It was Short who put before the Royal 
Society Dolland’s work on the achromatic objective, 
and who supported the watchmaker Harrison in his 
struggle to obtain the prize money for his development 
of a method for determining longitude at sea. In all, 
Short made some 1,360 instruments ranging in price 
from three guineas for his smallest model of 3 inch 
focal length to the 12-foot telescope sold to the King 
of Spain, and his business sense enabled him to amass 
an estate of £20,000. 


BIOSPHERE 
Bandwagon for Unesco 
Unesco’s “Biosphere” conference, being held in 


Paris this week and next, was suggested at about the 
time the International Biological Programme (IBP) 
was rumbling into its stride. (The IBP’s operational 
phase is dated officially from July 1967.) The proposal 
was greeted with considerable reserve-—partly because 
of the duplication of effort but chiefly because the 
Unesco enterprise would involve the people who were 
already considered fully committed to IBP affairs. 
But Unesco argued that the Biosphere meeting would 
involve governments—which IBP does not—and that 
these are in a position to vote funds and adopt pro- 
grammes, Which again IBP cannot. 

In the event, Unesco and the IBP have reached an 
accommodation and several leading figures in IBP 
are taking part in the meeting as consultants or main 
speakers. These include Dr Stanley A. Cain, assistant 
secretary for Wildlife and Parks of the US Department 
of the Interior, Professor F. Bouliere of the Sorbonne 
and a section convener, together with the scientific 
director, Dr E. B. Worthington from the IBP Central 
Office. Altogether, some 300 people from 50 countries are 
involved, usually in a dual role as specialists in their 
own fields and as representatives of their governments. 

The full title of the meeting—a good example of 
Unesco language—is the “Intergovernmental Confer- 
ence of Experts on the Scientific Basis for Rational Use 
and Conservation of the Biosphere’. The “biosphere” 
is defined as “that part of the world in which life can 
exist”, but for the present conference, the terms of 
reference end at highwater mark. (Another United 
Nations body already has international responsibility 
for the seas and oceans and for the life in them.) The 
underlying theme is the need to conserve rather than 
conquer the natural world. “Man ... has suddenly 
become aware that he cannot go on living beyond his 
means off natural resources which it has taken aeons to 
accumulate. And he does not have much time left... 
he must learn to live in harmony with nature, in a 
dynamic balance that will enable him to survive on 
what has been called Spaceship Earth.” 

Four focal topies are being dealt with by representa- 
tives of other UN agencies—food needs and opportuni- 
ties by the new director-general of the FAO, Mr A. H. 
Boerma, for example. Each participating nation is to 
report on its own experience and prospects, and the 
British delegation is taking a notably down-to-earth 






approach. 
and until recently chairman of the Agricultural 
Research Council, hopes for “a thorough exchange of 
ideas”. His implicit assumption is that nobody is 
going to rush into providing funds for large nebulous 
schemes, either national or international, and that 
experience gained in temperate climates cannot in any 
case be applied directly to the tropical regions where 
most of the developing countries he. 

The British report dwells particularly on agricultural 
practice in Britain. The farming pattern has for many 
vears been prompted by the pressures of a large popula- 
tion on a limited amount of land, and the introduction 
of rotational farming as early as the eighteenth century 
is a proof of the need to sustain soil productivity for the 
future while at the same time increasing crop yields 
peracre. By adopting a rational basis for development, 
it is estimated that land today is as fertile as it has 
ever been, and the “buffered” approach has avoided 
the gross problems of soil impoverishment, pests and 
disease. The British delegation is urging the value of 
the soil survey and the newly initiated agricultural 
land classification maps. The British report is not 
smug, however. On the management of water re- 
sources, it admits that the control of floods in some 
areas is poor, while densely populated regions elsewhere 
are rapidly running short of water. 

With luck, and if there is not too much rhetoric, the 
biosphere conference could have real value. The signs 
are certainly more propitious than for the parallel 
exercise called by the UN Peaceful Uses of Space 
Subcommittee which discussed the practical value of 
space in Vienna last month. 


MUSEUMS 
Lost Opportunity 


from our Special Correspondent 


Visiting the London museums is usually, in the sum- 
mer, made hazardous by the need to avoid fragments of 
ice cream and hot dogs on the pavement. At week- 
ends the throng of people, predominantly young people, 
is thicker than ever, which is why it is to be hoped 
that the provisions made by the Science Museum for 
catering for children on the recent bank holiday will 
prove to be the nadir of a somewhat shabby record. 
For the past 20 years, the children’s exhibition has been 
housed at one end of the basement. This year, more 
than half the exhibits have been replaced by notices 
saying that the exhibition will be closed down alto- 
gether at the end of September and reopened elsewhere 
in the museum during 1969. Those familiar with the 
children’s exhibition will no doubt consider that their 
present deprivation is in a good cause, and that any 
change is bound to be an improvement; this section of 
the exhibition is notoriously cramped, ill lit, badly 
ventilated and poorly set out. There will, however, 
be less cheering at the news that the Science Museum 
is proposing to transfer most of the present exhibits 
to another—though larger—part of the basement. 
There seems to be no prospect of the thorough re-design 
of the children’s exhibition which would be necessary 
to give children a sense of how things have changed 
since Addison invented the diode and since photo- 
electric cells were first conceived of as means of operat- 
ing burglar alarms. 
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The continued defects of the children’s exhibition 
would, of course, be more easily tolerated if the rest 
of the exhibition were more hospitable. It is under- 
standable though not laudable that the museum has 
given over its prime floor space to steam engines and 
transport vehicles, but a little beyond the bounds of 
credibility that access to such things as the driving cab 
of the London Transport underground train should be 
denied on precisely the day when it would have been 


sought by the greatest number of people. Even 
where its set pieces are concerned, however, the 


museum seems to be caught napping by bank holidays. 
On Monday this week, for example, nobody seemed to 
know if there would be a demonstration of the museum's 
great showpiece, the Bolton and Watt engine which can 
be set turning by concealed electric motors. Normally, 
there are demonstrations at 4 p.m. on weekdays, 4.15 
p-m. on Sundays and 4.30 p.m. on Saturdays. When 
4 p.m. had passed this Monday, the helpful man behind 
the information desk said that “now we must decide 
whether it’s Saturday or Sunday”, but even this god- 
like opportunity was denied him because “the character 
upstairs is tied up and cannot come to switch it on”. 

Everybody knows, of course, that there is a genuine 
and unavoidable conflict between the functions of 
museums as centres of scholarship and as places of 
entertainment. Curators can be forgiven for wishing 
that visitors would let them get on with serious work. 
In practice, the Science Museum seems to have mastered 
these yearnings quite successfully, and in the past few 
months there have been some welcome signs of an 
anxiety to please—the man behind the information 
desk is an innovation, for example. Yet there is 
obviously a long way to go before the museum shoulders 
wholeheartedly its responsibility for seeing that 
people, and particularly young people, are provided 
with a vivid and contemporary vision of what science is 
like. Even the new children’s exhibition will not let 
the little creatures know about electronic computers, 
for example. Part of the trouble seems to be the now 
chronic penury and too great a willingness to rely on 
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outside organizations for assistance, but there seems 
also to be a failure to acknowledge the importance of 
a popular science exhibition in a capital city like 
London. The reorganization of the children’s exhibi- 
tion might have been an opportunity for change, but 
time seems very short. 


CONSERVATION 
Wetland Preserved 


ONE new Nature Reserve in Britain, and an extension 
to an existing reserve, have been announced by the 
Nature Conservancy. In all, 524 acres have been added 
to the areas of natural environment being conserved 
in Britain. The new national Nature Reserve, Stod- 
marsh, lies in the valley of the River Stour five miles 
north-east of Canterbury. It covers about 402 acres 
of shallow pools, reed beds, swamps and damp grazing 
fields, and has been established partly by purchase and 
partly by a deed of grant from the National Coal 
Board. The conservancy will manage the reserve 
principally to conserve the wildfowl and other birds. 
Wetlands are becoming increasingly scarce because so 
many of them have been drained, and Stodmarsh is 
particularly important because its proximity to the 
south-east coast attracts several marsh-dwelling birds 
which are more common on the continent. The Kent 
River Authority is helping the conservancy to control 
water levels 

An extension has also been made to the Kingley 
Vale National Reserve in Sussex. An area along the 
ridge of Bow Hill between Lavant and Chilgrove brings 
the total area of the reserve to 352 acres. The main 
part of the reserve, which is noted for its yew forests, 
was constituted between 1952 and 1955. The new 
section is on the east-facing side of the escarpment 
and it is a well known landmark dominated by yew 
trees. There are also some small areas of chalk turf 
and patches of juniper, a species which is becoming 
rare in southern England. 





Stodmarsh national Nature Reserve, Kent. 
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Psychiatry is Quite Respectable 


Tue heuristic problem of treating mental illnesses 
which are not associated with any organic defect is 
reason enough for the lack of a unifying theory in 
psychiatry and for the fact that psychiatric practice 
consists of a miscellaneous assortment of ad hoc 
techniques. The techniques fall into two groups—the 
physical methods of treatment and the various forms of 
psychotherapy, including psychoanalysis. In a recent 
broadcast: (Listener, August 29, 1968) Professor Henry 
Miller argued that psychoanalysis is a subjective and 
uncontrolled method which should be laughed out of 
court, while a psychoanalyst held that physical tech- 
niques attack the symptoms and not the cause of mental 
disease. When the practitioners of psychiatry are so 
divided among themselves, the outsider may be for- 
given for thinking that both Professor Miller and his 
opponent are right in what they say. Faith in the 
rational basis of psychiatry has not been strengthened 
by the comparison of psychiatric practice in Britain 
and America carried out by Cooper and Alexander 
(British Journal of Psychiatry, 118, 625; 1967). Some 
700 matched psychiatrists in Britain and New York 
were asked to state their preferred methods of treat- 
ment for various types of mental illness. The replies 
reveal an alarming difference in practice between the 
two countries. To treat severe obsessional reactions, 
for example, 35 per cent of the British and one per 
cent of American psychiatrists said they would use 
pre-frontal leucotomy. For endogenous depression, 
84 per cent of British psychiatrists prefer electroplexy, 
13 per cent anti-depressant drugs and one per cent 
psychotherapy; among their New York colleagues, the 
respective treatments are favoured by 44, 37 and 16 
per cent. Only in the treatment of acute schizophrenia 
do psychiatrists on both sides of the Atlantic seem to 
agree that tranquillizing drugs are the best therapy— 
a unanimity which supports Professor Miller’s assertion 
that the better treatments now available are due not 
to medical or psychiatric workers but “almost entirely 
to the pharmacological chemists of the Swiss and 
American drug houses’. 

The different practices advocated by British and 
New York psychiatrists are alarming to patients, 
whatever the reasons. That there are not only differ- 
ences of theory but also differences of the social struc- 
ture of medicine in the two countries may be one reason 
why the British psychiatrists tended to prefer physical 
techniques and the American those of psychotherapy. 
American patients have a financial inducement to 
prefer psychotherapy to prolonged physical treatment 
in a hospital, while in Britain the bias is the other way. 
Physical treatment may be free, but psychotherapy 
comes out of taxed income. But there are also marked 
differences of social attitudes towards psychiatry in 
Britain and the United States. For all the brave 


protestations of recent years, there is still a hankering 
in Britain after the ancient view that mental disturb- 
ance is not so much a form of disease as a manifestation 
of the work of evil spirits. 

Nobody should therefore be surprised that it is 
still respectable in Britain for distinguished men, doc- 
tors among them, to deny the intellectual foundations 
on which a great deal of psychotherapy is based. 
These are also the circumstances in which if was 
possible, just a few weeks ago, for a magistrate to 
accept a promise—fortunately not yet kept—to 
undergo leucotomy as reason why the penalties for 
larceny should be mitigated. It is nevertheless a 
growing scandal that the National Health Service has 
done so little to encourage change, and so much to 
foster the inanition in psychiatric treatment. The 
problem is not merely that there is an issue of principles 
to be decided; there are also patients to be cured. 





ARCHAEOLOGY 


Pottery in Highgate 


from our Archaeology Correspondent 


Dura the second half of the first century ap, a 
Roman pottery industry which almost certainly supplied 
London with simple domestic ware flourished in what 
is now Highgate Wood, a park owned by the Corpora- 
tion of London. The site was discovered in 1963 by 
Mr A. Brown, who noticed several fragments of 
Roman pottery seattered on the floor of the wood, and 
in 1966 he and Mr H. Sheldon dug a trial trench which 
confirmed their suspicions. During the past two 
summers it has been excavated by volunteers under 
the direction of Mr Brown and Mr Sheldon. So far, 
two large and three small kilns have been excavated 
and traces of several others have been discovered. 
There is also a large rubbish heap of rejects, and 
claypits some distance away have been found, filled 
with broken pots. More than 2-5 tons of potsherds 
and baked clay have been recovered so far, together 
with a few bronze brooches, some glass and some 
fragments of imported Samian and colour coated 
wares. The only coin found has been dated at about 
45 Bc but does not help with dating the pottery. 

From comparisons with pots found at other sites in 
London and the south-east, it seems certain that the 
pottery was in use between about ap 50 at the earliest 
and aD 150 at the latest. This estimate is supported 
by the fragments of Samian ware imported into Britain 
between about ap 54 and 138. The earliest Samian 
fragments were on the dump, but second century 
fragments have been found in trenches away from the 
kilns, which suggests that the kilns may have been 
used only in the last third of the first century. 

The pots were almost certainly made from local 
clay. Pots made from Highgate clay in a simulated 
Roman kiln have the same texture and grey colour 
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as the authentic Roman shards. Some of the charcoal 
found in the kilns has been identified as oak. presumably 
from the surrounding wood which is a small remnant 





Fig. I. A large kiln at an early stage of excavation. The flue 


(foreground) is constructed of building tiles. 
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of Middlesex Forest. Sifting through more than 2-5 
tons of shards will be a formidable task, but most of 
the ware made at Highgate seems to belong to seven 
principal types—variants of shouldered bowls. dishes. 
jars and poppy beakers (so called because they resemble 
the form of poppy fruit). The pots show st rong Belgic 
influences, and the industry may have employed 
indigenous potters under Roman supervision. 

The kilns themselves, which in some places were 
only an inch or two below the modern soil surface, are 
in & good state of preservation. That shown in Figs. 1 
and 2 is one of the large kilns and is being consolidated 
in an attempt to move it to the Horniman Museum in 
south London. The kiln flue (see Fig. 1) is about 3-5 
feet long and made of building tiles; the firing chamber 
is about 4-5 feet in diameter and built from lumps of 
clay. It seems that the pots were stacked in the kiln 
on clay fire bars radiating from a central pedestal. 

The smaller kilns are much simpler and were probably 
used only for two or three firings ; they have com- 
paratively thin clay walls and probably had a simple 
clay flue. The chambers were about 3-5 feet in diameter 
with either a central pedestal or a tongue-shaped 
pedestal for support. One interesting feature is that 
all the flues are oriented more or less west-south-west, 
implying that this was the direction of the prevailing 
wind when the kilns were in use. This raises the 
possibility that potting was only a seasonal activity 
at the site. 

The excavation has, 
questions as it has answered. 


of course, posed as many 
What market did the 
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Fig. 2. The firing chamber of the kiln after excavation with two pots in situ. 


The centra! pedestal supported the clay fire 


bars and the pots to be fired. 
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pottery supply ? Presumably London, but pots almost 
identical to those made at Highgate have been found as 
far away as Welwyn. Only when all the material has 
been analysed statistically and chemically will a com- 
prehensive picture of the pattern of distribution of the 
wares emerge. And how were the pots transported ? 
Except for Watling Street to the west and Ermine 
Street to the east, there is no solid evidence for Roman 
roads in the Highgate, Hampstead and Haringey area 
of London. Various odd Roman finds have been re- 
corded in the Highgate area—the best known of them 
is the hoard of 600 Roman coins of the first to third 
century found about half a mile fron the pottery in 
1928, which may imply a settlement. So where did 
the potters live? Clearly the Highgate pottery was, 
by the standards of the time, a sizable enterprise, but 
the excavations have not so far revealed any potting 
or drying sheds or any dwellings. And why did the 
Highgate potters flourish for such a short time when 
there was certainly no shortage of clay or, presumably, 
of wood? At least some of these questions may be 
answered by further excavation. 





QUASARS 
Far or Not so Far 


from our Astronomy Correspondent 


THE vexed question of quasar sizes and distances has 
been hanging fire for some time now, but in recent 
weeks more fuel has been added to the flames. 
Last year, a group of astronomers from the National 
Research Council, the University of Toronto, Queen’s 
University, Ontario, and the Department of Energy, 
Mines and Resources in Canada has been developing 
long baseline techniques for the measurement of the 
angular diameters of quasars. In May last year, the 
group used a baseline of 2,000 miles between Algonquin 
Radio Observatory in Ontario and the Penticton 
Observatory in the Rocky Mountains of British 
Columbia. Preliminary results have now been released 
of the group's latest experiment, involving a baseline 
of 3,200 miles between Algonquin and the 250 feet 
radio dish at Jodrell Bank. According to a report from 
the National Research Council, the experiment, which 
was carried out towards the end of June this year, 
confirms that none of the eleven quasars measured is 
larger than earlier estimates. 

An experiment such as this, involving two spaced 
telescopes, is fraught with difficulties. The Canadians 
came to Jodrell Bank with a precise tape recorder 
which they connected to the receivers for the dish, and 
a rubidium clock to synchronize the recorder to a 
millionth of a second or so with a similar recorder at 
the Algonquin telescope. 

The outcome is that the quasars measured subtend 
an angular diameter of less than 0-01 second of arc, 
an upper limit which is a factor of two better than 
previous estimates. If quasars are indeed at cosmo- 
logical distances, this implies diameters less than about 
100 light years. At first sight, then, the Canadian 
work seems to make that much harder the problem of 
understanding how quasars can radiate as much energy 
as galaxies while their diameters are some thousand 
times smaller. Improved estimates of angular dia- 
meters may become available shortly. While the 
Algonquin-Jodrell Bank link was operational, record- 
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ing was also, it seems, taking place at Penticton, By 
combining the Penticton and Jodrell Bank records, 
it may be possible to obtain estimates referring to a 
baseline extending across the Atlantic and the North 
American continent. Jodrell Bank is meanwhile 
planning a similar experiment in conjunction with the 
fixed 1,000 feet dish at Arecibo in Puerto Rico. 

Before the apparent diameter of a quasar can be 
converted to an absolute diameter, the distance must 
be known and this has for some time now been a crucial 
question. Last year, Dr T. A. Matthews of the Univer- 
sity of Maryland seemed to have found evidence that 
one quasar at least—3C 287—was at a distance of less 
than about 105 light year, making it a comparatively 
local object. This estimate is based on what seems 
to have been a brightening of a nebulosity associated 
with 3C 287, involving an angular diameter of about 
2 seconds of are and taking place over about a year. 
The argument is that because the brightening can 
hardly spread across the nebulosity faster than the 
speed of light, the emitting region must be less than one 
light year across. Even if, for geometrical reasons, the 
brightening can seem to proceed faster than the speed 
of light (see Nature, 219, 894: 1968), 3C 287 must 
nevertheless be nearer than its cosmological distance 
of 10% light years (Astrophys. J. Lett., 152, 139; 1968). 

The snag is that the brightening of 3C 287 was 
deduced in the first place by comparing two plates 
taken in 1965 and 1966, but with different telescopes 
and different emulsions. The 1965 plate was taken 
with the 100 inch telescope on Mount Wilson, and the 
1966 plate with the 48 inch Schmidt telescope on 
Mount Palomar. Reports from Kristian and Peach at 
the California Institute of Technology now say that a 
series of 16 plates taken between 1950 and January 1968 
fail to show the brightening described by Matthews. 
What seems to have happened is a blurring of a faint 
companion of 3C 287, caused by adverse observing 
conditions, when the quasar was photographed in 
1966 with the Schmidt telescope, appearing to Matthews 
as a brightening. In any case, the lower resolving 
power of the 48 inch Schmidt telescope compared. with 
the 100 inch telescope means that even under the best 
conditions it could not resolve 3C 287 from its com- 
panion (Astrophys. J. Lett., 152. 161: 1968). 


GYNAECOLOGY 
Ancient Peruvian Abortions 


A SET of surgical instruments which was used to carry 
out abortions in ancient Peru is described im the latest 
issue of Antiquity (42, 233; 1968). The instruments 
were found, among scalpels, needles, forceps and 
bandages, in burial grounds dating from the Chimu 
period (about ap 450-750) and have been described by 
Dr Oscar Urteaga-Ballon of the National University of 
San Marcos and Dr Calvin Wells of the Castle Museum, 
Norwich. There are four dilators and five curettes 
which closely resemble the modern instruments used to 
scrape a uterus in order to produce or complete an 
abortion. Although the metal of which they are made—- 
copper with a small admixture of iron—-has been 
corroded, it would apparently still be possible for a 
gynaecologist to use these instruments. 

There would, however, have been danger in perform- 
ing abortions in this wav. The dilators are straight and 
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not angled, and so there would be a strong likelihood 
that part of the vagina would be perforated, because 
the uterus usually tilts forward at the top of the vagina. 
The result of this would have been peritonitis, which 
was probably a common consequence of ancient 
abortions (and is still a danger with back street opera- 
tions), In this respect a Romano-British uterine probe, 
found at Hockwold in Norfolk, on the edge of the fens, 
is superior. This instrument is angled, and Dr Wells 
has found that it has exactly the same proportions as a 
modern version made about two thousand years later. 
A further danger in the use of rather blunt cilators, 
such as those found in Peru, is that sudden death may 
follow uterine cervical shock or embolism. Abortion 
was Clearly a hazardous business in ancient Peru. 


MOLECULAR BIOLOGY 
A Termination Enzyme? 


from our Cell Biology Correspondent 


Last year Cuzin and his colleagues (Cuzin, Kretehmer, 
Greenberg, Hurwitz and Chappeville, Proc. US Nat. 
Acad. Sci., 58, 2079; 1967) reported the isolation of 
an enzyme from Æ. coli which hydrolyses N -acyl- 
amino-acyl-tRNAs to yield N-acyl-amino-acids and 
free (RNAs. Cuzin et al. were, of course, searching for 
an enzyme involved in chain termination, specifically 
in the release of the completed polypeptide chain 
from the (RNA. The enzyme they isolated possesses 
this property; it releases N-acetyl-amino-acids, N-sub- 
stituted oligopeptides and diphenylalanine from the 
linkage with tRNA. The enzyme, however, has differ- 
ent charge properties to the protein factor, isolated by 
Cappechi, which is required for chain termination 
directed by an amber codon. Késsel and Raj Bhandary 
(J. Mol. Biol, 35, 539; 1968) have now further 
characterized this enzyme from E. coli and have 
detected a similar activity in baker’s yeast, but the 
combined data of the two groups are still insufficient 
to draw definite conclusions about its role in vivo. 
The enzyme has no effect on amino-acyl-tRNAs but 
it hydrolyses N-acetyl-amino-acyl-(RNAs: this means 
that it can distinguish between a free and an acylated 
amino group. It is specific for 1 amino-acids and 
N-formyl-methionyl-tRNA, and N -acetyl-methionyl- 
tRNAy are not cleaved to any considerable extent. 
In other words, the enzyme does not hydrolyse the 
specific chain initiating amino-acid attached to the 
initiator RNA. On the other hand, it does hydrolyse 
N-acetyl-methionyl-tRNAy. The size of the RNA 
moiety of the substrate affects the hydrolysis; when 
N-acetyl-amino-acyl-tRNAs are digested with ribo- 
nuclease T, so that the {RNA is reduced to a short 
oligonucleotide attached to the acylated amino-acid, 
the enzyme fails to hydrolyse the ester bond. This 
suggests that in vivo the true substrate of the enzyme 
contains polynucleotide, most probably a {RNA mole- 
cule, rather than an oligonucleotide. With regard to 
the acyl-amino-acid moiety of the substrate, by similar 
argument Koéssel and RajBhandary conclude that in 
vivo the substrate may well be an oligo or polypeptidy]- 
tRNA rather than a simple N-acyl-amino-acyl-tRNA. 
From these data it is impossible to decide whether 
the enzyme functions in chain termination or chain 
initiation. As the enzyme differs from the factor which 
catalyses the release of polypeptide from the poly- 
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peptidyl#RNA-mRNA-ribosome complex under the 
influence of an amber (UAG) codon, it may not be in- 
volved in termination. Because it is involved in the 
metabolism of N-acyl-amino-acyl-éRNAs the enzyme 
might ensure correct initiation by destro ving oligo- 
peptidyl-tRNAs which can replace N-f ormy!-methionyl- 
t(RNAy in chain initiation. In this context the fact 
that the enzyme is without effect on N -formyl- 
methionyl-¢RNAr is probably significant. 


EVOLUTION 
Where Cuckoos Come From 


New light on the evolution of the parasitic habit of 
the glossy cuckoo has been provided by Dr Herbert 
Friedmann, director of the Los Angeles County 
Museum, in a recent issue of the US National Museum 
Bulletin (No. 265, 1968). For the twelve species of 
glossy cuckoo, Chrysococeyx, now widely distributed in 
New Zealand, Australia, the East Indies and the 
islands of the south-west: Pacific, south-eastern Asia, 
and all of Africa south of the Sahara, Dr Friedmann 
suggests a common origin in the Australo—Malaysian 
area possibly in Pliocene times, from the stock repre- 
sented today by Cacemantis and Cuculus, or at least 
from the common stock that gave rise to them. 

The genus Chrysococcyx is one of several genera of 
cuckoos that are brood parasites. The species are all 
small and, because of their glossy metallic plumage, 
they form a natural assemblage, closely related to, 
but distinct from, Cacomantis and Cuculus. (Cuculus 
canorus 18 the commen European cuckoo.) In an 
earlier paper on Clamator (Smithsonian Misc. Collec- 
tions, 146: 1968), Dr Friedmann pointed out how the 
various genera of parasitic cuckoos reveal divergent 
paths of development in their specialization as para- 
sites. Chrysococcyx, for example, has the same evicting 
habit as Cuculus in the early nestling stage, a pheno- 
menon not present in Clamator. As in Cuculus and 
Clamator, the adult cuckoos have the habit of removing 
the host eggs from parasitized nests. In this latest 
paper Dr Friedmann has brought together and com- 
pared for the first time information on the phylogeny, 
differentiation, dispersal and behaviour of all the glossy 
cuckoos. All twelve species have between them a 
very wide range of host—parasite situations, although 
none has as many adaptive specializations as Cuculus 
canorus. Some species of Chrysococcyx have only a 
very small number of regular hosts, while others, for 
example, basalis and caprius, have many dozens of 
different hosts apiece. 


MEDICINE 


Old Diseases—New ideas 


ARE there hereditary factors in the pathogenesis of 
leprosy ? Persons exposed to lepers for prolonged periods 
do not always contract leprosy. It is also known that 
consanguinity increases the chances of contracting it 
and that environmental factors cannot change typical 
lepromatous forms (lesions contain abundant Myco- 
bacterium leprae bacilli) into tuberculoid ones (lesions 
contain few bacilli), or vice versa. It is hardly surprising 
therefore that several research workers are searching 
for associations between Mycobacterium leprae infec- 
tions and certain genetic markers. This is the subject 
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< of a review by Dr Bernado Beiguelman of the Depart- 
~ ment of Medical Genetics, University of Campinas, Sao 
Paulo (WHO Chronicle, 22, No. 8, August 1968). 

Although investigations of possible relationships 
between blood groups and susceptibility to leprosy 
date back to the 1920s, Dr Beiguelman points out that 
most of the work on the hereditary aspects of the disease 
has been done in the past 5 years. Results are often 
conflicting and inconclusive, and it cannot yet be 
stated emphatically that a genetic link exists, but 
there are signs that this problem deserves further 
study. 

At least one worker has suggested that the propor- 
tion of Rh-negative individuals is higher among leprosy 
patients than in the general population, but there is 
_ little supporting evidence. Australia antigen—an anti- 
- body reacting with a protein in the serum of some 
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people—has been found more frequently im patients 
with the lepromatous form of leprosy than in tubereu- 
loid cases and controls. The results of investigations 
into the possibility of a differential distribution of 
types of haptoglobins (serum proteins) among patients 
with the different forms of leprosy have so far proved 
negative and, similarly, there is no evidence at the 
present time to support a correlation between the 
various types of transferrins and the disease. | 

What has emerged, however, is that there are trends 
towards familial transmission of the disease. A close 
correlation exists between the responses of parental 
generations and their offsprings to the late lepromin 
reaction, and the data suggest a monogenic explanation 
of susceptibility to leprosy. Although this hypothesis 
is attractive, Dr Beiguelman adds that proof is 
lacking. 






Composition and Origin of Cosmic Rays 


by The latest results on the composition of cosmic rays, and their 
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Cosmic rays provide us with our only direct sample of 
matter originating outside the solar system. In the past 
few years, new techniques have enabled cosmic ray 
physicists to analyse the chemical composition of the 
primary particles with a precision that is comparable 
with our knowledge of the composition of the stars. In 
addition, the high and low energy extremes of the cosmic 
ray spectrum have been investigated in greater detail, 
and new limits have been placed on the isotropy of the 
cosmic ray flux, and on its constancy over periods of 
_ millions of years. Recent developments in this field, and 
` their theoretical implications, were reviewed during a 
s eonference held at the Institute of Theoretical Astronomy, 
~ Cambridge, on July 16-19. The conference was attended 
< by scientists from Europe, America, India and Japan 
< and was probably the first conference on the subject to 
bring together a group of specialists in cosmic ray physics 
. and related branches of theoretical and observational 
. astronomy. 

> The energy spectrum of the cosmic rays has long been 
= known to obey an approximate power law N(E) dEa E-*§, 
~- dE for energies E between ~ 10° and ~ 10 eV/nucleon. 
Above ~101 eV, the flux of particles is so low that 
indirect techniques must be used to determine the spec- 
trum and composition. Observations below ~ 10° eV are 
complicated by the fact that the magnetic field associated 
with the solar wind modulates the flux in a manner 
depending on the solar cycle, and by the existence of 
particles of solar origin. The cosmic rays observed with 
E>10° eV are probably typical of the flux throughout 
the disk of our galaxy. 


Composition 

It has been known for many years that, as compared 
with stellar material, cosmic rays contain a great excess 
of Li, Be, B and He’, which have a low overall cosmical 
abundance because they are easily destroyed at the tem- 


_* On leave from Mount Wilson and Palomar Observatories, Pasadena, 
California. 


theoretical implications, were discussed at a conference held in 
Cambridge during July 16-19. 
origin, but it is still a matter of speculation whether cosmic rays in 
the solar vicinity are produced in galactic objects such as supernovae, 
or whether they originate in extragalactic ‘violent events”. 


They point to a thermonuclear 


peratures prevailing in stellar interiors. These light cosmic 
ray nuclei are believed to be spallation products resulting 
from collisions between CNO atoms and stationary 
material (mostly protons). Both the He?/Het ratio and 
the abundance of lithium, beryllium and boron indicate 
that primary cosmic rays with energies >1 BeV/nucleon 
have passed through 3 g em (within a factor of ~ 2) of 
material before reaching the Earth. This matter may have 
been traversed either within the sources or in interstellar 
space. Assuming an average value of 1 atom em? for the 
interstellar density, this implies that the cosmic rays 
cannot have spent more than a few million years in the 
galactic plane. It is also well established that the iron-peak 
elements are overabundant relative to CNO. 

The early work on composition was done using nuclear 
emulsions. In the past 10 years, however, it has been found 
that heavy charged particles produce submicroseopic 
tracks in many insulating solids, including some naturally 
occurring crystals and inorganic glasses. Several investi- 
gators have developed etching techniques for rendering 
these tracks visible. Heavier ions tend to form longer and 
broader tracks, and there is a threshold charge, depending 
on the material, below which no track is formed. This 
technique is therefore especially suitable for investigating 
very heavy ions in the cosmic radiation, because the light 
nuclei, which are far more abundant, leave no tracks, 
Some of the leading workers in this field presented new 
results at the conference. 

Price (General Electric Corporation) reported an analysis 
of the composition in the energy range 200-400 MeV/ 
nucleon. The detector was flown in a balloon below ~ 2 g 
em~? of air, and consisted of sheets of a plastic material 
with the unusual property that the track-etehing rate 
depended exponentially on the ionization rate. It was 
thus possible to achieve excellent charge resolution. 
Isotopic resolution of ~2 atomic mass units (amu) was 
obtained by studying how the width of the tracks {which 
is a function of the velocity of the ionizing particle) 
changed on passing through successive sheets. Price 
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presented results for the elements from Mg to Ni. The 
“even” elements 8 and Ar were depressed relative to their 
cosmical abundance, but Mn and Cr were enhanced. The 
excess of manganese might, however, have been due to 
fragmentation of Fe in the atmosphere. 

The energy-dependence of the composition ean be de- 
termined by comparing data from flights at different 
geomagnetic latitudes. Waddington (Minnesota) reported 
some preliminary results on the cornposition of primaries 
with z>16. There appeared to be significant differences 
between the relative abundances of the various iron-peak 
elements detected in Texas (geomagnetic cut-off 1-58 BeV / 
nucleon) and India (7-1 BeV/nuecleon). These results 
suggest incomplete silicon burning as a thermal source, 
although the details of the composition are not im- 
mediately understandable. In particular the Texas 
abundance peak appears to be at z=24 rather than at 
z= 26, as in both the India abundance peak and the solar 
abundance peak, a result that caused some consternation 
among the theoreticians. The situation was further 
clouded by the fact that Price’s data, which refer to lower 
energies, agree better with Waddington’s India charge 


spectrum than with his Texas spectrum. Waddington 
corrected his observed abundances for the effects of 


spallation, and inferred that primaries of ~ 1 BeV/nucleon 
could not have passed through more than about 3 g em? 
of material in interstellar space. 

Walker (Washington University) described some results 
on the abundance of clements bevond the iron peak 
which were obtained from stacks of emulsions and plasties 
of different sensitivity flown in balloons. The plastics were 
intended to eliminate the background of low z particles; 
the most sensitive would register z > 30 but not z= 26 (Fe). 
Etched holes in the plastic were deteeted by an ingenious 
technique. The sheets were placed on a charged plate, 
and an electrode passed over the sheet gave a spark at 
the site of a track. Another method of studying very 
heavy primaries, discussed by Walker and by Lal (Tata 
Institute), is to examine tracks in meteoritic material. 
Cosmic ray particles which are stopped by a meteorite 
would form tracks the depth of which below the surface 
is a function of their energy, and the length of which 
depends on their charge (an Fe ion would leave a track 
~10u long m a typical material, whereas an ion with 
zœx80 would cause a ~1,000u track). The combined 
results of these experiments lead to the following charge 
spectrum for very heavy particles of energy ~1 BeV/ 
nucleon: z230/“iron peak” ~(3+1)x 10-4, 2>40/“iron 
peak” œ (643)x 10, z>80/‘iron peak’ ~7x 10-§. The 
corresponding cosmical abundance ratios are 4:5 x 10-4, 
4x 10- and 4x 10- respectively. This shows that these 
heavy elements have abundances, relative to iron, which 
are broadly similar to those in the Sun and nearby young 
stars, and that all are enhanced relative to CNO. 

The tracks observed in meteorites have accumulated 
during millions of years spent orbiting in the solar system. 
An analysis of the Patwar and St Severin meteorites has 
been carried out by groups at the Tata Institute and the 
Muséum National d'Histoire Naturelle, Paris. The flux 
and spectrum of the iron-group nuclei in the solar system 
are found to have been constant, within a factor of ~ 2, 
during the past 10-50 million years. 

Several workers emphasized the extreme difficulty of 
detecting cosmic ray particles of very high charge if (as 
seems to be the case) their relative abundance resembles 
the cosmic ratios. For example, we would expect only 
~x 10-6 particles m sr-! s71 with z> 72. Fowler (Bristol) 
described some attempts to obtain the charge spectrum 
of these particles with higher resolution. A detector con- 
sisting of sheets of iron (with total thickness ~ 2 g em-?) 
sandwiched between layers of nuclear emulsion was flown 
for 16 h under 3 g cm of air. The effective collecting 
area was 17 m*. The emulsions were searched for heavily 
ionizing tracks, which could be caused either by relativistic 
particles of very high z or by subrelativistic particles of 
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lower z. The latter, however, would be braked by the 
intervening sheets of iron, and so would not produce 
tracks in more than one emulsion. The charges were 
estimated by microphotemetering the tracks perpendicu- 
lar to their length, but there was no laboratory calibra- 
tion. Seventy tracks corresponding to z > 36 were recorded. 
Although the inferred charge spectrum broad! y agrees 
with the results of Lal and Walker, the im proved resolu- 
tion reveals peaks at z~40 and z~50, and also a peak 
(based on nine or ten tracks) in the region of the rare 
earths. The relative heights of these maxima indicate 
that the heaviest ions were formed from iron peak elements 
by neutron capture on a rapid time scale (the so-called 
“r-process”). There were two tracks corresponding to 
z290. One exceedingly broad track was discovered, 
which Fowler attributed to a primary with 2296. The 
fact that there was no evidence for any deceleration in 
passing through the apparatus precludes the possibility 
that a slower particle of lower charge was responsible. 
The presence of trans-bismuth nuclei also argues for an 
r-process origin. 

Ashton (Durham) reported an unsuccessful search for 
quarks and magnetic monopoles in the cosmic radiation. 
This work sets significant upper limits to the eross-section 
for disintegration of colliding protons into their component 
quarks, 


Low Energy and Solar Particles 


Because of the geomagnetic cut-off, low energy cosmic 
rays can be investigated cnly beyond the magnetosphere. 
Simpson (Chicago) reported some results obtained from 
Mariner IV spacecraft observations carried out near the 
time of solar minimum. The ratio CNO/He is ~ 0-065 
(about three times greater than the solar value) over the 
whole range from 20 MeV/nucleon to 20 BeV/nucleon. 
Tonization losses are severe at low energies, and act 
preferentially on highly charged particles. The fact that 
this ratio persists down to 20 MeV/nucleon consequently 
implies that the low energy particles cannot have passed 
through as much as 3 g cm~ of material. Simpson de- 
tected particles with energies right down to ~1 MeV/ 
nucleon which he believed to be galactic in origin. The 
demodulated spectrum at these energies cannot be estim- 
ated very precisely, both because the modulation is 
uncertain, and because of the possibility that low energy 
particles are accelerated at the interface between the 
solar wind and the general interstellar medium. It seems 
likely, however, that the spectrum, which flattens off 
below ~ 1 BeV/nucleon, steepens again below ~ 50 MeV/ 
nucleon. These very low energy particles probably provide 
the principal heat input for the interstellar gas. 

Simpson proposed that the cosmic rays have two 
sources: most of the particles with energies below ~ 50 
MeV/nucleon would have traversed ~ 0-1 g em- whereas 
the more energetic ones would have traversed ~3 g em~, 
He speculated that the low energy component might have 
come from a fairly local and recent supernova, or from 
flare stars in the solar vicinity. The presence of Li, Be 
and B at low energies does, however, pose problems for 
the view that they have traversed very little matter. 
Pal (Tata Institute), in a detailed study of cosmic ray 
propagation, showed that the proportion of secondaries 
would decrease at low energies. Hayakawa (Nagoya) 
suggested that reactions involving pick-up of « particles, 
as well as spallation of CNO, may contribute to the flux 
of Li, Be and B. | 

Fichtel (Goddard Space Flight Center) discussed the 
composition of low energy cosmic rays originating on 
the Sun. The flux of these particles is influenced by the 
solar wind, and the ratio of H to He is variable, because 
of the different charge/mass ratio. The ratio of He to 
CNO is. however, almost independent of solar activity 
and of the particle energy. If we compare the abundances 
with that of O, then, at least for elements lighter than Ne 
(z= 28), the composition is consistent with that de- 
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termined spectroscopically for the photosphere. This 
indicates that whatever acceleration process is responsible 
only depends on the charge-mass ratio. Mechanisms of 
the Fermi type have this property, provided that ioniza- 
tion losses are not significant during the acceleration 
process. Assuming that the H/O abundance in the cosmic 
rays is the same as in the photosphere, the H/He ratio 1s 
found to be (16+ 2)/1. This is reasonably consistent with 
recent measurements of H/He in the solar wind, which 
give a long-term average of about 20/1. This result is 
important because the He abundance cannot be de- 
termined from a study of the solar photospheric spectrum, 
particularly in view of the fact that it is below the value 
~ 10/1 which is found for nearby hot stars. The Sun is 
the oldest unevolved star for which such a direct de- 
termination of the H/He ratio has been made. The low 
helium abundance is consistent with recent upper limits 
to the solar neutrino flux. It sets a limit to the primeval 
helium abundance of the galaxy which is difficult to 
reconcile with the predicted synthesis of helium in simple 
big-bang cosmologies based on observations of the 3° K 
black-body background radiation. 

There was considerable discussion at the conference 
concerning the abundance of iron in the solar system. 
Spectroscopic studies have shown that iron is about ten 
times as abundant in the corona as in the photosphere. 
Fichtel presented evidence that the Fe/CNO ratio in the 
solar cosmic rays was similar to that im the photosphere. 
Thus the solar cosmic rays do not exhibit the same over- 
abundance of iron-peak elements as those of galactic 
origin. 


Electrons 


Until about 1940 it was believed that the primary cosmic 
radiation was composed entirely of electrons. Studies of 
east-west asymmetry, however, subsequently showed that 
the bulk of cosmic rays were positively charged, and in 
the early 1950s it was established that electrons did not 
comprise much more than ~1 per cent of the total flux. 
Over the next 10 years, the realization that most cosmic 
radio emission was synchrotron radiation revived interest 
in a search for the inferred relativistic electrons. In 
1961 an electronic component, with an intensity of a 
few per cent of the proton flux, was detected at BeV 
energies. 

Relativistic electrons and positrons in the galaxy are 
more susceptible than heavy particles to radiation losses. 
Not only do they emit synchrotron radiation (pre- 
dominantly at radio frequencies) as they spiral in the 
galactic magnetic field but they also lose energy as a 
result of inverse Compton scattering of starlight and the 
microwave background radiation (this process leads to 
the production of X-rays). The life-time of an electron 
with energy E (eV) would be +(£)~10%/H s. If the 
electrons are steadily injected with a power-law spectrum, 
the observed energy spectrum would be one power steeper 
than the injection spectrum unless the electrons escape in 
a time shorter than +(#). According to the present 
evidence, which was summarized at the conference by 
Daniel (Tata Institute) and Meyer (Chicago), the spectrum 
is a power law with slope ~ —2-6 from 1 BeV up to 
~100 BeV. If this represents the mjection spectrum— 
the view favoured by Daniel——the escape time cannot 
exceed a few million years. If observations could be 
extended up to ~ 10? BeV, they should reveal a break in 
the spectrum unless the escape time is less than ~ 10° yr, 
which would seem unlikely. The observed spectrum is 
flatter below ~ 1 BeV, but this is probably a modulation 
effect. Assuming that the observed electron and positron 
flux is typical of the disk of the galaxy, one can estimate 
the magnetic field which would give rise to the observed 
galactic radio background. The inferred field strength 
ranges from ~2-5x 10-* gauss at high galactic latitudes 
to ~10-* gauss in directions close to the galactic centre. 
These estimates are reasonable on other grounds. 
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It is possible to discriminate between electrons and 


positrons in the cosmic radiation, and information on the 


electron/positron ratio is important for several reasons. 
If electrons and positrons were all secondary particles, 
the latter would predominate, whereas we would not 
expect any primary positrons (unless some sources consist 
of antimatter). Knowing the flux of heavy primaries, the 
expected spectrum of secondary positrons can be com- 
puted. A comparison with the observed positron spectrum 
at low energies then tells something about the nature of 
the solar modulation. At ~5 MeV, the numbers of elec- 
trons and positrons are roughly equal, but at ~ 5 BeV-— 
the energy of the particles responsible for the bulk of the 
galactic radio emission—electrons comprise ~ 94 per cent 
of the total, so these must be chiefly primaries (indeed, the 
observed electron flux at these energies is ~ 10 times 
higher than the expected flux of secondaries). According 
to the Tata group, positrons predominate above 10 GeV. 
If this result, based on only thirteen events, 1s correct, it 
implies that the most energetic electrons may all be 
secondaries. 


Confinement, Age and Storage Region 

Elliot (Imperial College, London) described new evi- 
dence that the flux of cosmic rays in the galaxy is remark- 
Elliot's observations were made under- 


These particles are not appreciably deviated by the solar 
wind. This work showed that the anisotropy of these 
cosmic rays amounts to less than 2 parts m 10, and 
two other groups have obtained a similar result. This 
means that the net streaming velocity in our part of the 
galaxy is <15 km s~. It is not necessarily surprising 
that this is less than the Sun’s rotational velocity around 
the galaxy (~ 250 km s~), because the interstellar mag- 
netic field couples the cosmic rays to gas clouds which 
corotate with the galaxy. This limit does, however, 
restrict the net rate at which cosmic rays can diffuse 
through the galaxy. 

A theoretical analysis of the diffusion process was given 
by Kulsrud (Princeton and Cambridge), who drew abten- 
tion to the importance of scattering by Alfvén waves with 
wavelengths comparable with the gyroradius, If the 
cosmic ray gas becomes anisotropic, it can itself excite 
Alfvén waves, and so a high degree of isotropy is main- 
tained by a feedback process. 

If cosmic rays originate in the galaxy, a typical particle 
must leak out of the disk within a few million years, for 
it would otherwise pass through much more than ~3 g 
cm along its path. The smallness of the observed drift 
velocity would then imply that the cosmic rays cannot all 
originate in the nuclear regions of the galaxy. The 
observed isotropy can, however, still be reconciled with 
models in which the sources of cosmic rays are distributed 
throughout the disk. As early as the 1930s, Awicky 
suggested supernova explosions as a possible souree. 
Assuming that, on average, supernovae occur at intervals 
of ~50 yr, each would have to release ~ 10°" ergs in 
order to maintain the observed energy density {~ 1 eV 
cm?) in the disk. 

Models in which cosmic rays are confined to the disk 
involve certain dynamical problems, which were sume 
marized at the conference by Parker (Chicago). The 
relativistic particles exert a pressure of ~ 0-5 dynes em‘, 
and must be assumed to be held down in the disk by the 
gravitational forces acting on the interstellar gas, to which 
the cosmic rays are coupled by a magnetic field (whieh 
itself exerts a disruptive pressure). An average gas 
density of 1 atom em? is adequate to ensure equillbrium. 
This equilibrium is, however, unstable to the development 
of corrugations in the field, because the interstellar gas 
would slide along lines of force to regions where the 
gravitational potential is lowest, and would then be un- 
able to prevent loops of magnetic field, together with the 
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cosmic rays, from bursting out of the disk. This may 
possibly be the principal process whereby the cosmic 
rays escape, but there seems no reason why they should 
remain for even a few million years. 

The gyroradius of an ion of energy E(eV) moving in 
a magnetic field H (gauss) is ~ (4/300 Hz) cm, so it is clear 
that, even if most of the cosmic rays are confined to the 
galactic disk, this cannot be the case for the highest energy 
particles. Information on primaries with energies > 10 eV 
can only be derived from observations of the extensive air 
showers which they initiate when they impinge on the 
atmosphere. It is found that the differential spectrum 
becomes steeper than oH#-** above ~ 10% eV, but re- 
sumes its original slope beyond ~10'? eV. It is possible 
that this steepening is associated with a change-over from 
particles which are confined by the galactic magnetic 
field to those which immediately escape from the disk. 
Peters suggested some years ago that this idea could be 
tested by determining the cornposition of the primaries 
at these high energies: the break in the spectrum would 
occur at a somewhat higher energy for more massive 
particles (which have smaller gyroradii for a given total 
energy), 80 a preponderance of heavy elements would be 
expected at energies around 108 eV. It is in principle 
possible to infer an energy dependence in the composition 
by correlating the numbers of muons and electrons de- 
tected in air showers, and the existing data were sum- 
marized by Wolfendale (Durham). The statistical un- 
certainties are unfortunately too large for any firm con- 
clusions to be drawn. Recent work by Orford and Turver 
at Haverah Park, which was not reported at the con- 
ference, suggests that heavy particles do indeed pre- 
dominate at energies 1017-5 x 10!? eV (ref. 1). 


Table 1. ENERGY REQUIREMENTS FOR DIFFERENT CONTAINMENT REGIONS 
Contain- 
Containment Volume anergy ment 
region (em) {erga} time Sources 
(yr) 
Galaxy (disk) 10% 105 106 Supernovae 
Galaxy (halo) 19% 1057 10° Supernovae, 
galactic centre 
Local group 1074-73 100-6 >10° Galaxy, Af 31 
Virgo supercluster 1Q7 10% 10° Radio galaxies, 
quasi-stellar objects 
Universe 10% 197° 10+? Radio galaxies, 


quasi-atellar objects 


Any information on the actual age of the primaries 
{rather than the amount of matter traversed) would 
help to decide between the disk model and theories involv- 
ing more extensive confinement regions. Shapiro (Naval 
Research Laboratory, Washington) discussed the feasi- 
bility of using the Be isotope, which has a half-life of 
~ 4x 10% yr, as a “clock”. (For cosmic rays this life-time 
is of course extended by the relativistic time dilation.) 
Jt would be necessary to measure the Be/B ratio with 
accuracy of better than 20 per cent, and this test has not 
yet yielded any decisive results. During the next year it 
may, however, be possible to decide between ages of 
~ 10% and ~ 108 yr. Fowler (Bristol) pointed out that the 
discovery of trans-bismuth radioactive nuclei will even- 
tually set limits to the age. Another possibilty, which 
was discussed by Wolfendale, utilizes the fact that the 
microwave background radiation appears as y-rays in 
the frame of a very high energy particle, and can interact 
to produce pions. If the microwave background has a 
~ 8° K black-body spectrum, particles with E210! eV 
would be degraded in a time of the order of 10° yr. 
The fact that showers have been observed which are 
attributed to primaries of energy ~ 5x 10'* eV indicates 
that these particles are less than ~10* yr old. The 
statistics, though, are still very poor—even if the power 
law spectrum extends indefinitely, without any cut-off, 
the flux of particles with E >10% eV would be only 
~l km century". 

There is thus no definite evidence that the cosmic 
rays which we observe were generated within (and are 
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confined in) the disk of our galaxy. Hoyle (Cambridge) 
summarized the various alternative possibilities (Table 1). 
The hypothesis that the confinement region is more 
extensive tends to aggravate the energy requirements, 
because a larger fraction of space must contain relativistic 
particles with an energy density of ~ 1 eV em-*. On the 
other hand, the storage (and replenishment) time-scale, 
being inversely related tc the assumed mean gas density 
within the volume, would be longer. Furthermore, in the 
case of the larger confinement regions a wider range of 
powerful sources may be invoked to generate the energy. 

If cosmic rays were stored in the halo for ~ 10% yr, it 
would be possible for us to observe particles which escaped 
into the halo after being accelerated near the galactic 
centre, but subsequently re-entered the disk in the vicinity 
of the Sun. The chief problem associated with this theory 
is that the mass of gas in the halo can barely be sufficient 
to confine the cosmic ray gas within the shallow gravita- 
tional potential well which the galaxy provides. The view 
that cosmic rays are stored within the local group en- 
counters a similar difficulty, although the potential well 
associated with the Virgo superecluster (corresponding 
perhaps to an escape velocity of ~ 1,000 km s-t) is deep 
enough to permit an equilibrium for a thermal gas density 
as low as ~ 10-4 atoms cm~. The only essential require- 
ment on the magnetie field is the trivial one that the 
gyroradius of the particles should be small compared 
with the dimensions of the system. Although the equi- 
librium would be subject to the type of instability dis- 
cussed by Parker, the escape of particles from the system 
would not necessarily be too rapid. There are a number of 
strong radio galaxies in the Virgo supercluster (M 87, 
for example) and these may be the main agents responsible 
for accelerating the cosmic rays. There are naturally no 
confinement problems if cosmic rays fill the universe with 
a uniform energy density. One of the strongest objections 
to a universal theory of cosmic rays has traditionally been 
the colossal energy requirements which it entails, but the 
recent discovery of objects which emit energetically in 
the infrared and centimetre wavebands, together with 
the realization that quasi-stellar objects are more numerous 
than had been thought, makes this argument less com- 
pelling. | 7 

There was some discussion at the conference concerning 
the difficulty of incorporating electrons into models in 
which cosmie rays are universal, or are stored in regions 
as large as a supercluster. Whereas protons and heavy 
nuclei (except, as already mentioned, those with E> 10” 
eV) can survive for ~ 10!° yr if they move in a region of 
sufficiently low density, this is not possible for electrons 
because, even in intergalactic space, the radiation density 
is unlikely to be less than ~0-5 eV cm (which cor- 
responds to an inverse Compton life-time of only ~ 2 x 108 
yr for a 5 BeV electron). Thus we would only observe 
electrons which had been accelerated during the past 
~ 108 yr, although we would observe a reservoir of protons 
which had accumulated over a period of ~ 10 yr. It is 
superficially attractive to postulate that the sources inject 
equal amounts of energy into electrons and protons, and 
to appeal to this effect to explain why the measured 
electron flux is only ~ 1 per cent of the proton flux. One 
would, however, then expect a background X-ray flux 
vastly in excess of what is observed; moreover one would 
predict the electron spectrum to be one power steeper 
than the proton spectrum, and it is not. It therefore 
seems necessary, in these models, to ascribe the electron 
flux to a separate, and more local, class of source, 


Nucleosynthesis 

Several general conclusions concerning the nature of 
cosmic ray sources emerged from the more precise new 
composition data presented at the conference. A marked 
“odd-even” effect in the abundances was apparent, 
despite the fact. that this tends to be masked by imperfect 
charge resolution in the detector. This, together with the 
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prominence of the tightly bound iron peak elements: in 
the charge spectrum, indicates a thermonuclear origin 
for the cosmic ray nuclei, and that the composition has 
not been substantially modified by subsequent processes 
either in the sources or in interstellar space. The charge 
distribution of the heaviest nuclei, and the apparent 
presence of transuranic elements in the cosmic radiation, 
suggest that rapid neutron capture has taken place in a 
thermal environment. ý 

Most theoretical work on nucleosynthesis has been 
specially concerned with processes which occur in the late 
stages of stellar evolution and in supernova explosions. 
It would consequently be directly relevant to cosmic rays 
if they are generated by supernovae: however, many of 
the results may also be applicable to large-scale “violent 
events”. 

The first detailed computations of supernova models 
were performed by Colgate (New Mexico Institute of 
Mining and Technology) and his collaborators. According 
to Colgate, a supernova occurs when the central part of a 
star collapses to a neutron configuration, most of its bind- 
ing energy being released in the form of neutrinos and 


3 deposited in the outer layers. A photon-driven shock 


a propagates outward, and accelerates as it advances into 


layers of lower density. The shock velocity vsX Mext ; 
where Mext is the mass outside the shock, until v~e. The 
outermost ~ 0-1 MO of the star would be ejected rela- 
tivistically, with an energy spectrum which obeys a power 
law up to particle energies of at least ~10ë eV. This 
theory thus seems capable of explaining how cosmic 
rays become accelerated, as well as predicting their 
composition. It also accounts for the general features of 
observed supernova light curves. Three other independent 
calculations of the behaviour of similar initial models have 
recently been performed by Arnett (Caltech and Cam- 
bridge), Wilson (Livermore) and Ivanova, Imshennik and 
Nadezhin (Moscow), and Arnett: summarized their results. 
These investigations indicate that the energy release would 
be smaller, and the explosion less violent, than claimed 
by Colgate. Consequently, even though supernovae may 
synthesize the heavy cosmic ray nuclei, some other 
acceleration process may be necessary. One possibility 
would be a Fermi mechanism operating in the neighbour- 
hood of the sources (Fermi acceleration im the general 
interstellar medium is almost certamly inadequate). 
Wilson included the effects of rotation in his calculation, 
and it appears that a small fraction of material is more 
likely to be ejected at high speeds in stars which are not 
spherically symmetrical. 

Clayton (Rice University and Cambridge) described 
the current ideas in thermal nucleosynthesis of the ele- 
ments between z=6 and z=28. Recent work by W. D. 
Arnett, D. Bodansky, D. D. Clayton, W. A. Fowler and 
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J. W. Truran has shown that a superposition of par ; 
burned carbon and partially burned silicon succes: 
reproduces the solar abundances of the most abt 
nuclear species in this range. In particular a caleul 


of the nuclear results of heating an equal mix of carbon. 


and oxygen to temperatures near T= 2x 10° °K followed 
by an expansion in about 10- s to temperatures well 
below 10°°K showed a striking reproduction of the solar 
abundance ratios for #@C, 0, Ne, Na, “Mg, “Mg, 
**Mge and VAIL If matter is heated to temperatures 
greater than 4x 10° °K, the nuclei with z> 15 come into 
an equilibrium with “Si under the exchange of y, n, p 
and œ. This quasi-equilibrium dramatically reproduces 
the abundances of the A=4n nuclei and the iron-group 
nuclei up to 4=57, although the relative height of the 
iron peak and the alpha group (*Si, “8, "A, ®Ca) is 
determined by the degree to which the *Si burns to 
completion. Clayton emphasized that, even if the cosmic- 
ray composition proves to be primarily thermal, it is the 
differences between the therrnal cosmic ray component 
and the thermal solar component that may point the way 
to the origin of cosmie rays. At the present time, both 
the thermal theories and the solar abundances show a 
larger ‘‘odd-even”’ effect and a deeper abundance mini 
mum near scandium than do the cosmic rays. The ratio . 
of Si to 5 reported by Waddington also appears to be — 
greater than can be easily understood, and the importance 
of confirming this measurement was emphasized. 

Wagoner (Caltech) followed with an account of thermal 
synthesis in an object which expands adiabatically after 
being heated to a temperature so high that the material 
is dissociated into nucleons. Such synthesis may have 
oceurred in the cosmic fireball and in matter deep within 
a supernova, with considerably different thermal! histories 
in the two eases. The relative abundances of elements 
heavier than helium show many similarities to observed 
abundances, but their absolute yield relative to helium is 
very small. It remains doubtful that such events are 
important for nucleosynthesis beyond helium. 


We can anticipate that during the next few years the 


composition of the cosmic rays will be established with 
great precision over a wide range of energies. This will 
enable us to specify the thermonuclear conditions in which 
the particles were synthesized. Thus the study of cosmic 
rays is now at a point reached by the theory of stellar 
nucleosynthesis a decade ago: we can prescribe the 
physical conditions which are required, but there is no 
empirical evidenee pointing unambiguously to the objeets 
where the synthesis of iron peak and heavier elements 
occurred. 

We thank F. Hoyle, D. D. Clayton and W. D. Arnett 
for their help in compiling this report. 
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A model for pulsars based on vibrating white dwarf stars accounts 
for a number of the features of the emissions, and also gives rise 


to the possibility of optical fluctuations having a period twice that 
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of the radio pulses. 


In this article we examine the possibility, previously present the results of radial mode eigenvalue calculations 


considered by others, that the pulsed radio sources 
observed recently are pulsating white dwarfs. We first 


(for various central densities and compositions) which - : 
were obtained by integrating the eigenvalue equations © 
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themselves rather than by using variational techniques. 
Computations of non-linear white dwarf pulsations are 
then presented, in which a hydrodynamic code was used 
to follow pulsations of finite amplitude driven by pyeno- 
nuclear reactions. Very large amplitude pulsation of 
neutron stars is also considered. The possibility that the 
optical pulsation periods are twice as long as the radio 
periods has arisen from observations!. We discuss a 
method for such a “frequency doubling” based partly on 
magnetohydrodynamics. 


Eigenvalue Calculations 

The following white dwarf eigenfrequency calculations 
were obtained by computer integration of the Newtonian 
equations for the eigenfunctions. The eigenvalues were 
obtained by finding those values of the period for which the 
eigenfunction ¢=dr/r and dt/dr are finite at the outer 
boundary and match to an analytic expansion (about the 
surface) of the eigenfunction. The eigenvalues compare 
very well with those determined by variational methods 
(S. Vila at the New York Conference on Pulsars, and refs. 
2 and 3), but the method described here has the advantage 
of giving accurate eigenfunctions without having to 
postulate polynomial forms. In Table 1 we have used the 
degenerate electron equation of state as first applied to 
white dwarfs by Chandrasekhar*. The effect of Hamada- 
Salpeter corrections to the equation of state® and of other 
corrections reduces the periods slightly. In Table 2 we 
show the results of calculations corrected for the Coulomb, 
Thomas-Fermi and exchange interactions (Hamada- 
Salpeter corrections). In both tables the ratio of nucleons 
to electrons was taken to be 2-0. Thus the uncorrected 
models can represent, for example, C! or C!*+ Het com- 
positions while the corrected model assumes Z=6 as 
with Ci, 


ET 


Radius 
of ? 
S 
OEE AR 


Central density 


Time (3) 


Fig. 1. Outer radius (in units of 100 km) and central density of a white 
i dwarf (in units of 10° g em-*) versus time. 


For higher densities than those considered here, relativis- 
tic effects are too large to neglect (J. M. Cohen at the New 
York Conference on Pulsars, and refs. 2 and 6), and 
periods considerably lower than 1-64 s are very difficult 
to obtain. This difficulty, however, can be circumvented. 
We later give a mechanism which generates two radio 
frequency pulses for each stellar pulsation. Also in the 
following sections we discuss dynamical calculations with 
simulated nuclear excitations, which tend to show that 
pulsation periods shorter than the fundamental may in 
any case be obtained. Thus there are at least two possible 
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ways of producing models with radio periods shorter 
than the fundamental periods. 


a 


Dynamical Calculations 


The full, non-linear hydrodynamical equations of 
motion were used to follow the oscillations of a white 
dwarf starting from initial conditions close to equilibrium. 
We use the Lagrangian form’ 


ae — GM 


where m is the mass inside the radius r= rimt pais the 
pressure, and Q is a viscosity term introduced both to 
spread out shock fronts over several mass zones, and to 
eliminate the effects of the initial conditions on the final 
state of motion of the white dwarf. We used 20 mass 
zones of equal mass, and used a form for Q given by 
Colgate and White? and Arnett? as Qi, = Cores (Unig 
vk)? for Uri, < vk and Qr = 0 otherwise, where vy is the 
velocity of kth mass skell, ox,; is the density, and C is a 
constant. Arnett? chooses C=1, but we chose C= 10 in 
order to damp out the effects of the initial conditions in a 
reasonable computer time. 

The pressure is given by P= P.+ Pn, where Pe is the 
usual degenerate electron pressure and Pa is due to 
pycnonuclear reactions!®, We have used the form 
*n X (o—¢,)*, where p, is a density at which the excess 
pressure from the heating from the nuclear reactions is 
assumed to die away. The reactions were assumed to 
begin at a density p> p, The total mass in the model 
used was assumed to be M = 8-38 x 10°? g, corresponding 
to a central density pe of about 2 x 10° g/em*®. Of course, 
no pyenonuclear reactions actually occur at this density. 
We would have liked to have run models with densities 
high enough for these reactions to oecur, but we found 
that for pe = 107 g em, the initial deviations from 
equilibrium of our model gave rise to gravitational col- 
lapse ! One can imagine that the general results obtained 
would be applicable to more compact configurations which 
will not collapse for sufficiently small oscillations. We 
conclude, however, that large amplitude oscillations would 
result in collapse for the more compact configurations, 
at least down to the neutron star stage, as we will discuss. 
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Fig. 2. Outer radijus of a newtron star as a function of time. 

We have assumed that the nuclear energy source is 
very close to the surface where, for example, Het might 
be converting to C. Using the form Py=Co(o— p) 
for the over-pressure in the penultimate mass zone, we 
found that Co=9-0« 10" and ¢,=5-0x 10% give reason- 
able oscillations with ¢,=7-0x 10". Fig. 1 shows the 
final asymptotic time dependence of the outside radius 
and the central density. The time intervals between the 
large radius maxima are nearly equal to the fundamental 
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frequency for small pulsations. Small secondary maxima 
also appear. In more realistic models, the secondary 
maxima might well be larger, thus shortening the apparent 
oscillation period. Many optical variable stars have been 
noted to have periods shorter than the fundamental’. 

Similar calculations were also carried out for very large 
amplitude pulsations of degenerate neutron stars. For a 
neutron star of total mass M =1-0x 10% g, an oscilla- 
tion period of 1-33 s can be obtained if the maximum 
radius is taken to be 2,600 km. In Fig. 2 we have plotted 
the outside radius as a function of time; the period agrees 
with the estimates of Hoyle and Narlikar’®. Even if 
their mechanism to avoid high energy loss by neutrinos 
at maximum contraction is possible, however, we find 
that the density at maximum extension is so low that 
free neutron decay takes place again resulting in neutrino 
loss. In fact, the damping time for the pulsations is of 
the order of a few months. 


Radio Emission 

In this section we discuss plasma mechanisms for 
generating the observed radio emissions. We assume that 
the basic energizing mechanism is an electric field in a 
layer where the scale height is smaller than the mean 
free path of thermal electrons. Thus we have a “low 
density” plasma in which ordinary magnetohydro- 
dynamics is invalid, and the electric field may have a 
component parallel to the magnetic field. From Fara- 
day’s law, —B=cy x E, we see that maximum E is 
obtained for maximum |B), which corresponds to maximum 
ido/dt| in the deeper layers of the star, where magneto- 
hydrodynamics is valid. We will see that fields BZ 60 
gauss are required, and thus the magnetic pressure 
dominates the plasma pressure in the low density layer. 
Changes in B in the interior will then be communicated 
to the atmosphere. But max |ds/dé| occurs twice during 
a pulsation cycle, and thus maximum E occurs twice 
during a cycle, making the stellar pulsation period twice 
the radio period. 

The appearance of an electric field Æ with a component 
parallel to the magnetic field will then give rise to longi- 
tudinal plasma oscillations in which the electrons move 
parallel to B, at the plasma frequency wp. These oscilla- 
tions themselves do not radiate energy because there 1s 
no magnetic field associated with them, but in an in- 
homogeneous medium there is coupling with other 
radiative plasma wave modes™, and the emitted radiation 
would then be at the plasma frequency op. Kundu and 
Chitre! have also mentioned the possibility of plasma 
oscillations as an exciting mechanism. 

Let us discuss radiation at 100 MHz. The corresponding 
plasma frequency is 27 x 10° s~, and the electron density 
is then n= 1-24. x 10cm. Let us assume that the thermal 
temperature is 104 °K, and that the local density seale 
height is lọ = 6 x 10° em, a typical scale height for a white 
dwarf atmosphere. The electron mean free path de is 
then!*, with In A=15 (where In A is the Coulomb 
logarithm) 


he - 13x 10857?2/n In A=7-2x 10" em 


Thus, Xe>lo, and magnetohydrodynamics breaks down. 
The 1, assumed here may actually be too small, because 
the intense radio output from the pulsar will probably 


Table 1. WHITE DWARF MODELS WITH DEGENERATE ELECTRON PRESSURE 
ONLY 
(e.g.8. units) 
Log density . 
(gx em) Mass/10*4 Radius/160* Period 
10 2-81 131 1-64 
95 278 1-81 2-07 
9 2-68 2-46 2-63 
85 2°54 3-28 3-40 
& 2°32 4-30 4-49 
75 2°00 5°55 8-11 
7 1-60 704 8-67 
6-5 1-17 881 13-0 
6 0-785 10-9 20°5 
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WHITE DWARF MODELS WITH HAMADA-SALPETER CORRECTIONS 


Tabie 2. 
(e.g.g. units) 


Log density 


(g cm) Mass/10** Radius/10* Period 

10 2-7 1:30 1-64 
9:5 2-71 1-78 2-06 
9 2-63 2:43 RASSI 
8-5 2°48 B24 B37 
& 2-26 4-24 4-4 
T5 1-94 5-45 6-08 
7 1-54 6-89 8-52 
6-5 1-12 8-57 12-7 
6 0-743 10-5 19-9 


distend the atmosphere. This same effect, however, will 
also raise the temperature, and we will still have he > iy. 

We assume that the average power emitted from this 
layer is about 108 ergs s~ (ref. 17). The conversion from 
longitudinal oscillations to radiative plasma waves could 
occur in many (say 107) bursts per fundamental pulsation, 
so that if W is the energy stored in the plasma oscillations 
before release, W ~ 10% ergs. The number N of partiet- 
pating electrons is N=4rRéilon, and if Ry=2-5 x 10° em, 
N~6x 10%. Thus each electron must possess, on the 
average, an energy w of 16x10 ergs. But if $reg 1s 
the charge separation associated with the oscillations 
and E is the electric field strength, we have from E= 
endicg, W= CH breg = E*/n. Therefore H=0-42 esu 

We may now use Faraday’s law to find the rate of 
change with time of the magnetic field by assuming various 
values for the scale 3rz of the electric field. One possibility 
is to set 3re~lo, but for a large scale magnetic field, 
possibly like a dipole field, we might also set bre x Ro. 
In any case, B=» cH/dre, and for dre=6 x 10° em, Bm 
2x108 gauss s, which implies a rather large field if 
B~B for a radio pulsar oscillation period of about ls. 
For dre=2x 108, B~ 60 gauss s~, which is more reason- 
able. Note that if our estimate of lẹ is too low, then 
smaller values of B will suffice to produce the ernission. 

It is observed that the pulses have characteristically 
short rise times. We note that mode coupling from the 
plasma oscillations to radiative plasma waves ig non- 
linear and therefore short groups of bursts with rather 
sharply defined frequency spectra might be expected to 
oceur. 

Gyroradiation might also be a contributing source. For 
100 Hz, the appropriate field strength is 36 gauss, but for 
non-relativistic electrons, the decay time for the electron 
kinetic energy in such a field is roughly 5 x 10° s. ‘Thus, 
while it might be possible to get enough energy stored AS 
electron kinetic energy, many more orders of magnitude 
of participating electrons would be required for the neces- 
sary emissivity. Gyroradiation can still contribute, 
however, because bursts with fast rise-times might result 
from stimulated “maser” emission operating in layers 
where the electron distribution is non-thermal. This 
would give nearly monochromatic emission. the band- 
width being determined by inhomogeneities in the mag- 
netic field and by the electron relativity parameter. 
If the pulsation amplitude is large, the two radio bursts 
per stellar oscillation may have different characteristics. 
On the other hand, it is likely that the amplitudes are 
small, for the calculations described in the previous section 
show that collapse occurs when the amplitudes are too 
large. 

We thank W. D. Arnett, A. G. W. Cameron, H. van 
Horn, A. Lapidus, W. Quirk, J. J. Rickard, E. E. Salpeter, 
A. Schindler and R. Stothers for helpful diseussions. 
This work was supported in part by NAS-NRC research 
associateships sponsored by the US National Aero- 
nautics and Space Administration. It is based in part on 
a lecture by W. J. Cocke at the University of Sussex m 
June 1968, and in part on a paper by J. M. Cohen at the 
Pulsar Conference, May 20-21, 1968, New York. 
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sediments’, (iv) The odd/even ec.p.i. values for paraffins 
_are higher in modern than in ancient sediments’. 

co The principal processes occurring in a sediment are 
usually held to be bacterial action?-*, radioactive bom- 
~-bardment!*-!2) and thermal alteration?-1*, Thermal] 
altération, which may include thermally induced cataly- 
ie alteration of the organic debris, is probably the single 
most important factor. The differences found by several 
a. Workers!7~*1. for the distribution patterns of n-parafiins, 
- obtained from similar sediments at increasing depths in a 
= single formation, may be caused largely by thermal 
alteration. Temperatures of around 200° C have been 
reported for deeply buried sediments?’. 





Thermal and Catalytic Cracking of n-Octacosane 
poe In this paper the thermal and catalytie alteration of an 
ooo #-paraffin (n-oectacosane) is studied at different tempera- 
tures for varying periods of time. From the results we 


try to assess the importance of the related geochemical . 


processes which may bring about the alteration of paraffins 

and other biologically derived lipids in a sediment. 
Samples of n-octacosane were heated at 375° C for 
* On leave from the Department of Chemistry, University of Glasgow. 


The products of pyrolysis of n-octacosane (CogHsg) have been identi- 
fied by capillary gas-liquid chromatography. The reaction is affected 
by clay minerals. 
the view that thermal and catalytic alteration of the organic material 
present in sediments in part explains the genesis of petroleum and 
other hydrocarbon minerals. 


The experiments provide further support for 


varying periods of time. The appearance of the contents 
changed markedly with increasing time; initially the 
n-octacosane was colourless and crystalline, but as the 
heat treatment progressed the products became liquid 
and increasingly yellow coloured and carbonized films 
were formed on the inside surface of the glass. Accom- 
panying the deepening colour were marked pressure rises 
due to the formation of increasing quantities of gaseous 
products, probably low molecular weight hydrocarbons, 
such as methane, ethane and propane. 

A typical gas-liquid chromatography (GLC) analysis 
of two of the four fractions isolated from the 75 h pyrolysis 
is illustrated in Fig. 1. The alkane fraction consists 
predominantly of n-alkanes with a relatively smooth 
earbon number distribution centred around AC, A 
striking feature is the complexity of the two alkene 
fractions. Each carbon position is a complex mixture of 
peaks with as many as seven components distinguishable 


ranging from C,, to C,, in carbon number. The carbon 


number distribution patterns of the alkenes are relatively 
smooth with maxima at C,, and Cia. The complexity is 
due to the presence of geometric and positional double 
bond isomers and possibly, to a small extent, of branched 
chain or eyclic isomers, Work is in progress to resolve 
these complex mixtures and to determine the structures 
of the individual alkenes which probably play an important 
part in the pyrolysis reaetion. 

The yields and relative abundances of the hydrocarbons 
obtained are shown in Table 1. The general trends with 
increasing time are as follows: (i) the yield of alkanes 
decreases, (ii) the other n-alkanes are formed in increasing 
amounts relative to the #-C,, alkane, (iii) the proportion 
of branched and cyclie alkanes increases, (iv) the yield 
of alkenes and aromatics increases, (v} the carbon number 
maxima for the alkanes (Fig. 2) and the alkenes shift to 
lower values, : 

The n-alkane distributions for the 75 and 150 h pyrolyses 
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= fable 1. PERCENTAGE YIELDS OF THE PRODUCTS AFTER 75, 100 AND 150 H 
PYROLYSIS OF n-Cas ALKANE AT 375° € 





Yield* a-Cas n-Al- Branched Aroma- 
Time of  Alkanest Alkanet kanes} cyclic} Alkenes* _ tics! 
(h) pro- pro- n-al- Alkanes Alkanes Pro- Pro- 
ductst ducts? kanes | ducts+ ducts? 
(%) — (%) (%) (%) (%) (%) (%) 
o — — 99-9 sa ne an pa 
75 90 80 SO 95 5 2 1 
160 82 76 41 7 23 8 2 
150 15 70 8 7: 27 12 1 


* Yields calculated by weighing (accuracy + 0-1 mg). 
+ Products soluble in benzene. 
t Yields calculated by measuring peak areas. 


are shown in bargraph form in Fig. 2. These do not show 
the lower molecular weight hydrocarbons which are 
formed by the pyrolysis and subsequently lost in the work- 
“wp procedure. Certain apparently preferential fragmenta- 
tions of the n-octacosane carbon chain occur; for example, 
© the higher abundance of the n-C,, alkane in the 75 h 
-pyrolysis suggests that the loss of a two carbon fragment 
is slightly preferred. Similarly, the initial abundance of 
the n-C,, alkane indicates a slight preferential cleavage 
“at. the midpoint, that is, between carbons 14 and 15 in 
the n-C,, carbon chain. The loss of a methyl radical 
-has a low probability. The overall trend towards genera- 
tion of lower molecular weight alkanes gives the n-alkane 
carbon number distribution patterns an increasingly 
skew appearance with time, but the 150 h pattern re- 
sembles those for certain crude petroleums. 
_ ‘These experiments conducted at 375° C have thus 
_ revealed considerable conversion of n-octacosane into 
_ other hydrocarbons. Lower temperatures would be more 
< acceptable as a parallel for geological experience and we 
- have examined the effect of heating n-octacosane at 200° C 
for 1,000 h in a vacuum. Less than 0-1 per cent alteration 
occurred, because the activation energy for the fission 
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Wig. 1. Gas-liquid chromatograms of the total alkane fraction and the 
alkene (i) fraction from the 75 h pyrolysis of n-octacosane at 375° C. 
Conditions (Perkin-Elmer F 11 (Mk ID, modified to reduce dead volume 
and the temperature gradient between the detector and the oven): 175 
foot x 0-01 inch stainless steel piety column coated with ‘Apiezon L’ 
rease, temperature programmed from 100° © to 275° C at 8°/min, H: 
flow rate 3 ml/min. The peak by n-octacosane was attenuated ten-fold; 
the two peaks of longer retention time are given by a-C,, and a-Cs, 
impurities present in the original nC to the extent of 0-1 per cent, 
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pyrolysis products from the n-Ca alkane, calculated by measuring LG 
peak areas, 


act as a catalyst®*. 

We have heated n-octacosane in the presence of benton- 
ite, which is a commercially important clay (Table 2). 
With bentonite alone, at 200° C for 170 h, approximately 
1 per cent of the n-octacosane had been converted mto 
other alkanes and olefins and aromatic materia, as 
indicated by their behaviour on TLC and GLC. Thus 
the bentonite had brought about a more than ten-fold 
increase in the extent of alteration compared with the 
previous experiment, which had been conducted over a 
much longer period. Two experiments, one with added: 
water and one without, have been conducted at 375° C 





chromatograms for the alkane fractions derived from two 


Table 2. PERCENTAGE YIELDS OF THE PRODUCTS AFTEN PYROLYSIS OF 
(1) n-Cas ALKANE IN THE PRESENCE OF BENTONITE AND (2) THE GREEN RIVER 





SHALE 
Al- àt- 
Yield* kanes kenes 7 
Starting material Temp. Time of pro. Pro- Proe 
CO th) ductst ducts ducts ducts 
(a) (%)} i} oh) 
(a) n-C,, alkane/bentonites 200 i70 AR Ga q | 
n-Cy, alkane/bentonites 375 60 3 55 it 35 
n-C,, aikane/bentonite$/ 
H,O (4:10: 33 375 H 2 bak 343 45 
(œ) Green River shale (3g) 375 1&0 0-07 5 35 A 
Green River shale (10g) 200 250 OF 70 24 5 
Green Rivershale (10g) 200 1,000 1-0 53 17 at 
Green River shale (4 g} 
(untreated) Am- = ~ Gg 48 26 1? 


bient 


* Yields caleulated by weighing (accuracy + 0 1 mah 

+ Products soluble in benzene/methanal (3:1b 

+ Class of compound identified by behaviour on AGNO,/S810, TLC only. 
Yields are approximate. 

$ Bentonite (B.D.H. Technical Grade), exhaustively pre-extracted with 
Sn neenen re heated ta 500° C (4 hy and stored in a deslecator over 
silica gel. 
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crude oils of very different ages are shown in Fig. 3C and 
3D. The Nonesuch seep oil exudes in very small quanti- 
ties from fissures in the Parting shale stratum of the 
Nonesuch formation which is of Late Pre-Cambrian age (c. 
1x 10° years). This shale has been shown to contain 
various biogenic residues including compounds of iso- 
prenoid type and porphyrins*4:*5, The Boscan crude oil is 
produced commercially from Zulia, Venezuela (Cretace- 
ous, ¢. 1x 10° yr). The much older Nonesuch oil gives a 
chromatogram which in certain aspects closely resembles 
that of the n-octacosane pyrolysis products. The Bosean 
ou, on the other hand, shows many divergences from a 
regularly repeating pattern, which in our view implies 
a less extensive alteration. The slight predominance of 
even carbon number n-alkanes in this and other oils may 
be the result of hydrogenation in the sediment. of corre- 
sponding long chain acids and aleohols!5:2¢.27, 

Bimedal carbon number distributions could con- 
ceivably arise by thermal alteration of biological source 
material of two rather different but narrow carbon number 
groupings, such as plant waxes (ec. Cs)) and glyceride lipids 
(c. Cie). 


Laboratory Heat Treatment of a Sediment 

A catalytic clay such as bentonite can only be a poor 
approximation to the complex mineral matrix comprising 
most sediments. It is commonly assumed that such 
matrices possess marked catalytic properties and to some 
extent these have been demonstrated by laboratory 
experiments involving heat treatment of sediments!*—8, 
In a previous paper, we showed that a homologous series 
of n-alkanes had been formed during the pyrolysis of an 
Eocene lacustrine sediment (Green River shale). Where 
the complex mixture of hydrocarbons liberated can distil 
out of the shale, the yield of distillate (shale oil) is high 
(500° C; 10 per cent by weight for our sample of the Green 
River shale and up to 40 per cent by weight for the Scot- 
tish Torbanite (Carboniferous)); the geological parallel 
would be an igneous intrusion into or near to a sedimen tary 
formation, the liberated hydrocarbons possibly appearing 
as veins of hydrocarbon minerals??? Hunt? has shown 
that igneous intrusions into sedimentary formations 
lead to thermal decomposition of the organic matter, 
yielding low molecular weight hydrocarbons. 

When the laboratory pyrolysis is conducted in a closed 
system, the hydrocarbons initially formed suffer further 
breakdown and eventually carbonization. After 150 h 
at 375° C the Green River shale (powdered to pass 100 
mesh) yielded only a small quantity of solvent~scluble 
material (Table 2), which contained major proportions of 
fractions resembling olefinic and aromatic hydrocarbons 
in their chromatographic behaviour. These conditions, 
presumably involving both thermal and catalytic processes, 
had extensively altered the organic content of the shale 
and had resulted in almost total destruction of the alkane 
fraction, including the steranes and triterpanes present 
in the untreated shale*!-**, By contrast, relatively mild 
thermal treatments at 200° C for 250 and 1,000 h brought 
about an increase in the solvent~soluble extract compared 
with unheated shale. The increase in lower molecular 
weight compounds arises from thermal and catalytic 
cracking of the kerogen—the insoluble polymeric organic 
debris——in the shale!?*, The kerogen is presumably 
formed during early diagenesis and represents an accum- 
ulation of many types of compounds interlinked and cross- 
linked by a variety of covalent bonds. We infer from the 
thermally induced production of n-alkanes that the Green 
River kerogen contains polymerie networks bearing long 
chain substituents. Isoprenoid hydrocarbons such as 
pristane and phytane are major constituents of some 
crude oils, and sediment extracts of Pre-Cambrian age. 
These compounds ean be generated from kerogen by ther- 
mal cracking, their production thereby counteracting 
their more rapid destruction. 

Most carbon skeletons formed biologically range in car- 
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Fig. 3. Gas chromatograms of tke alkane fractions from heat treatment 
of rn-octacosane and from certain crude oils. A and B: fractions formed 
by the heat treatment (375° C for 30 hi of n-octacosane in the presence of: 
A, bentonite, and &, bentonite and water. Alkane fractions from C, 
Nonesuch seep oll, and D, Bosean crude oil. Conditions (see Fig. 1): 
200 foot x 0-01 inch stainless steel capillary column coated with 7-PPE 
and ‘Gas Quat L’ (from Armour Industrial Chemical Co., Uilingis), tem- 
perature programmed from 100° C to 250° C at 3°/min, helium flow rate 
3 ml/min. J indicates prominent peaks corresponding to isopre noid 
hydrocarbons. 


bon number from C,, to Cip and Mair®4 has pointed out 
that probably well over 95 per cent of the hydrocarbons in 
petroleums have carbon numbers below 40. Weltet724 
and Mitterer and Hoering, using kerogen alone and in 
the original sediment, have arrived at similar conclusions 
while Brooks and Smith’ have related the n-alkane pat- 
terns of different coals to their rank and the presumed 
extent of thermal alteration. In an earlier survey, 
Mueller" related the composition of hydrocarbon minerals 
to the presence of igneous veins. Recent, studies??.3¢ 
involving the oxidative and hydrolytic degradation of 
Green River kerogen demonstrate the abundance of long 
alkyl side chains. 

Considering the extremely complex nature of the organie 
debris in a sediment, it is obvious that no one class of 
organic compound such as the alkanes can alone be 
responsible for the production of petroleum. There is 
experimental evidence relevant to the thermal and 
catalytic alteration of other types of compound, such as 
the fatty acids*’-**, aleohols'*-4¢-42 and isoprenoid hydro- 
carbonst-45, In effect, thermal alteration in the labora- 
tory of a complete sediment such as the Green River 
shale ean provide information on the alteration of a very 
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wide range of compounds, but the situation is experiment- 
ally complex. The Green River shale formation itself 
has had a mild thermal history**47 and the extractable 
alkanes have carbon numbers and carbon skeletons very 
suggestive of a plant origin®!-**-4*.*° typified by the cuti- 
cular waxes of land plants®*. 


Genesis and Maturation of Petroleums 


Our experiments with n-octacosane and the Green 
River shale show that even brief exposures, in geological 
terms, to temperatures of or above 200° C must result in 
extensive alteration of organic debris in sediments. 
This explains the absence of odd/even carbon number 
preference in the n-alkane fractions isolated from erude 
oils derived from deep wells}*, where temperatures can 
reach 200° C. Certainly a lack of odd/even predominance 
cannot be taken as definite evidence of either abiotic 
synthesis®'~*5 or an unusual biological origin (in the sense 
of a smooth carbon number distribution for the con- 
stituent n-alkanes, n-fatty acids, ete.5®57) because thermal 
alteration will quickly eliminate any carbon number 
alternation. 

Our experiments indicate that an n-alkane (CaHen+2) 
degrades thermally to the complete homologous series of 
n-alkanes, CmHoms, (where m <n), and the corresponding 
n-alkenes, Ca-mHyn-m, (Fig. 4). Other products are 
formed, but we believe that the significant pomt which 
bears on the observed distribution of n-alkanes in crude 
petroleums and sediments is the formation of the homolo- 
gous series of n-alkanes. Each n-alkane in the mixture 
undergoing thermal alteration (maturation) will itself be 
generating a new series of n-alkanes of lower carbon 
number. This situation merits mathematical treatment**. 
The pattern of abundance of the carbon number is affected 
by the laboratory work-up procedure, because the lower 
molecular weight alkanes are preferentially lost by 
volatilization, resulting in a maximum. In geological 
conditions similar losses would become apparent as 
natural gas accumulations. Cyclic or branched alkanes, 
such as the isoprenoid hydrocarbon squalane, undergo 
more rapid thermal cracking, but only very small amounts 
of n-alkane are formed. We therefore believe that 
straight chain lipids must be the main source of the 
n-alkanes found in petroleum and other ancient sediments. 

The thermal cracking processes require the formation 
of equal amounts of alkanes and alkenes. Alkenes are 
normally trace constituents of petroleums and other 
sediments, so that if these mechanisms apply in geo- 
logical conditions, then the first formed alkenes must be 
removed, possibly by conversion to other products such 






as cyclic and aromatic hydrocarbons’. Other pro- 
cesses which may operate in a sediment include t = 
genation'®, oxygenation and polymerization’®:®. Olefins 
and alkanes undergo thermal cracking at about the same- 
rate, but in the presence of an acidic catalyst such as 
bentonite the olefins form carbonium ions more readily 
and crack at a much higher rate**. Olefins formed 
by thermal cracking might well undergo isomeriza- 
tion, rearrangement, cyclization and hydrogen transfer 
in the presence of such catalysts'*.5.°°, While thermal 
cracking produces high concentrations of n-alkanes, 
catalytic cracking therefore produces mostly branched 
and cyclic alkanes? A combination of both pro- 
cesses could explain the relative proportions of normal, 
branched and cyclic alkanes found in sediments, particu- 
larly when the supposed biological source material is 
deficient in cyclic and branched carbon compounds. 
Water is present in sedimentary deposits during diagenesis, 
but it is evident from the laboratory experiments that 
water does not inhibit these alteration processes, though 
it does affect the composition of the products*?~**. 

Thermal alteration of most sediments and crude oils 
does not appear to have proceeded to anywhere near 
completion, which is in accord with the observation that 
sedimentary formations generally experience tempera- 
tures in the range 20°~200° ©. For this range we have no 
laboratory data. But it seems reasonable to assume 
that processes bringing about alteration of organic 
materials at 200° C and above in the laboratory may also 
be effective in sedimentary formation at much lower 
temperatures over geological time measured in millions 
of years. The organic debris is trapped in close contact 
with the silicate matrix, and the varying propertions and 
type of the two materials will affect the extent of the 
thermal and catalytic cracking. Furthermore, extensive 
physical and chemical data from the Los Angeles and 
Ventura Basins have led Philippi®! to conclade that the 
bulk of oil generation in these basins takes place at 
temperatures above 115° ©. Estimates of the extent of 
alteration which could conceivably take place during a 
given period of geological time and within a given range 
of temperature have been made*! and are said to preclude 
extensive thermal (radical) cracking. But kinetic data 
are not available for the catalytic cracking which may 
occur in sedimentary conditions, and we agree with 
previous workers (for example, refs. 61 and 62) who 
have held that cracking must be at least a contributory 
factor in the genesis of petroleum, and one which becomies 
of increasing importance with increasing age, depth of 
burial and temperature. 
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ANALYTICAL METHODS 

Samples of n-octacosane (0-078 g each, 99 per cent pure by GLC) were 
sealed in clean ‘Pyrex’ glass tubes and heated at.375° C for periods of 75, 100 
and 150 h, Extraction with benzene followed by evaporation furnished the 
“products” (Tables 1 and 2}. These were examined by analytical thin-layer 
chromatography (TLC) using a silver nitrate impregnated silicie acid laver 
eluted with n-hexane. This indicated, by Rr values and comparison with 
standard compounds, that the products contained alkanes, two different 
classes of alkene ({i) and (Gi) and aromatic hydrecarbons. Infrared spectro- 
metry confirmed the presence of the two types of olefinic double bond: 
(i) chiefly trans-disubstituted (Umax, 965 cemi}, and (if) chiefly terminal 
alkenes (Umax, 990 and 910 emd), 

Separation into the alkane, alkene and aromatic: categories was carried out 
by preparative TLC and the fractions analysed by capillary GLC on 
‘Apiezon L’ grease (pre-treated to remove the polar material by passing a 
hexane solution of the grease through neutral alumina) Combination gas 
chromatography—mass spectrometry (GC-MS; confirmed the carbon 
number data for the n-alkanes anc the alkenes. 
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Function of Three Protein Factors and Ribosomal Subunits 
in the Initiation of Protein Synthesis in E. coli 
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INITIATION of protein synthesis, that is the translation 
of the first codon of a genetic message on mRNA, involves, 
besides the formylatable initiator methionyl tIRNAp (refs. 
1-3), at least three different protein factors*-*, This 
multiplicity of factors suggests that several successive 
steps are required before polypeptide chain elongation 


* On leave of absence from Department of Biochemistry, Yale University 
School of Medicine, 


A study of the effects of the three initiation factors on the formation 
of the initiation complex has shown that factor C promotes AUG 
dependent binding of F-met-tRNAr to the free 30S ribosomal subunit, 
while factor A is required as well as factor C for the formation of 
the 70S-AUG-F-met-tRNA; complex. When natural mRNA is used 
as template, factor B has to be added to obtain binding of F-met- 
tRNAs in a configuration which allows peptide bond formation. 


can take place. This is further supported by the dis- 
covery” that the functional 705 ribosome dimer is not 
a stable unit, but is reformed by the association of the 
30S and 50S subunits every time a new polypeptide chain 
is synthesized on the ribosome. Furthermore, it bas been 
shown that native ribosome subunits, existing in the cell, 
carry initiation factors and are very active in the initiation 
of protein synthesis*. To elucidate the different steps 
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involved in polypeptide chain initiation, we have 
attempted to determine the function of each of the protein 
factors which had been isolated, and which we have 
designated as initiation factors A, B and C according to 
their order of elution from a column of DEAE-cellulose!" 
Factor C has been shown to promote the attachment of 
nascent messenger RNA to 305 ribosomal subunits’. 
The data presented here confirm that this factor acts 
selectively on the 30S ribosome. They show that factor 
C is also responsible for the codon-dependent attachment 
of initiator tRNA to this subunit. When both 30S and 
50S subunits are present, factor A is necessary in addition 
to factor C for F-met-t(RNAg to bind to the reconstituted 
708 ribosome. The other factor, B, appears to be required 
only when natural mRNA is used as template, and this 
factor stimulates markedly the formation of the first 
peptide linkage as measured by F-methionyl-puromycin 
formation. 

Ribosomes and 150,000g supernatant from E. colt MRE 
600 stored at — 20° C were prepared as described earlier". 
Ribosomes were washed free of initiation factors by treat- 
ment with 2 M NH,Cl, 0-03 M tris-HCl, pH 7-5, 001 M 
MgCl, and 0-012 M 8 mercaptoethanol; bosons were 
dissociated by dialysis against 0-01 M tris-HCl], pH 7-5. 
2-5 x 10 M MgCl, 0-06 M KCI and 0-007 M £ mercapto- 
ethanol, and the subunits were separated by centrifugation 
on a 5-20 per cent sucrose gradient in a Spinco Rotor 
SW 25.3. 

RNA polymerase from E. coli MRE 600, purified as 
outlned by Babinet!*, was used to transcribe T4 DNA as 
described earlier. RNA from phage 217 (a gift from Dr 
Cornuet) was prepared and used for amino-acid incorpora- 
tion as before’. T4 RNA, extracted from an E. coli 
culture 20 min after infection with phage T4 was a gift 
from Dr W. Salser. T4 RNA-dependent protein synthesis 
was measured in the E. coli cell-free system‘ and lysozyme 
formation was followed according to the method of Geste- 
land et al.. Poly U-dependent incorporation of MC- 
phenylalanine was followed as before* at the concentra- 
tions of Mg indicated in the text. 

E. coli total tRNA was charged with *H-methionine 
(300 pCi/umole) in the presence of formyltetrahydrofolate 
(obtained by catalytic reduction of formylfolate by H,) 
with the 150,000g supernatant fraction. The charged 
tRNA was purified by phenol extraction in 0-01 M acetate 
buffer, pH 5-0, and 0-1 M NaCl followed by precipitation 
with alcohol and gel filtration through ‘Sephadex G-25’. 
The final product was 60 per cent formylated. $S- 
formyl-met--RNA was prepared by charging E. cola 
tRNA with %S-methionine as described and discharging 
enzymatically the non-formylated met-(RNA in the 
presence of crude supernatant and Sake hed area The 
labelled product was 95 per cent formylated. N-Acetyl- 
phe-t-RNA, a gift from Dr F. Chapeville, was "prepared 
by chemical acetylation of Æ. coli tRNA charged with 
4C-phenylalanine (170 uCi/uzmole). 

ApUpG, random poly AUG, poly UG and poly U were 
a gift from Dr Grunberg-Manago. Binding of {RNA to 
ribosomes was performed in 50 i of incubation medium 
containing 0-05 M tris-HCI, pH 7:5, 0-08 M NH,CI, 0-01 M 
MgCl, and 0-007 M 8 mercaptoethanol. Incubation was 
at 25° C for 10 min (unless otherwise indicated). Bound 
tRNA was detected by the method of Nirenberg and 
Leder*. The formation of F-methionyl-puromyein 
was measured as described before”, 

The isolation of the three initiation factors from a 
DNA-rich cell fraction has already been described". 
In the work described here, a new method? was used to 
obtain larger quantities of the factors. A crude E. coli 
extract obtained by sonication was fractionated by a two 
phase system composed of polyethylene glycol (PEG- 
60000) and dextran-500 by the procedure of Babinet?. 
The first extraction was carried out in dilute buffer 
0-01 M (tris-HCl, 0-01 M MgCl, 0-001 M EDTA and 
0-007 M 8 mercaptoethanol) and most of the cell proteins 









were found in the PEG phase, while DNA, ribo 

the remaining proteins were in the lower dext: 
This latter phase was re-extracted with new PEG 
the presence of 3 M NaCl, and the proteins present 
PEG phase were precipitated with 75 per cent anu 
sulphate. This fraction, practically free of nucleic: & 

contains all the factors which are required in additior 


100,000g supernatant for ribosome translation of natural 
mRNA. 


Table 1. FACTOR REQUIREMENTS FOR TRANSLATION OF 74 mBNA 
Transfer of 
= methionine 
Lysozyme Incorporation of from 
Additions synthesis 4 valine PF -metd NAP 
Lt c pmi. pope 
Factor A pè 207 a3 
Factor B r3 234 Bi? 
Factor ( p4 170 256 
À +C 34 365 448 
A+B 6-5 4907 438 
B+C 35 377 sme 
A+B+C 12-8 747 1,007 
None 15 KO 126 


Two different experiments are presented here. Lysozyme sy nthesla Bnd 
incorporation of (C-valine were measured in the same experiment, and 
transfer of **S-methionine from F-met “S-tRNAg, prepared as described in 
the text, was measured in a separate experiment. A sampile (200 ngl of 74 
20 min mRNA (ref, 13) was added to a 0-150 ml. cell-free system? containing 
120 xe of ribosomes and 25 zl. of 156,000g supernatant. Amounts of factor 
used were 25 ug of A, 125 ug of B and 150 ne of C. Incubation was at 87° © 
for 30 min. For lysozyme assay 75 ul. was Us adi and 75 al was used for 
hot TCA-insoluble material. Valuca without RNA template were subtracted 
as follows: for “S-methionine, 75 cpm; for 'C-valine, 39 cpm; Tor 
lysozyme, 0 C'C-valine; 100 @.p.m.juamole; “S.methionine: 4,600 e pHi 
umole). 


The crude factor preparation is then adsorbed on a 
column of DEAE cellulose. The proteins washing through 
the ion exchanger in 0-025 M TN cl, 0-01 M frets HCI, 
0-002 M MgCl, and 0-007 M $ 3 mercaptoethanol, were 
collected and constituted the nace of factor A. A salt 
gradient of from 0-06 to 0-3 M NH,Cl was then established 
in the same buffer and the proteins were eluted; an 
example of such a fractionation is shown in Fig. 1. The 
activities of the factors were then localized in the column 
eluate. First we followed the activity for the binding 
F-met-tRNAg to 705 ribosomes with AUG and im the 
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Fig. i. Fractionation of crade factor by chromatography On a column 
of DEAE cellulose. A total of 570 me of proteins was adsorbed on a 
3 = 25 cm column of ‘Serva’ DEAE cellulose (0-76 mequiv./g) in 0-025 M 
NHC 0:01 M tris HCL pH 7-5, 6002 M MgCl, and 0-007 M ë mercapto- 
ethanol. The same buffer was used to wash the column and factor A 
was recovered. Proteins were eluted by a 900 ml. 0-06-03 M gradient 
of NHC in same buffer. F Tagioni a ml. ) were collected, Olsa Was 
monitored and fractions were assayed: (Ci) binding of F-met *HAURNAP 
to ribosomes with poly AUG and lea A; (3) stimulation of in- 
corporation of '4C-valine in the DP onnes of RI 7 RNA with factors A 
and ©. 
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presence of factor A. Fig. 1 shows that this activity is 
eluted when the concentration of NH,Cl is 0-22-0-27 M. 
The activities for the attachment of ribosomes to nascent 
mRNA and for the stimulation of transcription of 
T4 DNA in the presence of ribosomes!!! were all eluted 
at the same concentrations of NH,Cl. This fraction thus 
corresponds to factor ©. This DEAE cellulose fraction, 
which often appears heterogeneous, can be purified 
further by passage on ‘Sephadex G-200’ as Fig. 2 shows. 
It is retarded more than the bulk of the proteins which are 
excluded from the gel. Again the peak of activity, 
either for stimulation of transcription of T4 DNA, or for 
stimulation of protein synthesis in the presence of factors 
A and B, appears heterogeneous. In more recent. 
experiments, factor C has been extensively purified 
and these data will be presented elsewhere by M. R. and 
J.C. L. 

The activity corresponding to factor B in the DEAE 
cellulose eluate was then detected by measuring R17 
RNA translation in the presence of factors A and C. This 
fraction is eluted early in the gradient at a concentration 
of NH,Cl of about 0-15 M (ref. 10), as shown in Fig. 1. 
This peak also appears heterogeneous, although there are 
no qualitative differences in the activity between the 
various portions of the peak. 


100 


wr 
ee 


Optical density (280 my) 


Stimulation (per cent) 





SY Fraction No. 
wa 


Fig. 2. Filtration, through ‘Sephadex G-200’, of factor C obtained from 

a DEAE cellulose eluate. Fractions were assayed for stimulation of 

f4 DNA-dependent incorporation of !C-valine* or for stimulation 

of T4 DNA transcription by RNA polymerase in the presence of 
ribosomes?!) 


All three factors are involved in protein synthesis 
dependent on exogenous natural mRNA, in addition to 
soluble activating and transfer enzymes present in the 
100,000g supernatant. This is best illustrated by the 
study of in vitro T4 lysozyme synthesis under the direction 
of mRNA extracted from E. colt infected with T4 as de- 
seribed by Gesteland et al.. Table 1 shows that synthesis 
of lysozyme is maximal when all three factors are present. 
The stimulation by the factors of lysozyme synthesis 
parallels the stimulation of polypeptide chain initiation 
measured by the transfer into protein of methionine from 
formy #S-methionyl-tRNAp. 

Polypeptide chain initiation can also be studied with 
poly U in the system described by Lucas Lenard and 
Lipmann in which poly U-dependent polyphenylalanine 
synthesis is dependent at a low concentration of Mg 
on the presence of N-acetyl-phenylalanyl-tRNA and initia- 
tion factors. Table 2 shows that with our cell-free system 
at 11 mM Mgt both faetors A and C are required, as 
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well as N-acetyl-phe-tRNA, to initiate synthesis of 
polyphenylalanine. Factor B has no effect on this reaction, 
With a high concentration of Mg++, neither initiator {RNA 
nor initiation factors are needed to translate poly U. 

Although these studies of cell-free protein synthesis 
indicate that the factors are required for the initiation of 
polypeptide chains, further insight into the mechanism 
involved can be obtained only by using simpler systems in 
which individual reactions are studied. Pol ypeptide 
chain initiation can be resolved in a suecession of different 
reactions: binding of mRNA to ribosomes, binding of 
initiator tRNA and transfer of the first amino-acid to the 
incoming aminoacyl (RNA. In previous work", the role 
of factor C in the functional binding of mRNA to ribosomes 
has been shown. This effect of factor C was obtained in 
the absence of transfer RNA and involved only the 308 
subunit of the ribosome. It was clear, however, that factor 
C was also required for the binding of initiator (RNA to 
TOS ribosomes, but this effect was observed only when the 
other initiation factors were present. The fact that factor 
C acts selectively on the 30S ribosome!!, and the role now 
attributed to the subunits in polypeptide chain initia- 
tion®!5, prompted us to examine the factor requirements 
for initiator binding of tRNA to the separated ribosomal 
subunits. 

In the experiments reported in Table 3, A UG-dependent 
binding of F-met-tRNApr was studied with 30S ribosomal 
subunits obtained by dissociation in the presence of 
2x10 M Mgt? of ribosome washed with 2 M NH Cl. 
These ribosomes did not bind initiator tRNA in the absence 
of factors. In contrast to what was seen with the 70S 
ribosomes when different combinations of factors were 
compared, factor C alone was found to stimulate max mally 
the binding of F-met-tRNAp to 30S subunits. This 
binding was stimulated by GTP. 


Table 2. EFFECT OF INITIATION FactORS ON N-ACETYL phe-iRNA 


N-Acetyl- 
Polyphenvlalanine phet RNA 
synthesis binding to 
Concentration of Mg Additions ribosomes 
(azmoles phenvialanine) 
+ AC 
Control phe-tRNA 
ih) Li mM None 0-5 2-0) G3 
Crade faetor 2-0 81-6 
Factor A 0-7 9-4] 0-6 
Factor B 0-6 3-5 
Factor © 0-7 13-2 15 
AF 1-3 arg 2g 
ABC i-l 54-6 3-0 
(2) 20 mM None 55-5 
Crude factor 61-0 
(3) 26 mM Crude fagter 117 155 


[Incorporation cf 4C-phenylalanine into protein was measured in a O-185 mi. 
cell-free system‘ at the concentration of Mg indicated, with 110 ne of ribo- 
somes and 30 ul. of supernatant fraction. Crade factor (120 eg), 25 ug of 
factor A, 60 ug of factor B and 75 ug of factor C were added where indicated. 
Incubation was for 15 min at 34°C. Binding of N-acetyl! HC-phetRNA to 
ribosomes was measured as described in the text, 


Addition of factors A or B inhibited the binding, and 
so did the addition of 508 subunits. This result might be 
analogous to the effect observed by Nomura and Lowry". 
The simultaneous addition of both 50S subunits and factor 
A, however, resulted in a two-fold increase of the amount 
of F-met-tRNAp bound. In these conditions, 50S subunit 
alone did not bind initiator (RNA. Similar effects of 
factor C on 30S ribosomes were observed when poly 
AUG, poly UG or natural mRNA were used as templates. 
Factor C also slightly increased binding of F-met-tRNAg 
in the absence of template. Factor B was found to have 
only a limited effect on the binding of initiator (RNA 
even to 70S ribosomes in the presence of AUG or T4 
mRNA (Tables 3-5). 


To confirm these results obtained by measuring bound 
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Table 3. BINDING OF F-met-iRNAp TO RIBOSOMAL SUBUNITS 
Ribosomes used | 
308* 305+ 505* BOS + TOS F 
Additions {upmoles F-met-(RNApr bound with AUG) 
With No With No 
GTP GTP GTP GTP 
Factor Č 0-55 OB+t SX 19 O17 0-05 
A+B+C 0-10 1-36 0-39 0-19 1-23 0-03 
Att 0-18 1-33 0- -31 0-24 aoa = 
A+B 0-08 45 n 0-19 0-02 
None 0-08 0-08 0-1 a — 0-02 0-02 


a4 ug of 305 and 65 ug of 30+ 50S were used with 10 mM Mgt“. 
T 25 uu of 305 and 65 ug of 70S were us:d with 15 mM Mert. 


Two different experiments comparing 308 with dimers are presented. 
Binding of F-met *H-iR NAgpto ribosomal subunits was measured as described 
in the text, with 10 xg of ApUpG, and, unless otherwise indicated, 2-0 mM 
GTP. The concentration of Mg and amount of ribosomes were as indicated. 
Amounts of factor used were 25 ug of A, 55 wz of B and 50 ug of ©. Values 
without triplet were subtracted. The effects of factors on F-met-tRNApr 
binding in the absence of template are shown in Table 4. 


Table 4. FACTOR REQUIREMENTS FOR BINDING OF F-met-IRNAp AND FORMA- 
TION OF FORMYL METHIONYL PUROMYCIN 
F-met-(RNAp binding Formy! methiony] 
to ribosomes puromycin 


Additions (gumoles of methionine) 
With AUG Nọ template With AUG No template 

Factor A 0-28 O11 0-21 0-20 
Factor © (0-42 0-08 0-73 0-48 

A+B 0-43 0-06 0-27 0°27 

B+ 42 O03 0-75 0-41 

At B83 0-18 S26 1-0 

A+B+C L74 0-18 3-36 1-0 
None 0-19 0-01 0-29 0-29 


In these experiments 80 ug of 3054508 ribosomes were used. 


Binding of F-met *H-ARN Ap was measured asin Table 3 in the presence of 
10 mM Mg. In a separate experiment formation of F-methionyl- -puromycin*®® 
was measured at 25°C, 10 min after the addition of 20 ue of puromycin. 


Table 5. COMPARISON OF AUG AND T4 mRNA FOR BINDING F-met-tRNAp 
AND FORMATION OF FORMYL METHIONYL PUROMYCIN 


F-met-tRNAg binding ¥-met-puromycin 


to ribosomes formation 
Additions AUG T4 mRNA AUG T4 mRNA 
(uumoles of methionine) 

Factor A+C | 0-85 0-79 0-98 0-19 
Factor A+B+C 0-94 0-91 1-12 0-43 
None 0-10 0-12 0-18 0-12 

A+B+C€C* 

i ree! 1-12 1-18 1-18 4-9 

A+C ? 


In these experiments 80 ug of 70S ribosomes was used. 
* Values without factor were deducted. 


Binding of F-met *H-iRNAp was measured (a) with 10 xg of random poly 
AUG in the presence of 10 mM Mett at 25° C for 10 min, (b) in the presence 
of 3 ug of Tt DNA, 10 ug of RNA polymerase, and ł mM ATP, CTP, UTP 
and GTP in the presence of 15 mM Mg at 34°C for 30 min. ‘Amounts of 
factors used were asin Table 3. Values obtained in the absence of ae 
were deducted: no factor: 0-08; factor A+C: 0-19; factor A+B+C: 0-19. 

The formation of F- methionyl- -puromycin was measured using fresh un- 
frozen 70S ribosomes. ApU G (10 pg) and T4 mRNA (100 xg) were compared 
in the same experiment at 26° C for 10 min after addition of 50 ag puromycin. 
Values without template were deducted. No factor: 0-47; factor A+C: 
0-52; factor A+B+C: 0:51. 


F-met-tRNAg by filtration on nitrocellulose membrane, 
the complexes obtained were analysed by sucrose gradient 
centrifugation. 

When F-met-tRNAg was incubated with 30S ribosomes, 
AUG and factor C and the complex was analysed by 
sucrose gradient centrifugation in the presence of 10 mM 
Mg**, little F-met-tRNAr was found to be bound to the 
30S peak (Fig. 3a). Much of the radioactivity was, 
however, displaced from the top of the gradient, suggesting 
that in these conditions a reversible complex was formed 
which dissociatediduri ing centrifugation. With a higher con- 
centration of Mgt+ (15 mM) (Fig. 4), a significant amount 
of F-met-tRNAy was bound to the 30S peak. Factor C 
increased the amount of tRNA bound, but a large portion 
of the F-met-tRNAgy was only displaced and not firmly 
bound to the particle. In the absence of AUG the trailing 
behind the 305 peak was not observed, showing that it is 
not just the result of an interaction between F-met-tRNAg 
and the factor preparation. A possible interpretation 
of the apparent instability of the complex induced by 
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Fig. 3. Attachment of F-met *H-tRNAp to 30S ribosomal suburits. 
After incubation asin Table 3, in the presence of 10 mM Mg**, reactic 
mixtures were lavered on top of a5 mi, 10-30 per cent, sucrose gradient 
containing 0-01 M MgCl, 0-02 M tris HCl, pH 7-5, and 008 M KOL 
Centrifugation was in a ‘Spinco’ Rotor SW 65 at 50, 000 roam. for 125 
min. Fractions from the gradient were diluted with 0 8 mi. of EEA, 
absorbancy at 260 mu was determined, and fractions were added to 
Bray's scintillation mixture for counting. {a} Factor © alone present, 
(6) factor C plus factor A were added. 











factor C is that the added factor does not become firmly 
attached to the 30S ribosomes in the conditions used 
for the incubations. In this case the factor would become 
detached during the sedimentation, and the 308 particles 
would lose the capacity to retain F-met-iRNAw». The 
complex formed, however, would be stable enough to be 
retained on a ‘Millipore’ filter. 

The inhibitory effect of factor A on the binding of F-met- 
tRNAg to 305 ribosomes, noted on the filters, is confirmed 
by the sucrose gradient analysis shown in Fig. 36. In 
contrast, when both 50S and 30S ribosome subunits 
are present, the addition of factor A to factor © now 
results in more than a four-fold stimulation in the amount 
bound to the 70S dimer (Fig. 5a and b). All the F-met- 
IRNAr bound appears in the 705 region even when most 
of the subunits remain dissociated. Functional binding 
of initiator £RNA to the ribosome may thus be deseribed 
as a two-step process. The first step takes place on the 
free 30S particle and involves the participation of factor 
C; the second step, in the presence of factor A and the 
50S ribosome, results in the formation of a stable 705 com- 
plex. The complex formed with the 308 subunit and i factor 
C in the presence of 10 mM Mg*+ seems to be reversible, as 
shown by sucrose gradient analysis and by the inhibition 
seen when factor A is added in the absence of the 50S sub- 
unit. It should be noted that these inhibitions were 
observed consistently with the 30S subunit preparations 
derived from frozen E. coli MRE 600 ribosomes washed 
with NH,Cl, which were used in this work. [It is still 
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Fig. 4. Effect of factor C on attachment of F-met *H+ARNAp to 368 

ribosomal subunits. Conditions were as described in Fig. 3, except that 

the concentration of Mg during incubation and gradient centrifugation 
was 15 mM. (a) No factor added, (b) with factor C, 
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Fig. a. Bffect of factors A and © on the binding of F-met HARN Ap to 
a mixture of 30S plus 508 ribosomal subunits. Conditions were as 
described in Fig. 3. (a) Factor © alo ne, (6) factor C and factor A added. 


possible, however, that the observed low stability of the 
30S-F-met--RNApr complex results from some damage 
to the 305 particle. Nevertheless, our results indicate 
that this reversible binding can be stabilized when the 
50S subunits and factor A are added. 

The characteristics of the interaction between 308, 
initiator tRNA, mRNA and factor C have been studied 
in detail and are presented separately", Unformvlated 
met--RNAr and met-t(RNA» are poorly bound to 308 
ribosomes. Binding of other {RNA such as phe-ARNA is not 
stimulated by factor C. Binding of a synthetic initiator 
(RNA, such as N-acetyl-phe-¢RNA, is stimulated by the 
factors (Table 2). A study of the thermostability of the 
tRNA-30S complexes at 30 mM Mg*+, however, shows 
that only F-met-tRNAp gives, in the presence of factor C, 
a complex with a characteristically high melting tempera- 
ture, while N-aecetyl-phe-tRNA, phe-fRNA or lysyl-<RNA 
forms unstable complexes. 

Binding of transfer RNA is known to oecur in two 
possible ways on the ribosome, only one of them leading to 
transfer of the amino-acid into peptide linkage”, To 
initiate polypeptide synthesis F-met-tRNAp must bind 
to the ribosome in such a way that it can transfer methion- 
ine onto the next aminoacyl tRNA. To study the require- 
ment for this process, we investigated the formation of 
F-methionyl-puromyein, which can be considered as a 
model of the formation of the first peptide bond". 

When AUG is used to code for F-rmet-tRNAg, formation 
of F-methionyl-puromycin requires the presence of factors 
A and C (Table 4). This shows that the initiator {RNA 
bound to the 705 dimer, in the presence of these two fac- 
tors, 18 in the correct donor position on the ribosome. 
so that the reaction with puromycin can take place. 
When, however, natural mRNA was used as the messenger 
coding for F-met-tRNAp. the results were different. First. 
we observed that some ribosome preparations, which had 
been stored in a frozen state for several weeks, could not 
support the formation of F-methionyl-puromycin with 
T4 mRNA, although they were active with AUG and were 
still able to bind F-met-tRNAr with T4 mRNA. With a 
fresh preparation of ribosomes, however, T4 mRNA- 
dependent F-methiony!-puromycin formation was ob- 
served, but a requirement for factor B in addition to 
factors A and C was now apparent, as Table 5 shows. 
Very little F-methionyl-puromycin was formed in the 
presence of T4 RNA unless all three factors A, B and C 
were present. These factor requirements were thus similar 
to those for full protein synthesis, under the direction of 
natural mRNA. 

Factor B thus appears to be required for binding of 
F-met-tRNAg in a configuration which is essential for the 
formation of the first peptide bond only when natural 
mRNA is translated. Not all natural mRNAs require 
factor B. As Fig. 6 shows, translation of TYMV RNA is 
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stimulated very little by factor B, while that of R17 or 
T4 mRNA is markedly stimulated. TYMV RNA transla- 
tion nevertheless required the presence of factors A and C 
as did poly U translation at a low concentration of Mg 
in the presence of acetyl-phe-tRNA. The basis for these 
different requirements of factors is not yet understood. 

Since the discovery of proteins specifically involved in 
the translation of natural mRNA‘-§, much has been 
published about the role of initiation factors. The multi- 
plicity of active fractions and of effects, however, makes it 
difficult to suggest a coherent mechanism for polypeptide 
chain initiation. It was first thought that F, described by 
Stanley et al.5 was different from factor C which promoted 
MRNA-308 interactions". In the work reported here, 
however, the activity of C seems to coincide with the 
activity of F, which is concerned with F-met-tRNAg attach- 
ment. We have confirmed that factor C acts at the level 
of the 30S subunit, but the precise mechanism of the 
action of factor C seems to be complex, for its effects are 
on both mRNA and initiator {RNA binding. The pos- 
sibility that more than one protein is involved cannot yet 
be completely excluded. Factor A is probably identical 
to factor F, of Stanley et ai. 
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Fig. 6. Effect of factor E on stimulation of polypeptide synthesis by 

RNA from phage R17, from E. coli infected with T4 and by TYMV 

RNA. (O and @) incorporation of “C-valine in presence of factors A 

and C and varying amounts of factor B; (7) 

absence of any factor. Values for TYMV shown on the right are multi- 

plied by 5 in order to make curves comparable. Conditions were as 
described in the text, 


Iwasaki ef alt recently deserthed an initiation factor 
F, which, according to its chromatographic properties on 
DEAE cellulose, might correspond to factor B. These 
authors suggested that F, is concerned, like factor C, 
with binding mRNA to ribosomes. This effect of F, was 


plex, and it was found that, to bind mRNA, F, required 
the presence of (uncharged) {RNA. In contrast, the 
effects of factor C on mRNA binding, studied by electron 
microscopy, were observed with the 30,8 subunit and in 
the absence of IRNAN. No effect of factor B was found. 
It is thus likely that the functions of these two factors in 
the formation of the initiation complex are different. 
Maitra and Doubnoff" reported the isolation of three 
factors eluting respectively at 0-025, 0-15 and 0-25 M 
NH,Cl from DEAE cellulose. The factor eluted at 0-25 M 
NH,Cl was found to be, like factor C, mvolved in the 
binding of ribosomes to nascent T4 mRNA. Brown and 
Doty™ have also described the isolation of a factor con- 
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cerned with binding mRNA to ribosomes, which has some 


of the properties of factor C. 

The work reported here confirms the role of ribosome 
subunits in the initiation of protein synthesis. Several 
studies have shown that initiation factors promote the 
formation of a complex mRNA-~-30S-initiator [RNA® 15.74.22, 
As Nomura has proposed", the non-ambiguous reading of 
the initiation codon as F-met-t-RNAy can be explained 
by the fact that other RNA do not bind the 305 ribosome 
alone. This might be explained by the fact that factor C 
does not allow the binding of any other (RNA but F-met- 
(RNAg (ref. 16), leading to the formation of an initiation 
complex on the 30S subunit the thermostability of which 
is very close to that of the normal 70S-mRNA-tRNA 
complexes. This initiation complex can then react, in the 
presence of factor A, with the 50S subunit to form a 
functional 708 complex*. 

The experiments presented here also indicate that factor 
B is only concerned with the recognition of at least certain 
natural mRNAs. This factor has no effect when AUG or 
poly AUG is used as messenger. B is not required for 
F-met-tRNAg binding, but in its absence natural mRNA 
does not promote the formation of F-methionyl puro- 
mycin. This suggests that the initiation codon in mRNA 
is bound to the ribosome in such a way as to prevent 
introduction of F-met-tRNAr in the donor site if factor B 
is absent. The lack of effect of factor B on AUG or 
TYMV RNA or in the poly U N-acetyl-phe-tRNA system 
may be explained by assuming that with these templates 
the correct codon can be placed spontaneously in the 
appropriate ribosomal site. 

In vitro synthesis of an active enzyme such as T4 
lysozyme" suggests that the ribosomal system is capable 
of reading with little ambiguity the punctuation on 
mRNA: that is, a codon AUG or GUG meaning chain 
initiation can be distinguished from an internal similar 
odon. One possible interpretation is that secondary 
structure of the RNA would prevent ribosomes from bind- 
ing to the internal region of the message, as has been 
suggested for f2 RNA (ref. 23). Possibly also another 
mechanism exists involving factor B which appears to be 

* The question as to whether factor C is still present in the 70S remains 
open. Factor © is not found in naturally occurring 70S dimers and it has 


been suggested that this factor is reeveling between the native 305 sub- 
unite’-*?, 
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required only for natural mRNA known to be translated 
without errors in the E. coli cell-free system. This factor 
might then conceivably be concerned with the recognition 
of a nucleotide sequence more complex than AUG or 


GUG. 
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PHYTOHAEMAGGLUTININ (PHA) can induce blast trans- 
formation of leucocytes in culture’-*, but the mechanism 
and the biological significance of lymphocyte transforma- 
tion are not yet understood. Studies of the mode of action 


The role of phytohaemagglutinin (PHA) determinants and lympho- 
cyte surface reactive sites has been investigated in the lymphocyte 
transformation phenomenon. 
moiety of the PHA molecule is closely related to or identical with the 
antigenic determinant sites, and that some of these PHA antigenic 
sites are similar to those found amongst the antigenic configuration 
on the surface of lymphocytes. 


Results suggest that the mitogenic 


of PHA have been hampered by confusion concerning both 
optimal culture conditions and the kinetics and magnitude 
of the response. Many of the variables in methodology 
which have contributed to these conflicting reports have 
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been reviewed>~? and other variables in the quantitation 
of the response have been delineated’, The recovery 
of morphologically uniform populations of the reactive 
cell type (small lymphocytes), and the definition of optimal 
culture conditions which control or eliminate recognized 
variables, have provided the opportunity for studying 
the mechanism of the action of PHA by more sensitive 
and discriminatory techniques. 

The different order of magnitude of lymphocyte response 
to PHA, and the response to antigens to which the ] ympho- 
eyte donor has been previously sensitized, raise the 
question as to whether a truly qualitative or only a 
quantitative difference is involved®. The mitogenic action 
of PHA may differ qualitatively from the secondary 
response to antigens in vitro™-12, or PHA may represent 
a type of “universal antigen” such that the difference 
between the response to PHA and to antigens is one of 
degree rather than of kind!-5, 

We have investigated the relationships between the 
antigenic and mitogenic moieties of PHA, and between 
these moieties and antigenic determinants carried on the 
surface of lymphocytes. 





Fig. 1. Immunodiffusion pattern of PHAx13 showing single precipitin 
are, 


Preparation and Testing of Antisera 


Anti-PHA antisera. The PHA used throughout was a 
purified preparation, PHAx13, given by Dr B. A. L. 
Hurn, Burroughs Wellcome Laboratories, Beckenham, 
Kent. This material was of limited availability and so 
antisera against it were prepared in mice by initial intra- 
peritoneal injections of PHA in Freund’s adjuvant, fol- 
lowed by booster injections at convenient intervals for 
10-12 months. Rabbit anti-PHA antisera (also given by 
Dr B. A. L. Hurn) were also used. 

The presence and titre of precipitating antibodies against 
PHA were tested by radial diffusion and by immuno- 
electrophoretic analysis. In double diffusion in agar only 
a single band was formed (Fig. 1}. Immunoelectro- 
phoretic analysis, however, revealed two distinct bands 
(Fig. 2). The precipitating antibody titre against PHA 
in the mice antisera reached 1 : 32 with continued immun- 
ization. Titres of agglutinating antibodies were determined 
by the addition of two-feld dilutions of anti-PHA to 2 ug 
of PHA. After incubation for 2 h at 37° C and overnight 
at 4° C, a precipitate was formed to a titre of 1: 64. 

Cross reactivity of the anti-PHA antisera with human 
lymphocytes was sought by first absorbing the antisera 
with lymphocytes and then testing for residual anti-PHA 
activity by simple tube agglutination. Following absorp- 
tion the titre of agglutinating antibody against PHA fell 
from 1: 64 to 1:8 (Fig. 3). 

Anti-lymphocyte serum. Anti-lymphocyte serum was 
prepared in rabbits by initial intramuscular injection of a 
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Fig. 2. Immtnoeleetrophoretic pattern of PHAx18 iustrating two 


precipitin ares. 


saline suspension of lymphocytes in complete Freund’s 
adjuvant followed by intravenous booster injections at 
convenient intervals. Lymphoeytotoxie and lympho- 
agglutinating antibody activity was tested by the methods 
of Abaza and Woodruff. Complement was removed 
from all antisera by heat inactivation at 56° C for 30 min 
to avoid possible complement dependent. cytolysis. 

The lymphocytotexice and lymphoagglutinating titres 
of the anti-lymphocyte serum were 1; 640 and 1: 1,280 
respectively. As a result of contaminating red cells in the 
immunizing cell suspension, high titres of haemagglutinins 
(1 : 2,560) were produced. These were effectively reduced 
to a titre of 1 : 2 to 1: 4 by absorption with washed packed 
red cells without any detectable reduction in in vitro 
anti-lymphoeyte activity. 


Culture of Lymphocytes 

Highly purified (98-100 per cent) suspensions of small 
lymphocytes from peripheral blood were obtained by a 
column separation method, usmg cotton instead of glass 
wool, and cultured in conditions established as optimal 


for maximum response’, Lymphocyte response was 
quantitated by measurement of tritiated thymidine 


(H,T) incorporation into newly synthesized DNA. Un- 
stimulated cultures showed negligible DNA synthesis. 
Lymphocyte culture experiments were designed to study, 
first, the effect of unmodified PHA and lymphocytes 
together in culture; second, interference with the mito- 
genic determinant sites of the PHA molecule; and third, 
interference with lymphocyte membrane reactive sites. 
Cultures were therefore established to observe: (1) the 
offect of PHA on normal lymphocytes; (2) the effect of 


PHA / anti- PHA 


PHA ‘Absorbed ti-PHA 


Pat Le Oe a | 
(e | ETE ( d ) 
23 Sete Re a 
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Fig. 3. After absorption of anti-PHA antiserum with human lympho- 
nthe there is a reduction in a y ERA antibodies from 1 : 64 
ol: 
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Fig. 4. Effect of PHA concentration. The optimal concentration for 
maximal responsiveness is 2 ng/1 x 10° cells, 


PHA which had been incubated with (a) anti-PHA and 
(b) anti-lymphocyte serum, on normal lymphocytes; (3) 
the effect of PHA on lymphocytes pre-treated with (a) 
anti-PHA and (b) anti-lymphocyte serum. Unstimulated 
control cultures, in which the effects of various sources 
of serum supplement—-normal human, mouse and rabbit 
sera, and indifferent immune mouse and rabbit sera-— 
were investigated. The indifferent rabbit immune serum 
tested was a hyperimmune serum containing high titre 
agglutinating antibodies against Escherichia coli. The 
mouse immune serum was raised against tuberculoprotein. 
The effect of a variety of doses of PHA on lymphocyte 
responsiveness was examined and the dose-response 
curve established. The optimal concentration of PHA for 
maximal stimulation was found to be 2 ug/ml. (Fig. 4). 
The addition of two-fold dilutions of anti-PHA to 
PHA in tubes resulted in the formation of aggregates to 
a dilution of 1:64. The supernatant obtained after 
centrifugation of these tubes was added to lymphocytes 
in culture for 72 h. Fig. 5 shows that the mitogenic 
activity was absent from those tubes where the antigen- 
antibody agglutination was greatest. There was a pro- 
portional relationship between the degree of stimulation 
and the amount of residual unagglutinated PHA activity. 
When the washed, insoluble PHA/anti-PHA complexes 
were resuspended m 0-05 ml. of saline and added to 
lymphocytes in culture, no stimulation was observed. 
When two-fold dilutions of anti-lymphocyte serum were 
incubated with PHA, visible agglutinins were formed to 
a titre of 1: 128. When lymphocytes were incubated for 
1 h with anti-lymphocyte serum it was found that the 
stimulatory effect of PHA was virtually abolished. Again 
there was a proportional relationship between the anti- 
lymphocyte serum dilution and the magnitude of the 


160,000 


16,000 


1,000 


C.p.m. 


100 





Antiseral dilution 


Fig. 5. Effect of PHA after treatment with anti-PHA antisera, showing 
loss of mitogenic activity at the lower antiseral dilutions. 












response to PHA (Fig. 6). There is a threshold 
lymphocyte serum beyond which there is insu’ 
lymphocyte antibody available to inhibit the FHA è 


Interference with Lymphocyte Surface Reactive 

When 0-05 ml. of anti-PHA antiserum was imet 
for 1 h with lymphocytes, the antibody activity ap 
PHA was reduced, indicated by a fall in the agglutin 
antibody titre (Fig. 3). The anti-PHA remains absorb 
to the lymphocytes because, despite three saline washings, 
these lymphocytes gave a submaximal response to 
stimulation by PHA (Table 1). When serial dilutions of 
the anti-PHA antisera were used for absorption it was. 
found that, with progressive dilution, the agglutinin titres 
approached those of unabsorbed antisera, and the lympho- 
cyte response progressed towards the magnitude given by 
untreated lymphocvtes. 











10,000 & 
1,606 
5 
=. 100 
10 
7: 7%. 3 _ = 1 1 PHA 
1 2 4 8 18 32 64 128 atone 


ALS dilution 


Fig. 6. Effect of PHA after absorption with ALS, again showing loss of 
mitogenic activity at the lower antiseral ditutions. 

Table i. LYMPHOCYTES ABSORBED WITH ANTI-PHA ANTISERUM SHOW A 

MARKED REDUCTION IN RESPONSE TO SUBSEQUENT STIMULATION WITH PHA 
. Cultures (6p. 1) 

Lymphocytes Control PHA atimulated 

Unabsorbed ag 1,120 
Absorbed with anti-PHA 79 2,840 

When lymphocytes were incubated with ten-fold 


dilutions of anti-lymphocyte serum for 1 h, washed and 
resuspended in medium containing PHA, an inverse cor- 
relation was found between the concentration of anti- 
lymphocyte serum and the magnitude of the subsequent 
PHA response (Fig. 7). This inhibitory effeet of anti- 
lymphocyte serum was observed with all anti-lymphocvte 
antisera. When anti-lymphocyte serum alone was in- 
cubated with lymphocytes to ten-fold dilutions for 72 h, 
stimulation occurred in some experiments. This effect 
varied with both the source of the anti-lymphocyte sera. 
and the time of sampling following repeated immunization, 
and with small lymphocytes obtained from different 
donors. 

No stimulation was observed in the 72 h cultures when 
normal sera, either human, mouse or rabbit, were used 
as serum supplements. Both mouse and rabbit hyper- 
immune sera failed to stimulate lymphocytes and they 
had no inhibitory effect on the subsequent stimulation by 
PHA, in contrast to the inhibitory effects of mouse anti- 
PHA and rabbit anti-lymphocyte serum. 


Relationship between 
Moieties 
The relative purity of the PHA we used compared with 
the crude commercial preparations was revealed by 
immunodiffusion. Mice immunized with PHA responded 
by the production of only two demonstrable types of 
antibodies. Other workers!*-'* have found up to eight 


Antigenic and Mitogenic 
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Separate lines of precipitating antibodies on immuno- 
electrophoresis of rabbit antiserum prepared against 
commercial PHA. PHAx13 is a more potent mitogenic 
agent on a weight for weight basis than commercial PHA 
{our unpublished results), so several of the antigenic 
determinants in the crude material cannot be involved 
in the mitogenic effect. Are the residual antigenic de- 
terminants which are responsible for the production of 
the two types of antibodies seen on iummunoelectrophoresis 
themselves mitogenic or are they quite separate from the 
mitogenic portions of the molecule ? 

If there was a relation between the antigenic activity 
and the mitogenic moiety, it might be expected that 
blocking of the antigenic determinants with antiserum 
would result in disappearance of the mitogenic activity. 
In tubes in which antigen-antibody aggregates were 
formed, there was negligible or considerably reduced 
mitogenic activity in the Supernatant. Possibly no PHA 
would be left in the supernatant to act as a stimulant if 
the formation of the agglutinates involved not just the 
antigenic components of the PHA macromolecule but 
removal of the entire molecule from solution. In these 
circumstances the antigen-antibody complex might still 
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Fig. 7. Effeet of PHA on ALS-treated lymphocytes showing inhibition 


of response at the lower antisera! dilutions. 


retain its mitogenic activity. Alternatively, the absence 
of mitogenic activity from the agglutinate would be 
evidence for the sharing of antigenic and mitogenic 
determinant sites. 

To test this point the stimulatory activity of the 
washed agglutinates was assessed. No activity was found 
in the washed agglutinates, giving support to the hypo- 
thesis that the antigenic determinants are closel y related 
to, if not identical with, the mitogenic moiety. 

Experiments on the effect of interference with the 


lymphocyte surface reactive sites derived from an 
observation made on some cultures that had served as 


controls. Treatment of lymphocytes with anti-PHA was 
associated with a diminished response to subsequent 
exposure to PHA (Table 1). Absorption of anti-PHA on 
lymphocytes seemed to be a specific event in that the 
antibody was not removed by triple saline washing. As 
the titre of anti-PHA was progressivel y diluted, there was 
a corresponding diminution of inhibition of the response, 
This suggests that there is a sharing of the antigenic 
determinant sites between the PHA molecules responsible 
for the production of the antisera and the lymphoeyte 
surface antigenic determinants. If sharing takes place, 
anti-lymphocyte serum should contain antibodies which 
cross-react with PHA, 


Role of Lymphocyte Surface 


The antigenic determinants on the lymphocyte surface 
which are blocked by the anti-lymphocyte serum could 
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be intimately involved in the mitogenic activity of the 
PHA. Alternatively, this apparent sharing of determinant 
sites could be the result of a non-specific steric effect. The 
presence of anti-lymphocyte antibodies might so completely 
mask the surface of the lymphocyte that the sites which 
are important in the PHA response are rendered inaccess- 
ible to the appropriate PHA determinants. 

In so far as normal serum and indifferent hyperimmune 
serum exerted no blocking effect, the effects of both anti. 
lymphocyte serum and anti-PHA in inhibiting the 
responsiveness of treated lymphocytes are phenomena 
specific to these antisera. In contrast to the ineffective- 
ness of various control sera, in experiments with several 
anti-immunoglobulin antisera, we have found that equine 
anti-human IgG, anti-IgA and anti-IgM antisera have a 
pronounced inhibitory effect on lymphocyte responsive- 
ness to PHA. The inhibitory effect of these anti-immuno- 
globulin antisera is reproducible, but, as with anti-lympho- 
cyte serum, the stimulatory effect is inconstant. Fig. 9 
illustrates one experiment in which stimulation was 
achieved with anti-IgG and anti-IgA, but not with 
anti-IgM. Stimulation by anti-] ymphocyte serum has 
been reportedt¢-26,21, although an inhibitory effect is a 
recent observation®?:24, Stimulation with anti-immuno- 
globulin antisera and component fractions has been 
reported in lymphocyte culture systems using sheep 
lymphocytes4, but with human | ymphocytes the reports 
are conflicting®®6, Inhibition by anti-immunoglobulin 
antisera of the PHA response has not been previously 
reported, although other agents, such as mycoplasma?’, 
rubella? and vaccinia (unpublished results of M. J. S. 
and M. G. F.) viruses, have been shown to interfere with 
PHA stimulation. 

Both anti-lymphocyte serum and anti-lmmunoglobulin 
antisera can inhibit the response to PHA in one set of 
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experimental conditions and can stimulate in another. 
This may be due to unknown factors in the culture tech- 
nique or characteristics of the antisera. If the latter, then 
at least two classes of antibodies with differing activities 
may be present, one of which has a blocking action and 
the other a stimulatory effect. Which activity prevailed 
would depend on the relative proportion of the antibody 
classes in any one antiserum. Alternatively, one class of 
antibody may be present which has the capacity to exert 
different functions depending on the conditions of contact 
with the lymphocytes. An important condition may well 
be the concentration of molecules in relation to surface 
receptor sites. The alternative functions could then be 
explained by the surface changes that are caused when a 
critical concentration is reached. 

M. J. S. was supported by a grant from the National 
Health and Medical Research Council, Canberra, Aus- 
traha. 
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Glyceraldehyde 3-Phosphate Dehydrogenase from Pig Muscle 


by A unique amino-acid sequence for the polypeptide chain of pig 
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KNOWLEDGE of the structure of an enzyme is an essential 
prerequisite for the understanding of its mechanism of 
action. At present this can only be achieved in three 
dimensions by X-ray crystallography, for which the 
determination of the amino-acid sequence of the protein 
is highly desirable if not essential. 

One of the key enzymes of glycolysis in almost all 
organisms is glyceraldehyde 3-phosphate dehydrogenase 
(GPDH), an enzyme which has been the subject of much 
interest for many years!:*. It has been shown that GPDH 
from a number of sources (for example, mammals and 
yeast) consists of four probably identical polypeptide 
chains——-each of molecular weight 36,000—tformung a tetra- 
meric structure of molecular weight 144,000 (refs. 3-5). 
Evidence in agreement with these proposals has been 
obtained by X-ray diffraction analysis of crystals of the 
enzyme from lobster muscle’. These X-ray crystallographic 
studies are being continued and, partly to facilitate this 
study, the complete amino-acid sequence of the protein 
subunit in the lobster muscle enzyme has been estab- 
lished’. ‘This proved that the lobster enzyme is composed 
of four identical polypeptide chains, each of 333 amino- 
acid residues, corresponding to a molecular weight of 
36,003. We wish to present here the complete amino-acid 
sequence of the enzyme from pig skeletal muscle, a poly- 
peptide chain of 332 residues, four of which chains com- 
prise the active enzyme molecule. 


* Also Department of Biochemistry, Tennis Court Road, Cambridge. 


muscle glyceraldehyde 3-phosphate dehydrogenase has been derived. 
This shows that the active enzyme contains four polypeptide chains 
of identical sequence and that there is a striking homology between 
the sequence of this enzyme and that of the same enzyme from lobster 
—a phylogenetically distant organism. 


Comparison of the amino-acid sequences of the enzyme 
from pig and lobster muscle is of interest both from the 
point of view of three-dimensional strueture and mode of 
action and of protein evolution. Preliminary accounts 
of some aspects of this work have already been pub- 
lished*-’. 

GPDH was prepared from pig skeletal muscle’. 
S-carboxymethylation with [2-"C]-iodoacetic acid and 
tryptic digestion were carried out as previously de- 
scribed'. The tryptic peptides were fractionated by 
gel-filtration on ‘Sephadex G-25' and ‘G-50’, followed by 
suitable combinations of high voltage electrophoresis and 
chromatography on paper. Other peptide fragments were 
obtained by tryptic digestion of S-[2-4C]-carboxymethyl- 
ated protem in which the lysine residues had been sub- 
stituted by reaction with either S-ethyltriflucrothio- 
acetate?! or maleic anhydride. Digestion of these 
lysine-blocked derivatives was thus limited to the ten 
arginyl bonds in the protein and the resulting peptide 
fragments were obtained in pure form as their N-maleyl 
(MA) or N-trifluoroacetyl (TFA) derivatives by suitable 
combinations of gel-filtration, chromatography on DEAR- 
cellulose and paper electrophoresis. In this way twelve 
unique peptides which together account for all the amuno- 
acid residues (see ref. 4) in the protein chain of pig GPDH 
were obtained (Table 1). As expected, ten of these pep- 
tides contained C-terminal arginine and another-—-the 
C-terminal peptide in the protein chain-—-contained C-ter- 
minal glutamic acid. The presence of an additional peptide 
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containing C-terminal tyrosine was unexpected, but the 
subsequent isolation of the N-terminal fragment (residues 
1-40, Fig. 1), produced by cleavage of the protein with 
cyanogen bromide, served to establish its position in the 
molecule and to show that it had been formed as the 
result of a chymotrypsin-like cleavage between Tyr-42 
and Met-43. 


Table 1. PEPTIDES ISOLATED FROM TRYPTIC DIGESTS OF LYSINE-BLOCKED 
DERIVATIVES OF S[2-'C]-CARBOXYMETHYL-PIG GPDH 
Sephadex *Poptide No, of N and C- 
fraction: G-50 residue No. residues terminal groups 
TFA: 85 (i) 11-18 3 lle-—Arg 

ti) 14-17 4 Leu— Arg 

(iii) 195-197 3 Asp-—Arg 

S4 (i) 4-10 10 Val—Arg 
(ii) 821-332 12 Val—Glu 

(iii) 282-245 l Val—Arg 

33 198-231 34 Giy-—-Arg 
S82 246-320 75 Leu—Arg 
MA: SI (i) 116-194 79 Val—Arg 
{ii} 8-42 2d Ala—Tyr 

(di) 43-77 35 Met—Arg 

(iv) 78-115 38 Asp-—- Ary 


Total No. 12 832 
* See Fig. 1. 


Removal of the trifluorocacety! and maleyl blocking 
groups'!:12 followed by re-digestion of the unblocked 
peptides with trypsin led to the identification of those 
peptides containing C-terminal lysine that eceur between 
any two consecutive arginine residues in the protein 
chain. Overlaps of lysine and of arginine residues were 
established from peptides obtained by cleav age of appro- 
priate lysme-blocked fragments, and of intact S- [2-MC]- 
carboxymethylated protein with pepsin, chymotrypsin 
and cyanogen bromide. The amino-acid sequences 
of the purified peptides were established by standard 
methods, much use being made of the dansyl-Edman 
procedure’. Amide groups in peptides containing aspartic 
acid and glutamic acid were assigned by considerations 
of peptide mobility during electrophor esis! and, whenever 
possible, by digestion with ammopeptidase and/or carb- 
oxypeptidase. 

On the basis of these experiments we were able to 
derive a unique amino-acid sequence for the polypeptide 
chain of pig muscle GPDH. This provisional sequence is 
given in Fig. 1, together with the sequence of lobster 
GPDH for comparison. 

A comparison of the amino-acid sequence of the pig 
muscle enzyme with that of the lobster muscle enzyme? 
shows that 241 (72 per cent) of the residues occur in 
identical sequence. Of the ninety differences, fifty-four 
ean. be aseribed to single base changes, thirty-five to two 
base changes, and one (Met->Cys at position 130) requires 
three base changes in the codons taken from the Æ. colt 
code, The most common interchange, that of isoleucine 
for valine, occurs twelve times and in most eases polar 
residues are substituted by other polar residues, and 
non-polar residues by other non-polar residues in the 
sequence. It has been found necessary to postulate 
lysine-24 to be an insertion in the pig sequence, this being 
done to maximize homology elsewhere in the two mole- 
cules. Apart from this, and the two additional residues 
at the C-terminus of the lobster chain, the two sequences 

are strictly homologous and no other additions or deletions 
are observed m the sequence comparison. Moreover, the 
information that is available on the sequences of the 
rabbit and ox muscle enzymes shows that the sequences 
of the three mammalian enzymes are almost identical. 
This degree of homology in amino-acid sequence in 
proteins derived from sources so phylogenetically distant 
as lobster and mammal is considerably greater than has 
been found to occur in other protems such as haemo- 
globin’ and cytochrome c (ref. 17). In the haemoglobins 
extensive differences are found to oecur between any two 
given haemoglobin « and § chains and in the case of the 
cytochromes more than 60 per cent of the residues have 
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been shown to vary among the species so far studied. 
Furthermore, in B. subtilis two subtilisins have been 
found to differ in as many as &3 out of 274 residues 
indicating a sequence homology of only 70 per cent in 
enzymes from related strains of the same organism!®. It 
should be pointed out that the high level “of sequence 
identity between mammalian and lobster GPDHs is 
partially hidden in peptide maps of tryptic digests of the 
enzyme proteins owing to the frequently different dis- 
position of lysine and arginine residues. This observation 
merits particular emphasis in view of the widespread use 
of peptide mapping techniques in comparisons of proteins. 

Despite the large variations in the amino-acid sequences 
of haemoglobins®®, most of these variations are accom- 
modated within the framework of a basie tetrameric 
structure for the molecule. It would thus seem reasonable 
to suppose that GPDH from lobster and pig (and by 
analogy from other sources too) will possess a common 
three-dimensional structure. While the chemical evidence 
indicates that the active enzyme molecule comprises four 
identical protein chains, X-ray diffraction studies! of the 
lobster enzyme-NAD complex suggest that these four 
chains could be related in pairs to form a tetramerie 
molecule analogous m structure to haemoglobin. The 
resolution of this particular problem will be of great 
interest in understanding the nature and effect of the 
interactions of apoenzyme with NAD. In this connexion 
there is evidence to show that the binding sites for NAD 


are not equivalent®®, and it is noteworthy that a 
similar situation seems to exist in the case of lactie 


dehydrogenase! 

In previous work?=? Cys-149 has been shown to be the 
sole site of reaction of iodoacetic acid with the native 
enzyme in the presence or absence of NAD. Cys-153, 
although present in all GPDHs which have been examined 
so far, does not react with iodoacetic acid in these 
conditions despite its close proximity to Cys-149 in the 
primary, and (as they can readily form an intra-chain 
disulphide bona) tertiary structure of the enzyme. The 
other sulphydryl groups are variable both in presence and 
position (Cys-244 and 281 proma in pig are absent in 
lobster, while Cys-22, 130 and 250 present in lobster are 
absent in pig) and are therefore unlikely to play any 
fundamental part in the catalytic reaction. 

There is good chemical evidence to show that Cys-149 
is spatially close to Lys-183 in the tertiary structure of 
the active tetramer. This is based on S->N transacetyla- 
tion reactions between the two residues during the enzyme- 
catalysed hydrolysis of p-nitrophenylacetate and acetyl 
phosphate?t-26, although it is not yet clear whether this 
acetyl transfer reaction occurs intra or inter-chain within 
the tetrameric enzymes; that is, whether the active site 
of the enzyme is composed of portions of only one poly- 
peptide chain, or is coniprised of elements of more than 
one chain in the tetramer. 

In this connexion it is interesting to note that the two 
long Sogn neis in the muedle part, of the T chain 


149 and Lys-1 33) have Moai: conser wed to an AD TS 
greater extent than other similarly large sequences towards 
the N and C-terminal parts of the molecule. It is also of 
interest that the nine tyrosine and three tryptophan 
residues, and eleven of the twelve proline residues occur 
in corresponding positions m the pig and lobster chains. 
Of the three tryptophans, only that at position 310 is in 
a highly conserved sequence, which might argue that it is 
this tryptophan which participates in the suggested? 
charge-transfer complex with NAD. In contrast, only 
five histidines and two cysteines are common to both 
chains, indicating that at least six of the eleven histidines 
and two of the four cystemes m the pig sequence are not 
essential for maintaining the tertiary and quaternary 
structure of the enzyme molecule. 

These results reinforeed by sequence information on the 
rabbit, ox and yeast enzymes, which, however, is so far in- 
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complete, indicate that the amino-acid sequence of 
glyceraldehyde - 3 - phosphate dehydrogenase has been 
strongly conserved durmg the evolution of the species. 
This in turn implies a conservation of three-dimensional 
structure and enzymatic mechanism of action. It is hoped 
that studies such as these on GPDHs from different 
sources, and the detailed study of the three-dimensional 
structure of the enzyme from lobster muscle, will help to 
delineate those areas of the molecule which are essential 
for the enzymatic reaction and contribute decisively to the 
analysis of reaction meehanism. 

We thank Dr Jane H. Park for introducing us to the 
problem of the chemical structure of GPDH and for her 
encouragement, and also Miss Jndith Thompson and 
Mrs Louise Oliver for assistance. 
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Cell Selection in vivo in Normal/G Trisomic Mosaics 


by 
ANGELA |. TAYLOR 


Paediatric Research Unit, 
Guy’s Hospital Medical School, 
London SEI 


Mosaic mongols are usually ascertained as “diluted” or 
“atypical” subjects or as phenotypically normal mothers 
or fathers of children with full Down’s syndrome. An 
interest in the stability of cell proportions in mosaics 
led to a study in which all normal/G trisomic mosaics 
on the records of the Paediatric Research Unit were 
invited to cooperate. 

Eleven normal/G@ trisomie mosaics, eight young infants 
and three adults, were studied. In seven of the eight 
infants and m one adult the referring diagnosis was 
Down's syndrome with no real diagnostic doubt. The 
eighth infant, HW170467/6200, was referred to the unit 
by an experienced paediatrician who considered that the 
child did not have Down's syndrome. His reason for 
referral for chromosome studies was the insistence of 
the child’s parents that she was a mongol. Photographs 
of the child at 9 months. however, reveal a number of 
features of Down’s syndrome. The two remaining adults 
were phenotypically normal mothers of children with 
Down's syndrome. 

After the initial diagnosis, an attempt was made to 
sample peripheral blood at 3 monthly mtervals in the 
infants and rather less frequently in the adults. Single 
or a pair of skin biopsies were taken on one occasion to 
compare cell proportions in the two tissues. In each case 
the diagnostic culture was on peripheral blood, terminated 
at 72 h. All subsequent. blood cultures were terminated 
at 48 h. In a few cases 48 and 72 h cultures were estab- 
lished from the same blood samples. The skin fibroblasts 
were processed for cytology as soon as possible. 

Rigid criteria were used in the chromosome analyses. 
Only well spread cells in which all the chromosomes 
could be recognized were used. Obviously broken 
or polyploid cells were not examined. In the initial 


A longitudinal cytogenetic study of blood samples from mosaic 
mongols has given suggestions that cell selection of either normal 
or trisomic cells occurs in young infants. 


culture from each subject fifty or a hundred cells were 
counted and twenty of these were fully analysed under 
the microscope. In the remainder, the G group autosomes 
alone were analysed. In the subsequent blood cultures 
and the skin cultures, fifty or a hundred cells which 
looked intact were scored for four or five G group auto- 
somes. A minimum of ten to twenty cells selected at 
random was counted and all doubtful cells were counted 
and analysed, but the remaining cells were not counted. 
in some of the skin cultures there was a great deal of 
cell breakage and in these all cells were counted. Because 
of the rigid selection criteria it was not always possible 
to examine fifty cells. 

The chromosome counts are presented in Table 1. The 
percentage of normal cells in peripheral blood with age 
is shown in Fig. 1 (infants) and Fig. 2 (adults). In seven 
of the eight infants the cell proportions change fairly 
steadily with time. In five subjects, all female, the per- 
centage of normal cells increases, and in two subjects, 
one male and one female, the percentage of G trisomie 
cells increases. In the eighth subject, MJ201266/6091, 
a male, the results are inconclusive at first, but later 
there is an increase of trisomic cells with age. In the 
three adults there is no change in cell proportions with 
time within the period of the study. 

Skin biopsies have been taken on five infants and all 
three adults to date. Cell proportions are comparable 
in both tissues at the time of sampling in all but two 
eases, SBO091064/4379 and SE080549/4791, both of 
whom have an exeess of G trisomic cells in the skin. 
Blood and skin findings in the eight subjects who have 
had skin biopsies are presented in Fig. 3. 

A greater proportion of G trisomic cells in skin than 
in blood of mosaic mongols has often been observed. 
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Fig. i. 
Down's syndrome mosaics. 


Ford: suggested that this discrepancy results from a 
selective advantage of normal cells and is more apparent 
in tissues with a rapid turnover, such as lymphocytes. 
In order to sample chromosomes from lymphocytes 
and fibroblasts it is necessary to grow the cells in vitro 
and so there is the possibility of cell selection in vitro, 
particularly in fibroblast cultures. In peripheral blood, 
such selection is less likely because the cultures are of 
short duration, and in cultures terminated after 48 h 
the cells are in their first division in vitro. Cultures 
established from the same blood samples and terminated 
at 48 and 72 h produce similar results, indicating that 
in vitro selection is not important in peripheral blood 
cultures. Another factor which may lead to false results is 
sampling—due to chance, proportions of viable cells in a 
small sample may not represent the proportion in vivo. 
The steady increase of normal or trisomic cells in seven 
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Fig. 2. 
Down’s syndrome mosaics. 
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‘of the eight infants, and the lack of selection im the 


adults, however, indicate that the blood samples represent 
the situation in vivo, at least in the population of lyme 
phocytes which responds to phytohaemagglutinin. RE 

Fig. 1 shows that three patients have nearly 100 per o == 
cent normal cells in peripheral blood. If the rate. ee 
increase of normal cells in this tissue is mai 
within a year or so these patients will have _ 
chromosomes”. In the literature there is a sin 
of a child with Down’s syndrome and normal chron ves 
that of Hall, This child, aged 2-5 years, regard: 
Hall as clinically typical of Down's syndrome, had two 
peripheral blood cultures and two skin biopsies examined. neg 
In a total of 101 cells no trisomie cells were detected 
This case may be a mosaic in which the trisomic cell 
line has been lost in these two tissues. Similarly, atypieal 
cases of Down’s syndrome with full G trisomy’ may be 
mosaics in whom the normal cell line has been eliminated 
in the tissues sampled. 
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Fig. 3. Percentage of normal cells in different tissues, 
Hatched columns, blood; white columna, skin. 
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In my series of eleven subjects both the males and 
one of the females show an increase of trisomie cells 
with age—the “‘trisomic cell selected” group. This diserep- 
ancy between the sexes may result by chance or because of 
different selection factors in the sexes. Penrose* showed 
that the IQ of female mosaic mongols was noticeably 
higher than that of males, but this effect was largely 
due to the inclusion of four phenotypically normal mosaic 
mothers. Three mosaic fathers are known (ref. 5 and 
personal communication from S. J. Dart and P. E. 
Polani,) but there are no aata on their IQs. 

In the three adults of this study there is no evidence 
of continuing cell selection in vivo; the two cell lines 
seem to be in a state of equilibrium, although selection 
may well have oceurred earlier in their lives. The elim- 
ination of one cell line or the other, or the establishment 
of an equilibrium, may depend on two factors: the type 
of zygote from which the mosaic arose and the timing 
of the non-disjunctional event which initiated the mosaic. 
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Table 1. CELL COUNTS IN TEE ELEVEN SUBJECTS 


1030 
Peripheral blood 
Patient Age < 46 460r4G@ 47 0riG > 47 
aufosomes autosomes 
HW170467/ 2/12 re 22 13 = 
62009 4/12 2 4] 7 —~ 
7/12 — 45 5 — 
10/12 7 3 
12/12 $2 8 
J B280266/ 1/12 17 82 
§246¢ 4/12 
10/12 36 50 
123/12 20 30 
20/12 60 49 
25/12 27 22 
J3281165/ 6 days 23 77 
60612 3/12 19 181 
6/12 41 59 
9/12 21 78 
11/12 32 §8 
16/12 48h 35 65 
72h 42 58 
18/12 42 58 
ST120866/ i day 14 6 
55999 2/1 3 
13/12 4G 4 
19/12 98 2 
227/12 99 1 
8B091064/ 2 wks 1 43 6 
4379F 31/12 94 6 
37/12 80 2 
42/12 97 3 
MI201286/ 4/12 4 46 
60915 7/12 5 10 
&/ 12 7 43 
10/12 5 45 
18/12 5 15 
KP040567/ 3/12 4 12 
63139 8/12 4 46 
12/12 2 98 
DH091067/ 4 days 28 72 
64214 3/12 1 gg 
6/12 50 
SE080549/ 16 vr RS 18 
47912 16-3 vr 86 14 
16-5 yr 80 20 
16-8 yr 84 16 
17-8 yr 82 18 
MHXXXX35/ 32 yr 96 4 
5883 ¢ 33 yr 48hr 94 6 
72 hr 95 5 
MEC250829/ 83 yr 3 45 2 
4128F 8i yr 1 09 — 
37 yr 99 1 


Trisomie cells arising by a non-disjunctional event 
fairly late in embryogenesis might well be at a selective 
disadvantage in an environment determined by the 
normal cells. Similarly, normal cells arising at a late 
stage might be selected against in a trisomic environment. 


Table 2. BIRTH DATA IN THE ELEVEN SUBJECTS 


Ma- Pa- 
Reference Birth Ges- ternal ternal Comments 
weight tation age age 
F7W170467/62002 7-15 89 30 84 Uneventful pregnancy and 


neonatal course 


JH2QR0266/52469 9-4 39 30 36 Severe neonatal jaundice 


JI2811G5/50612 7-12 38 43 53 Very cyanosed at birth 
ST120866/55009 6~0 39 22 21 WUWneventful pregnancy and 
neonatal courge 
$B091064/438792 6-6 40 21 20 Mother had kidney infection 
at 5-6 months. Neonatal 
jaundice 
MI201266/6091¢ 7-12 38 32 37 Cora round neck twice at 
rth 
KP640567/83132 5-14 39 34 38 Uneventful pregnancy and 
neonatal course 
1DHO91067/64213 5-10 40 26 33 Neonatal jaundice . 
SE080549/47912 7-7 NKE. 382 29 Mother X-raved “for 
twins?” towards end of 
pregnancy 
MHXXXX35/ 
S839 N.K. 23* 25% No details available 


ERNIS N.E. 
MC250829/41269 NUK. N.K. 38 82 No details available 


* Estimated by patient. 


Table 3. MBAN VALUES IN THE “NORMAL CELL SELECTED” AND “TRISOMIC 
CELL SELECTED” GROUPS OF SUBJECTS 
“Normal selected” “Trisomie gelected” 
(five infants, three adults) (three infants) 


Maternal age 20°87 yr 89-66 yr 
Paternal age 31-25 yr 36-0 yr 
Gestation 40-20 weeks 39-0 weeks 


Birth weight. 7 pounds 6 ounces 6 pounds 6 ounces 


&% Normal cells 


Skin 


ibori 47 0r5G¢ 
autcsomes sutosomes 


% Normal cells 
> 47 


46 o <46 


| (R) g 41 18 
| {L) % 41 18 


©) 73 27 73 





84 (R} 14 a6 14 
(L) z 


to 
nd 
-3 


| 
| 

99 | 68 
| Reright: L=left. 


Birth data on the eleven subjects are presented in 
Table 2. It is interesting to compare findings in the 
three subjects in the “trisomie cell selected” group with 
the eight subjects in the “normal cell selected” group. 
For this purpose the “normal cell selected” group includes 
the three adults. The data are very small and quite 
variable, so standard errors were not caleulated. Mean 
values in the two groups are presented in Table 3. A 
recent estimate of mean maternal age in Down’s syndrome 
is 32:5 yr’. It may be of some interest that gestation 
time is slightly lower in the “trisomie cell selected” group 
and birth weight is 1 pound lower, a greater difference 
than would be expected to result from a 1 week difference 
in gestation time. If this finding is confirmed by further 
data it is possible that in the “trisomie cell selected 
group,” growth in utero is more retarded. 

I thank the subjects and their parents for their eo- 
operation. I also thank Miss B. J. Alexander, Miss V. M. 
McGuire and Miss D. Garrett; and Professor P. E. 
Polani, Dr J. L. Hamerton and Dr E. Alberman for their 
advice and constructive criticism. This work was sup- 
ported by the Spasties Society. 
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LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 


Is the Probability of Occurrence of 
Absorption Lines in QSOs a 
Function of Red-shift ? 


Ir has been noted)? that the occurrence of absorption 
lines in quasi-stellar objects appears to increase with in- 
creasing red-shift. This has sugg 

red-shift have intrinsically different properties than those 
with low red-shift. McCrea’, for example, found that 53 
per cent of the QSOs with emission red-shift zem> 1'8 
have absorption lines; 17 per cent with 1-0 <Zena< 1-8 
have absorption lines, and only § per cent with Zem< 1-0. 
This correlation, however, has been found, using all the 
observed absorption lines, and it is possible that the 
correlation is merely the result of stronger lines being 
brought into the observable spectrum as the red-shift 
increases. A proper test for such a correlation requires 
the use of a single line, or else the difference in strengths 
of lines in different parts of the spectrum should be 
allowed for. 

In the first case, the C IV 41549 resonance line was 
chosen, and we looked for evidence of a correlation 
between its occurrence and z. This line was used because 
it is the absorption line which has been observed in the 
largest number of QSOs and because it is available for a 
relatively large range of z. Ideally, we would like to 
test whether there is a correlation between the equivalent 
width of the absorption lines and the emission red-shift. 
Data on equivalent widths are not available, however, 
and we have therefore assigned to a quasar the value 1-0 
in which 41549 is seen in absorption and the value 0-0 
if 41549 is not reported as being present. The minimum 
equivalent width necessary for detection is, of course, 
dependent on the equipment used, but this is not signifi- 
cant as long as the distribution in z is similar for all 
observers. The limits on zem for the sample must be 
chosen so that for any observer the minimum detectable 
equivalent width is substantially independent of z for z 
anywhere between these limits. Various effects tend to 
cause the far ultraviolet to be underexposed, but we are 
probably quite safe in adopting z>zmin=1-4, corre- 
sponding for the C IV line, to }>3720 Å. This may be 
unduly pessimistic and we have also considered cutoffs 
of zmin = 1-3 (A= 3565) and zmin= 1-2 (A= 3410). 

Most of the data used have been tabulated by Burbidge 
and Burbidge!, who list 102 QSOs with red-shifts. The 
identity of one object in their table, PAS 0056-17, is 
open to question (personal communication from C. R. 
Lynds), and therefore we have omitted it. To this list 
we have added thirteen QSOs observed by Braccesi, 
Lynds and Sandage'*, seven observed by Lynds and Wills® 
and one observed by Schmidt and Olsen®. 

The sample with zmin=1-4 consisted of thirty-three 
objects which have been reported with zem> L4; thirteen 
of these have C IV in absorption. The correlation coeffici- 
ent for the occurrence of C IV absorption versus z was 
computed by means of the standard formula 


83 
È = 8) (piP) 
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(where p: is the quantity assigned a value of one or zero), 
and was found to be 0-060 for this sample. One thousand 
sets of thirteen objects randomly distributed among & 
total of thirty-three objects, with the same values of z 
as the thirty-three QSOs, were then generated and the 
correlation coefficient was calculated for each set. Tt was. 


found that in 75 per cent of these cases a correlation o cy 


coefficient greater than 0-060 resulted purely by chance” 
from such a random distribution. The use of Student's t 
distribution is not rigorously justified in such a situation, 
but showed that for z2x 1-4 the correlation coefficient is 
zero to a 75 per cent level of confidence. The samples 
with zmin= 1-3 and zmin=1-2 contained thirteen © IV 
absorptions out of thirty-six QSOs in the former and 
fourteen out of thirty-eight in the latter case. The corre- 
lation coefficients and confidence levels were 0-162, 40 
per cent and 0-108, 50 per cent, respectively. — | 
It therefore seems that no correlation between the 
occurrence of absorption lines and red-shift, is indicated 
by the present sample of QSOs using the C IV line alone. 
As a second test we have used the Mg H 42798 and Si if 
21265, 1816 lines to compare the presence of absorption 





lines at small and large values z. Magnestum and silicon 
have about the same cosmic abundance, and the joniza- 
tion potentials are 15-03 eV for Mg H and 16-34 i 
Si Il. Furthermore, the continuum f values differ 
only a factor of two for these ions. and the f value 
the three lines are nearly identical. The higher i 
potentials differ considerably, however, and if 
tion is moderate, there might be considerably 
Mg II than Si H. It would be interesting to che 
relative strengths of 42798 and 41816 when e 


` 


these appear in absorption and the other is accessiblo. 








to Si II to be between 2-5 and 25. Using a powe 
with spectral index, a= — 1, for the ionizing re 
field, rough calculations of the ionization show t 
amounts of Si II and Mg TI are nearly the same. ^ 
assume that Mg II 42798 and Si II 41265, 21816 sho 
all be approximately of equal strength in QSOs. Tf there 
is no dependence on z, Mg II and Si H would be expected 















to be seen in absorption roughly equally often. They 
should be seen less often than © IV because carbon is 


more abundant by a factor of 10 and because most. of the — 


Sapien hg 





objects have Mg II in absorption. Increasing the high 
wavelength of cutoff to 6,700 A (Sng = 1-4) gives four 
out of seventy. Thus about 6 per cent of the low z 
QSOs have Mg II absorption lines. Because at least 
one of the two Sı IT lines is in the proper wavelength 
region whenever C IV is, we can use the same sample for 
Si H as for the C IV test. Si II absorption is found in 
two out of thirty-three and two out of thirty-eight high z 
QSOs, for the samples with Zmin = 1-4 and 1-2, respectively. 
This is also about 6 per cent. The statistics are, of course, 
too small to establish that there is definitely no correlation. 
Our point is simply that the Mg II-Si II comparison 
demonstrates that there is nothing particularly anomalous 
about the small number of absorption lines in QSOs of 
small z. 

Our results lead us to conclude that there is no evidence 








1032 


We thank Dr C. R. Lynds for helpful discussions. One 
of us (R. C. W.) was supported by a NASA predoctoral 


traineeship. 


Ray J. WEYMANN 
RICHARD C. WILCOX 
Steward Observatory, 
University of Arizona, 
Tucson, Arizona. 


Received July 26, 1988, 


| Burbidge, G. R., and Burbidge, E. M., Quasi-Stellar Objects (Freeman, San 
Francisco and London, 19673. 


3 McCrea, W. H., Nature, 218, 257 (1968). 


* Burbidge, E. M., Tucson Conference on Seyfert Galaxies and Related Objects, 
Astronomical Journal (in the press). 

+ Braccesi, A., Lynds, C. R., and Sandage, A., Ap. J., 152, L105 (1968). 

* Lynds, C. R., and Wills D., Ap. J. (July 1988). 

* Schmidt, M., and Olsen, E. T., Amer. Astron. Soc. Meeting (April, 1968). 

? Burbidge, E. M., Lynds, C. R., and Stockton, A. N., Ap. J.,152, 1077 (1968). 


Search for Radio Emission from 
Haro’s Blue Galaxies at 9:26 cm 


Haro reported several galaxies with nuclei that are 
abnormally bright in the blue region of the spectrum}. 
He compiled a list of forty-four galaxies, selecting blue 
objects from plates, each of which had been exposed 
through violet, yellow and blue filters. Later, Minch? 
examined many of the objects on the list and found them 
to differ rather widely in both structure and luminosity. 
spiral arms. The arms, however, appeared shorter and 
thicker than those in ordinary spirals. Kiang’, after 
examining enlargements of the Palomar Sky Survey 
prints, reported that many more than one-third of Haro’s 
galaxies show a jet or jets or a system of filaments. Kiang 
has suggested that this structure is similar to that in the 
giant elliptical galaxy M87 (Virgo A) or the quasi-stellar 
source 3C 273, both radio objects of much mterest. In 
view of these similarities, it was decided to search for radio 
emission from the forty-four galaxies in Haro’s list. 

Observations were made in December 1967 and March 
1968 with the 46 m telescope of the Algonquin Radio 
Observatory using a tunnel diode receiver operating at a 
wavelength of 926 em. At this wavelength the beam- 
width is approximately 8-8 minutes of arc in both co- 
ordinates. The system temperature was approximately 
1,300° K and the radio frequeney bandwidth was 475 MHz. 
The post detection filter of 0-045 Hz bandwidth which was 
used yielded an r.m.s. noise ripple of 0-034° K, correspond- 
ing to a flux density of about 0-14 flux units where 1 flux 
unit is equal to 10-?* W m- Hz. The observations were 
made by scanning in equatorial coordinates through the 
optical positions of the galaxies obtained 
from DuPuy!. For most of the galaxies 
several scans were made, and for those 
objects for which radio emission was de- 
tected ten or more scans were made. All 
observations were made at the same antenna 
polarization with the position angle of 
the electric vector at 0°. Useful observa- 
tions were obtained for thirty-two of the 
forty-four galaxies; the results are shown 
in Table 1. Seven observations were 
omitted because of telescope scheduling 
difficulties and scans for five others were 
severely affected by interference or weather. 
A sample of the results is shown in Fig. 1 
for H10, optically the brightest galaxy. The 
figure shows the results of averaging fifteen 
scans in right ascension. 

Of the thirty-two Haro galaxies observed, 


13° 35™ 008 


Fig. 1. 
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Table 1. FLUX DENSITIES OF HARO GALAXIES AT 9-26 CM 
Optical positions 
Right ascension Declination Flux density 
Source (1950) (1950) (9°26 em) 
m d m (fux units) 
Hi 7 33-7 35 20 0-096 + 0-027 
H? 10 29-5 54 38 0-087 + 0-034 
H3 10 42-3 56 14 0-042 + 0-057 
H4 11 01:8 29 23 — 0-086 + 0-085 
H5 il 55-0 32 38 0-007 + 0-027 
H6 12 18-1 06 02 0-010 + 0-11 
HA? 12 14-6 03 58 Confused with Parkes 
. 1215 + 03 

H8 12 16-9 AEs 10 0-041 + 0-088 
HY 12 42-8 27 23 ~ 0°067 + 0-074 
H10 13 37-1 — 31 24 0-110 + 0-027 
H22 09 47-7 28 09 ~ 113 +6-048 
H23 10 03-4 29 11 0-032 + 0-058 
H24 10 25-0 19 34 ~ 0-042 + 0:033 
H25 10 46-7 26 18 0-022 + 0-027 
H26 11 01-0 29 09 0-010 + 6-066 
HRT Vi 38-0 28 38 1-023 + 0-068 
H28 12 13-5 48 25 0-615 40-041 
H29 12 23°9 48 43 0-019 + 0-086 
H30 12 348 27 28 0-029 + 0-049 
H31 12 88-5 28 12 0-053 + 0-028 
H32 12 4}-] 55 14 0-113 + 0-052 
H38 12 42-1 28 43 0-046 + 0-059 
H34 12 42-7 21 24 0-039 + 0-099 
H35 12 44°F 28 Qi ~ 0-013 + 0-068 
H36 12 44-7 51 53 0-021 + 0-088 
H37 12 46-3 34 48 — 0-084 + 0-048 
H38 13 33°74 29 29 0-040 + 0-025 
H39 13 46-6 25 48 0-093 + 0-064 
H40 14 07-6 26 31 0-036 + 0-050 
H4l 14 26-2 27 20 ~ 0-106 + 0-059 
H43 14 34-2 28 38 — 0-086 + 0-083 
Hát 14 41-0 28 2R 0-059 + 0-083 


four were possibly detected-—H1, H2, H5 and H10. Hì, 
Hidand H 10exhibit flux densities about four times the prob- 
able error and H2 exhibits a flux density about 2-6 times 
the probable error. Before deciding whether or not the 
observed radio emission is associated with the Haro 
galaxies, however, it is necessary to investigate the 
probability of chance coincidences. A value for the source 
density at 9-26 cm was used to determine the number of 
radio sourees expected to fall within the antenna beam 
by chance. The source density at 11 em, derived from the 
source counts obtained by Shimmiuns et al.5, was used to 
represent the source density at 9-26 em. At the level of 
0-05 flux units, approximately 0-4 chance coincidences are 
expected out of thirty-two observations. The actual 
number of galaxies observed was four. It is therefore 
concluded that the radio emission is associated with the 
Haro galaxies. 

The radio emission from the galaxies detected was 
compared with that expected from normal spiral galaxies 
of the same apparent photographic magnitude. For this 
purpose the data of DeJong* on radio emission from normal 
spirals at 11 em were anal ysed, and a radio magnitude mr 
was defined such that 

M,p= 7-7 —2°5 log Saze 
where Sys is the flux density in flux units at a wavelength 
of 9-26 cm. A spectral index of — 1-25, suggested by 
DeJong, was used to convert flux densities at 1] cm to 
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Fig. 2. Distribution of radio indices for normal spiral galaxies. 


flux densities at 9-26 em. With the radio magnitude 
defined in this manner, the mean radio magnitude is 
equal to the mean photographic magnitude (mpg) for 
normal spirals. The radio index 


= Mir — Mpg 


then has an average of zero for normal spirals with a 
dispersion of about 1-0 (Fig. 2) and may be used for the 
Haro galaxies as an indicator of the relative strength of 
the radio emission. 


Table 2. RADIO INDICES OF THE FOUR HARO GALAXIES DETECTED 
Radio index = 


(alaxy mir mpg (mi Mpg} 
Hi 10°3 13-0 ~ 2-7 
Hz 10-3 14-0 —3-F 
Ad 10-2 14-0 — 3-8 
H10 10-1 10-8 ~ OF 
Table 8. RADIO INDICES OF FOUR SEYFERT GALAXIES KNOWN TO BE RADIO 
SOURCES . 
Radio index = 
Galaxy mr mpg {imr -mpg) 
NGC 1068 8-6 o-6§ — 3-0 
NGC 4151 YS 11-3 -p5 
NG@C 1275 56 18-3 ~ 77 
NGC 7489 10-2 12-7 -25 


Table 2 lists the radio index for the Haro galaxies 
detected. Comparison of Table 2 with Fig. 2 shows that 
H10 has a radio index characteristic of normal galaxies. 
If it is assumed that the histogram of Fig. 2 represents a 
Gaussian distribution of radio index, then out of thirty- 
two normal galaxies one would expect 0-1 galaxies with 
a radio index as low as — 2:7 and only 0-003 galaxies with 
a radio index as low as — 3-7. The chance of finding two 
as low as — 3-7 is | part in 10°. The three Haro galaxies 
Hi. H2 and H5, therefore, exhibit much stronger radio 
emission than normal galaxies and are more characteristic 
of some of the Seyfert galaxies. The radio index for four 
Seyfert galaxies that are known to be radio sources 1s 
listed in Table 3. 

It should be pointed out that the uncertainties in the 
radio index for the Haro galaxies are sensitive to the 
probable errors derived for the flux densities. 

It may also be seen from Table 1 that of the twenty- 
seven objects the radio emission of which could not be 
established, nineteen show positive values for the flux 
density. This suggests that although these objects are 
too faint to be detected individually it may be meaningful 
to derive an average flux density for the twenty-seven 
objects. The computed average flux density, weighted 
according to the probable error, is found to be about 0-01 + 
0-01 flux units. 

In conclusion, no radio emission was detected from those 
galaxies listed by Kiang as having jets or filaments. 
H2, one of the galaxies from which emission was detected, 
seems, however, to exhibit a short thick extension on the 
print contained in Arps Atlas of Peculiar Galaxies’ 
(Arp No. 233). 

We thank Mr David DuPuy for his help during the 
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Magnetic Charge of the Proton and 
Neutron 
Ever since the beautiful discussion by Dirac’ in 1931 of 


the monopole-—-the magnetically charged counterpart of 
the electron--a great deal of effort has been spent im. 















looking for 17. This effort is all the more valuable as 
Dirac predicted! that the existence of at least one mong 
pole would imply the quantization of electric charg 
that the minimum magnetic charge g on the n 
would have the dimensionless parameter g*/he eqt 
where « is the fine structure constant 1/137. © 
have been given? to show that the mmimum v 
gjhe is at.) This monopole charge is very large, 
expected to give rise to effects of a strength ` 
strong interactions. There has been recent. evid 
the existence of mont polest, though with a m 
charge lower than that allowed by Diraca argu 
While the evidence for this is not conclusive, 1 > : 
seem worthwhile to consider the possibility that mono- 
poles can, indeed, exist with any value of magnetic charge. 

If this possibility is envisaged, the first place to 
search for such material is in ordinary matter itself, In 
other words, we ask the question: what is the upper 
limit on the magnetic charge of the known elementary 
particles? This question has already been discussed 
briefly by Sandars*, who used the radial magnetic field of 
the Earth to deduce an upper limit on a certain linear 
combination of the magnetic charge on the proton, gp, 
and the neutron, gp (the magnetic charge on the electron 
has been arbitrarily taken as zero); this upper limit, in 
terms of the number Np of protons and Nn of neutrons is 
the Earth and the radius R, of the Earth, is given by* 











(Npgp + Nngn)/B? < 1 gauss (1) 


Because the Earth has very nearly the same number of 
neutrons as protons, we may derive from this an upper 
limit on the combination gp+@n. In order to deduce 
separate upper limits on gp and gn one may assume that 
Jp= Jn, Or that the electron’s neutrino carries no charge. 
To remove this assumption we need some large body 
which has an excess of protons over neutrons. Such a 
body is the Sun, which is composed of approximately 
73 per cent of hydrogen with only 25 per cent of hehum. 
There is therefore an excess of some 10°? protons over 
neutrons. A similar inequality to (1) is now valid, 


(Nigp + Nigan) Rè < Hs (2) 


where Nb, Nà are the numbers of protons and neutrons 
in the Sun, R, is its radius, and H, is its radial magnetic. 
field. 

The Sun’s magnetic field varies considerably from place 
to place on its surface’. We may assume that any 
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radial magnetic field is in part due to the magnetic 
charge of the protons and neutrons and in part due to 
the vortex motion of ions in the solar atmosphere. The 
convection model of the Sun’s surface! seems to rule out 
the possibility of any stable vortex field that would 
produce a large radial component to the magnetic field. 
Because the Sun definitely has a radial magnetic field, we 
cannot totally exclude the effect of these vortices. From 
physical arguments of continuity these vortex filaments 
should begin and end on discontinuities in the Sun, and 
these can only be at the surface. We would therefore 
expect the average magnetic field due to these vortices to 
be zero over the whole solar surface. 

With this model in mind we have examined the mag- 
netographs of the solar fields during periods of inactivity, 
as far as sun-spots are concerned, to see if there is any 
systematic shift consistent with a constant monopole 
contribution superimposed on the vortex contribution. 
No such shift can be detected from the experimental 
evidence available’, and if there is such a shift it is ecer- 
tainly less than l gauss. 

If we now use this in (2) and combine with Sandars’s 
inequality (1), we find 


Jp» Jn < 10-8 emu. (3) 


In other words, the proton and neutron are magnetically 
neutral. 
We may now use charge conservation in elementary 
particle processes to show that all other elementary par- 
ticles are magnetically neutral to the same limit given by 
(3) except for the u-meson and its neutrino; beeause of 
conservation of -meson number we ean only conclude 
that the u“ and its neutrino v, have equal and opposite 
magnetic charge to their eorresponding antiparticles, the 
ut and Yu: Iu. = Jy = — In = — gva. It has been suggested 
in a private communication from 8. L. Adler, and in- 
dependently by one of us (J. G. T.), that the u-meson is 
differentiated from the electron by possessing magnetic 
charge. It would be interesting to see if this were the 
case by subjecting the muon to a strong magnetic field, 
though if the muon were an axial monopole’ the resulting 
motion would be different from that for a classical mono- 
pole. Such a suggestion may, in particular, explain the 
difference between the electron and muon mass. 
R. F. PALMER 
J. G. TAYLOR 

Department of Physics, 

Queen Mary College, 

London. 

Beceived June 24, 1968, 

' Dirac, P, A. M., Proe. Roy. Soe., A, 183, 60 (1931). 

* Kolm, H. H., Sei. J. (in the press, 1968), 

* Schwinger, J., Phys. Rev., 144, 1087 (1966). 

*Koim, H. H., Physics Today, 69 (October 1967). 

* Sandars, P. G. H., Contemporary Physics, 7, 419 (1968). 

* Stellar and Solar Magnetic Fields (edit. by Liist) (North Holland Pub. Co.) 

t Taylor, J. G., Phys. Rev. Lett..18, 718 (1967). 


Anodic Polarization Studies on 
Soft Iiron in Some Concentrated 
Salt Solutions 


Mosr development efforts! in electrochemical machining 
(ECM) research have been expended in attempts to im- 
prove the poor dimensional control of NaCl electrolytes. 
By studying the rate of removal of metal in several electro- 
lytes, LaBoda and McMillan? reported that NaClO, 
electrolytes possess excellent ECM properties. Rates of 
metal removal were obtained as high as 0-001 in./s for 
a hardened Carpenter Ni-Cr steel with a Rockwell hard- 
ness of 60C, and the finish of the machined surface 
measured from l-5 pin. 


Boi Ranta 
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It seemed desirable to understand why the ECM 
properties of NaClO, electrolytes are so much more satis- 
factory than those of NaCl electrolytes. With such know- 
ledge it may be possible to find electrolytes with even 
more attractive features for ECM applications than 
NaClQ,. 

Because NaNO, cuts much less wildly than NaCl but 
not as well as NaClQO,, it seemed that an anion which 
contains oxygen is a prerequisite for a good ECM electro- 
lyte; but because no cutting is obtained with chromate 
electrolytes in the same experimental conditions, this 
requirement seems to be necessary but insufficient. If a 
passivating film is involved, current-voltage polarization 
studies should provide some information about the nature 
of the mechanism involved in ECM. This report describes 
the results of such a study; the complete details will be 
presented elsewhere. 

Steady state potentiostatic polarization data were 
obtained on small bead anodes (~ 0-05 in. in diameter) 
melted on the end of soft iron wires and mounted in a 
‘Teflon’ cell? with a Pt gauze counter-electrode and a 
saturated calomel reference electrode (SCE). Measure- 
ments were obtained in solutions of NaClO, (350 g/l) 
NaNO, (350 g/1.), NaCl (275 g/l.), and Na,Cr,O, (100 g/l). 
When the measurements were being taken, the solution 
was stirred with O, or N, at a rate of at least 300 ml. /min 
to minimize mass transfer effects. The results are pre- 
sented in Fig. 1 as a plot of the log of the steady state, 
apparent current density (based on the measured geo- 
metric area) as a function of the potential (against SCE). 

It must be remembered that the potentials recorded in 
Fig. 1 are referred to a reference electrode and are not the 
total cell potentials which appear in ECM reports. How 
the potentials and current densities of Fig. 1 are related 
to the corresponding values in the working ECM cell is 
not important to this discussion; the relative shapes of 
the polarization curves are the matters of interest here. 

Consider the curve for NaClO, (circles in Fig. 1). At 
the lowest potentials the system is active, and Fe goes into 
solution as Fet+ ions which are oxidized by dissolved 
oxygen to Fett? ions'. As the potential becomes more 
noble, the current tnereases until a critical current is 
reached after which the surface becomes passivated by 
the formation of an oxide film and the current falls to 
smaller values. This oxide film has been identified 
(unpublished results of M. L. McMillan) from vacuum 
fusion, electron probe and electron diffraction techniques 
as y-Fe,O;,. At still more anodic potentials, the film 
breaks down, the system becomes transpassive and the 
current (rate of reaction) increases rapidly. It is assumed 
that ECM cutting takes place in this transpassive region 
noted in Fig. 1 by the broken line arbitrarily drawn at 
10 mA/em?. 

At these high current densities where the ECM process 
takes place, the iR drop between the workpiece (anode) 
and the tool (cathode) may assume large values for small 
gap distances. As machining progresses, the gap distance 
between the anode and exposed face of the cathode tool 
increases until the solution iR drop becomes so large that 
the potential of the workpiece falls to less anodic values 
where ECM cutting does not take place. 

Fig. 1 shows that the knee in the curve where transition 
from the passive to the transpassive regions occurs (~ 1-4 
V) is sharp so that the range of potentials between cutting 
and not cutting is narrow. Consequently, the gap be- 
tween the anode and cathode is kept small, and the mach- 
ined surface is a reproduction of the tool giving good 
dimensional control as reported by LaBoda and McMillan?. 

In the case of NaNO, (triangles in Fig. 1), the transition 
from passivity to transpassivity is not as sharp as for 
NaClO, Because cutting can take place over a wider 
gap distance, the dimensional control is poorer than for 
NaClO;. In the ECM cutting range, the rate of cutting 
(current density) at a given potential is less for NaNO, 
than for NaClO,, in agreement with the known technology 
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Fig. 1. Steady state potentiostatic polarization curves of soft Iron in concentrated solutions of the following electrolytes: 
(O, 8 Na,Cr,0,. Open symbols indicate data for increasing potentials; filled symbols, for decreasing potentials, 
"A curve in N,-saturated NaClO, solution is shown by the crosses. 


(A, A) NaNO,; (V, Y? NaCl; 
All solutions were saturated with Üg 


that NaNO, cuts slower than NaClO, (personal communi- 
cation from M. A. LaBoda). 

The polarization for NaCl (inverted triangles in Fig. 1) 
lies in a current density range nearly two orders of ma g- 
nitude higher than NaNO, and NaClO, Because cutting 
can occur even at the lowest potentials given in Fig. 1, the 


-o gap space over which cutting may occur is very large, 


producing the undesirable wild cutting and complete lack 
of dimensional control is reported’. 


Table 1. REST POTENTIALS ON SOFT Fe IN O SATURATED, CONCENTRATED 
SALT SOLUTIONS 
Concen- Potential 
Salt tration against SCE Remarks 
(gil) (mV) 
Nacl 275 — 590 Wild cutting 
NaNO, $50 ~— ARO Good cutting 
NaClO, 350 ~~ 340 Excellent cutting 
Na,Cr,Q; 100 ~ 140 No cutting 


LaBoda has found that for the same experimental 
conditions producing cutting with NaClO, no cutting was 
observed with Na.Cr.0,, Na,CO, or Na,PO, (personal 
communication). The polarization curve for Na,Cr,0; 
(squares in Fig. 1) shows that the iron is so passivated in 
this electrolyte that the curve is shifted from the NaClO, 
curve about two orders of magnitude toward lower 
currents and the transpassive region is well above the 
corresponding region in NaClO,. According to LaBoda 
(personal communication), excellent cutting is obtained 
at 12-15 V with current densities above 39 A/em? m 
NaClO, solution, but cutting at 40 V in Na,Cr,O, does not 
give good finishes. Such high cutting potentials make 
this electrolyte less attractive than NaClQ,. 

Strongly passivating films of y-Fe,0, are known to 
exist on iron in chromate solutions*:* as well as in Na,CO, 
(ref. 7) and Na,PO, (ref. 8), and so the polarization curves 
for carbonate and phosphate solutions are hkely to be 
similar to the one for chromate solutions. 

After the polarization curves had been obtained, the 
solution was examined. In all cases except NaCl the 
solution was coloured by suspended particles of rust 
from which clear solutions could be obtained with filtering. 


(O, @) Nas; 


The NaCl solution was a clear yellow showing 
soluble complex was made with anodic p 
Apparently, the protective film of y-Fe,O, for 
other solutions was not present in NaCl electro 

When the NaClO, solution was stirred with N, 
O, the curve designated by the crosses was 0 ee 
For a given potential, Fig. 1 shows that the rate of ponioval 
of metal (current density) is slowed in the absence of Oo. 

The interesting correlation between rest potential in 
O,-saturated solutions and ECM properties is pointed out 
in Table 1. These potentials are mixed potentiais®* and. 
reflect the passivating nature of the electrolyte. As 
rest potential becomes more anodic, one passes from 
solutions giving wild cutting through those giving © dine: 
sional control to those giving no cutting for a given set of 
conditions. 

For an electrolyte to give good dimensional control in an 
ECM process, a passivation film must be formed anodically, 
and the transition from passivity to transpassivity 
should occur over a narrow range of potentials. NaClO, 
seems to oceupy a privileged position, for the transpassive 
region on iron in this solution lies at a lower potential 
than in any other solution studied. 
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Mechanism of Low Temperature 
Oxidation of Magnetites 


GALLAGHER et al.! have reported a mechanism for the 
oxidation of magnetite to y-Fe,Q, based on cationic 
diffusion. According to this mechanism, the particle size 
of the magnetite samples plays a most important part. 
Particles smaller than 3,000 A oxidize to y-Fe.,O,, whereas 
in the larger particles spontaneous nucleation of «-Fe,O,; 
oceurs because of lattice strain, and the oxidation proceeds 
to yield hematite. 

We carried out, a systematic investigation on the oxida- 
tion and reduction processes of iron oxides at low tempera- 
tures, using both natural and laboratory prepared samples 
(refs. 2-6 and an unpublished paper by F. Gazzarrini 
and G. Lanzavecchia). The purity of the laboratory 
prepared samples was found to be better than 99-9 per 
cent by emission spectrographic analysis. The presence 
of a-Fe,0, was determined by X-ray diffraction® with 
a Guinier~Nonius camera and films exposed for 20-40 h; 
the accuracy was +0-05 per cent. Particular care was 
given to the preparation of stoichiometric magnetites, 
following the method described by Economos? based on 
the thermal treatment of the oxide in an atmosphere of 
CO+CO, or H,+H,O with a controlled (temperature- 
dependent) partial pressure of oxygen. 

Experimental results for the oxidation at low tempera- 
tures can be summarized as follows: (1) All magnetites 
(natural or laboratory prepared) oxidize to solid solution 
Fe,.,0,, and therefore x-Fe,O, is never directly formed. 
(2) The reaction rate depends on the grain size and, even 
more, on the degree of lattice order. Disordered samples 
oxidize readily to y-Fe,O,. (3) When nuclei of «-Fe,O, are 
present, there are two competing processes: the formation 
of Fe,z0, and the autocatalytic growth of ¢-Fe,Q,. If 
the sample is disordered, y-Fe,O, can be obtained in a 
very short time (2-3 h at 220°C) and the amount of 
«-Fe,O, does not practically increase. If the sample is 
ordered, the growth of «-Fe,O, becomes the chief process, 





0-0 . 05 iO 


zey 
a 


Fig. 1. Integral breadth § of X-ray reflexions {111} of magnetite. 
(a) Sample treated in CO :CO,=1: 30 at 1,000° C for 20 h, and ball- 
milled for 3 h; (4) sample a oxidized to Fe,-20, (25 per cent) at 220° C; 
{c) sample e partially oxidized to a-Fe,0, (5 per cent) at 600°C; 
id) sample e oxidized at 220° C to Fe,-20, (25 per cent) and transformed 
to a-Fe,O, and Fe,0, The intercept with the ordinate is equal to the 
reciprocal of the square of the crystallite size, whereas the slope of the 
curveis proportional to the mean square strain. The profiles of reflexions 
were recorded with the Hilger pbs Sor pose using both FeK aand MoKa 
radiations, 
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| 53 per cent c-Fe,0, (Pet? = 13-2 per cent) 

Fig. 2, Low temperature oxidation of precipitated magnetite: effect 
of the presence of a-Fe,0, and stacking faults on the oxidation mech- 
anism, 
and the x-Fe,0, formed at the surface prevents further 


oxidation inside the grains. The Fe,.,0, which remains 
in the core of the grains turns into the more stable phases 
a-Fe,O, and Fe,0,. 

Gallagher et al? did not report the accuracy of their 
X-ray measurements of the content of «-Fe,O3 in their 
magnetite samples, and apparently did not carry out 
thermal treatment in a suitable oxygen-containing atmo- 
sphere. On the other hand, we have always detected 
the presence of traces of a-Fe,O, in samples prepared with 
the methods indicated by Gallagher et alt. 

We have reported previously®:* that hexagonal se- 
quences of (111) oxygen planes (stacking faults in spinel 
eubie structures), produced chiefly by ball-milling, behave 
as nuclei of «-Fe,O,. More recent results indicate that 
stacking faults are usually present, though in very 
small quantity, in precipitated magnetites. Hexagonal 
sequences have the same oxygen lattice structure as 
hematite, differmg from this product only in the ratio 
Fe: O. Such stacking faults are very unstable, and tend 
to expel ferrous ions from the lattice, thus producing 
nuclei of a-Fe,O,;. This process takes place readily as the 
temperature increases during thermal treatment (> 100° 
C). In the same thermal treatment the hexagonal 
sequences present in the crystal tend to form clusters, 
which in turn give rise to the formation of «-Fe,O, 
crystals. Such crystals can be detected by X-ray diffrac- 
tion with a Guinier camera. It is possible to eliminate 
stacking faults, a-Fe,O, nuclei or crystals from the spinel 
phase by prolonged thermal treatment in an atmosphere 
of oxygen in equilibrium with stoichiometric Fe,0,. In 
order to determine both strains and stacking faults, we 
have used Fourier analysis of the profiles of the two series 
We used the 
method of Warren-Averbach*®* and also that based on 
integral breadths'® calculated from Fourier coefficients 
after correction by the Stokes!! method. Our results. 
summarized in Fig. 1, indicate clearly that oxidation of 
magnetites to yield solid solution does not lead to any 
lattice strain. 

These results are in apparent. contradiction with the 
findings of Gallagher et al., but it should be remarked that 
the method of Kochendérfer'? used by them in order to 
calculate lattice strain from the difference in asymmetric 
broadening of line profiles does not give consistent results 
when different stoichiometric compositions of a single 
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phase are simultaneously present in the sample. On. the 
contrary, when «-Fe,O, is also present, the alteration of 
the oxidized spinel to a mixture of «-Fe,O, and Fe,O, 
leads to a strong strain in the spinel lattice (curve d). 
Such a strain is attributed to the difference in density of 
the two phases bound along the dense planes of oxygen 
atoms. 

The sequence of experiments outlined in Fig. 2 indicates 
clearly that the interpretation of the part played by the 
grain size in the mechanism proposed by yallagher et al. 
is not correct. 

We wish to point out that stoichiometric magnetite 
oxidizes to y-Fe,O, when its particle size is larger than 
3,000 A, whereas magnetite containing stacking faults 
oxidizes partially to a-Fe,O,, via solid solution, even 
when its particle size is smaller than 3,000 A. On the 
basis of these results. we confirm the mechanism that we 
had previously proposed. We wish to stress that the grain 
size by itself plays a purely kinetic part, whereas the 
presence of nuclei or erystals of -FeO determines the 
low temperature oxidation of magnetite to hematite. 
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Determination of the Stereochemistry 
of Manganese(Il) Complexes by 
Electron Spin Resonance 


Tne determination of stereochemistry without recourse 
to X-ray diffraction is usually more difficult for complexes 
of manganese(II) than for those of many other transition 
metal ions, for the two methods traditionally used-— 
electronic spectroscopy and magnetic measurements 
give little information in this case. The magnetic moment 
of the high spin d’ ion varies little from 5-92 B.M. More- 
over, the d-d bands are spin-forbidden. so that they are 
very weak and difficult to observe. although it 1s some- 
times possible to distinguish between 6 and 4-coordination. 

Certain features of the electron spin resonance spectra 
of dë systems have previously been correlated with the 
zero-field splitting parameters D and E of the spin Hamil- 
tonian (ref. 1 and unpublished work of R. D. Dowsing 
and J. F. Gibson). Here D is a measure of axial distortion 
from cubic symmetry, E of rhombic distortion. It is 
often convenient to use the parameter 4(=E/D) in place 
of E, and symmetry considerations show that the only 
meaningful values of 4 he between 0 (axial symmetry) 
and 4 (rhombic symmetry}. Most previous studies of the 





resonance spectra of manganese(LI) compounds have 


w AR y 














concerned with the ion in fairly regular cubic e 
ments, giving very small zero-field splittings (D of 
order of 10- em~, 4 approximately 0) and thus resor 
signals near the free electron value. This seers to H 
led to a general impression that D is always sm 
manganese(II), and that different values of ger, a 
for some iron(III) compounds, should not be 4 
though a large D value has been suggested! 
MnCl,-NH,CI-H,O ternary systern. E 

We report here the electron spin resonance specti 
some pure polycrystalline manganese(IT) comp 
studied at X-band frequencies (9,300 MHz). The gev 
values refer only to this frequency, for similar spectra 
will be obtained at a different frequency only if D 1s 
very large or very small compared with the quantum of 
energy. We have measured D and à from these spectra 
and find that the values agree with expectations for those 
compounds the structures of which are known, 

Electron spin resonance spectra of some common types 
of manganese(II) complex are given in Fig. 1, and their 
chief features are tabulated. Although several classes of 
compound give only a single line at ger = 2, several other 
types of spectrum are found, each of which permits some 
deduction concerning the stereochemistry of the com- 
pound. 

Any compound with regular cubie symmetry, such as 
octahedral MnL, or tetrahedral MnL, gives a single line at 
gep== 2, but as the zero-field splitting 18 increased, either 
by geometrical distortion or by the presence of two 
different types of ligand, so the line at ger=2 becomes 
split, and components may be observed at higher and 
lower field. The Mn(NCS),‘- anion and the eompound 





Mn(y-picoline),(NCS), are examples of this. 
Compounds with a significant zero-field splitting (D> 
0-05 em-!) show, as expected, bands away from ger = 2 
Those with axial symmetry, and with D> 0-15 em“, : 
the strongest line near ger=6, but also show a gr yb 
variety of other bands depending on the actual value j 











D. Examples we have found of this behaviour are all fof 603 


the type MnL,X,, with a trans-octahedral structure. 
Complexes with considerable deviation from axial 
symmetry (4 close to $) show a very strong isotropic 
signal near gey=4:27. This is found for pseudo-tetra- 
hedral complexes MnL,X,, such as Mn(triphenylarsine-. 
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Fig. 1. Observed electron spin resonance spectra of some typiesi 

manganese(11) complexes. A, Mn(H,0),** or Mni,?-; B, Ma NESI 

or Mn(y-pivoline), (NCS); C, Mn(y-picoline),Br.; D, Mn(p-piealine).Ch, y 
E. Mnttriphenylarsineoxide),Br.; F, Mn(e-phenanthrofine}f,, 
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Table 1. SPROTRA-STRUCTURE CORRELATIONS FOR MANGANESE(II) COM- 


PLEXES 
Complex l 
type Example Spectral features Deductions 
y ' a% “ ees J 
{Mi.n,/°* MHO Strong line ger = 2 Regular 
Mno NES) Strong line gep =2 Noar 
* with structure regular 
iMn Ly.) Mn{y-picoline )Br. Strongest line near Axial © 
B= 6 symmetry 
[Moi] + (MnCl) Strong line gg = 2 Regular 
iMn Lyka Mr(y-picoline) Eh Strong lineg g=2 Polymeric 
Mni Ph AsO) Dry Strongest line near Tetrahedral 
By 427 (Cep) 
MaC al Mn(o-phenanthro- Strongest line near Khombic 


line). I, Cog 4:27 

oxide), Br, (symmetry Ca) and for distorted octahedral 
complexes MnC,X,, where C is a chelating ligand, for 
example, Mn(o-phenanthroline),I,. It has been predicted’ 
that only certain types of symmetry, including tetra- 
hedral MnL,X,, can give rise to a gep = 4-27 signal fora dë 
ion. Other possibilities include MA,B, (C,,) and MA, 
with the in-plane donor atoms forming a rectangle rather 
than a square. There seem to be two possible structures 
for the compounds MnC,X,: a trans arrangement of the 
ligands with the donor atoms of the chelating groups 
forming a rectangle (Dn) or a cts arrangement (C,,) 
Our results do not distinguish between these, 

Some of the manganese compounds studied give a single 
resonance like at ger=2, even though it is clear that the 
structure cannot be regular, and an appreciable zero- 
field splitting is expected. Many of these compounds are 
polymeric, and it ts likely that the proximity of neigh- 
bouring manganese ions results m magnetic interaction, 
causing a single line to be observed at gey=2. Some 
non-regular monomeric compounds, particularly aquo- 
complexes, give a similar spectrum, and it is clear that 
observation of a single line spectrum does not itself 
indicate a regular structure. 

Some useful deductions, however, can still be made. 
For example, quinoline reacts with manganous chloride 
and bromide to give complexes of stoichiometry Mnquino- 
line,X,. Of these, the chloride shows a single resonance 
line at gep = 2, suggesting a polymeric structure, while the 
bromide has its strongest line at gem= 4-27, indicating a 
tetrahedral arrangement. 
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Biogenesis of Nonacosan-|5-one in 
Brassica oleracea : Dual Mechanisms 
in the Synthesis of Long-chain 
Compounds 


Tas Channon—Chibnall mechanism! for the biogenesis of 
long-chain ketones of the form R-CO-R from 2h-CO,H 
affords a natural explanation of the frequent location of 
the carbonyl group at the midpoint of the chain. The 
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explanation has been accepted by most biochemists, 
especially after this route was proved, by the "C tracer 
method, to be followed in the biosynthesis of corynomy- 
cole acid (IFP. 


2 n-C wH; 1" CO alt Te Cy sH a1° CO 3 CH (CO sH WC, rc oe 
— CysHy,CH\OH)-CH(CO,H)-C, Hoy (D) 


A natural corollary has been the assumption that long- 
chain hydrocarbons, such as hentriacontane, are bio- 
genetically derived by reduction processes from ketones 
made by the Channon-Chibnall mechanism. It should 
be noted, however, that the naturally occurring long- 
chain hydrocarbons do not obey the implied rule in a 
very satisfactory way. Nonacosane, probably the most 
widely distributed hydrocarbon of all, is accompanied in 
many petroleums by the normal C,, and C, alkanes 
which are each more abundant than neighbouring hydro- 
carbons with an even number of carbon atoms, but occur 
in only about half the quantity of nonacosane. 

Again, nonacosane, according to the Channon—Chibnall 
hypothesis, does not correspond to a fatty acid with an 
even number of carbon atoms. Attempts have been made 
to evade this issue by proposing ketonization of a mixture 
of fatty acids? followed by reduction. For example, 
C,,H.,CO,H + C,;H,,CO,H--C,,H,,. But the more widely 
the material is surveyed, the less satisfactory does this 
resource seem to be. 

A plausible alternative hypothesis has been proposed 
by one of us (P. E. K.) (in, among others, refs. 4 and 5) 
as the only reasonable conclusion from experiments on 
the synthesis of nonacosane in Brassica using “C and 3H- 
substituted precursors. This hypothesis predicates the 
extension of a fatsy acid such as palmitic acid by C, units 
followed by loss of 1CO, and complete reduction. 

An “extension” hypothesis can also be invoked to 
explain the synthesis of branched long-chain hydrocarbons 
in Nicotiana’ and Sarcina lutea®°, Chibnall has expressed 
dcoubt that the long-chain hydrocarbons are produced 
from the ketones" and one of us (P. E. K.)> has suggested 
that the opposite may be the truth. 

Meanwhile we have discussed various suggestions with 
the object of combining the extension hypothesis with 
the idea that the carbonyl group may be a residue of an 
oxidized site in the precursor fatty acid or the extended 
chain attached to it. For example, palmitic acid might 
be bio-oxidized to 2-keto-palmitic acid (a natural 
product}*) and this, by extension with C, units and selective 
reduction, could give nonacosan-15-one. 

Earlier observation that carboxyl and uniformly 
labelled palmitic acid gave equal incorporation into the 
ketone of broccoli leaves is consistent with the hypothesis 
of extension of 2-keto-palmitic acid. Furthermore, in 
experiments with leaf disks and chopped leaves, carried 
out as described earlier®, 1-'*C-palmitie acid was found to 
be just as effective as 16-"C-palmitic acid in labelling 
the hydrocarbon and ketone of broccoli leaves, provided 
the commercially available labelled acids were purified 
before feeding experiments. But, although palmitic acid 
ean yield nonacosan-15-one by -oxidation and elonga- 
tion, followed by deearboxylation, stearic acid would not 
be expected to be a good precursor of the same ketone. 
Stearic acid, however, was incorporated better than 
palmitie acid into the ketone, as had earlier been shown 
to be the case in the biosynthesis of nonacosane. But the 
structure of the ketone formed frorn stearic acid was not 
elucidated at that time. On the grounds of analogy with 
the theory using z-ketopalmitie acid, 16 seemed to be pos- 
sible that «-ketoestearic acid could also be incorporated 
into a long-chain ketone. But, in that case, the expected 
product would be nonacesan-13-one (Fig. 1), rather than 
the nonacosan-15-one produced from palmitic acid. 

On the other hand, if a specific oxygenation of a pre- 
formed saturated carbon chain is responsible for the 
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Fig, 1. The expected products of chemical degradation of nonacosan- 

15-one, derived from stearic acid by two possible pathways. The 

predicted location of “C in the Pe products is shown by (x) 
and ¢(@}. 


synthesis of the ketone, the product could be any 
particular nonacosanone, irrespective of the precursor 
used. 

To test these possibilities 1-4C-stearic acid and U-'MC 
stearic acid were used as substrates. The method, involv- 
ing leaf disks of broccoli (Brassica oleracea), was similar 
to that described earlier*. Thirty-two disks (1-6 em in 
diameter) in 4:5 ml. of water containing 50 uCi (specific 
activity 34-6 mC/mmole) of appropriately labelled stearic 
acid were exposed to 1,200 foot-candles of light for 6 h. 
The disks were first washed with water and then the 
surface lipids were extracted by washing the disks for 
30 s with a 2:1 mixture of chloroform and methanol. 
One-third of the total radioactivity was found in this 
surface lipid solution. Thin-layer chromatography on 
silica gel G with benzene as the developing solvent gave 
qualitatively and quantitatively identical patterns of dis- 
tribution of "C from both carboxyl-labelled and uniformly 
labelled stearic acid, thus showing that the carboxyl 
carbon of stearate was incorporated just as efficiently as 
the other carbon atoms into paraffins, ketones and other 
components of the surface lipids. A chromatographically 
homogeneous (both chemically and radiochemically) 
ketone fraction was isolated from the surface lipids by 
repeated thin-layer chromatography on silica gel G with 
benzene as the solvent. This ketone fraction, labelled 
equally well by carboxyl and uniformly labelled stearate, 
when subjected to gas-liquid chromatography showed 
only one peak (both mass and radioactivity) with a reten- 
tion time identical to that of nonacosan-l5-one. To 
determine the position of the carbonyl group in the 
labelled nonacosanone we synthesized nonacosan-12-one, 
nonacosan-13-one, and nonacosan-15- -one, using an im- 
proved version of a method developed by G. M. Robin- 
son, The nonacosan-15-one was identical with a speci- 
men supplied by Professor A. C. Chibnall. Gas-liquid 
chromatographic techniques, however, failed to separate 
mixtures of the three nonacosanones. A chemical degrada- 
tion had to be used therefore. After mixing the labelled 
ketones with synthetic nonacosan-12-one and nonacosan- 
13-one as carriers, the oximes were prepared and subjected 











to Beckmann rearrangement in the known m 
resulting substituted amides were hydrolysec 
fatty acids (as methyl esters) were analysed 
gas-liquid chromatography. If the extension of 
stearic acid had generated the ketone, the ra 
of the ketone derived from 1-“C stearic acid a 
stearic acid should be in the C,, acid and C,, acid re 
tively (Fig. 1). a 

Experimental results (compare Fig. 2) clearly show t 
all the radioactivity was in the C,, acid irrespective of: 
labelling position in stearic acid. The flame ionizat 
detector response (M) shows that the fatty acids expected. 
from the ketones (Cis Cis, Cy, and C,,) were produced in 
the chemical degradation. Thus specifie oxidation of the 
preformed chain of saturated carbon atoms seems to be 
the likely pathway for the biosynthesis of nonacosan-14- 
one. 

If, however, the carbon atoms of stearic acid were 
incorporated into the ketone by means of acetate produced 
by degradation of the C,, chain, the conclusion we have 3 
discussed would be a non sequitur. In order to oo out > 
this possibility 1-*C-9,10-9H-stearic acid was fed to leaves o 
of Brassica oleracea. If this doubly labelled stea 
is first converted into acetate and then incorporated i i 
nonacosan-l5-one most of the *H would be loat- and 
consequently the ketone should have much smaller ratio 
of 7H: #C than the substrate stearic acid. On the other 
hand, if the intact carbon chain of stearic acid is in- 
corporated, the ketone should have the same ratio of 
°H : C as the stearic acid. Experimentally, the nonacos- 
ane and nonacosan-l5-one isolated from the. Brassica 
leaves that metabolized the doubly labelled steari 
had virtually the same isotopic ratio as the startin 
acid (respectively, 12-4, 12-1, 123). Obviously the 
acid molecule is incorporated as an intact umit 
nonacosan-l5-one as well as into nonacosane. 

The simplest hypothesis that accommodate 
formation of nonacosan-15-one from both intact pal 
acid and intact stearic acid is that the nonacosane chain 
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Fig. 2. Radio gas-liquid chromatogram of fatty acids (methyl eaters 


derived from the labelled ketone synthesized from 1-"C-stearic acid a 
and U-4C-stearie acid (U). The flame ionization detector response (M 

shows the mass of the fatty acids produced primarily from the carrier 
12 and 13-nonacosanones. A colled copper column {4 fh x 634% in. 
outer diameter) pi acked with 5 per cent silicone gum robber (SẸ 20) 
on 90-100 mesh “Anakrom SD’ was used for the gas-liquid chromato- 
graphy. ‘Temperatures of the column and injector were 205°C and 
350° C, respectively. The carrier gas (argon) was supplied at a rate of 
80 ral. min. The “C in the effluent gas stream was continuously mogi- 
tored with a Barber Colman radioactivity moniter. The number on 

each peak represents the chain length of the acid, 
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is first formed and then oxidized at some stage selectively 
in the 15-position. 

We fully realize that this plausible theory is not yet 
proved and that there are several alternatives, none of 
which, so far as we can see, is free from serious difficulty. 

Dual mechanisms must now be recognized and so, 
although these conclusions apply strictly to the experi- 
mental material mentioned here, the implications may be 
much wider, and evidence is accumulating that this is 
indeed the case. 

The G. M. Robinson method for synthesis of long-chain 
ketones has been used recently by British? and Russian 
investigators'® who report, however, poor yields of less 
than 20 per cent. With due attention to the critical 
stages of hydrolysis, a considerable improvement has been 
effected and this is illustrated by the synthesis of nona- 
cosan-13-one. Analogous syntheses gave equally satisfac- 
tory results. 
= Tn the synthesis of nonacosan-13-one ethyl acetoacetate 
(39 ml), sodium (4:5 g), ethanol (130 ml.), undecyl 
bromide (46 g) and sodium iodide (1 g) were the starting 
points in the usual alkylation procedure. The product 
was ethyl 2-acetyltridecanoate (50-15 g, 90 per cent vield). 
This keto-ester (28-4 g, 0:1 mole) was reacted in ether 
(260 ml.) with sodium hydride (2-4 g) and then with hepta- 
decanoyl chloride (30 g) in ether (100 ml.). 
diketo-ester (56-9 g) was finely dispersed as a suspension 
in ethanol (750 ml.) 


precipitate 
(We found: 


are spectra 
and gas-liquid chromatography retention times were 


hexane) was obtained, bringing the total yield to 42-5 per 
Other products isolated were tetradecan-2-one 
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Hydroxyl Groups in Zeolite 
Catalysts 


HypRoxyL groups have been proposed as catalytic agonts 
for reactions involving molecules sorbed in dehydrated 
zeolites’, and there has been extensive infrared study of 
them (see refs. 2 and 3 for summaries). Speculations 
have been made on the positions of the hydroxy] groups 
in faujasite, Y and X zeolites on the basis of the band 
frequencies, and on the frequeney changes induced by 
molecular sorption and by deuterium and cation exchange. 
But most discussions have been rather general and have 
not considered the detailed properties of the crystal 
structure, 

We propose a scheme for selecting specific oxygen 
sites on the basis of a theory which attempts to consider 
the complex interactions between a hydroxy! group and 
its neighbourmg atoms. We shall consider hydroxyl 
groups formed by the attachment of a proton to an oxygen 
atom of the continuous alumino-silicate framework. Some 
hydroxyl groups may be attached directly to multivalent 
exchangeable cations, and sorne may terminate the frame- 
work at surfaces*. We use average interatomic distances 
obtained from X-ray diffraction methods; there must be 
local deviations from these values caused by (a) selective 
placing of Si and Al atoms in the framework; (b) selective 
oecupancy cf the many possible sites by exchangeable 
cations; (¢) movements induced by the attachment of a 
proton to a framework oxygen. 

We consider three principal factors: (a) the nature of 
the two (Si, Al) atoms bonded to the framework oxy gen, 
(6) the extent of bonding from exchangeable cations, and 
(e) the opportunity for electrostatic interaction of the 
proton with a nearby oxygen (this interaction is expected 
to be very much weaker than a hydrogen bond). 

From an electrostatic point of view, protons should 
favour oxygen atoms bonded to two Al or one Al and one 
Si atom in preference to two Si. No information is yet 
available on the distribution of Si and Al atoms among 
the tetrahedral sites, all of which are formally identical 
according to symmetry requirements of Fd3m. But 
evidence from many well defined alumino-silicates’, 
especially feldspars, strongly suggests that zeolites will 
have few, if any, oxygens bonded to two Al atoms. At 
very low proton concentrations it is possible that all 
protons are attached to oxygen atoms joined to two Al 
atoms, but at higher eoncentrations at least some should 
join oxygens attached to one Al and one Si. It seems 
unlikely that protons join oxygens bonded to two Si. 

There are four crystallographically distinct oxygen 
atoms in the alumino-silicate framework, and each type 
has different bonding properties to exchangeable cations. 
Divalent and trivalent cations oceupy only sites I, T, 
Tl’ and II in dehydrated structures so far determined 
(refs. 6-8 and our unpublished results). In site I, bonding 
is confined to six O(3) atoms; in site I’, bonding is prin- 
cipally to three O(3) atoms at ~2-4 A but there may be 
weak interaction with three O(2) atoms at ~3-0A; in 
sites IT” and Hl. bonding is principally to three O(2) 
atoms at ~2-4 A but there may be weak interaction 
with three O(4) atoms at ~3-0 A. In all these structures, 
the O(1) atoms at the waist of the ditrigonal prism of 
tetrahedra are unbonded to any exchangeable cations 
while the O(4) atoms are at the most only weakly bonded. 
Because not all the cation sites are occupied, some O(2) 
atoms, and very rarely O(3) atoms, are not bonded to 
exchangeable cations. Monovalent cations® in faujasite 
and Y probably occupy the above sites, but some mono- 
valent atoms in X may occupy site III in which they 
may bond to O(3) and O(4) and perhaps O(1). In any 
specific structure, some oxygen atoms should be un- 
bonded to exchangeable cations, and these should be 
preferred by protons. 

Some of these oxygen atoms may be preferred over the 
others because they he close enough to other oxygen 
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atoms to permit electrostatic interaction of the proton 
with the more distant oxygen. Because of repulsion of the 
proton from Si and Al atoms, only oxygen atoms not linked 
to the same Si, Al atom are likely candidates. The closer 
the atoms approach, the greater would be the electrostatic 
interaction. Four pairs of atoms are possible, all lying 
diagonally opposite each other in 4 rings of tetrahedra. 
In all structures so far determined the O(1)-O(1) distance 
across the waist of the hexagonal prism is greater than 
3-6 A, while the 0(3)-O(3) distance across the bridging 
4 ring is greater than 3-5 A and often greater than 3-7 A. 
The O(2)-O(3) and O(4)-O(4) distances change signi- 
ficantly with the nature of the exchangeable cation; in 
Ca-exchanged faujasite (our unpublished results) and La- 
exchanged’ faujasite, the distances are: Ca—O(2)-O(3) 
3-37, O(4)-O(4) 3-27 and La—3-24, 3-41 A. Although a 
true hydrogen bond yields distances below 3 A, these 
distances are small enough to permit some electrostatic 
interaction. 

We suggest that, at low concentrations of hydroxyl 
groups, all three factors may be satisfied im some ex- 
changed forms. Specifically, in dehydrated Ca-faujasite 
we propose that the protons are attached to O(4) because 
the O(4)-O(4) distance is smaller than O(2)-O(3) and 
because most if not all O(3) is bonded to exchangeable 
cations. Although the Si, Al ordering of faujasite may 
differ from that of Y zeolite, it is likely that the assign- 
ment of OH groups is similar. Thus the 3,645 cm- 
frequency? is hereby ascribed to an O(4) site. La-ex- 
changed Y evacuated at 550° C shows two peaks, one at 
3,524 em- ascribed to direct bonding to La atoms, and 
one at 3,640 cm~ ascribed to a framework oxygen’. If 
our X-ray data for La-exchanged faujasite dehydrated 
at 450°C are applicable to La-exchanged Y, the O(2) 
sites are indicated because the O(2)-O(3) distance 3-24 A 
is lower than the O(4)-O(4) distance 3-41 A, and because 
the La distribution is such that some O(3) atoms should 
not be bonded to La atoms. 

The stretching frequency cannot be predicted; but it 
is important to point out that, even if the hydroxyl group 
is not bonded to exchangeable cations, the latter have an 
indirect effect. Thus in Ca-exchanged faujasite, the 
(Si, Al)--O distances are: to O(1) 1-633, O(2) 1-651, 
O(3) 1-671, O(4) 1-620 A, while in La-exchanged faujasite 
they are 1-632, 1-625, 1-689, 1-602, all +0-003 A. The 
short O(4) and O(1) distances are a consequence of the 
bonding of Ca atoms principally to O(2) and O(3). In 
La-exchanged faujasite most La atoms bond to O(3). If 
the proton is attached to O(4) in Ca-exchanged faujasite, 
the Ca atom should have an indirect effect in reducing 
the stretching frequency by weakening the Si—O(2) and 
Si--O(3) bonds and strengthening Si—O(4). The band 
frequency 3,645 cm~ in Ca-exchanged Y is hardly different 
from the value 3,640 em~ in La-exchanged Y (2, 12), 
consistent with the near-equal 1-620 and 1-625 bonds. 

In some exchanged forms, there are three OH bands, 
as well as the ubiquitous 3,745 cm~ band aseribed to an 
oxygen attached to only one Si atom either at an internal 
or external surface’. These may arise from protons 
attached to more than one type of oxygen, or to one type 
of oxygen bonded in different ways to exchangeable 
cations. 

Unfortunately, there seems no simple way of obtaining 
directly the position of protons in low concentrations. As 
further crystal structure determinations are made of other 
variants, it should be possible to suggest further assign- 
ment of bands. Perhaps it will then be possible to check 
the assignment from the band frequency with simple 
estimates of electrostatic interaction. The present hypo- 
thesis is more complex and comprehensive than existing 
ones, and should be valuable in interpreting catalytic 
phenomena. Whatever the details of the assignments. 
all the protons attached to framework oxygens are likely 
to be pointing into the main cavities away from the 
sodalite unit with its cation concentration. Thus they 
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should be available for interaction with sorbed molecules. 
We thank C. L. Angell and D. W. Breek of Union 
Carbide Research Institute for their comments, and the 
donors of the Petroleum Research Fund administered 
by the American Chemical Society for a grant-in-aid. 
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BIOLOGICAL SCIENCES 


Relationship between the Genes for 
Glucose-6-phosphate Dehydrogenase and 
for Haemoglobin in a Nigerian 
Population 


Various contrasting data have been published concern- 

ing the incidence of glucose-6-phosphate dehydrogenase 

deficiency in subjects with normal and abnormal haemo- 

globins (reviewed in ref. 1). We have collected data on the 
distribution of genetic variants of glucose-6-phosphate — 
dehydrogenase in the erythrocytes of 1,451 normal male 
subjects living in western Nigeria, most of them Yoruba 
(estimated more than 90 per cent). Three common 
variants are encountered in this population, two of them 
with normal activity, A and B, and one associated with 
enzyme deficiency, A- (according to the nomenclature 
recommended by the World Health Organization"). The 
incidences of these variants in normal Nigerian males are 
approximately 21, 57 and 22 per cent respectively? *, 
Rare variants have also been described®. 


Table 1. DISTRIBUTION OF GLUCOSE-6-PHOSPHATE DEHYDROGENASE VARIANTS 
IN MALE SUBJECTS HOMOZYGOUS FOR HAEMOGLOBIN A AND IX A/S AND IN 
A/G HETEROZYGOTES 


Glucose-6-phosphate dehydrogenase variants 
A B A” 


Subjects with 
haemoglobin Per- Per- Per- 
Number centage Number centage Number centage 
Gi) A 218 24-8 466 §3°0 195 22-2 
(ii) A/S 88 22:0 231 4a-O 40 ya 
gil) AC 27 166 107 62-0 a0 22-5 
Total 333 22-9 804 55:5 314 21-6 


“Typing” for both variants of haemoglobin and glucose phosphate 
dehydrogenase wag carried out by starch gel electrophoresis as described 
hefore®. The distribution of variants of glucose-6-phosphate dehydrogenase 
in group (ii) was compared with that in group (i) by the yt test ina brž 
table. This yields 7*= 1-242, corresponding to P > 0:5 for two degrees of 
freedom. The same procedure for the comparison of group (Hi) with group {1} 
yields 7?= 3-618, with P > 0-1 for two degrees of freedom. 


The data in Table 1 show that there is no difference 
in the distribution of glucose-6-phosphate dehydrogenase 
variants in the three groups examined: (1) homozygotes 
for haemoglobin A; (ii) A/S heterozygotes; and (ii) A/C 
heterozygotes. The figures in Table 1 directly represent 
gene frequencies, because male subjects were incl uded, 
the locus involved is sex-linked’, and the three enzyme 
variants are probably controlled by three allelic structural 
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genes**, Because gene frequencies are the same in the 
three groups, we can conclude that there is no inter- 
action, at the population level, between the S gene or the 
C gene and the structural gene for glucose-6-phosphate 
dehydrogenase. This applies to the geno for enzyme 
deficiency (A~-) as well as to those controlling the electro- 
phoretic polymorphism A-B. 

We have not studied the distribution of glucose-6- 
phosphate dehydrogenase variants in S/S homozygotes — 
sickle cell anaemia patients. In this group, with a red 
cell population younger than normal and therefore in- 
creased enzyme concentrations, a certain fraction of 
subjects who are genetically deficient (A-) might be mis- 
classified as normal (A). It is therefore safer to predict 
that the frequency of glucose-6-phosphate dehydi ogenase 
deficiency in S/S homozygotes at birth will be one and 
the same as the frequency observed in A/S heterozygotes 
-~who are haematologicaily normal and thus not subject 
to the risk of misclassification. If there was a higher 
frequency in patients with sickle cell anaemia, as sug- 
gested by Lewis and Hathorn", it could not be attributed 
to a genetic interaction at the population level, but would 
have to be explained by & phenotypic interaction, that is, 
preferential mortality of S/S subjects with normal glucose- 
6-phosphate dehydrogenase compared with S/S subjects 
with glucose-6-phosphate dehydrogenase deficiency. 
Recent work by Hendrickse and Olumide (personal com- 
munication) on 200 cases of sickle cell anaemia, however, 
has not confirmed the finding of a high incidence of 
enzyme deficiency in the homozygous subjects. 

We are indebted to Professor G. M. Edington for help 
and encouragement. Mr V. C. N. Okoye and Mr A. 
Usifoh have given skilled technical assistance. This 
work has received financial support from the World 
Health Organization 

L. Luzzarro 
Department of Haematology, 
University College Hospital, 
Ibadan, Nigeria. 
N. ©. ALLAN* 
Sub-Department of Haematology, 
University College Hospital, 
Ibadan, Nigeria. 
Received July 4, 10868, 
* Present address: Western General Hospital, Edinburgh, Scotland. 


* Raper, A. B., Trans. Roy. Soe. Trop. Med. Hug., 82, 84 (1968). 

* WHO Tech. Rep., Series No. 368, Geneva (1967). 

a Gilles, H, M. and Taylor, B. G., Ann. Trop. Med. Parasitol., 55. 64 (1961 ). 

t Porter, L H., Boyer, S. H., Watson-Williams, E. J., Adam, A., Szeinberg, 
A and Siniseaico. M., Lancet, i, 895 (1964). 

t Luzzatto, L., Allan, N. C., and De Flora, A., Biochem. d.. $7, 19P (1985). 

* Luzzatto, L., and Afolayan, A., J. Clin. Invest. (in the press), 

*Motuisky, A. G., in Abnormai Haemoglobins in A frica (edit. by Jonxis, 
4. H. P.), 143 (Blackwell, Oxford, 1965). 

t Luzzatto, L., and Allan, N. C., Biochem. Biophys, Res. Commun., 21, 547 
(1965), 

t Yoshida, A., Proc. US Nat. Aced. Sei., 57, 835 (1967). 

** Marks, P, A., in The Red Cell (edit. by Bishop, C., and Surgenor, D. M.) 

© 211 (Academic Press, New York, 1964). 
Lewis, R, A., and Hathorn, M., Blood, 26, 176 (1965). 


$ 


In vivo and in vitro Interactions of 
Human Haemoglobins A, S and C 
with a Variant Haemoglobin E 


THE predominant haemoglobin in the blood of most 
human adults is type A, a tetrameric haemo-protein com- 
posed of two pairs of identical polypeptide chains——alpha 
and beta chains--inherited as nonallelie ‘autosomal 
dominant traits'. I have found a family of African Negro 
origin which possesses four different major haemoglobins 
(Fig. 1): Hb A, S, C and E. These were identified pre- 
liminarily by their characteristic electrophoretic mobilities 
in starch gel at pH 8-6 (Fig. 1)*; the appearance of Hb € 
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or E on starch was verified by agar gel electrophoresis at 
pH 6-2 (Fig. 1)°, and appearance of Hb 8 was verified 
by deoxygenation of samples of whole blood with sodium 
metabisulphite : this causes Hb S to polymerize, dis- 
torting the erythrocytes into rigid, elongate forms known 
as sickle cells!-5, 

For genetic study it is important to know whether the 
haemoglobin variants in this family are beta chain 
abnormalities as are known Hb S (ref. 6), © (ref. 7) and 
E (ref. 8); therefore the haemoglobins were purified by 
cation-exchange chromatography? and hybridized with 
canine haemoglobin tcgether with known Hb A, 8, C 
and E controls'®, The hybrids were examined by starch 
gel electrophoresis at pH 8-6; they included only one 
form of canine beta-~human alpha hybrid, but four 
different forms of canine alpha~human beta hybrids cor- 
responding to the beta chains of Hb A, C, S and E of 
this family and controls. Thus four different beta chains 
assort independently among members of two generations 
of this family, providing genetie evidence for allelism, for 
which the literature contains ample biochemical*-° but 
insufficient genetic! proof. 

All three offspring heterozygous for Hb § jis have 
severe haemolytic anaemia, with peripheral blood haemo- 
globin values of 6-7 g/100 ml. (normal= 14) and 
haematocrits of 19-24 ml. packed cells/100 ml. of blood 
(normal = 42). The disease of these three girls is clinically 
indistinguishable from homozygous sickle cell anaemia, 
with jaundice, bone pain, haemolytic crises, recurrent 
pneumonia, splenic infarction and sickle cells in fresh 
peripheral blood'?, Nevertheless, their disease is not 
caused by a preponderance of Hb S. for the proportions 
of E and 8 are about 50 per cent. (See legend to Fig, 2. 
Constituent haemoglobins in heterozygous mixtures were 
separated by starch block electrophoresis™®. Each major 
Hb band was sliced out, the Hb eluted with 0-2 M 
phosphate buffer, pH 7, and assayed spectrophoto- 
metrically4,) 

Three cases of heterozygosity for Hb S and the classic 
Hb E have been reported’ and none had sickle cel] 
anaemia; furthermore, the classic Hb E prevails in 
south-east Asia and has never been re ported in the Negro 
race’*, It is therefore possible that we are dealing with a 
new Hb E, E (Pittsburgh), which displays the electro- 
phoretic characteristics of classic Hb E, but which inter- 
acts with Hb S to enhance sickling and subsequent 
disease. 

Peptide mapping of tryptic digests of purified Hb E 
(Pittsburgh) by the method of Ingram? (for which I 
thank Francis Hoffman, University of Pi ttsburgh School 
of Medicine) reveals that unlike the classic Hb E (Beta 
26 Glu->+Lys)* the abnormality in Hb E (Pittsburgh) 
lies in residues 83-100 of the beta chain. Inasmuch ag 
I am here primarily interested in the pathogenetic poten- 
tial of Hb E (Pittsburgh), amino-acid sequencing has 
not yet been pursued further. 

Why is heterozygosity for S/E ( Pittsburgh) a severe 
sickle cell anaemia when A/E ( Pittsburgh) is entirely free 
of disease? Appropriate laboratory tests ruled out the 
following possibilities: structural instability of Hb E or 
S/E or C/E mixtures}; hereditary spherocytosis, auto- 
immune haemolytic anaemia, parox ysmal haemoglobin- 
uria; deficiency of iron, Ba} folate; and enzyme defici- 
encies including G6PD, PK, TPI and GSH reductase}. 
On the other hand, the in vitro sickling rate of air-sealed 
S/E blood is comparable with that of S/S blood and far 
surpasses that of S/A, S/C or S/F blood (Fig. 2, left); 
AJE blood does not sickle at all. The control S/A blood 
was selected so that the difference in sickling rate could 
not be explained by a difference in proportion of Hb § ; 
the control 8/C blood was from the E (Pi ttsburgh) family 
so that the differences could not be explained by a 
“virulent” form of Hb S. AJE blood does not sickle at all. 

The high propensity of S/E erythrocytes to sickle as 
oxygen is consumed is reflected in the haemolysates: when 
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14 g per cent haemoglobin solutions prepared from the 
blood samples used for determining sickling rates are 


deoxygenated with sodium metabisulphite in concentrated 
phosphate buffer?*, 80 per cent of the § and S/E haemo- 
globins precipitate out of solution, whereas only 60 per 
cent of the S/C, 10 per cent of the 8/A, and none of the A, 
A/E or E solutions precipitate. The proportion of Hb 8, 
where present, is approximately equal (legend, Fig. 2), so 
that these results cannot be explained by a preponderance 
of Hb S. Deoxygenated Hb E seems to polymerize with 
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right). Haemoglobin in C/E and C/C celle crystallizes far 
more rapidly and extensively than in any other cell types. 
C/E haemolysates, like the cells, erystallize readily when 
concentrated: I equilibrated 14 g per cent haemoglobin 
solutions with 100 per cent oxygen for 20 min at 20° C, 
concentrated them by vacuum dialysis, and removed 
aliquots every quarter-hour for spectrophotometric de- 
terminations of haemoglobin concentrations", and phase- 
microscopie observations of oxyhaemoglobin  erystal 
formation. Hb A, E and § crystallize at 50 per cent, 
Hb C/A at 44 g per cent, but Hb C/E and C/C crystallize 
at only 38 g per cent Hb. Because erythrocytes usually 
contain 34 g per cent Hb, C/E and C/C cells need only 
be condensed 10 per cent to induce erystallization; thus 
the impressive intracellular crystallization in hypertonic 
saline. 

Thus Hb E (Pittsburgh), although innocuous alone or 
with Hb A, interacts with reduced Hb S to enhance 
sickling and with concentrated Hb C to enhance crystal- 
lization. Hb E seems to lose its own identity and adopt. 
that of the Hb with which it interacts: nevertheless it 
remains readily recognizable by starch gel electrophoresis. 
Such interaction appears on the level of the haemolysate, 
the cell, and the patient, in whom S/E and C/E disease 
appears identical to sickle cell anaemia and Hb C disease, 
respectively. There has been no substantial proof of the 
intuitively attractive idea that there is a direct causative 
relationship between sickling and sickle cell anaemia, 
and between crystallization and Hb C disease. Sickle 
cells and crystal cells could cause haemolytic anaemia 
because their clumsy shapes, rigidity and mechanical 
fragility render passage hazardous through the smaller 
capillary beds of the peripheral circulations; “log- 
jamming” results, and subsequent thrombosis, infarction 
and intravascular haemolysis**. As evidence that this 
sequence is valid I offer the fact that a severe haemolytic 
anaemia results from heterozygous combination of Hb S 
or C with a haemoglobin, E (Pittsburgh), which can 
co-sickle or co-erystallize with them, whereas no disease 
results from heterozygous combination of Hb S or C with 
a haemoglobin, F, which cannot interact with them?5-27, 
Hb 8 interacts with Hb C and to a lesser extent with 
Hb A (refs. 25-27); however, heterozygosity for either 
of these conditions is relatively benign with low sickling 
rates, whereas heterozygosity of Hb S or C with Hb E is 
indistinguishable from the homozygous anaemias. Indeed, 
within the E (Pittsburgh) family as well, the S/C offspring 
and the S/A parent are in good health and their blood has 
low sickling rates; this helps to rule out an accessory 
gene in the causation of S/E anaemia. 
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DNA Base Composition of Human 
T Strain Mycoplasmas 


THE T strain mycoplasmas constitute a unique group 
with some properties distinct from those of the classical 
mycoplasmas, Recently it has become possible to 
separate seven serologically different strains within the 
group of the human T strains’. The subcommittee on the 
taxonomy of mycoplasmatalest has not yet finished its 
discussion of the taxonomy of these mycoplasmas, but 
awaits further experimental data. Knowledge of the 
DNA base composition might be a valuable approach to 
a rational classification of these organisms, and we report 
here determinations of the base composition in the seven 
human T strains. 

All 7 strains investigated were supplied by Dr D. K. 
Ford, of the University of British Columbia. Strain 
designations are listed in Table 1. Strains were grown in 
a medium consisting of 80 per cent trypticase soy broth, 
20 per cent horse serum, 0-04 per cent urea, 0-002 per 
cent phenol red, and 2,000 v/ml. of sodium penicillin. 
The pH was adjusted to 6-1. Quantities of 5 l. were in- 
oculated with a 200 ml. moculum, incubated at 37° C for 
15 h and collected in the Sorvall continuous flow system 
at 48,000g and a flow rate of about 30 ml./min. DNA 
was isolated by the methods of Marmur? except for 
modifications to allow for the exceedingly small amount 
of material available. The pellet, washed in saline- 
EDTA, was resuspended in 2-5 ml. of the same buffer and 
subjected to a temperature of 60° C for 10 min with 2 per 
cent sodium dodecy! sulphate. After cooling, 0-7 ml. of 
5 M sodium perchlorate was added and the mixture was 
shaken gently for 30 min with chloroform. After this 
first deproteinization the supernatant was dialysed over- 
night at 4° C against SSC (0-15 M NaCl+ 0-015 M sodium 
citrate, pH 7). After concentrating the solution to less 
then 1 ml. by vacuum dialysis, RNA was digested by a 
mixture of pancreatic and T, ribonuclease. Residual 
protein was removed by a few more deproteinization 
steps with chloroform and the DNA was finally dialysed 
against SSC. In this way a total of 8-10 ug of DNA/L. of 
growth medium was obtained. Zm and the contents of 
guanine plus cytosine (GC) were determined as deseribed 
earler®, 

Values for Tm and the percentage of GC for DNA 
from the seven T strains examined are listed in Table 1. 
All values are within 27-7 to 28-5 per cent GC. No sig- 
nificant difference in base composition is found between 


Table 1. VALUES FOR Tm AND GC PERCENTAGE OF DNA FROM SEVEN HUMAN 


T STRAIN MYCOPLASMAS 


Strain designation Tm CCy* % Gt 

No. 7 (Ford) 80-85 28-2 
ago 80-75 28-0 

27 80-80 28-1 

583 p 81-00 28-6 

354 n 80-70 27 -B 
Pirillo i. 80-70 27-8 
Cook ” 80-65 27°7 


* Average of at least two determinations. Tm was reproducible to + 0-2° C. 
+ Calculated from meiting temperature (Tm) in SSC tref. 7). 
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the individual members of this group of organisms. The 
melting profiles of the purified DNA from all strains were 
very similar. They show a regular § shape, a hyper- 
chromicity of 42-44 per cent and a heterogeneity in base 
composition®, Gys of about 1-2 per cent GC. This similarity 
in melting behaviour of DNA together with the charac- 
teristic morphological, biological and serological features 
suggest a degree of genetic homogeneity among these 
mycoplasmas. The base composition for most myco- 
plasmas has been found to be exceedingly low in GC 
content (26-32 per cent GC)’, in fact, lower than for 
most other micro-organisms. Despite this close grouping 
as regards DNA base composition, hybridization experi- 
ments have revealed a great heterogeneity in genetic 
relatedness among many of the species investigated” '°. 

The same low GC content for the T strain mycoplasmas, 

however, raises the possibility of a phylogenetic relation 

between these organisms and some of the other myco- 
plasmas of either human or animal origin. Investigations 
to solve these problems are in progress. 
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Biosynthesis of Ferritin Molecules 


In the News and Views section of Nature of May 18, 1968 
{ref. 1), attention is directed to a recent paper by Pape, 
Multani, Stitt and Saltman?, in which a new model for 
ferritin synthesis is proposed. The authors suggested that 
ferritin formation occurs by way of aggregation of apo- 
ferritin subunits around a preformed polynuclear iron 
micelle and that their mechanism accounts for the 
apparent induction of ferritin synthesis by iron. While 
welcoming this new hypothesis, we would like to indicate 
that results obtained by several other groups of workers 
support the alternative view that apoferritin molecules 
are formed first and that these then accumulate iron in 
their interior to give ferritin. 

The model of Pape et al.? is based on their observations 
as follows. (1) ““Non-crystalline” or ‘“non-crystallizable” 
ferritin appears different in the electron microscope from 
ferritin in that negatively stained preparations show more 
“crescent-shaped structures” than those of normal ferritin. 
They conclude that these structures represent molecules 
with incomplete protein shells because of the absence of 
a few subunits. (2) “Ferritin”, reconstituted from intact 
apoferritin and ferrous ammonium sulphate in oxidizing 
conditions, differs from native ferritin with respect to 
diameters of iron micelles and protein, as measured in the 
electron microscope (48 A on average instead of 70 A and 
102 A instead of 120 A respectively). They find a still 
smaller diameter for apoferritin, 92 A. Ferritin molecules 
“reconstituted” by incubating non-crystalline ferritin 
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together with apoferritin are the same size as crystalline 
ferritin. (3) “Iron micelles” of diameter 60-100 A can be 
formed in vitro by controlled hydrolysis of Fe*+* and of 
ferric chelates. 

In considering this evidence it may be noted that the 
observations of Pape et al.? on negatively stained ferritins 
are in conflict with those of Farrant’, who found that 
“non-erystallizable” ferritin and crystalline ferritin 


shadowed from two directions appeared identical. Because > e 






a certain number of crescents are also found in erys 
material, 1t seems possible that these are artefacts of the 
negative staining procedure. The name “non-erystalliz-— 
able ferritin” was first used by Granick*, who applied ib 
to the mother liquor from the crystallization of ferritin 
from which no further crystals could be obtained. if 
colourless apoferritin was added to the brown mother 
liquor, brown crystals formed. We have found that if 
“‘non-erystallizable” ferritin is dialysed and concentrated. 
the addition of cadmium yields crystals whieh seem 
identical with those of recrystallized ferritin. Pape ef al? 
find that the iron : protein ratios in non-erystalline frac- 
tions are “always equal to those in the ferritin from which 
it is formed”, and conclude that these fractions contain 
a mixture of molecules with incomplete shells together 
with apoferritin subunits. There seems to be no direct 
evidence for the presence of such subunits. | 
From the different molecular dimensions obtained for 
ferritin, reconstituted ferritin and apoferritin, Pape et ai. 
conclude that “the configuration of the ferritin molecule 
and perhaps its biological activity are sensitive to the 
structure of the micelle’. In our negative contrast pre- 
parations of native ferritin, which contains molecules 
with a wide range of iron contents, we have not found any 
significant differences in the outer diameters except that 
the apoferritin molecules present tend, if anything, to 
appear rather larger than ferritin (also noted by K. M, 
Towe, and probably resulting from the partial collapse of 
the empty shells). The mode of crystallization of ferritin 
seems to depend solely on the protein shell and not on 
the size of the micelle within the molecule. Native ferritin 
molecules of differing iron contents readily co -erystallize 
with or without added apoferritin to give a series of iso- 
morphous mixed crystals’. Ferritin fractions of different 
iron content and micelle shapes’ also yield isomorphous 
The diffraction patterns of these crystals 
strongly suggest that the protein shells are identical, that 
: We have found 


who state that the morphology of this “ferritin” is “cpaite 
different from that of the native protein”. We have 
found, furthermore, that cores of 70 A diameter can form 
inside the protein shell in various conditions® and that 
with a procedure similar to that used by Pape ef ai.’ 
reconstitution is favoured if carried out at 20° C or 37° C 
instead of 0° C. More iron can be added to partially filled 
molecules by a second reconstitution. The electron 
diffraction patterns of reconstituted cores are similar to 
those of native ferritin, indicating that the atomie struc- 
tures are the same*. This suggests that accumulation 
within apoferritin shells is a feasible mechanism for the 
growth of the iron core in vitro. 

The fact that iron micelles of about 70 A in diameter 
can be formed in vitro in the absence of protein is a sug- 
gestive one, but a number of observations in vivo and 
in vitro cast doubt on a mechanism for ferritin formation 
involving the assembly of protein subunits around è pre- 
formed core. Tracer studies have shown that iron com- 
pounds administered in a variety of ways stimulate de 
novo ferritin synthesis. The newly formed molecules 
appear in the ferritin fractions of least iron content*-". 
The radioactivity subsequently passes to the iron rich 
species with species of intermediate iron content pre- 
dominating at intermediate times''. This strongly 
suggests that apoferritin, ora molecule of low tron content, 
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is the precursor of ferritin and that iron may then accu- 
mulate within the protein shell. The hypothesis of Pape 
ef al? would require either that molecules of low iron 
content had formed initially by aggregation of protein 
subunits around complete cores and had then lost most 
of their iron, or that apoferritin molecules formed first 
and these subsequently disaggregate and reassemble in 
the same conformation around micelles of increasing size. 
The variation in size and shape of the cores*!* makes it 
doubtful whether they control the assembly of the protein. 
There is as yet no evidence as to how or where the 

apoferritin molecules are assembled in vivo. Presumably 
assembly occurs after the subunits have become detached 
from the ribosomes. Evidence that assembly of subunits 
to completed shells can occur (in vitro) in the absence of 
iron has been obtained independently by two of us. This 
evidence is compatible with the hypothesis that apoferritin 
is a precursor of ferritin in vivo. 

J. W. DRYSDALE 
Department of Nutrition and Food Science, 
Massachusetts Institute of Technology. 

G. H. Haces 
Department of Physiology, 
University of Edinburgh Medical School. 

PauLtine M. Harrison 
Department of Biochemistry, 
University of Sheffield. 


Received July 3; revised July 17. 1968. 


1 Nature, 218, 628 (1968), 
* Pape, L., Multani, J. 8., Stitt, C. and Saltman, P., Biochemistry, 7, 608 


* Farrant. J. L., Biochim. Biophys. Acta,18, 569 (1954). 

t Granick, S., J. Biol. Chem., 146, 451 (1942). 

* Harrison, P. M., J. Mol. Biol., 3, 404 (1963), 

* Fishbach, F. A. and Anderegg, J. W., J. Mol. Biol.,14, 458 (1 965), 

7 Harrison, P. M.,and Fischbach, P. A., Acta Cryst..21, Suppl, A 160 (1988). 

t Harrison, P. M., Fischbach, F. A., Hoy, T. H., and Haggis, G. H., Nature, 
216, 1182 (1987). 

t Fineberg, R. A., and Greenberg, D. M., J. Biol. Chem., 214, 107 (1955). 

1$ Richter, G. W., Nature, 190, 413 961). 

n Drysdale, J. W., and Munro, H. N., J. Biol. Chem.,241, 3630 (1966). 

Haggis, G, H., in Sixth Intern. Cong. Electron M wroscopy, Kyoto, 2, 127 
(Maruzen, ‘Tokyo, 1966), 


Crystal Structure of %-p-Cellotetraose 
and its Relationship to Cellulose 


CELLULOSE is a straight chain polymer of 1—4 linked 
p-D-glucopyranose residues, the most important poly- 
morphs of which are natural cellulose (cellulose I) and 
regenerated or mercerized cellulose (cellulose II). Al- 
though these forms have been extensively studied as 
fibres and orientated films, so far no fully satisfactory 
structural description has been advanced for either!? 
or in fact for any of the other cellulose allotropes. 

The possible relationships between celluloses I and II 
are restricted, for cellulose I may be transformed by the 
action of alkali of sufficient strength into cellulose IT 
without complete dissolution of the polymer’, Further- 
more, in properties such as the infrared absorption 
spectrum* and the powder X-ray diffraction pattern’, 
B-p-cellotetraose and higher members of the cellulose 
homologous series closely resemble the more highly 
erystalline regions of cellulose II. Suitable studies of the 
oligomers may therefore allow the physical structure 
of cellulose II to be resolved, and may throw light on that 
of cellulose I and the other forms. 

We report here the initial results from a single crystal 
X-ray diffraction study of 8-p-cellotetraose, and relate 
them to the erystal structure of cellulose IT. 

Cellotetraose—derived from «-cellulose by acid hydro- 
lysis—was crystallized from an aqueous solution by slow 
infusion of acetone. The crystals obtained were very thin 
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laths, usually of poor quality but with well developed (001) 
faces and approximate dimensions of 0-2 x 0-1 x 0-01 mm, 
Photographic data (Cu Ke radiation) were recorded on a 
Nonius Weissenberg goniometer. Exposure times of u 
to 900 h on a high power X-ray generator (180 mA, 30 kV)s 
were required to obtain, from such small crystals, data 
which while sufficient for the present work were not as 
extensive as desired. Within the limit of sind < 0:76, 
28 AkO, 160 kOl and 168 Oki sin®/% values were measured 
for, respectively, 15, 59 and 85 independent reflexions. 
Initial estimates of the unit cell parameters were refined 
by a least squares procedure on the measured sin6/?. 
values. The density was measured by flotation in a 
carbon tetrachloride-bromobenzene mixture. 

Oki intensity data were collected by standard multiple 
film procedures, Even with a fine setting of the layer line 
screen slit width, the heavy background arising from the 
long exposures made estimation of intensities difficult 
and rendered the final result less precise than would 
normally be expected. No correction for absorption was 
considered necessary. 

The short a axis and a very intense 100 reflexion indica- 
ted that the tilt to that axis of each anh ydroglucose 
residue and of the molecule as a whole was small. Con- 
sequently, each atom was expected to be well resolved in 
the projection on the be plane. This feature mitigated 
the restriction imposed by the limited reflexion data and 
suggested that useful conclusions could be derived from 
an analysis of this one projection. 

A vector map based on the 85 Ok! reflexions of measure- 
able intensity contained several conspicuous features: 
(a) twelve peaks. approximately 2-4 A from the origin, 
arranged in two hexagonal sets, one rotated epproxi- 
mately 25° with respoet to the other; (b) a large peak, at 
10-35 A from the origin and 0-9 A off the ¢ axis, with a 
height virtually half that of the origin peak, that is with 
the F?(000) term excluded: and (c) a subsidiary array 
of peaks around the 10-35 A peak, which was very similar 
to that around the origin. 

These features are consistent with a molecular subunit 
comprising two glucose residues. A trial structure of this 
type, based on the molecular structure and dimensional 
details of cellobiose? gave an agreement between the 
observed and calculated structure factors of 0-42 as 
estimated by the conventional index R= ZIK Fo -- | Fel 
LAF. A Wilson plot suggested an overall iso tropic 
temperature factor of 3-0 A? while the scale factor was 
obtained by equating EKF, to XIF. The four primary 
hydroxyl groups were relocated from an electron density 
map and with their inclusion at the new positions R 
dropped to 0-33. 

An attempt was made to improve this agreement with 
Fe and AF Fourier syntheses because the limited data 
excluded a least squares refinement of individual atomic 
coordinates. At first residues were shifted as groups of 
atoms, but with this constraint R failed to reduce below 
0-30. This limitation was therefore relaxed and the 
indicated shifts for individual atomic coordinates res- 
tricted only so as to maintain the 10-35 A repeat distance, 
that ts, the displacements in rings 1 and 3 (Fig. 1) were 
identical as were those of rings 2 and 4. After seven 
structure factor-Fourier cycles, R had decreased to 0-23 
at which stage further shifts gave little improvement. 
Unobserved OAZ reflexions within the range sin <0-70 all 
calculated equal to or less than the minimum observable. 
The final structure which is shown in Fig. 1 has reasonable 
chemical sensibility within the accuracy limits of the data. 

The analysis confirms that cellotetraose is a l—>4 
linked oligomer of 8-glycopyranose residues and establishes 
that the molecule hes approximately in the (100) plane 
with its axis 5° off parallel with c. Furthermore, it extends 
to higher members of the cellulose homologous series the 
finding on cellobiose?* that adjacent residues are bent 
relative to one another by approximately 25° when viewed 
in projection on the general plane of the molecule (Fig. 1). 
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To decide whether the anhydroglucose residues in 
cellotetraose can be strictly related through a two-fold 
screw operation would require an analysis with full three- 
dimensional! diffraction data. It should be noted, however, 
that a two-fold screw axis coincident with the molecular 
axis requires the normals to equivalent planes in adjoin- 
ing residues to be coplanar and as a consequence the 
hydrogen attached to the ring carbons adjacent to the 


- ether oxygen linking two residues will be in the sterically 
.. unfavourable eclipsed position. In cellobiose’, this situa- 
- tion is avoided by an increase to 116° of the angle at the 


linking oxygen and a relative twist of the rings away from 
the eclipsed conformation. The projection evidence 
indicates that this molecular conformation most probably 
also applies in cellotetraose. Thus the anhydroglucose 
units of the molecule are both bent and twisted relative to 
one another and therefore are not related by a two-fold 
screw operation. 

An intramolecular hydrogen bond between O(3) of one 
residue, for example O(23), and the ring oxygen, for 
example O(15), of the adjoining residue has been suggested" 
as a basic factor controlling the relative orientation of 
the rings of cellobiose. Comparison of a Dreiding model of 
cellotetraose, based on its projection on the be plane, 
with a view down the crystal c axis of one asymmetric unit 
of cellobiose favours a similar intrachain bond in cello- 
tetraose. 

In this context, it is worth recording that the final 
difference electron density map possessed features which 
could be interpreted as alternate sites of the primary hyd- 
roxyl group, O(6), on each residue. The evidence presently 
available is insufficient, however, to decide whether the 
hydrogen bonds in which these groups participate are 
intra or interchain bonds. 

The near parallelism of the molecular axis of cello- 
tetraose with the cell edge c taken in conjunction with 
the occurrence of a 10-35 A identity period in cellotetraose 
and all forms of cellulose suggested that the broad struc- 
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tural features and cell dimensions of the oligomer might 
be correlated with those of cellulose IT. 

A “theoretical” unit cell for a polymer based on the 
central section of the cellotetraose structure, that is 
rings 2 and 3 of Fig. 1, can be derived by selecting the 
fibre (b) axis to coincide with the 10-35 A identity pe 
of the oligomer. The cross-sectional dimensions t 
unaltered at 4:50 Ax 7-34 A with an interaxial ar 
98-0°: values which are commensurate with other. ae 
nose sugar structures’-"!, The unit cell, however, contains” | 
only a single chain. To make it comparable with cellulose 
II, which is a two chain structure, the short axis was 
doubled to 9-00 A. The resultant cell parameters are 
listed in Table 1, column 1. 













Table 1. X-RAY ATA 


&-p-Cellotetraose CHO Poe 
Triclinic Space group PI Molecular weight 
a 450A 951° 660-58 
b 7-34 Å GT 
e 2253 Å 98-0" 
P 732-3 Å? Dm 1:49 g/ml. 
Z 1 De 14:51 ginak 


By virtue of its derivation from cellotetraose the 
mer residue planes in this theoretical cell will bea Bi 
Aa, parallel to (100) with an interchain separation of 
4-50 A as depicted in Fig. 2a. For comparison, ¢ w 
in the b axis direction of the generally accepted unib 
cell of cellulose II (ref. 3) is presented in Fig. 2b. 
In this case the planes of the cellulose chains are tilted 
approximately 30° from the (001) plane and are almost 
perpendicular to the (101) plane. A close similarity in 
the mutual disposition of the chains between the two 
cells is evident. | 

By selecting an alternate unit cell for cellulose IT 
which the new axes a’ and ec’ coincide with the o 
[10T) and [101] directions respectively, the arrang: : 
of the chains with respect to the cell axes becomes the 
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Projection of 8-ceHlotetraose on the be plane. 





Fig. 2, a, Unit cell viewed down the fibre (b) axis of a theoretical polymer based on cellotetraose, 
b, Comparison of the generally accepted unit cell of cellulose H* and (a). Light line represents 
the accepted cells. Heavy Hne represents the proposed alternate cell (a and e’) 





Fig. 3. a, Cellulose I. View in the direction of the b axis of the unit 


cell. b, Cellulose I. A possible alternate chain disposition. 


alternate and the generally accepted cell for cellulose II 
is illustrated in Fig. 26, while their parameters are com- 
pared with those of the theoretical polymer in Table 1. 
The close agreement between the cell dimensions and 
relative disposition of the molecular chains in the theo- 
retical polymer cell, with those of the alternate cell for 
cellulose II, confirms the essential correctness of the latter. 

The small differences which are found between the cell 
parameters of cellulose I and the alternate cell for cellulose 
II (Table 2), together with the close relationship which 
must exist between the two structures’, make it of inter- 
est to extend the discussion, at this point, to include 
cellulose I. 


Table 2. CELLULOSE UNIT CELL DIMENSIONS 


Cellulose I] Cellulose I 


Transformed 
Theoretical” literature Literature* + Literature* 
unit cell unit cell unit cell unit cell 

(1) (2) (3) (4) 
a 9-00 §:97 9-18 8-20 
b 10-35 50°34 10°34 10-34 
€ 7°34 7-31 7°93 7°89 
a 90-1 80-0 0-0 90-0 
8 930 90-4 117-3 96-9 
Y i-l 90-0 00-0 90-0 


* Ref. 5 average values. 
t aand e are transposed. 


The generally accepted molecular packing of the 
chains in cellulose I (Fig. 3a) is not compatible with the 
known dimensions of the anhydro-cellobiose unit in 
cellobiose itself and cellotetraose. Thus the celulose 
I chains lie in (002) planes with a spacing of 39 Å and 
width 8-2 A: dimensions which are significantly different 
from the expected values of 4-5 Å x 74 A™2. The short 
axis of 3-9 A, in fact, is characteristic more of a flat 
aromatic than a puckered pyranose ring. On the other 
hand, with the molecules aligned in the [200] direction 
the apparent cross-section of a single chain is 4-1 A x 7-9 A. 
These dimensions approach more closely the expected 
values, but the agreement, and hence the packing of the 
anhydroglucose residues, is not completely satisfactory. 

The remaining discrepancies seem to be sufficiently 
small to be explained in a two chain structure by one or 
other of the following possibilities: (i) the two chains. 
A and B, are tilted with respect to each other, as exempli- 
fied in Fig. 36, but the conformation of the cellobiose 
residues is essentially that found in cellotetraose; (ii) 
the chain conformation 1s altered by a mutual rotation of 
adjoming residues; or (in) both the chain conformation 
and relative tilt are changed. The two chains need not 
be identical, except in a special case of (11) where the cell 
is monoclinic and hence the two chains are related by 
symmetry. This aspect is discussed in greater detail. 

In view of these possible modifications to the accepted 
molecular arrangement in cellulose I, and because the 
anhydroglucose residue is a puckered ring. the very 
intense “002” reflexion is probably best interpreted as a 
composite reflexion incorporating 002, 200 and 102. The 
modifications do not affect the positions of the chain 
entres in the cell which remains face centred when viewed 
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down the fibre axis; for comparison the proposed cell 
for cellulose H is edge centred (Figs. 2a and 3a). 

The infrared spectra of cellulose TT and cellotetraose 
possess many common features, in the 


are very similar’. Because cellotetraose crystallizes in the 
triclinic space group Pi with one moleeule/unit. cell, the 
molecular chains must necessarily be “parallel” or 
unidirectional, The relationship of the cellotetraose unit 
cell to that: of cellulose IT already outlined. coupled with 
these observations, points to the polymer chains being 
unidirectional in cellulose II also. Moreover. because 
cellulose I can be transformed to cellulose II without 
destruction of the crystallites a unidirectional arrangement 
of chains is similarly implied for cellulose I: this conclusion 
agrees with the experience of Ellis and Warwicker! and 
supports the original contentions of Andress and Meyer 
and Mark", Equivalent reasoning can extend the uni- 
directional chain arrangement to other cellulose forms. 


The structural evidence from cellobiose and cello- 
tetraose discussed here suggests that the anhydro- 


glucose residues in the cellulose II chain are not related 
by a two-fold screw operation. The unit cell may still 
possess monoclinic symmetry, but in that case the two 
chains must be related by the symmetry operation and 
therefore will be both identical and unidirectional. The 
evidence in the cellotetraose structure analysis for alternate 
sites for each primary hydroxyl group may indicate a 
source of disorder in the cellulose structure. Equally it. 
may mean that in a triclinic cell two non-crystallographi- 
cally related chains can be differentiated, at least in part, 
on the basis of the environment around the primary 
hydroxyl groups. A triclinic unit cell, which is preferred 
on dimensional arguments, imposes no restriction on 
either the direction or congruency of the chains. 

Although the questions of symmetry and chain direction 
have not been fully resolved, the balance of the evidence 
strongly favours a triclinic space group with unidirectional 
chains for both cellulose I and IF. These conclusions are 
supported indirectly by the failure of Jones? and Ellis and 
Warwicker! to obtain agreement between observed and 
calculated intensities of X-ray reflexions for cellulose 
models based on antiparallel, or opposed, chains in mono- 
clinic or triclinic space groups. A definitive answer rests 
upon the resolution of small structural variations involving 
the ring substituents and chain conformation and must 
await a detailed study of well specified structures which 
incorporate the features mentioned. 

We thank Dr A. J. Michell and Mr L. Harewood, of the 
CSIRO Division of Forest Products, for preparing the 
eellotetraose erystals, and Mr C. H. J. Johnson, of the 
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the computer programming. 
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Failure of Brain Norepinephrine 
Depletion to extinguish the Daily 
Rhythm in Hepatic Tyrosine 
Transaminase Activity 


ACTIVITY of tyrosine transaminase in the rat liver’ and 
the concentration of corticosterone in the rodent adrenal 
gland? both vary according to the time of the day. The 
steroid concentrations are highest around the beginning 
of the daily dark period, and the hepatie enzyme shows 
peak activity several hours later'-*. Shifts in the timing of 
the daily light period cause parallel changes in the phasing 
of both rhythms after several days?:?. Because exogenous 
glucocorticoids increase the activity of tyrosine trans- 
aminase in experimental animals*.*, at first it seemed 
likely that the enzyme cycle was generated by rhythmic 
changes in the plasma concentration of corticosterone. 
Subsequently, however, the tyrosine transaminase rhythm 
was shown to persist in animals the adrenal secretory 
rhythms of which had been extinguished by hypophys- 
ectomy or bilateral adrenalectomy? ’. 

The physiological signal which generates the tyrosine 
transaminase rhythm seems to result from the cyclic 
ingestion of protein foodstuffs*:*, The rat usually con- 
sumes very little food early in the daily light period. 
Around mid-day the rate of food ingestion begins to 
increase; consequently, the liver begins to be perfused 
with relatively large amounts of amino-acids through the 
portal circulation. These substances then cause the 
activity of tyrosine transaminase to rise. Tryptophan may 
be of special significance in producing this effects 1911, 

Drugs like reserpine which deplete the brain of nor- 
epinephrine can also increase the activity of tyrosine 
transaminase in the livers of starved, adrenalectomized 
rats!®, We therefore examined the importance of brain 
norepinephrine in mediating the daily rhythmic changes 
in the activity of this enzyme. Doses of reserpine which 
caused a marked reduction in the concentration of brain 
norepinephrine and blocked the adrenal corticosterone 
cycle did not interfere with the transaminase rhythm as 
long as our animals continued to ingest protein cyclically. 

Groups of intact, female, Sprague-Dawley rats weighing 
200 g were maintained under 50 foot-candles of cool- 
white fluorescent light from 0600 to 1800 daily, and in 
darkness from 1800 to 0600; they had free access to 
Purina chow and water. Half of the animals received 
intraperitoneal injections of reserpine twice daily (0-250 
ug/ke body weight for 2 days and 0-125 yg/kg thereafter). 
The drug was administered at 1000 and 2200 for 3 days 
befere the first group of rats was killed, and until the last 
animals were killed. On the third day of reserpine adminis- 
tration a synthetic diet? containing 18 per cent casein was 
substituted for the Purina chow. Most of the control 
animals also received this diet; the remainder were 
changed to a synthetic chet identical in composition 
except that it lacked protein (“‘no-protein”’ diet). 

All animals were weighed daily throughout the experi- 
ment, and food intake was measured at intervals of 4 or 
5 h on the days that the animals received the synthetic 
diets. Groups of five or six rats were killed at mtervals 
during a 24 h period which started at 1030 on the fourth 
day of reserpine treatment. Their livers, brains and 
adrenals were removed, weighed and assayed for tyrosine 
transaminase activity'®:4, norepinephrine content’ and 
corticosterone content!®, respectively. 

All animals showed a characteristic temporal pattern of 
food intake: the rate of food consumption was lowest 
early in the morning, began to rise midway through the 
light period, and was maximal several hours after the 
onset of darkness. The doses of reserpine used in this 
study did not depress the amount of food consumed daily 
or modify the eating rhythm. Animals which were treated 
with reserpine gained weight during the experiment (body 
weight increased by 8-44+0-6 (S.H.M.) per cent), but 


1049 


IN Arr aananannoaiaana anaa aaa a S i 

; $ ; $ x ¥ wa J 
i ; z y% } $ y 
i i 2 : : Hy H 


t 





i 
: 


-CONTROL 


Tyrosine transaminase 
activity Gam/g/h) 


NO - PROTEIN of 








= a 
wo I RESERPINE | 
te i a ee ee 3 
Š s0 R ker H : Da Te 7 4 
a | T 
S i | 
Ss | 
S 40) 
2 40i. a 
zr | 
iow f 
S| | 
Be ae 
EERE ET: ROE Rs Cotes TEE CERE S OSEE LSPA EIA Mere: AIA, 





10 12 14 #16 IR 20 22 24 2 4 5 R 13 
+ + 
i 
Time of day 


Fig. 1. Effect of administration of reserpine on tyrosine trananiainase 
rhythm and adrenal corticosterone cycie, Control rats received. the same. 
diet as reserpine-treated animals; “no-protein” rats received a ein 
free synthetic diet, beginning the day before the animals we ed, 
Enzyme activity is expressed as zmoles of product (p-hydroxypheny) 
pyruvic acid) formed per gram of liver per hour of incubation. Bars 
represent standard errors of the mean. Arrows along the abscissa indi- 
cate the times that reserpine was administered. 








less than in control rats fed the same diet (11-74 1-6 per: cB 


cent). 





tyrosine transaminase activity, whether or not they re- 
ceived reserpine as well (Fig. 1). The brains of rats treated 
with drugs contained only 0-15 + 0-01 ug of norepinephrine, 
or about 23 per cent as much catecholamine as brains of 
control rats fed the same diet (0-65 + 0-07 ug). In confirma- 
tion of previous findings, rats given the “‘no-protem” 
diet failed to display increased nocturnal tyrosine trans- 
aminase activity (Fig. 1), even though their brains con- 
tained normal amounts of norepinephrine (0-70 + 0-07 wg). 
Hence, no correlation could be demonstrated between 
the norepinephrine concentration of the brain and the 
persistence of the tyrosine transaminase rhythm m the 
liver. Doses of reserpine which depleted the brain of 
norepinephrine did, however, extinguish the rhythm in 
adrenal corticosterone content; adrenals of control rats 
showed a marked fall in the concentration of the steroid 
between 2300 and 1000, while those of animals treated 
with reserpine showed a high and unchanging cortico- 
sterone content throughout the 24 h period (Fig. 1), 
These data indicate that the daily rhythm in hepatic 
tyrosine transaminase activity is unrelated to the con- 
centration of brain norepinephrine and is independent of 
the adrenal corticosterone rhythm. They suggest a 
relationship between the adrenal rhythm and the activity 
of central noradrenergic neurones. In contrast to the 
findings of others, we were unable to demonstrate a per- 
sistent rise In tyrosine transaminase activity following 











Animals which were given access to the synthetic diet — 
containing protein showed typical rhythms in hepatic. 
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treatment with reserpine. The doses of reserpine used in 
this study did not interfere with normal eating behaviour; 
that is, our animals continued to show a rhythmic eating 
pattern. It is possible that larger doses of reserpine might 
block the enzyme rhythm by perturbing the eating 
rhythm. Alternatively, they might stimulate proteolysis, 
thereby enlarging the free tryptophan pool in the liver; 
this might also raise enzyme activity® 10,11, 
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Proteolytic Destruction of Synovial 
Boundary Lubrication 


ANIMAL joints are subjected to much lower friction than 
are sliding man-made bearings. This results in part from 
the soft microporous nature of the articular cartilage! ?, 
and in part from the synovial fluid’? which serves as a 
lubricant. This mucinous fluid contains large molecules 
of hyaluronic acid, an unbranched mucopolysaccharide 
which seems to be coupled to a small proteins. Boundary 
lubrication arises when these macromolecules adsorb to 
the rubbing surfaces‘:7:* of the joint. 

Because cartilage is also lubricated by the self -pressur- 
ized hydrostatic mechanism!~3, boundary lubrication was 
isolated for study by selecting artificial rubbing surfaces* 
which by their impermeability excluded the hydrostatic 
mode. The instrument for measuring frictiont had a 
rubber covered cylindrical pedal which was rotated about 
its axis in one direction and then in the other, to sweep a 
total of 60°, when pressed against a mucin-lubricated glass 
microscope slide. A constant loading of 330 g/em® was 
applied to the mucin film by the pedal. The sliding speed 
ranged from 0 to 0] em/s. Good boundary lubrication 
occurred in these conditions, and comparisons with 
concurrent measurements of the friction in a mechanically 
driven dog ankle in vitro (ref. 9 and unpublished results 
of Linn and Radin) indicate that the latex-mucin-glass 
system is physiologically meaningful, showing the same 
effects in amplified form. 
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To determine which parts of the mucin molecule are 
essential for boundary lubrication, enzymes were used to 
destroy selectively first the polysaccharide and then the 
protein. Proteolytie enzymes are inhibited in whole 
synovial fluid'®; consequently a 100 mu ‘Millipore’ filter 
was used to strain out the mucin, which was then rinsed 
in 0-9 per cent saline, refiltered and finally diluted with 
saiine to its original concentration. Unbuffered saline 
solutions of bovine and human mucins gave similar experi- 
mental results. 

Whole synovial fluid and the extracted mucin solution 
boundary lubricated equally well, giving friction coeffici- 
ents of 0-01; that is, sl iding could be maintained by a 
horizontal force only 1/100 that of downward pressing 
load weight. The necessary adsorption of mucin to the 
clean sliding surfaces was complete in about 3 min, 
whereupon the friction coefficient reached its limiting, 
lowest value. This slow build-up of lubricating ability 
is characteristic of mucin, and it was the first clear evidence 
that adsorption plays an essential partt, 

Cleavage of the polysaccharide with 0-1 mg of bovine 
testicular hyaluronidase (Worthington HSE-5315)} in 
l mi. of mucin for 10 min, at 25° C and at neutral pH, 
produced a watery product that adsorbed and lubricated 
as well as the viscous parent solution did. More complete 
digestion" using the same enzyme concentration for 43 h 
at pH 5-2 and 38° C clearly damaged the lubrication 
(Fig. 1). By partial digestion it was possible to get frag- 
ments that passed through a 10 mu ‘M ilipere’ filter and 
still lubricated well, which indicates that the full length 
of hyaluronic acid is not required for boundary lubriea- 
tion, because the original mucin was completely retained 
by a 100 mu. filter. 

Proteolysis at 25° C and pH 7 by trypsin (Worthington 
TR 724, erystallized twice) and a-chymotrypsin (Worth. 
ington CDI 678-84B, crystallized three times) left the 
solution as viscous as before, judged from the slowness 
with which air bubbles rose in the gel-like mucin, but this 
quickly destroyed the ability to lubricate. Crude papain 
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Fig. 1. Enzymatic damage to synovial mucin boundary lubrication. 
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gave similar results. In all cases the friction coefficient 
was increased by an order of magnitude within 5 min 
when 0-1 mg of an enzyme was added to mucin in a 
solution of pH 7 either before or after it was applied to the 
bearing. With both techniques the results were the same, 
indicating that the enzymes could attack mucin in the 
adsorbed state as well as in free solution, or that desorption 
and readsorption occur at such a high rate that individual 


mucin molecules remain adsorbed only for a period of 


minutes. The latter explanation seems unlikely because 
the adsorbed layer retains its lubricating ability through 
several rinses with saline or distilled water over mcre 
than an hour (personal communication with McCutchen). 

The present demonstration of a functional necessity 
for the protein supports the view® that protein is more 
than a contaminant of mucin. Protein accounts for only 
a small part® of the total molecular weight of mucin and 
probably for even less of the molecular volume’*. Hence 
the protein must act in a relatively small domain to 
perform its essential function in the observed adsorption 
of mucin. This suggests that the protein might serve as 
the anchor by which the mucin clings to the surface or as 
a link to some small, undiscovered anchoring group. 

Adjusting the pH of the mucin by adding 0-1 M NaOH 
or 0-1 M HCI showed that boundary lubrication is best 
established from nearly neutral solutions, but after 
adsorption takes place the friction coefficient remains 
low and constant between pH 5 and pH 8. Solutions 
more alkaline than pH 8 slowly and permanently damaged 
the ability of the mucin to boundary lubricate. When 
adsorbed mucin was acidified, the friction coefficient 
increased to a maximum of 0:30 at pH 4-0 where the 
solution became turbid, but further acidification restored 
clarity and good lubrication near pH 2. This resumption 
of lubrication took place almost immediately after acid 
was added, and the few seconds required were far short 
of the time necessary for readsorption of mucin from 
solution. Thus it seems that desorption did not occur at 
pH 4. Furthermore, we note that pH 4 is the isoelectric 
point of mucin”. Because most of the charges are on the 
hyaluronate component this pH is, in effect, the isoelectric 
point of the hyaluronate chain. The coincidence of pH 
values points to an electrostatic inactivation of the poly- 
saccharide as the cause of lubrication failure. Conse- 
quently, the existence of at least part of the hyaluronic 
acid chain seems to be a second molecular requirement for 
operation of the mechanism? of boundary lubrication. 

In summary, the intactness of the protein component 
of synovial mucin is essential to boundary lubrication. 
While the hyaluronic acid of the mucin complex also 
seems to be necessary, its natural length can be consider- 
ably shortened without much reduction of lubricating 
ability. 

I thank Dr C. W. McCutchen and Dr Leon Sokoloff for 
helpful discussions. 
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Evaluation of ‘Alcotest R80’ 
Reagent Tubes 


result. It was apparent that there was some variation in 
the sensitivity of the ‘Alcotest’ tubes. Abele’ stated that 
the ‘Aleotest 80° reaction bore little relationship to the 
alcohol level. Leithoff and Weyrick? obtained similar 
results, while Hallermann and Sachs? and Tara? claimed 
that under 9 per cert of results were misleading. 

Official figures from the Forensic Science Laboratory 
at Aldermaston have been given in Britain. In a written 
reply to the House of Commons on June 15, 1967, Mr 
Jenkins stated that of thirty-three analyses below 80 mg/ 
100 ml. blood aleohol, eight gave positive ‘Aleotest’ read- 
ings (24 per cent). In the House of Lords, Lord Stoneham 
further amplified this statement and said that one false 
positive was in the range of 50-60 mg/100 mil, one m the 
range 60-70 mg/100 ml., and the other six m the range 


70-80 mg/100 ml. It seemed desirable that an independent 
evaluation should be made of the ‘Alcotest #80’, relating 
its readings to blood alcohol levels. 

Twenty-seven subjects were given 4 to 6 fluid ounces 
of gin, whisky or brandy with tonic or water. After 1 h, 
breath analyses and venepunctures were made. These 
procedures were then carried out at intervals of 30 min 
until the ‘Aleotest’ reading was negative. 

‘Aleotest R80’ readings were carried out im accordance 
with the manufacturer’s instructions, any green colora- 
tion beyond the vellow ring being regarded as a positive 
test. As it rapidly became apparent that the readings 
were influenced by the type of light, all readings were 
made in daylight. 

The samples were taken into Stayne 2 mi, heparin 
tubes containing 4 mg of sodium fluoride, giving a con- 
centration of 2 mg/ml. of blood. The samples were then 
stored at 4° C until they were analysed. Over a period of 
2 months there was no significant change in the concen- 
tration of alcohol in blood in samples stored in this 
manner. . 

Blood alcohol levels were determined by the method 
of Curry, Walter and Simpson’. The reliability of our 
method was assessed as follows: thirty blood alcohol 
samples were determined in duplicate, ranging from 47-4 
to 1321 mg/100 ml. in four different runs. T he mean 
was 81-1, and the standard deviation was +07 7 mg. On 
nine separate occasions using eighteen separate dilutions, 
an aqueous 100 mg/100 ml. standard made by Merck was 
determined; the mean was 100-3 mg/100 ml. and the 
standard deviation was +1-7 mg. 

Blood water was determined by freeze drying im an 
Edwards ‘Speedivac’ model 5PS centrifugal freeze drier. 
Blood (0-2 ml.) was placed in a tube, weighed, then freeze 
dried for 6 h at 0-01 torr. After this the sample was 
weighed and freeze dried again for a further 1-5 h, and re- 
weighed, Freeze drying was continued until there was no 
further change in weight. The percentage of solvent was 
obtained from the percentage change in weight, giving a 
mean of 78-6 per cent with a standard deviation. of ld 
per cent. The individual figures for each subject were 
used to relate the alcohol content to blood we ter content. 

In Fig. 1, the first blood alcohol level is the last at which 
the ‘Aleotest’ gave a positive reading, and the second of 
each pair gives the blood alcohol level 30 min later, when 
the ‘Alcotest’ gave a negative reading. It can be seen 
from Fig. 1 that there is considerable variation in the 
sensitivity of the ‘Alcotest’ tubes. Positive results were 
obtained as low as 30 mg/100 ml. In Table 1 the results 
obtained in the whole series are correlated with the 
‘Aleotest’ readings. Of 118 ‘Alcotest’ readings when the 
blood alcohol content was less than 80 mg/100 ml. 
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Fig. 1. Biood aleohol level at which the last positive ‘Alcotest’ reading was obtained, and the blood alcohol level 30 min later, when a 


negative ‘Alcotest’ reading was obtained. 


ninety-one ‘Alcotest’ readings were positive (77 per cent). 
Of forty readings when the blood alcohol content was 
below 50 mg/100 ml., 25 (62 per cent) were positive. 

From Fig. 1 it can be concluded that the sensitivity of 
the ‘Alcotest’ tubes varies; if it did not, there should be 
a much closer grouping of the blood contents at which 
‘Alcotest’ tubes gave the last positive reading, and simi- 
larly those at which the first negative reading was given. 
We found that blood alcohols of over 70 mg/100 mil. 
could be reliably detected, but to obtain this reliability 
false positive results may be obtained from 30 mg/100 ml. 
upwards. 

Our results are at variance with those quoted by Mr 
Jenkins in June 1967. It is possible the survey conducted 
by Forensic Science Laboratories did not include sufficient 
estimations at low blood alcohol levels. We have tested 
the ‘Aleotest’ on 118 occasions when the blood alcohol 
was below 80 mg/100 ml., as compared with the Alder- 
maston Laboratory figure of thirty-three occasions. 

Mr D. Taverne in the House of Commons on April 1, 
1968, stated that, of 4,038 cases in which a positive ‘Aleo- 
test’ result was cbtained and followed up by a blood 
analysis, 673 cases were below 80 mg/100 ml., or 16-6 per 
cent. It has been said that many of these results were 
caused by delay in obtaining specimens or by faulty 
specimens. These comments cannot be applied to our 
results where an adequate venous sample was obtained 
and preserved in satisfactory conditions. 

We found that of 118 ‘Aleotest’ readin gs carried out 
on subjects with blood alcohol levels below 80 mg/100 ml., 
ninety -one were positive, or 77 per cent. The experiments 
were stopped when the ‘Alcotest’ became negative, so it 
cannot be called a random sample. If it were assumed 
that once an ‘Alcotest’ became negative in a subject, 
further ‘Aleotest’ tubes remained negative, and further 
blood alcohol analyses had been taken to a level of 
between 20 and 30 mg/100 ml., there would have been a 
further forty-five results. These hypothetical results, 
added to the actual results, would have given a total of 
seventy-two negative results and ninety-one positive re- 
sults—-a total of 163 hypothetical analyses, of which 55 
per cent would have been positive. Our results in Fig. 1 
show a marked variation in tube sensitivity and it is 
unlikely such a result would be obtained. 

In an editorial in The Times on December 20, 1967 (ref. 
6), which welcomed the result of the new laws on drinking 


Table 1. RELATING THE BLOOD ALCOHOL LEVELS FOUND IN THE WHOLE 


SURVEY TO THE ‘ALCOTEST RSO’ READINGS 


‘Alcotest’ | ‘Aleotest’ 
reading positive reading negative 


Blood alcohol 


fmeg/100 mi) Total readings 


20-30 Nil 2 2 
30-40 5 7 12 
40-50 20 6 26 
50-60 25 1) 36 
60-70 23 1 24 
70-80 18 Nil 18 
80-90 4 Nil 4 
$0-100 2 Nil 2 
Total 97 27 124 


and driving, it was felt that the 17 per cent false positive 
‘Alcotest’ results underlined the need for a more accurate 
breath analysis. No one working in association with 
accident services could fail to respect the new law on 
drinking and driving. It seems unfortunate that a good 
law is enforced by a means which is inaccurate, and its 
publicity has centred on the ‘Aleotest’. 

The purpose of this investigation was not to comment. 
on the merits of 80 mg/100 ml. or the use of lower levels 
to define when a motorist is unfit to drive through drink, 
but to evaluate the use of ‘Aleotest’ tubes as a means of 
enforcing the 80 mg limit. It is our feeling that it would 
be better for a blood test to be taken, or for a more aceurate 
breathalyser to be used. It can be argued that this would 
result in an excessive number of analyses being under- 
taken in the Forensic Science Laboratories, but fully 
automated methods for blood alcohol determination 
exist?-*. These surely could be used for the initial analysis 
and all results under, for example, 120 mg/100 ml., 
could be followed up by a gas chromatographic technique. 

The “Alcotest R80 reagent tubes are difficult to read, 
particularly in bad light. As a screen test for disease it 
would be rejected out of hand by the medical profession 
because of the exceptionally high false positive levels. 
The report of the Organization for Economic Cooperation 
and Development Research Groups!” commented on the 
Drager ‘Aleotest’ and the Monnier Etzlinger ‘Aleomille’ 
apparatus as follows: “These methods are neither specific 
nor accurate. They are not standardized sufficiently to 
allow different observers to use the same standard of 
change in colour. This is especially true for the practical 
application of ‘Aleotest’ tubes’-—a comment which 
certainly endorses the views which we have expressed. 

We thank the twenty-seven volunteers who gave their 
time to help in this assessment of ‘Alcotest, RBO. 


M. Day 
G. G. MUIR 
J. WATLING 


Departments of Clinical Biochemistry, 
Luton and Dunstable Hospital, 
Bedford General Hospital. 
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Proposed Mode of Action of Histamine 


SUTHERLAND and his collaborators have firmly estab- 
lished that the cyclic nucleotide, adenosine 3’,5’-mono- 
phosphate (CAMP), is a ubiquitous regulator of a variety 
of intracellular processes!. Its role in the activation of 
phosphorylase has been elucidated by Sutherland and 
Rall’. It is now almost certain that CAMP also partici- 
pates in the activation of lipase in adipose tissue®, and 
may affect the activity of such key regulator enzymes as 
phosphofructokinase*:’. Furthermore, CAMP has been 
implicated as the intracellular mediator of a variety of 
hormonal effects ranging from steroidogenesis in the cor- 
pus luteum and adrenal cortex to increased water permea- 
bility in toad bladder and kidney tubules?. 

CAMP is formed in cells by the enzymatic cleavage of 
adenosine triphosphate (ATP) through the action of the 
enzyme known trivially as adenyl cyclase. The enzyme 
eyclic nucleotide phosphodiesterase breaks down CAMP 
to adenosine 5’-phosphate. Studies with the purified 
enzyme revealed that methyl xanthines such as caffeine 
and theophylline inhibit diesterase, and that imidazole 
activates it®. In studies on the regulation of lipolysis in 
adipose tissue, I have found that theophylline increases 
lipolysis, and that imidazole (10 mg/ml.) inhibits epine- 
phrine-stimulated lipolysis ( unpublished work). These 
studies suggest that even within intact cells, phospho- 
diesterase is responsive to the actions of these drugs. 

Imidazole differs from histamine only in the respect that 
histamine contains an aminoethyl side-chain. To test 
the possibility that histamine also activates phosphodi- 
esterase in adipose tissue, segments of parametrial fat 
were excised from female albino rats and incubated in 
vitro in the presence of 0-05 pg/ml. of adrenaline chloride 
(Parke, Davis and Co.) and histamine dihydrochloride 
(Calbiochemicals). The tissues were incubated for 1 h 
in 1 ml. of Krebs-Ringer bicarbonate buffer containing 
40 mg/ml. of bovine serum albumin (Armour, Fraction V), 
1 mg/ml. of glucose and 0-1 mg/ml. of ascorbic acid. 
Glycerol produced from the hydrolysis of triglycerides 
and released into the medium was measured by the 
enzyme procedure of Weiland’. The results are shown in 
Table 1. Adrenaline caused a four-fold increase in the 
production of glycerol. This lipolytic effect was virtually 
abolished by the addition of 10 mg/ml. of histamine 
dihydrochloride to the medium. 


Table 1. EFFECTS OF HISTAMINE AND EPINEPHRINE ON LIPOLYSIS IN ADIPOSE 


TISSUE 
Glycerol release 
Experiment 1 (umoles/z/h) 
Control 1-63 +035% 
Histamine (10 mg/ml.) 189+0-21 
Adrenaline (0°05 pg/ml.) 6-644 1-017 
Adrenaline + histamine (10 mg/ml.) 2-65 + 0-307 
Adrenaline + histamine (1 mg/ml.) §- 85 + 0-37 


Experiment 2§ 


Control 1-38 + 0-24 
Dibutyryl CAMP (0-6 ug/ml.) 5-83 + 0-527 
Dibutyryl CAMP + histamine (10 mg/ral.) 3-82 + 0-384 


* Mean + S.E.M. 6 observations/group. 
+ Significant increase {P < 0-001). 


t Significantly different from epinephrine slone (P < 0-01), but not from 
control (P > 0-05). 


§ Eight observations/group. 
€ Significantly different from dibutyryl CAMP alone (P <0-01) and signi- 
ficantly different from control. 


In a separate experiment, performed with epididymal 
fat from male rats, histamine reduced the lipolytic effect 
of the dibutyryl analogue of CAMP (Calbiochem) by 
about half. Dibutyryl CAMP is a more effective lipolytic 
agent than the natural cyclic nucleotide allegedly because 
it penetrates cell membranes more readily and 1s more 
resistant to enzyme destruction®. It is perhaps for the 
latter reason that histamine seemed to be less effective 
in blocking lipolysis induced by dibutyryl CAMP than 
in blocking the effects of adrenaline. 

The data support the idea that histamine might func- 
tion as an activator of intracellular phosphodiesterase. 
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To relate this observation to the biological actions of 
histamine, it is necessary to postulate further that normal 
function of histamine-sensitive cells requires a constant 
supply of CAMP. By upsetting the balance between 
synthesis and degradation, histamine might lower the 


* 


intracellular concentration of CAMP and thereby produce _ a i 


a characteristic biological effect. While the concentra 
of histamine required to antagonize adrenaline was hig 
it must be understood that adipose cells, although qu 





indiscriminate in their response to drugs and hormones, 


are nevertheless probably not the normal target cells for — 
histamine. The diesterase in smooth muscle cells or in 


capillary and venular endothelium may be considerably 


more sensitive. 

The suggestion that histamine might act by lowering 
intracellular concentrations of CAMP is in harmony 
with a number of well established observations. Theo- 
phylline and related compounds which inhibit phospho- 
diesterase exert antagonistic effects to the action of 
histamine on bronchiolar smooth muscle’. Capillary 
dilatation induced by histamine can be reversed by 
sympathomimetic compounds? which increase the pro- 
duction of CAMP in many tissues}. F urthermore, De ta 
adrenergic blocking agents, which are thought to blo 
adenyl cyclase!, increase the sensitivity of mice to the 
lethal effects of histamine’. 

Further work is obviously required to substantiate or 
refute the hypothesis that the biological effects of hist- 
amine stem from an activation of cyclic nucleotide phos- 
phodiesterase. If substantiated, however, this hypo- 
thesis may provide important approaches to the develop- 
ment of antihistaminice drugs and to rational therapy 
for ailments known to be associated with an Increase in 
histamine release. 

‘This work was supported by a grant, and I was a recipi- 
ent of a career development award, both from the National 
Institutes of Health, US Public Health Service. 
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Sodium Dependence of the Rate of 
Onset of the Ouabain-induced Positive 
Inotropic Effect on Cardiac Muscle 


Work on squid axon! has shown a requirement for ex- 
ternal Na for the ouabain-induced Na efflux inhibition, 
for when Na was replaced by choline chloride the rate of 
Na efflux inhibition was greatly reduced. It is possible 
that the positive inotropic effect of ouabain on cardiac 
muscle is connected with its action on the Na+ K activated 
ATPase involved in the transport of Na™?. Tt has been 
shown! that the extent of the positive inotropic effect on 
guinea-pig heart is reduced by lowering the concentration 
of Na and, in atrial muscle’, this reduces the rate of onset 
of the ouabain-induced toxie action. I have therefore 
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Fig. 1. Positive inotropic effect of ouabain with decreased concentra- 
tion of Na. Contraction strength, as a percentage of the value at the 
high stimulation rate (1 f5 8) is plotted against time, after the addition 
of ouabain (1-2 x 10-* M). Contraction strength of two strips from heart I 
(@) contracting at 1/15 s was recorded semi-isometrically and sucrose 
was used to replace Na. For heart II (©) contracting at 1/90 s isotonic 
recording Was used and Na was replaced by choline chloride (with 104 M 
atropine sulphate). Percentage contraction strength is plotted at 
intervals and continuous lines join points on the relatively linear parts 
of the effects. Extrapolation back to the mean value prior to the con- 
tractility rise gave the time of onset of the positive inotropic effect, 
The ratio [Ca]/[Na]* was kept constant at 73x10 mM". The 
range of temperature was 15-5° to 17-5° C, 


investigated the effect of decreasing the external con- 
centration of Na on the rate of onset of the ouabain. 
induced positive inotropic effect. Because the experi- 
ments were carried out in conditions which keep the 
contraction strength far from maximum®, the effect was 
particularly marked. 

Ventricle strips from Rana temporaria were dissected 
to a cross-sectional diameter of about 0:5 mm (ref. 7). 
They were suspended in a bath of oxygenated Ringer 
solution (117 mM NaCl; 2 mM KHCO,: 1 mM CaCl; 
1 mM MgCl,), and stimulated electrically, usually at 
twice threshold intensity. At a high stimulation fre- 
quency (1/2-5 s) the contraction strength increased to a 
maximum. The contraction frequency was then lowered 
to 1/15-120 s so that contraction strength fell to a low 
level. The frequencies used were the same for all st rips 
from a particular heart. The contraction strength 
could be expressed as a percentage of the maximum at 
the high frequeney. A positive inotropic effect therefore 
consisted of the gradual abolition of the “staircase 
effect”’, being unaffected by intrinsic limits of con- 
tractility. 

Both isotonic and semi-isometric recording (with an 
electromechanical transducer—RCA 5734) were used 
in different experiments. As Fig. 1 shows, the positive 
inotropic effect developed rapidly after an initial latent 
period of variable length and the time of onset of the 
effect could be determined by extrapolating the linear 
part. When the concentration of Na was decreased the 
value of [Ca]/[Na]* was kept constant with the result 
that there was little change in contraction strength at 
the high frequency*. Table 1 shows the results of ten such 


Table 1. LATENT PERIOD BEFORE THE OUABAIN-INDUCED POSITIVE INOTROPIC 
EFFECT 
Experiment Sodium concentration (per cent) 
No. 100 75 50 40 30 25 
1 N 10 
2 1 31 > 125° 
3 3 6 > 120° 
4 l 3 12 
5 1 ` 13 82 
6 2 5 51 > 100* 
7 3 18 > 60" 
8 4 l4 
9 12 19 25 iw 
10 3 10 


Inexperiments 1 to 10 the time of onset of the ouabain effect (4-8 x 10°? M) 
was determined as shown in Fig. 1 for several percentage Na concentration 
values. The length of the latent period is given to the nearest minute. Con- 
trol: three strips from one eee $ gave values for the latent periods of 3, 4 
and 3 min. Temperature and pH variations within 2° C and 0-2 pH units, 

tively. Total ranges for all experiments—16-6° to 20-6° C and pH 


40. ‘ d 
* No positive inotropic effect during the time stated is denoted by ‘>’. 
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experiments, recording semi-isometrically and replacing 
Na with sucrose. When Na was replaced by either sucrose 
or choline chloride the latent period was prolonged. This 
was particularly marked when the concentration of Na 
was less than 50 per cent, when a positive inotropic effect 
sometimes failed to begin after 100 min. In normal 
Ringer solution the effect usually began in less than 
10 min. 

Because the concentration of Ca was also decreased, 
it was necessary to assess to what extent the effects were 
due to this, rather than to the decrease in Na concentra- 
tion. In general, lowering the concentration of Ca at a 
constant concentration of Na prolonged the latent period 
much less than lowering the Na concentration at a con- 
stant Ca concentration. Thus the concentration of Na 
seems to be more involved in these effects than that of 
Ca. These results agree with those for the toxic effect of 
ouabain on atrial muscle’. They strongly suggest that the 
rate of onset of the positive inotropic effect is reduced by 
decreasing the concentration of Na. It seems to be pos- 
sible that there is some connexion between the three 
actions of ouabain: (a) the inhibition of Na efflux from 
squid axon; (b) the onset of the positive inotropic effect 
on cardiac muscle; and (c) the onset of the toxie effect on 
cardiac muscle. The rates of all these actions of ouabain 
are reduced when the concentration of sodiurn is decreased. 

I thank Dr P. C. Caldwell for helpful discussions 
throughout this work, which was financed by the Medical 
Research Council. 

MARIANNA S. TALBOT 
Department of Zoology, 
University of Bristol. 


Received May 16; revised June 7, 1968. 


! Baker, P. F., and Manil, J., Biochim. Biophys. Acta, 150, 328 (1968), 

* Caprio, A., and Farah, A., J. Pharm., 155, 403 (1967), 

* Repke, K., Klinische Wochsehr., 42, 157 (1964). 

t Reiter, M., Naunyn Schmied. Arch. Erp. Pathol. Pharm., 245, 487 | 1963). 
* Toda, N., and West, T. C.. J. Pharm., 154, 239 (1966). 

* West, T. C., Fed. Proc., 27, 120 (1068). 

* Niedergerke, R., J. Physiol., 184, 569 ( 1956). 

* Luttgau, H. C., and Niedergerke, R.. J. Physiol., 148, 486 (1958). 


Isolation of Chlorpromazine 
Pigments in Man 


OcULOCUTANEOUS pigmentation occurs in man during 
long-term chlorpromazine therapy'*, diffuse purple pig- 
mentation of the skin of the face, neck and dorsum of the 
hands being the most characteristic finding. The distribu- 
tion and intensity of the skin pigmentation correlate with 
exposure to sunlight. Corneal and lenticular opacities are 
frequently also present in these patients’. 





Fig. 1. H and E stained section from frozen chlorpromazine liver. Dark 
pigmented granules are present, ee in parenchymal cells 
( x 600), 
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Fig. 2. Pellets after centrifugation: from lefttoright: (1) chlorpromazine 
liver; (2) chlorpromazine liver after ethanol extraction; (3) control liver; 
(4) control liver after ethanol extraction. 


In 1964 Greiner and Nicolson* demonstrated a large 
amount of brown pigment in the reticulo-endothelial 
system and parenchymal cells of the liver, myocardium, 
kidney, lung and brain of schizophrenic patients treated 
with chlorpromazine. On the basis of histochemical 
analysis, the pigment deposits have been labelled melanin 
by some investigators*-° and lipofuscin by others*’. 
Zelickson and others have shown that the pigment differs 
morphologically from melanin when examined by electron 
microscopy®*. This work describes the isolation and 
spectroscopic examination of the brown pigment found in 
the liver of a patient treated with chlorpromazine, and its 
comparison with ultraviolet irradiated chlorpromazine. 

Liver tissue was obtained at autopsy from a 52 year old 
schizophrenic woman who had received approximately 
3 kg of chlorpromazine during the preceding 9 yr (chlor- 
promazine liver). Skin and visceral hyperpigmentation 
was evident grossly and microscopically, and brown 
pigment granules were present in both parenchymal and 
reticulo-endothelial cells of the liver (Fig. 1). For com- 
parison, liver tissue was obtained at autopsy from an 82 
year old man who died suddenly from myocardial infare- 
tion; he had no known liver disease and had received no 
phenothiazines (control liver). 

The livers were frozen at — 20° C before analysis. Thirty 
grams of liver was homogenized in 300 ml. of 0-25 M 
sucrose at 4° C, first with a Waring blender and then with 
a Potter-Elvehjem homogenizer. The homogenate was 
centrifuged in an International centrifuge for 5 min at 
150g. The supernatant was recentrifuged at 300g for 
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10 min, and the pellet was resuspended in 2 ml. of 0-25 M 
sucrose, layered over 25 ml. of 0-5 M sucrose and centri- 
fuged in a Sorvall centrifuge at 12,100g for 10 min. The 
pellet from the chlorpromazine liver appeared dark brown 
(Fig. 2, tube 1), but the control pellet was much lighter 
in colour (Fig. 2, tube 3); this difference in colour was 
even more evident at —20° C. The chlorpromazine liver 
pellet became jet black when frozen; but the colour of 
the pellet from the control liver appeared unchanged. 
This striking colour change from brown to black may 
indicate the formation of a reversible charge-transfer 
complex of chlorpromazine pigment with protein which is 
enhanced by freezing'®™™. 

The pigment from the chlorpromazine liver did not 
separate into a single layer when centrifuged in a con- 
tinuous sucrose density gradient (1-6—-2-25 M) at 50,000g 
for 120 min. Probably this was a result of the hetero- 
geneous granule size that was observed microscopically. 

The pellet obtained from differential centrifugation was 
washed several times with distilled water to remove 
sucrose, then extracted by refluxing in ethanol for 4 h. 
Extraction with ethanol removed the brown pigment 
from the chlorpromazine liver (Fig. 2, tube 2) but resulted 
in little change in the colour of the control pellet (Fig. 2, 
tube 4). After extraction with ethanol the pellets from 
the chlorpromazine liver and the control liver were 
approximately the same colour. The ethanol extract was 
evaporated to dryness in a rotary evaporator, and the 
dark brown oily residue was redissolved in | ce of ethanol 
and applied to a 2x 20 column of alumina washed with 
acid. Elution was accomplished slowly first with absolute 
ethanol and then with 50 per cent ethanol. Two brown 
pigment fractions were obtained from the chlorpromazine 
liver, which were not present in the control liver. The 
two fractions were designated chlorpromazine liver pig- 
ments I and II, respectively; they were examined spectro- 
scopically with a Cary Model 15 double beam spectro- 
photometer and a Perkin-Elmer infrared spectrophoto- 
meter. Chlorpromazine pigment I was eluted from the 
alumina column with 100 per cent ethanol and had ultra- 
violet absorption maxima at 304 and 254 my. The 
infrared absorption spectrum of this compound is shown 
in Fig. 3, curve A. The presence of a strong infrared 
absorbance peak at 5-75y is indicative of a carbonyl group. 
This peak is absent in the spectrum of chlorpromazine 
HCl and chlorpromazine 5-oxide. The infrared spectrum 
of chlorpromazine liver pigment I is almost identical with 
that of a brown pigment isolated by Huang from the urine 
in chlorpromazine-treated patients. He has identified the 
urinary pigment to be a polymer of de-chlorinated chlor- 
promazine™?, 

Chlorpromazine liver pigment II, having a similar 
brown colour, was eluted from the alumina column with 
50 per cent ethanol. Its ultraviolet absorption maximum 
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Fig. 3. Infrared spectra; (A) brown pigment I from chlorpromazine liver; (2) fraction 3 from chlorpromazine irradiated with ultraviolet light. 
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Fig. 4. Infrared spectra: ¢C) fraction 4 from chlorpromazine irradiated with ultraviolet light ; 
The samples were dispersed in KBr disks. 


was 261 my and its infrared spectrum is illustrated in 
Fig. 4, curve D. This compound is probably also a chlor- 
promazine polymer. 


In vitro, chlorpromazine is oxidized to a mixture of 


pigments when irradiated with ultraviolet light. An 
aqueous solution of chlorpromazine HCI (100 ml. con- 
taining 1 mg/ml.) was placed in an open beaker and 
irradiated with aan light for 18 h at room tem- 
perature, After irradiation, the dark purple solution was 
applied to an alumina column and eluted with ethanol- 

water solutions in the same manner as were the chlor- 
promazine liver extracts. The first four eluted pigments 
were various shades of brown; the fifth was bright red, 
the sixth green. Two of the brown synthetic chlorpro- 
mazine pigments (fractions 3 and 4) had similar ultraviolet. 
and infrared absorption spectra to those of the pigments 
isolated from the patient's liver. A comparison of these 
two fractions with the pigments from the chlorpromazine 
liver is seen in Fig. 3, curve B, and Fig. 4, curve C. 

On examination by electron paramagnetic resonance 
spectroscopy (EPR), both the naturally occurring and 
synthetic chlorpromazine pigments were found to be stable 
free radicals. In the X band a singlet with a line width 
about twice that of melanin was detected in all of the 
pigments. In the Q band asymmetrical spectra were 
observed in both the natural and synthetic chlorpromazine 
pigments; these differed markedly from those of melanin 
examined in identical conditions. Further details of 
the EPR studies will be published soon (unpublished 

results of D. C. Borg and myself). 

Chlorpromazine pigments from the skin and liver have 
a similar brown granular appearance. The apparent 
purple colour of the skin of patients with hyperpigmenta- 
tion induced by chlorpromazine may be explained by the 
Tyndall effect; the pigment is situated deep in the corium. 
Prolonged exposure to sunlight is required to induce pig- 
mentation in patients taking chlorpromazine. The two 
brown chlorpromazine pigments isolated from this 
patient’s liver were similar to the pigment polymers 
produced by the ultraviolet irradiation of chlorpromazine 
in vitro. It seems probable that chlorpromazine pigments 
are also formed in vitro by ultraviolet irradiation; sub- 
sequently they might be transported from skin to internal 
organs. This hypothesis is supported by Huang’s finding 


of one of these chlorpromazine pigments in the urine of 


patients treated with chlorpromazine". 

These studies do not support the hypothesis that there 
is increased melanin formation in these patients. The 
infrared and EPR spectra of melanin are different from 
these chlorpromazine pigments. In addition, the ultra- 
violet absorption spectrum of melanin is a smooth 
eurve without specific absorption maxima". 

The pathological significance of chlorpromazine pig- 


(D) brown pigment IH from chlorpromazine liver. 


mentation is unknown, but psychiatric patients who take 
large doses of chlorpromazine chronically occasionally 
die suddenly and unexpectedly, and at post-mortem 
examination visceral deposits of pigment are found in 
otherwise normal organs*:?, The avoidance of sunlight is 
helpful in preventing the skin pigmentation in patients 
requiring large doses of chlorpromazine. It remains to be 
seen whether or not sunlight avoidance might also protect 
patients from the development of visceral pigmentation. 

I thank Dr A. C. Greiner for autopsy specimens, and 
Dr S. Chu and Dr W. Noll for discussion and suggestions. 
This work was supported by grants from Smith Kline 
and French Laboratories and from the US Public Health 
Service. 
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Maximum Force Development in 
Cardiac Muscle 


CARDIAC muscle has less strength in comparison with 
skeletal muscle. It has therefore been suggested that 
there may be fundamental differences in their processes 
of force generating'~*, While skeletal muscle can develop 
isometric forces ranging from 17 to 40 g/mm? (refs. 4-9), 
maximum forces of only 2 to 7 g/mm? are reported?:10-18 
for heart musele. Certain functional differences should be 
considered, however, before intrinsic differences in the 
mechanism of contraction of cardiac and skeletal muscle 
are suggested. Thus the lower isometric tension of cardiac 
muscle could result from any or all of the following: 
(1) eardiae muscle cannot be tetanized, and maximum 
force might be limited by the finite duration of active 
state during the twitch contraction?; (2) the contractile 
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Fig. w ‘Relation between total isometric tension development ia grams 
and muscle cross-sectional area in mm’ during potentiation of contraction 
induced by paired electrical stimulation. r= 0-00; P < 0-07 


state of heart muscle is variable and generally less than 
maximal*®!!, whereas the contractile state of skeletal 
muscle is essentially constant?; and (3) a large proportion 
of myocardium consists of non-contractile structures such 
as mitochondria and nuclei, unlike skeletal musele, It 
is not known whether correction for these factors would 
explain discrepancies in force development. Accordingly, 
the maximum contractile force of cardiac muscle has 
been examined durmg maximum potentiation of contrac- 
tile state, and corrected for non-contractile muscle mass. 


These corrections permit more meaningful comparisons of 


the maximum capacity for contraction of cardiac and 
skeletal muscle. 

Papillary muscles, from right ventricles of thirty-three 
normal cats anaesthetized with sodium pentobarbital 
(25 mg/kg), were suspended in Krebs solution equilibrated 
with 5 per cent CO, and 95 per cent O, (ref. 11). Caleium 
concentration (Cat+) of the Krebs solution was 25 mM, 
except where alterations of Ca++ were specifically studied. 
Muscles were held at their lower non-tendinous end by a 
‘Lucite’ clip, forming the rigid end of a foree-transducer 
(Statham GJ 4-350). The upper tendinous end of the 
muscle was attached to an adjustable Palmer stand with a 
nucrometer screw for control of musele length. Isometric- 
ally contracting muscles were adjusted to a length where 
developed tension was maximum, and stimulated through 
small platinum plates at 12 per min. Temperature was 
maintained at 30° C, with 45 min equilibration before 
study. Sustained postextrasystolic potentiation to aug- 
ment contraction maximally was induced by paired 
electrical stimulation (PS)!*-!* with the second stimulus 
timed to occur just after the absolute refractory period. 
In six additional muscles, maximum isometric force was 
also altered by changing Ca** from 2-5 to 12-5 mM, and 
PS was produced at each level of Ca++. In four muscles, 
norepinephrine (10-* M) was also added during PS at the 
highest calcium concentration. 

Solei dissected free from the right legs of thirty-five 
decapitated Sprague-Dawley rats were placed in a myo- 
graph for comparison with the cat papillary muscle. 
These muscles were handled like the papillary muscles, 
except for tetanic stimulation at 50 per s for a 1s period 
at 1 mim intervals, at a temperature of 20° C. Muscles 
were weighed at the conclusion of each experiment and 
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7 crdes-dectional area calculated on the basia of weight and 


measured length. Maximum isometric tensions were then 
expressed as pee 

To determine the proportion of muscle composed of | 
myofilaments and that of non-contractile mass, three cat: —_. 
papillary muscles and three rat solei were fixed at the — 
apex of the length-tension curve by replacing the Krebs 
solution in the myograph with glutaraldehyde (6-25 per — 
cent, pH 7:4) and were then prepared for electron miero- — 
scopic study as described previously**. After fixation for 
2h in glutaraldehyde, muscles were washed in phosphat 
buffer, and were then fixed in osmium, dehydrated in 
acetone and embedded in epoxy resin. Muscle samples. s 
were then cut in cross-section with an LKB microtome | 
and viewed in an RCA 3 MU electron microscope. Thirty 
random photomicrographs were obtained frorn each 
muscle and, using planimetry, the proportion of overall 
cross-sectional area occupied by myofilaments was 
measured in relation to the tissue oceupied by non- 
contractile mass, meluding mitochondria, nuclei and 
intermyofibrillar space. a 

In twenty-three papillary muscles, maximum is 
tension during sustained postextrasystolie po 
(PS) averaged 10-8 0-4 iS E.M.) gfmm? of mus 
with a range of 8-6 to 14:5 g/mm* (Table 1). Be 
isometric tension averaged 8-0+ 0-4 g/mm*. Total a 
developed tension of the potentiated muscles was fo hd 
to be direetly proportional to the cross-sectional area of the 
musele, which ranged from 0-41 to 1-40 mm? (r= 0-09, 
P<0-01) (Pig. 1). This would indicate that, at least at a 
temperature of 30° C and a frequency of 12 per min, 
oxygen diffusion into the core of these papillary muscle 
preparations was not a limitation to force development. 
In six muscles, Ca** was raised in 2 mM increments 
from 25 to 12-5 mM and, at each level, PS induced 
(Fig. 2), While tension during single stimulation was a 
function of Ca** concentration, maximum tension fob = 
lowing PS was essentially the same at all Ca++ lev is 
above 25 mM. In four additional muscles receiving ~ 
norepinephrine (10° M) in the presence of high calcium 


(10-5 mM), no further increase in tension was seen over 
il 
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that which was obtained with PS alone at a caleium 
concentration of 2-5 mM. Indeed, at raised calcium levels 
(>65 mM), norepinephrine commonly resulted in a slight 
decrease In Maximum isometric tension as the duration 
of contraction was abbreviated. 

Table 1. MAXIMUM ISOMETRIC TENSION DEVELOPMENT 
Uncorrected for Contractile Corrected for 
non-contracttile mass non-contractile 
mass (gjmim*) (per cent) mass (g/mm?*) 

5842 18-606 


10-8 + 0-4* 
19-1 +0-7 BOE3 21-1+0°8 


Muscle 


Cat papillary 
Rat soleus 
*1 SEAM. 


In thirty-six rat solei stunulated tetanically, maximum 
isometric tension averaged 19-1+0-7 g/mm? (Table 1). As 
in the papillary muscle, total isometric tension was directly 
related to cross-sectional area of the muscle (r= 0-90, 
P<0-001). 

From eleetron micrographs, the area of tissue occupied 
by contractile mass accounted for 58+ 2 per cent for the 
papillary muscle and 90+3 per cent for the rat soleus. 
When corrected for the non-contractile mass, maximum 
isometric tension averaged 18-6+0-6 g/mm? for the cat 
papillary muscle and 21-1+ 0-8 g/mm? for the rat soleus. 

From this analysis it is clear that there ts little difference 
in the strength of heart and skeletal muscle. The lesser 
force of contraction preduced by cardiac muscle can be 
explained largely by the observation that the contractility 
of the muscle is less than maximum normally and that 
cardiac muscle contains a substantial amount of non- 
contractile material, primarily mitochondria. Correction 
for these two factors alone provided at least a four-fold 
inerease in isometric force with resultant tensions ranging 
from 15 to 25 g/mm*. Further, it has been shown that 
maximum isometric tension is maximally augmented by 
PS (refs. 17-19) and that increasing calcium or the addition 
of norepinephrine does not further increase this ceiling 
for force. 

Certain quantitative biochemical differences have been 
defined, despite the demonstrated similarity in capacity 
for foree generation in heart and skeletal muscle. Thus 
the activity of the myosin adenosine triphosphatase of 
heart muscle is less than that frora skeletal muscle®!:2?, 
Further, the myosin ATPase activity of “red” is less than 
that of “white” skeletal musecle®!}?*. Nevertheless, the 
maximum force of contraction is not limited by these 
differences in myosin ATPase activity, although intrinsic 
velocity of muscle shortening appears to be less when 
myosin ATPase activity is lower?i et, 

In conclusion, this study suggests that the potential for 
force generation of heart and skeletal muscle is similar 
despite the limited duration of active state in heart 
muscle, if it is recognized that there is less than maximum 
contractility and a large amount of non-contractile mass 
in heart muscle. 

This research was supported in part by grants from 
the US Public Health Service and the American Heart 
Association. 
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In vitro Assay for a Humoral Substance 
present during Volume Expansion 
and Uraemia 


A NEW concept of regulation of sodium excretion by the 
mammalian kidney has evolved since the work of 
DeWardener et al.>?. During extracellular fluid volume 
expansion, a factor or factors other than changes in 
giomerular filtration rate and mineralocorticoid hormone 
activity influence sodiurn diuresis. The same factor(s) 
appear to contribute to the natriuresis per nephron 
initiated by nephron reduction and observed in advancing 
renal disease*. In both extracellular fluid volume expan- 
sion and nephron reduction there is evidence’ that a 
humoral substance inhibits sodium reabsorption in single 
proximal tubules of rats. At least a part of the natriuretic 
activity may be humorally mediated4 and Rector et al.5.8 
have termed the active agent the “natriuretic hormone”. 
The agent has also been called the “third factor” (glom- 
erular filtration rate representing the first factor and 
mineralocorticoid hormone activity the second factor). 

Saline loading modifies other prceximal tubular functions 
including glucose and bicarbonate reabsorption™! and 
similar changes have been described with nephron redue- 
tion’ *. Calcium and magnesium excretion per nephron 
increase in both volume expansion and uraemia and 
natriuretic hormone has been implicated in these 
changes?!®-!?_ In work on proximal tubular effects of “third 
factor’, Shapiro et al. in our laboratories (unpublished 
data) studied the effects of extracellular fluid volume 
expansion on the maximum rate of transport of para- 
aminohippurate (PAH) in dogs. Marked and consistent 
inhibition was observed during saline loading. One 
possible explanation is that a humoral agent that inhibits 
PAH transport is released which could be the same one 
that affects other proximal tubule transport mechanisms, 
including the system subserving sodium reabsorption. 
The present studies were performed because of the poten- 
tial biological importance of the active factor, and because 
of the possibility that PAH transport, which can be 
studied ¿n vitro using cortical slices of mammalian kidney, 
was inhibited by a humoral substance. 

We have investigated the uptake of PAH by rabbit 
kidney cortical slices in Ringer solution contaming Na 
acetate (10 mM as substrate). Small amounts of plasma 
(05-5 mil. of Ringer) obtained from dogs before and 
after saline loading were added. The results are presented 
in Table 1. A small but consistent inhibition was observed 
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Table 1. EFFECTS OF FLASMA FROM DOGS ON PAN UPTAKE BY RABBIT KIDNEY 
SLICES in vitro 


PAH xe/g PAH slice/ 
Conditions kidney medium ratio 
Control: plasma before expan- i 
sion by saline loading 116-6 6-75 
Plasma after expansion 106-8 5-88 
Per cent decrease 14-0 12-9 
P < OT <0-O1 
n= 12, 


with plasma obtained after expansion by saline, compared 
with control plasma from the same dogs. 

Expanded and control plasma from dogs was chromato- 
graphed using gel filtration techniques, and absorption at 
280u was monitored during fractionation. The tubes in the 
absorption peaks were pooled, the contents lyophilized 
and the powder diluted in Ringer solution. Inhibition was 
found consistently with one of the four fractions from 
expanded plasma, whereas the same fraction from control 
plasma from the same animals did not inhibit PAH uptake. 
The plasma component was probably diluted at least ten 
times, but inhibition averaged 15 per cent with the active 
fraction of expanded plasma in comparison with the 
control fraction. 

We next tried to increase the effectiveness of the assay 
of the active fraction of plasma. To obtain large 
volumes of plasma, the volume of extracellular fluid 
was increased in a cow, and plasma obtained before 
and after expansion was subjected to similar gel 
fractionation chromatography. As in the experiments 
with dogs, only one of the eluted fractions was active in the 
PAH test system. With the greater quantity of plasma 
available it was possible to bring the in vitro concentration 
of any humoral component back to the estimated in vivo 
level in the test system (assuming quantitative delivery 
of the plasma factor into the active fraction), 

No inhibition was observed with three of the four 
fractions. Inhibition of PAH uptake of 67-3 per cent, 
however, was observed with the same fraction of the 
expanded plasma as in the dog: half the amount of the 
active fraction produced 45-4 per cent inhibition. The 
same fraction from control plasma produced no inhibition 
(Table 2). Table 2 also shows results of experiments in 
the dog using dilutions of the fractions comparable with 
those used with the cow eluates. Inhibition was striking 
and the final slice to medium ratios with the active 
expanded fraction were less than unity, The same fraction 
from control plasma did not inhibit PAH uptake. 


Table 2. EFFECTS OF THE ACTIVE PLASMA FRACTION BEFORE AND AFTER 
EXTRACELLULAR FLUID VOLUME EXPANSION AT ESTIMATED in vivo CONCEN- 
TRATIONS 

Conditions PAH slice/medium ratio 


Cow Dog 
i 5'01 


- w 
rhe 


3 
0-68 (86-4) 


Ringer solution control 5-75 
Control fraction 6°34 
Expanded fraction 1-88 (37-3) 
Expanded fraction at half con- 

centration 3°14 (45-4) 


Numbers in parentheses represent percentage Inhibition. 


PAH uptake by kidney slices is inhibited by whole 
uraemic plasma or serum-, Plasma or serum samples 
from uraemic and normal humans were chromatographed 
and absorption spectra at 280% were determined. Four 
peaks were found in the normal eluates; five in eluates 
from uraemic patients. The effects of each of the four 
fractions from a normal person and each of the five 
fractions from a uraemic patient are shown in Table 38. 


Table 3, EFFECTS OF PLASMA FRACTIONS FROM NORMAL AND URAEMIC SUBJECTS 
ON PAH UPTAKE 


; Ringer 
Subject solution PAH alicefmeditum ratio 
control A B C D E 
Normal 5:06 512 7-02 5-70 6-40 — 
Uraemic 6-61 7:35 6°35 2-42 8°57 7:74 


No inhibition was observed with fractions from normal] 
people. Two fractions induced slight stimulation. With 
the uraemic fractions, however, there was striking in- 
hibition by the fraction labelled C. Three of the other 
fractions produced slight stimulation. Inhibition occurs 
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consistently with uraemic fraction C, and in some inst Ices 
slice to medium ratios of less than 1 have been obsi 
The inhibitory fraction in uraemic plasma is found 
same absorption peak as the inhibitory fraction in v 
expanded plasma. 

Profound inhibition has been found m the same fre 
of plasma obtained within 14 h of removal of the normal = 
control kidney from dogs with a contralateral kidney eons = 
taining approximately 10 per cent of its original nephron 
population. The dogs were maintamed on a constant 
salt intake (2-5 g of salt bi. d. } and were given maximal 
doses of mineralocorticoid hormone (0-1 mg of $a- 
fluorohydrocortisone b.i.d.). 

We believe that there is a circulating substance in the 
plasma of saline loaded dogs and cows and in the plasma 
and serum of uraemic dogs and humans, which appears 
in the same fraction following gel filtration chromato- 
graphy. This material inhibits PAH uptake by rabbit 
kidney cortical slices. Further characterization of this 
substance and its relationship to the “natriuretic hor- 
mone” are being explored. 

This work was supported in part by grants from the 
US Public Health Service and the Office of Saline Water, 
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Fluid Mechanics of the Aortic Root 
with Application to Coronary Flow 


ANATOMICAL studies have demonstrated the lateral extent 
of the sinus of Valsalva whieh has a well defined ridge 
forming its upper margin, and have indicated that the 
geometry of the aortic root remains constant between 
different species. The valve mechanism was studied 
experimentally using a rigid model of the aortic root 
which included the coronary arteries, 
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The valve mechanism can be conveniently considered 


as a cycle comprising four distinct phases: opening, 
quasi-steady, deceleration and reversed flow. The first 


three phases occupy about 15 per cent, 55 per cent and 
30 per cent of systole respectively. The cusps present 
negligible obstruction to the accelerating flow in the 
opening phase. Thus they are thrown open, and, as soon 
as the cusps are aligned with the aorta, a stagnation point 
is established on the sinus ridge! together with a small but 
intense vortex inside the sinus, the cusps finally lying so 
that the midpoint of the free margin projects slightly 
into the sinus. During the quasi-steady phase the cusps 
are maintained fully open, being accurately positioned by 
the stagnation point and vortex mechanism (Fig. 1). The 
stagnation point acts as a high pressure source, with the 
vortex adjusting the sinus pressure to balance that on the 
aortic side of the cusps. Fluid enters the sinus at the 
centre of the ridge, and leaves at the sides, with the centre 
of the cusp projected into the sinus, in the equilibrium 
position. If the entire cusp projected into the sinus, then 
all of the sinus ridge would be at stagnation pressure, and 
this would be recovered by the sinus itself, and the cusp 
would be restored to its equilibrium position. Alterna- 
tively, if the cusp did not open fully, as in the stenosed 
situation, then a stagnation point could not. be established, 
and the pressure in the sinus would fall below the pressure 
on the aortic side of the cusp. 

During the deceleration phase (Fig. 2) ventricular pres- 
sure falls below the pressure at the distal end of the sinus, 
and the cusp begins to close. Movement of the cusp 
requires fluid to be drawn into the sinus, which enters 
over the sinus ridge, preserving the existing stagnation 
point and vortex flow pattern. The sinus pressure is thus 
tied to the pressure at the sinus ridge, S, which exceeds 
the pressure at the aortic ring, R, during the deceleration 
phase. The streamlines are spread downstream of the 
cusps because of flow into the sinuses during closure. Fhe 
final closure-movement is achieved by a small quantity of 
reversed flow. 

This explanation is supported by two experiments: a 
simultaneous measurement of cusp position and aortie 





Fig. 1. Quasi-steady phase. Stagnation point at S, 





Fig. 2. 


Deceleration phage. 





NATURE. VOL. 219, SEPTEMBER 7. 1968 





a b 


a, Drawing from photograph of ox sinus, showing well marked 
b, Drawing from photograph of 


Fig. 3. 
ridge and low position of ostium. | 
humen sinus ridge in longitudinal section, 


velocity, and a velocity traverse level with the sinus ridge. 
The former showed that the valve was three-quarters 
shut before the flow reversed, the latter that the velocity 
profile was flat at all stages of the cycle. 

The sinus vortex causes a considerable variation in 
pressure within the sinus. Thus a coronary ostium posi- 
tioned near the stagnation point would be fed at a higher 
pressure during systole than one lower in the sinus and 
systolic coronary blood flow would be correspondingly 
enhanced. A limited survey of different animals shows a 
sharp distinction between the positions of the ostia of 
fleet and grazing animals. Thus in all the dogs examined, 
the ostia were located either on or very near the sinus 
ridge while in the ox, the pig and the sheep, the ostia were 
most often located at the midpoint of the sinus. Out of 
twenty-seven human sinuses examined, most had ostia 
which were intermediate in position. It is possible that 
the position of ostia could be an important factor in 
athletic performance and in the aetiology of heart disease. 

It is our observation that the sinus ridge is an invariable 
and well marked anatomical feature, and that the coronary 
ostia always lie within the sinuses as we define them 
(Fig. 3). If the ostia lay outside the sinuses on the aortic 
wall, not only would ostial pressure be reduced during 
systole in the absence of the sinus, there would be an 
added danger of plasma skimming. 


Table 1. EFFECT OF 4 STENOSED VALVE, OR OF A CORONARY OSTIUM OUTSIDE 


THE SINUS, ON CORONARY FLOW, USING A MODEL 
Average aortic velocity: 


Pulsatile Row Stenosed valve Normal valve Normal valve 


Sinus ostium Aortic ostium Sinus ostium 
(B) i (B) 
(13 Non-reversing — 2164 258 -0-111 
(2) Valve just ciosing — 4-273 +0179 +0357 
(3) Valve closing firmly ~ 0-239 + 1-208 + E417 


A serious reduction in systolic coronary flow will be 
caused by a stenosed valve. To examine this prediction 
ui pulsatile flow, three experiments were performed (Fig. 
21, A rigid tube of 5 mm bore was connected between the 
ventricle (4) and a point within a sinus (B) and the 
velocity in the tube was measured for the following pul- 
satile flows: (1) non-reversing: (2) reversing sufficiently 
to just close the valve; (8) sufficient to firmly close the 
valve. 

The experiment was repeated, linking A to a coronary 
ostium on the sortic wall C and repeated again with a 
stenosed valve, but normal sinus geometry, with the 
tube between A and B. The stenosis caused a highly 
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turbulent jet, while the normal valve permitted laminar 
flow (these patterns were measured with a thin film gauge’). 

The numbers in the three columns of Table 1 are 
obtained by dividing the average coronary velocity by the 
average aortic velocity for each of the three flows listed 
on the left-hand side of the table. The signs of the numbers 
indicate the direction of the average coronary flow: 
positive towards the ventricle. It can be seen that a 
significant gain in coronary flow was obtained with a 
coronary ostium in the sinus instead of in the aorta (by 
comparing columns 2 and 3), and that the stenosed valve 
caused a considerable drop in coronary flow. The average 
aortic velocity in the third row was 36 em/s; the retro- 
grade coronary flow with the stenosed valve was 8-6 cm/s 
and the forward coronary flow with the normal valve was 
51-0 cm/s. 

Gregg? has measured left coronary flow in unanaesthet- 
ized dogs and shown that during exercise there is a phasic 
- redistribution of flow so that the systolic coronary blood 
- flow can equal and often exceed diastolic flow and that, 
_ additionally, there must be significant intramural systolic 
flow. Thus these simple experiments, comparing the 
coronary flows for two positions of the ostia and for the 
stenosed valve, despite the defects of too short a diastolic 
time and neglect of the variable resistance of the myo- 
cardium, are sufficient to show why the coronary ostia 
are always within the sinuses. Indeed, if the ostium has 
been placed closer to the sinus ridge in the experiment (as 
appears to be the rule for fleet animals) coronary flow 
would have been further enhanced. Jefferson (personal 
communication) has recently indicated that only 20 per 
cent of patients with severe aortic stenosis and angina 
pectoris have important coronary artery disease. Our 
experiments simulating a stenosis explain this paradox. 

B. J. BELLHOUSE 
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Cause of Excessive Drinking in 
Diabetes Insipidus 


DaMaGE to the posterior lobe of the pituitary gland or in 
the region of the tuber cinereum of the hypothalamus 
causes diabetes insipidus, characterized by excessive 
drinking (polydipsia) and excessive production of urine 
(polyuria). Because both these effects are controlled by 
administration of posterior pituitary antidiuretic hormone 
which is known to act on the kidneys, it has been supposed 
that the polydipsia in diabetes insipidus is secondary to 
the polyuria caused by lack of antidiuretic hormone. 
Evidence for this view comes from experiments carried 
out by Richter and Eckert in 1935. They found that 
after removal of the posterior lobe of the pituitary gland 
in rats the resulting polydipsia is eliminated by tying 
both ureters to prevent urine formation!, When urination 
is prevented in rats with diabetes insipidus caused by 
hypothalamic lesions, however, the results are not so 
straightforward. Electrolytic lesions made with a nichrome 
electrode at the base of the tuber cinereum, which in- 
variably gave rise to diabetes insipidus in rats with their 
kidneys present, also slightly increased the water intake in 
rats with both kidneys removed*®. Such an excess drinking 
in diabetic rats without kidneys (primary polydipsia) 
would be important if, as Smith and McCann sug- 
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gested, it could be shown to result from damage to a 
hypothalamic “thirst satiety centre’ responsible for 
stopping drinking when sufficient water had been drunk 
to satisfy the body’s needs. a 

The experiments reported here show that electrolyte 
lesions of the type inflicted by Smith and McCann, but. 
made with a stainless steel electrode, can cause a. 
primary polydipsia which is probably caused by tran see 
stimulation of a “drinking area” in the lateral hypo. — 
thalamus. The results also indicate that, with this 
transient effect eliminated, damage to the median eminence 
of the tuber cinereum does not interfere with a thirst 
satiety mechanism. The view that the primary polydipsia 
is caused by stimulation of the lateral drinking area 
derives from a comparison of the effects of electrolytically 
produced lesions with those resulting from heat coagula- 
tion by radio-frequency current. 

Male albino rats were used, anaesthetized with ether. 
A stainless steel electrode, insulated to the tip, was 
positioned stereotaxically at de Groot coordinates*: 
anterior 6-0, lateral right 0-4 and left 0-4, down 9-5. 
Bilateral lesions were made either by passing a direct, 
current of 1:5 mA for 15 s at both sites, the electrode 
being the anode, or by passing radio-frequency current. 
Histologically the two types of lesions were shown to be 
of comparable size, destroying most of the median. 
eminence of the tuber cinereum. After the rats had 
recovered from the ether, they were placed in individual 
metabolism cages where water was freely available but 
there was no food. In these cages continuous recordings 
of water intake and urine output were made. 

It was first clearly established that diabetes insipidus 
could invariably be produced by the techniques mentioned 
earlier. For example, in the days just before the 
experiments described later, eight rats were given radio- 
frequency lesions and all of them developed diabetes 
insipidus. Then, to study primary polydipsia, both 
kidneys were removed just before the brain lesions were 
made. Six such rats with radio-frequency lesions drank 
an average of 23+08 (S.E. of mean) ml./100 g initial 
body weight and showed an average weight change of 
—3-9+0-5 per cent in the 24 h after the operation. Five 
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Fig. 1. The amounts of water drunk in 6h by rats with chronic diabetes 
insipidus produced by electrolytic lesions (Á) or by radio-frequency lez- 
ions (MB) and by control animals without brain lesions ( @) in response to 
various osmotic loads of 2 M Nat), given intraperitoneal. All animals 
were bilaterally nephrectomized. Mean values are shown for the controls, 
with vertical bars whose length is twice the standard deviation. Nurmberg 
of control observations (each on a different control animal) are given in 
parentheses. Wor the diabetic rats each point represents the result of a 
single experiment on one rat. These diabetic rats with their urination 
suppressed show no evidence of a primary disturbance of thirst mechan- 
isms. 


1062 


similar rats with electrolytic lesions drank 14-1+3-1 ml./ 
100 g body weight and showed a weight change of + 8-6+ 
4-0 per cent. As a control six rats were nephrectomized 
and had an electrode placed at the two sites, but without 
the passage of current. These rats drank 3:-7+1-1 ml./ 
100 g body weight and showed a weight change of 
—18+0-9 per cent-—figures not significantly different 
from those observed with radio-frequency lesions. ‘The 
rats with electrolytic lesions, however, showed a con- 
spicuous and statistically highly significant primary 
polvdipsia. 

The time course of the drinking by the animals with 
electrolytic lesions was also strikingly different. The 
drinking by the six rats with the radio-frequency lesions 
was spread over the 24 h measurement period and the 
pattern of drinking was not manifestly different from that 
of the controls. In contrast, the animals with electro- 
lytic lesions invariably completed their drinking within 
the first 6 h after the operation, despite the fact that 
they drank much more than the other animals. 

Because only electrolytic lesions were found to produce a 
primary polydipsia and because this polydipsia was of 
short duration, it was thought that the electrolytic current 
could have stimulated the adjacent lateral drinking area, 
either directly by current spread, or indirectly by diffusion 
of irritant metallic ions from the eleetrode tip. As a 
preliminary test of this hypothesis a stainless steel elec- 
trode was placed at the approximate location of the 
bilateral drinking area in the lateral hypothalamus (de 
Groot coordinates: anterior 6-0, lateral right 2-0 and left 
2-0, down 8-0) of seven nephrectomized rats. A small 
eurrent (0-2 mA) was then passed in both the right and 
left hypothalamus for 10 s in an attempt to mimic the 
effect of the presumed stimulating action spreading from 
the more medial electrode site when making lesions. 
These animals subsequently drank an average of 140+ 
1-0 ml./100 g body weight and showed an average weight 
change of +7-9+1-2 per cent. Like the animals with 
medial electrolytic lesions, they completed their drinking 
within 6 h of the operation. Their behaviour was thus 
closely similar in all respects to that of the animals with 
medial electrolytic lesions, suggesting again that primary 
polydipsia produced by electrolytic lesions is an artefact 
resulting from inadvertent stimulation of adjacent tissue. 
Moreover, preliminary results indicate that electrolytic 
lesions of the tuber cinereum made with a platinum- 
iridium electrode, which does not deposit metallic ions, do 
not cause a transient primary polydipsia, nor does the 
passage of small currents through a platinum—iridium 
electrode in the lateral drinking area. 

Everett and Radford reported that when electrolytic 
current is passed in both stainless steel and nichrome 
electrodes, iron and perhaps other metallic ions are 
deposited which irritate adjacent tissue’. This irritant 
effect may explain both the primary polydipsia described 
here and that described by Smith and McCann. Smith and 
McCann, however, diseount this suggestion because they 
found that other lesions adjacent to the lateral drinking 
centre, but not in the ventromedial hypothalamus, did not 
in general produce polydipsia. 

The acute experiments on nephrectomized rats suggest 
that radio-frequency lesions in the tuber cinereum do not 
interfere with any thirst mechanism. This is confirmed 
by the following experiment, which shows that nephrec- 
tomized rats with chronie diabetes insipidus drink normal 
amounts in response to an osmotic load. Chronic diabetes 
insipidus of varying degrees of severity was produced in 
five rats by radio-frequency lesions and in six rats by 
electrolytic lesions. All animals drank and urinated con- 
siderably more than their preoperative levels, These rats 
were nephrectomized and then given an intraperitoneal 
load of 2 M sodium chloride solution. Water intake 
was measured for 6 h, which is known to be an adequate 
time for the drinking response to be completed’. The 
figure shows that when their polyuria was blocked, the 
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chronic diabetic rats with either electrolytic or radio- 
frequency lesions did not drink significantly more or less 
after an osmotic load than a series of control animals 
without brain lesions. There is therefore no evidence for 
a disturbance of drinking mechanisms in the diabetic rats. 

Thus the results reported in this communication indicate 
that primary polydipsia is not an important factor in 
experimental diabetes insipidus produced by lesions of 
the median eminence of the tuber cinereum. 
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Absorption of Carbohydrates by Intestine 
of Ascaris lumbricoides in vitro 


THe intestinal parasite Ascaris lumbricowes is exposed 
to the same preducta of digestion of foodstuffs as are the 
cells of the intestinal mucosal layer of its mammalian 
host. Little appears to be known about the absorption of 
foodstuffs by these nematodes except that it probablv 
occurs through the intestine rather than through the 
euticle!. The intestine of Ascaris which is composed of 
a single layer of cells some 10 em thick supported by a 
basement membrane separating the intestinal lumen 
of the parasite from the coclomic fluid, is readily removed 
from the nematode to provide a preparation suitable for 
studies of absorption in vitro. We describe here the find- 
ings of experiments designed to examine the capacity of 
Ascaris intestine to absorb carbohydrates. 

Live fernale Ascaridia were freshly obtained from pig 
intestine and transported in warm conditions (30°-35° C) 
to the laboratory. In some experiments, sacs (8-10 cm) 
of the middle third of the intestine filled with “luminal 
fuid” were incubated in aerobic (95 per cent O,-5 per 
cent CO,) or anaerobie (95 per cent N,-5 per cent CO,) 
conditions at 37° C in flasks containing “coelomic fluid”. 
In other experiments, fluid was infused continually through 
the intestinal lamen by means of a pump. The “luminal” 
and “coelomic”? fluids were Krebs~Ringer—bicarbonate 
solutions?, pH 7:4, gassed with the appropriate mixture. 
Glucose was determined by the glucose oxidase method as 
modified by Dahlqvist’, galactose and 3-O-methylglucose 
by the method of Somogyi', D-xylose by the method of 
Roe and Rice’, and fructose by the method of Roe*, 
Glycogen was determined by the method of Montgomery’. 
Paper chromatograms of bathing fluid were run in ethanol- 
acetic acid after desalting. 

Three sets of experiments were undertaken. In the first, 
sugars were placed only in the luminal fluid; in the second, 
the sugars were placed initially at equal concentrations 
in both the laminal and coelomic fluids, and in the third 
the sugars were introduced only into the coelomic fluid. 
The results of these experiments (Table 1) show that 
glucose and fructose are absorbed rapidly from the intes- 
tinal lumen and appear in the coelomic fluid. In experi- 
ments lasting 30 min all the glucose or fructose was com- 
pletely removed frorn the intestinal contents. Adsorption 
of fructose was not associated with the appearance of 
glucose in the coelomic fluid. In contrast, 3-O-methyl- 
glucose, a sugar, which is subjected to active transport by 
mammalian intestine’, was absorbed slowly from the 
Ascaris lumen and from the coelomic fluid. When 
initially present on both sides of the intestine, no net 
movement across the epithelial layer of glucose, fructose 
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or 3-O-methylglucose was observed. We therefore found 
no evidence of a capacity of Ascaris intestine to translocate 
sugars across the mucosal cells against a concentration 
gradient. With maltose present in the lumen no di- 
saccharide was detected in chromatograms of the coelomic 
fluid, and after absorption for 10 min, 41-2 per cent of the 
total reducing substances in the lumen were accounted 
for as glucose. No maltose appeared in the intestinal 
lumen when the sugar was added to the coelomic fluid 
only. Absorption of glucose from the intestinal lumen 
was reduced when the sodium ions in the luminal fluid 
were replaced by K ions or by tris buffer. Glucose 
absorption was also partially inhibited by phloridzin. 


Table 1. MOVEMENT OF SUGAR ACROSS INTESTINE OF Ascaris lumbricsides 
SURVIVING in vitro 
Sugars in luminal fluid t n Absorption Appearance in 
only from lumen coelomic fluid 
Glucose (Nat) 10 7 33°1+2-7 19-6+1-0 
Ghicose (Kt) 10 6 10-8 + 6:1 §-L+1-4 
Glucose (iris) 10 6 17°8+3-8 10-6 + 2-8 
Gineose (phloridzin) 10 10 23-2443 13-5+1-5 
Fructose 10 8 26-4 + 3-6 15-14+1-7 
Galactose 10 7 29420 T2448 
Maitose (as hexose) 10 6 14-6+3-°8 0-0 
3-O-methyigiucose 60 9 12-4+3-2 19-5452 
p-xylose 80 i 6341-5 92+1-¢ 
Sugars in luminal and Absorption Absorption from 
coelomic fluids t a from lumen coelomic finid 
islucoese 10 § 32°22 6:2 $91-4417-°3 
3-O-methviglicose 60 6 36 +1-2 23-52 6-6 
Fructose 10 7 11-2+17-4 92-54 G2 
Sugars in coelomic fluid Absorption from 
only t n coelomic finid 
Glucose 10 BILT + 27 
Fructose 60 8 aon ZIBS+ 6-0 
Galactose 60 — 65-64 58 
D-xylose 60 Bee 120-3 + 15-6 
Maltose (as hexose) 30 8 wen 1024 6-0 
3-0-methylglucose 60 T moe 66+ 3:7 


Units are mM wet wti and are means + S.E., of mean; £, time of observa- 
tion (min): n, number of sacs. The initial concentration of glucose was 
16-6 mM: p-xylose was 20-0 mM; maltose was 55 mM, 3-O-methylglucose 
was 15-5 mM. The concentration of phloridzin was 5x 10-* M; Na and giu- 
cose were 154 mM, except for glucose (K*) and glucose (tris) when 154 
mM of Na in the luminal fluid were replaced either by K> or by tris. 


When uniformly labelled 4C-glucose was used approxi- 
mately half the radioactivity incorporated into the cell 
during glucose absorption was in the form of glycogen. 
During glucose absorption in aerobie or anaerobie condi- 
tions several unidentified glucose metabohtes appeared 
in the luminal and coelomic fluids. The intestine seems 
to metabolize glucose and fructose rapidly, for both of 
these sugars disappear rapidly from the coelomic fluid. 

In further experiments, undertaken to examine the 
kinetics of glucose absorption, a constant concentration of 
glucose was maintained in the intestinal lumen by con- 
tinuous infusion. By this procedure we found that the 
mechanism by which glucose is transported from the 
lumen into the cells can be saturated and that the relation- 
ship between glucose uptake and glucose concentration 
in the lumen seems to be of the Michaelis-Menten type. 
The parameters of this relationship were estimated as 
Vmax = 9:2 nM mg wet weight min-! and Am=9-1 mM. 
The Vmax represents the limiting rate of transport of 
glucose into the cells with high concentrations of sugar 
in the lumen; the Km represents the luminal concentra- 
tion of glucose necessary to yield half the maximum rate 
of glucose absorption. 

As in mammalian intestine, the rate of entry of glucose 
into the Ascaris intestinal cells seems to be determined 
partially, but not entirely, by a process which is sensitive 
to phloridzin and dependent on the presence of sodium 
ions in the lumen. There is also evidence for the existence 
of maltase in the brush border region. We conclude that 
specific processes for the transport, at least of glucose, 
exist on the luminal face of the intestinal cells of Ascaris 
lumbricoides, but these cells, unhke those of mammalian 
intestine, do not seem to possess the capacity for moving 
hexoses across the epithelial layer against a concentration 
gradient. In Ascaris intestine, glucose and fructose are 
absorbed much more rapidly than galactose and 3-0- 







methylglucose. This is in contrast to what is fou 
mammalian small intestine’ and may be related to 
rate of glucose and fructose metabolism by the intest 
mucosal cells of the nematode. 
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Gamete Shedding Behaviour of the 
Feather-star Lamprometra klunzingeri 
in its Natural Habitat 


INFORMATION on the reproductive behaviour of feather- 
stars, especially in their natural habitats, is very searce. 
Among the widely cited investigations are those on the 
development and larval forms of Echinodermata’ and 
the publications that describe gamete production in the 
crinoid Comanthus japonicus? and its correlation with the 
declination of the Moon}. 

As far as I know, this is the first report of the gamete 
shedding behaviour of a feather-star in its natural habitat 
(Eilat, Red Sea). 

Lamprometra klunzingert is & shallow water species 
living among corals of the fringing reefs, forming popula- 
tions that may reach twenty to sixty individuals on one 
square metre. It is active at night. 

On May 22, 1968, at 1745 h, individuals were observed 
climbing out of their daytime hiding places on an isolated 
coral block at a depth of 2 m. At 1800 h twelve were 
found attached by their cirri along a deep notch in this 
block with fully extended arms and swollen genital 
pinnules. At approximately the same time, one of these 
individuals started violent undulations of its arms, and 
after several seconds the remaining individuals were 
whipping their arms vigorously. Simultaneously, a dense 
greenish-coloured cloud of gametes arose around them, 
partly covering them. Arm-whipping continued for 25 s 
and then stopped abruptly. Part of the gamete-cloud 
moved down into the crevice, while the rest was washed 
away by the water current. 

Laboratory observations revealed that the individual 
which began the gamete shedding was a male and that 
in this group there were females and males. It may be 
worthwhile mentioning that near to the observed group 
of spawning L. klunzingert there were individuals of 
another feather-star, Capillaster multiradiatus, but they 
did not react to the sexual behaviour of their neighbours. 

Lev FISHBELSON 
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Regulation of Growth and 
Fruit Maturation with 
2-Chloroethanephosphonic Acid 


THE new growth regulator, 2-chlorcethanephosphonic acid 
(CEP), is active in forcing flowering of pineapple', as a 
fruit ripening agent*, for promoting petiole and fruit 
abscission” and inducing swelling of pea stems’. (CEP 
had been released as G-996 in a formulation identified 
as Amchem 66-329. Previous published reports have 
referred to it with these designations.) It has been sug- 
gested that the growth regulatory action was the result 
of the stimulation of ethylene production in the tissue 
similar to that resulting from treatment with IAA (ref. 4). 
In our laboratory tests with CEP it became clear that 
aqueous solutions of this compound were direct sources 
of ethylene which could be regulated by pH of the solution. 
This is similar to the release at ambient pressure of 
ethylene from solutions of beta-hydroxyethylhydrazine 
(BOH) as reported by Palmer et al.*. This report presents 
the results of laboratory and field experiments with CEP 
as a plant growth regulator. 

Solutions were prepared at a range of pH values 
adjusted with phosphate buffer to study the decom- 
position to ethylene. The flasks containing the solutions 
were covered and the enclosed air sampled periodically 
with a gas tight syringe. Ethylene was determined with 
a gas chromatograph equipped with a hydrogen flame 
detector and activated alumina column. The chromato- 
graph had a sensitivity of 0-05 p.p.m. ethylene in air. In 
the solutions more acid than pH 3, conversion of CEP to 
ethylene was very slow (Table 1) while rapid decom- 
position occurred at the more alkaline ranges. It would 
be expected with this pH dependence for the conversion 
to ethylene that the response of different biological 
systems to CEP would vary depending on the rate of 
decomposition of the captive molecules similar to that 
proposed for BOH (ref. 5). 

AND 


Table 1, EVOLUTION OF ETHYLENE FROM BUFFERED 


SOLUTIONS CONTAINING 220 MG CEP 
Ethylene evolved (l.) 


UNBUFFERED 


Test solution pH 4h 48h 
CEP unbuffered 25 Q 91 
CEP buffered 2-7 0 0-3 

: rr 3°0 Of 1-9 
23 Bt 4-9 20-7 126-8 
3? + 6-0) 245-7 368-3 
- 3 TÜ 1.4033 2,507-0 


To evaluate the growth regulatory properties of CEP, 
aqueous solutions were applied to actively growing shoot 
meristems of several species. Growth inhibition was 
anticipated because the chemical was a source of ethylene. 
One of the known growth retardants, succinic acid 2,2-di- 
methyvlhydrazide (Alar), was applied with the CEP for 
comparison. In the pole bean (Phaseolus vulgaris, cultivar 
‘Blue Lake’) growth inhibition occurred following treat- 
ment with CEP and persisted for about 1 month (Table 2). 
At the higher concentration some leaf epinasty occurred 
which was identical with the effect produced on similar 
plants exposed for 24 h to 100 p.p.m. ethylene in air. The 
shoot meristem on some of the plants dried up about 1 
week after treatment with CEP at 2,000 p.p.m. In such 
plants two shoots then developed from the axils of the 
primary leaves. This does not occur in the growth 
mbhibition induced by Alar. 

With apple and peach cultivars the apical meristems of 
shoots were not injured by CEP at concentrations that 
retarded elongation (Table 2). Internodes were shortened 
and leaf size slightly reduced in the new growth after 
treatment, and total growth was less at the time of 
formation of the terminal buds. 

Pear fruits are responsive to ethylene and auxins. 
Immature, attached fruits of the cultivar “Clapp Favorite’ 
were sprayed with CEP in August about 2 weeks before 
normal harvest. Ten days after application the control 
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Fig. Lo Effect of CEP and 2,4,5-TP on respiration of ‘MeIntosh* apples. 
Materials applied as aqueous sprays to attached fruits September 8; 
samples harvested for respiration study September 18. 


fruits were still hard and green, but the treated fruits 
were ripening normally (Table 3). CEP and the auxins 
2,4-D, NAA and 2,4,5-TP stimulate ripening of mature 
fruits, but unlike these auxins, which delay fruit abscission, 
CEP hastens abscission of the fruits (Table 3). 


Table 2. EFFECT OF CEP AND ALAR ON VEGETATIVE GROWTH OF THREE PLANT 


SPECIES 
Test _ Date Average 
species Treatment applied growth*® (em 
Bean CEP 200 p.p.m. 29/4/67 41 
CEP 2,000 ppm. 20/4/67 26 
Alar 2,000 p.p.m. 29/4/67 22 
Control — 38 
Apple CEP 200 p.p.m. 26/3/88 8 
CEP 2,000 p.p.m. 26/3/68 3 
Alar 2,000 p.p.m. 26/3/68 4 
Control me 11 
Peach CEP 50 p.p.m. 21/6/67 30 
CEP 150 p.p.m. 21/6/67 24 
CEP 450 p.p.m. 21/6/67 17 
Control me 3i 


O- * Busan and apple measurements represent new growth during 24 days after 
ireattuent; peach measurements are total shoot growth during the season. 


MATURITY AND HARVEST DROP OF “CLAPP FAVORITE, PEARS 10 DAYS 
AFFER TREATMENT WITH CEP 


Table 3. 


Application Fruit drop Flesh firmness Ground colour 
(15/8/67) (%) (th.) index? 
75 ppm. 4-0 12-1 3-6 
250 p.p.m. 8-6 D9 2-9 
750 p.p.m. 35-0 2:8 14 
Control 05 19-2 Ad 


* Ground colour index: 5=<green: 1= yellow. 

Similar ‘Clapp Favorite’ fruits were picked on August 
11, dipped in solutions of CEP for 1 min, allowed to dry 
slowly in perforated plastic bags and then held at 20° C. 
Other samples were placed in tight plastic bags and 
exposed to ethylene gas (100 p.p.m.) for 24 h. The CEP dip 
treatment at 250 p.p.m. brought the fruit to eating ripe- 
ness in about 12 days, as did the ethylene gas treatment. 

To evaluate further the effects of CEP and auxin on 
fruit maturity and abscission, a test was made on im- 
mature fruits of the apple cultivar ‘McIntosh’. The 
auxin 2,4.5-TP was selected because of its known effect 
in stimulating respiration of this cultivar’. Applications 
were made of CEP and 2,4,5-TP alone and in combination 
to entire limbs randomized on four trees carrying a 
uniform crop of fruit. The fruits harvested 10 days after 
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treatment with CEP and with CEP plus 2,4,5-TP reached 
their climacteric peak 5 days before the fruits treated 
with 2,4,5-TP alone and 2 weeks before the controls 
(Fig. 1). The combined treatment of CEP and 2,4,5-TP 
appeared to have an additive effect on the rate of respira- 
tion at the climacteric peak. The preharvest drop of 
‘McIntosh’ apples showed that 2,4,5-TP nullified the 
acceleration of fruit abscission caused by CEP. Thus the 
CEP is exerting its effect through ethylene evolution and 
has no classical auxin effect as such in this system. 


L. J. EDGERTON 
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Cornell University. 
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Effect of Phenylboric Acid in duplicating 
- the Morphology and the Associated 

- Activity of Certain Oxidative 
Enzymes of a Pea Mutant 


We have found! a correlation between a leaf-shape mutant 
in the tomato “lanceolate” (Lat/La) and the level of 
activity of several oxidative enzymes. Haecius and 
Garrecht? reported that treatment of wild type tomato 
with phenylboric acid (PhB) duplicated the morphological 
effect of La*/La, and in a later report? I showed that treat- 
ment with PhB simulates the effect of the La allele also 
with respect to the associated inerease in the level of 
activity of tyrosinase, laccase, peroxidase and catalase. 
I proposed*-* that the primary action of PhB, as well as 
that of the gene La, is to cause the increase in the level of 
activity of these four oxidative enzymes and that they in 
turn, among other factors, affect the form of the leaf in 
the tomato. Haccius and Wilhelmi! recently reported 
that PhB also simulates the morphological effect of several 
mutant genes affecting flowers in peas. 

The question arose as to whether the mechanism under- 
lying the effect of PhB on pea is similar to that in tomato—— 
an increase in the level of activity of the oxidative enzymes 
associated with the change in morphology. Pea mutants 
10B and 241A were obtained from Dr Gottschalk, who 
described mutant 10B as causing a change in the function 
of the calyx in which part of the sepals are transformed into 
reduced carpels and mutant 241.4 as causing a reduced 
number of leaflets. Both were homozygous for the respec- 
tive traits’. Ten wild type ‘Alaska’ pea seeds were placed 
in a Petri dish in 10 ml. of 300 p.p.m. PhB or boric acid 
solution for the first 24 h of germination. The controls 
were placed in distilled water. After the first day, the 
germinating seeds were transplanted to soil in 3 in, 
pots and placed in the greenhouse. Between 11 and 13 
days after the seeds were initially placed for germimation, 
those portions of the seedlings above the ground were 
used for the assay of enzymes. 

Treatment of mature plants followed the procedure 
described by Haccius and Wilhelmi®, in which 0-04 ml. of 


300 p.p.m. PhB was placed on tips of pea plants. Care 
was taken to choose structurally comparable tips. The 


tips were collected 3-5 days after treatment and assayed 
for enzymes. The preparation of homogenate and the 
assay of enzymes followed the procedure previously 
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described®. A colorimetric method was used to measure 
the activity of peroxidase and guaiacol was used as a 
substrate’. Catalase activity measurements were made 
using the buoyant effect of the liberated oxygen on paper 
disks, by recording the tirne required for the disks to rise. 










to the surface of the reaction solution (3 per cent hydrogen 


peroxide). Lyophilized beef liver catalase was used as 
standard’. 2 


No activity for tyrosinase or laccase could be detected 
Tomaszewski and = 
Thimann™, citing Eichenberger and Thimann!!, also. 


in pea tissues with the tests used. 








Peroxidase and 


active in pea as in tomato on a fresh weight basis*~*. 


There are some differences in the activity of these 
In the 


is higher (by a factor of 2) in 10B than both “241A 
and ‘Alaska’ (Table 1). In mature plants, there is little 
difference in peroxidase activity between the va 8 
lines: however, catalase is about three times higher m 
than in 2414 or ‘Alaska’ (Table 1). Treatment 3 










PhB at a concentration of 300 p.p.m. causes an ins 


crease in peroxidase activity in all three strains, m 
both seedlings and mature plants. With respect to cata- 
lase, 241A and ‘Alaska’ show an increase in the activity 
comparable with that of peroxidase. Mutant 1028 does 
not show such an increase: in faet, there may ever 
be a slight decrease in activity as a result of treatrnent 
with PhB (Table 1). In contrast to PhB, treatment with 
boric acid does not show any increase in either peroxidase 
or catalase (Table 1). 


Table 1. EFFECT OF TREATMENT WITH PHB ON THE ACTIVITIES OF PEROXIDASE 
AND CATALASE IN EXTRACTS FROM 13 DAY OLD SEEDLINGS AND TIPS OF $5 DAY 


Seedlings — o 
‘Alaska’ 2414 a8 
Boric . . ; . 
Control Treated acid Control Treated Control Treated 
Peroxidase 159 212 165 O35 500 a0 350 
Čatalase 116 140 ay 13i 193 22% 207 
Tips of 35 day old plants . 
Peroxidase 210 B85 a 165 B70 189 0 376 
Catalase ag 195 ve Lia 285 40% BO 


Each figure is the average of three readings. . 

In the 35 day old plants, the assay for enzymes was made 3 days after 
treatment. Results for peroxidase are given as the average increase in eclori- 
metrie units per 00033 g fresh weight for catalase as units per g fresh weight. 


Relating the morphological differences among the pea 
lines to the differences in peroxidase and catalase activi- 
ties, the mutant 10B stands out clearly in that it shows 
high activity of catalase. It also differs from the other 
two types in that it produces abnormal flowers m which 
part of the sepals is converted into reduced carpels’. 
Treatment of mutant 2414 and ‘Alaska’ with PhB also 
causes this abnormality of the flower structure. Associated 
with such a change there is an increase in the activity of 
catalase to resemble that of the mutant 106. Haeccius 
and Wilhelmi’ also found that treatment of wild type peas 
with PhB simulates the effect of mutant 1056 and other 
mutants causing abnormalities in the flower. 

These results point to some similarities between the 
effect of PhB on tomato and pea. In both cases PhB 
duplicates the effect of known mutant genes affecting 
form. It differs, however, in the organ it affects: in 
tomato it changes the size and form of leaf while in pea it 
affects the flower. In both tomato and pea, treatment 
with PhB causes an increase in the activities of certain 
In tomato it increases the activities 


PhB simulates the morphological effects of mutants in a 
variety of unrelated plants—tomato, arabidopsis, pea. 
This points to a general effect of PhB on regulatory 
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processes related to form. Several authors have attributed 
growth regulatory roles to tyrosinase, polyphenol oxidase 
and peroxidases. Van Fleet! relates activity of poly- 
phenol oxidase and peroxidase to the development 
and differentiation of plant tissues; Tomaszewski and 
Thimann’ refer to enzymes which oxidize phenol as 
growth controllers. My results support the hypothesis 
that the primary action of PhB is to increase the level of 
activity of certain oxidative enzymes and that these 
in turn, among other factors, affect form. The effect of 
PhB on form may well depend on the kind and the level 
of activity of the oxidative enzymes characteristic of 
the plant. 

I thank Dr Aharon Gibor for providing equipment 
and laboratory space and for the many stimulating discus- 
sions, and Dr D. R. Cameron for reading the manuscript. 
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Genetic and Physiological Adaptation 
in the Hill Reaction of i 
Deschampsia caespitosa 


SINCE the work of Turesson!t, numerous investigations 
have established the presence of ecological races in species 
which are wide-rangmg or oceupy diverse habitats?. It 
seems that natural selection has resulted in the pro- 
duction of local populations which are genetically adapted 
to the environment. These adaptations have been evident 
on a morphological basis for some time, but in recent 
years the investigations of physiological processes, for 
example, photosynthesis and respiration®, have been 
emphasized. Unfortunately, comparative studies in 
higher plants of adaptive physiological and biochemical 
mechanisms lag behind similar studies with bacteria and 
animals. 

This is a preliminary report of a project designed to 
elucidate the mechanisms of photosynthetic adaptations. 
We examined the temperature responses of the Hill 
reaction in two populations (one arctic and one alpine} 
of Deschampsia caespitosa (L.) Beauv. We present 
evidence for genetic differentiation in a biochemical 
system (the Hill reaction) and also suggest that the 
temperature responses of the components of the reaction 
are influenced by the environment. The genetic and 
physiological differences which occur seem to be adaptive, 
so we suggest that these responses result from ecotypic 
differentiation and physiological acclimation. 

The alpine population was selected from Rollins Pass 
Colorado (11,600 ft above sea level}, and the arctic plants 
were derived from a population near sea level at Cape 
Thompson, Alaska. Of the extreme environmental factors 
characteristis of the arctic and alpine conditions, low 
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temperature is probably one of the most important 
limiting factors*. The ability of many species to exist in 
arctic conditions must depend in part on the efficient 
production and use of assimilates at these low tem- 
peratures. Although arctic and alpine tundra vegetations 
are similar, many environmental factors, for example, 
light intensity, ight duration, partial pressure of CO,, 
and soils, are quite different. Any unique features of 
arctic and alpine populations must therefore reflect. the 
selection pressures exerted by the total environment. 

Ten cloned individuals of each population were grown 
in growth chambers at 2,000 ft-candles at each of the 
three temperatures: constant 22° C, constant 10° C, and 
16 h at 22° Cand § h at 10° ©. After 10 weeks the plants 
were assayed for Hill activity. Leaves (2 g) were ground 
in an isolation medium of 0-01 M Natl, 0-05 M tris, 
pu 7-8, 0-4 M sucrose, 0-005 M glutathione and 6 mg 
‘Carbowax 4,000 jml. (ref. 5). The slurry was filtered 
through cheesecloth and centrifuged at 200g for 2 min. 
The supernatant was centrifuged at 2,000g for 10 min; the 
pellet was resuspended in a medium containing 0-01 M 
NaCl, 0-05 M tris buffer, pH 7-6, and 04 M sucrose, 
recentrifuged at 2,000g for 10 min, and resuspended in 
5 ml. of the resuspension medium. The reaction medium 
contained 40 umoles tris, 70 umoles NaCl, 1-5 umoles 
ferricyanide, and about 30-36 mg chlorophyll/3 ml., and 
the reactions were carried out at 0°, 10°, 15°, 20°, 25°, 
30° and 40° C. The light source was a 300 W incandescent 
“‘cool-beam” bulb, After a reaction of 10 min, the chloro- 
plasts were removed by centrifugation and dye reduction 
relative to dark controls was measured spectrophoto- 
metrically at 400 mu. Chlorophyll was measured by the 
method of Arnon’. The entire experiment was repeated 
at least onee, and, in each, three replicate examinations 
were made at each temperature. Thus each mean repre- 
sents six-nine values. 

A comparison of the relative rates of reduction of 
ferricyanide (Figs. 1 and 2) indicates genetic differentiation 
between these two populations. The optimum temperature 
for the reaction was higher for the alpine plants in all 
conditions, and the entire temperature curve seems to be 
shifted to higher temperatures compared with the arctic 
population. Consequently, at temperatures above the 
optimum the alpine plants seem to reduce ferricyanide 
more efficiently than do those from the Arctic, whereas 
at temperatures below the optimum the arctic plants 
possessed greater relative activity. At 10° C, for example, 
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Fig. 1. Effect of temperature during growth on the temperature respon- 
ses of the Hill reaction of the population from Cape gr at Alaska. 
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the relative activity of the arctic population was 50 per 
cent greater than that of the alpine plants. In both 
populations the temperature curve indicates a narrow 
range of optimum temperatures, and activity decreases 
particularly rapidly at temperatures above the optimum. 
At 40° © the chloroplasts were virtually mactive. 

In addition to the differences between the populations 
there were differences in activity within the alpine 
population, depending on the temperature regime during 
_ growth. In the alpine population, growth at 10° C resulted 
` in a temperature response curve displaced toward low 
temperatures. Hence the optimum temperature for this 
- group was 25° C, whereas for the 22° C group it was 30° C. 
The alpine plants grown in the diurnal regime tended to 
show intermediate responses, although 30° C was the 
optimal temperature. The responses of the arctic popula- 
tion under the three temperature regimes were similar 
regardless of the temperature during growth. 


Table 1. MAXIMAL RATES OF FERRICYANIDE REDUCTION IN THE ROLLINS 
PASS, COLORADO, AND CAPE THOMPSON, ALASKA, POPULATIONS GROWN AT 
THREE TEMPERATURES (“MOLES FERRICYANIDE REDUCED/MG CHLOROPHYLL/Hy 


Temperature during growth 


Population 10° 10°-22° 22° 
Rollins Pass, Colorado 13943] 150 P8 134421 
Cape Thompson, Alaska 78+44:3 S4 + 2-5 98 + 5°2 


Values represent means of six-nine replicates + standard errors. 


Differences between the arctic and alpine populations 
are also apparent when one compares the absolute rates 
of reduction (Table 1). The maximum rates of reduction 
on a chlorophyll basis for the arctic plants in all tem- 
perature conditions were considerably lower than the 
comparable rates of alpine plants. In general, the rates 
of reduction in the arctic groups were 40 per cent lower 
than those from the alpine. Within each population the 
absolute rates of reduction are similar regardless of the 
temperature during growth, and the slight differences in 
Table 1 will require further documentation before they 
can be considered significant. In addition, there was a 
visibly greater amount of starch grains in the pellets 
from the arctic plants than in those from alpine plants, 
and in each population starch grains were more abundant 
in the plants grown at low temperatures. It was only in 
the alpine group from the high temperature that we did 
not see an accumulation of starch grains. 

The differences between the arctic and alpine popula- 
tions must be a result of genetic factors, because the 
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Fig. 2. Effect of temperature during growth on the temperature respon- 
ses of the Hill reaction of the population from Rollins Pass, Colorado. 
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plants grown in identical conditions revealed quali- 
tative and quantitative differences in the Hill reaction. 
The lower optimum temperature in the arctic plants 
seems to be adaptive, for the temperature of the arctic 
tundra is characteristically lower than that of the. 
Mountain alpine. The successful growth and reprod 
of any plant in the Arctic depends, ultimately, on effi 
assimilation at low temperatures. The biochemical d 
ferences with respect to temperature are similar to those —— 
reported for glycolic acid oxidase and mitochondrial 
activity’, and these studies provide strong evidence for 
biochemical differences in ecologically distinct races. 
The shift in the optimum to lower temperatures when 
the alpine plants were grown at lower temperatures 
indicates physiological flexibility or adaptability in the 
photosynthetic system. Similar phenomena have been 
reported for uptake of CO, in a number of species*, and 
McNaughton’ has described a physiological adjustment in 
the temperature responses of oxidase activity in Typha 
latifolia. In our study the adjustment to lower tem- 
peratures seems to be adaptive and is therefore indicative 
of acclimation. We do not know if this flexibility 
alpine plants is restricted to this population or ł 
only evident in these particular experimental cond 



















It seems quite significant to determine if the range of o 
acclimation or flexibility in the alpine plants is sufficiently 
great to attain the same optimum temperature as that 
apparently genetically fixed in the arctic plants. 

The absolute rates of reduction in any experimental 
condition were consistently higher in the alpine than in the 
arctic plants. In a similar study McNaughton® has cor- 
related Hill activity in Typha latifolia with the altitudinal 
distribution of the populations. Differences in the con- 
centrations of rate-limiting enzymes or cofactors necessary 
for the Hill reaction and phosphorylation could be re- 
sponsible for the different rates, and these are at present 
under investigation. These differences, in all hkelhood, 
would be genetically based, although some cofactors could 
be lost during the isolation of the chloroplasts. Warren 
Wilson has suggested!® that assimilation in the Arctic is 
depressed and that this depression could be caused by 
the characteristic accumulation of carbohydrates in aretic 
plants under low temperatures. The extent of this 
depression and the role of carbohydrates have not been 
established. Presumably, accumulated assimilates could 
depress uptake of CO, and possibly the rate at which 
reductants from the light reactions are produced. Our 
evidence suggests that in the comparison of the arctic 
and alpine populations there is at least a negative cor- 
relation between the accumulation of starch grains and 
the rate of the Hill reaction. Whether there is a direct 
relationship between the carbohydrate content and the 
depression of Hill activity or CO, uptake in Deschampaia 
caespitosa remains to be determined. 

This work was supported by an Undergraduate Re- 
search Participation Program of the US National Science 
Foundation. 





Larry L. TIESZEN 
J. A. HELGAGER 
Department of Biology, 
Augustana College, 
Sioux Falls, South Dakota. 


Received February 12; revised March 25, 1998. 


! Turesson, G., Hereditas, 3, 211 (1922). 

3? Reviewed in Hiesey, W. M., and Milner, H. W., Ann. Rev. Plant. Physiol, 
16, 203 (1965). 

3 Mooney, H. A. and Billings, W. D., Ecol. Mono., 31, 1 (1061). Björkman, 
0., and Holmgren, P., Physiol. Plant., 16, 889 (1963). 

* Bliss, L. C., Aretie, 15, 117 (1962). 

t Miflin, B. J., and Hageman, R. H., Plant Physiol., 38, 66 (1963). 

* Arnon, D. L, Plant Physiol., 24, 1 (1949). 

7 MeNaughton, S, J., Nature, 211, 1377 (1966). 
529 (1966). 

* Mooney, H, A., and West, M., Amer. J. Bot., 51, 825 (1964). Bkirkman, O. 
and Holmgren, P., Physiol. Plant., 16, 889 (1963). 

* McNaughton, 8. J., Seience, 156, 1363 (1967). 

1! Warren Wilson, J., Ann. Bot., 36, 383 (1968). 


Klikoff, L. G., Yalure, 272, 





1068 


Uptake and Incorporation of 
Exogenous Leucine in Bacterial Cells 
under High Oxygen Tension 


Since Moore and Williams observed growth inhibition 
of various aerobic bacteria at high oxygen tension (1911), 

many attempts have been made to elucidate the mech- 
anism and the site of oxygen toxicity in cells, but how 
high tension oxygen damages living cells is still not 
clear, It was reported earlier that net protein synthesis 
of Pseudomonas saccharophila which was exposed to one 
atmosphere of oxygen for 4 h was approximately 40 per 
cent of that in cells which were exposed to air?. I report 
here a different approach to the study of oxygen toxicity, 
that is, an investigation of the relationship between the 
transport and the incorporation of amino-acids, and net 
synthesis of protein at high oxygen tension. 

In the experiments 200 ml. of growth medium, contain- 
ing 0:2 per cent sucrose and 0-1 per cent NH,Cl*, was 
inoculated with 40 ml. of an 18 h culture of Pseudomonas 
saccharophila. In order to study leucine uptake, 480 
umoles of nonlabelled leucine and 20 uCi of uniformly 
labelled 4C-leucine were added to each culture. In each 
experiment two cultures were constantly bubbled with 
100 per cent humidified oxygen; simultaneously two 
controls were bubbled with air free from CO, at 30° C. 
In each culture, the protein content, the total leucine 
uptake and the incorporation of exogenous leucine 
into protein were measured hourly for 4 h. The protein 
content was determined by the method of Lowry et al. 
with bovine serum albumin as a standard’. The uptake 
of MC-leucine was measured by the total radioisotope 
in the washed cells’, and the total leucine uptake was 
calculated from the specifie activity of leucine which 
was added to the medium. The incorporation of exo- 
genous leucine into protein was calculated from the 
radioisotope in the protein fraction of these cells. This 
fraction was extracted with hot TCA (5 per cent) for 
30 min, centrifuged and the precipitate was washed 
with cold 5 per cent TCA followed by cold 75 per cent 
ethanol. The radioactivity in the washed precipitate was 
measured by liquid scintillation spectrometry®. 

The typical results from one of three experiments are 
shown in the accompanying figures. Both the uptake of 
exogenous leucine and its ineorporation into proteins 
increased throughout incubation in air and in O,. In 4h, 
however, the amount of leucine taken in by the cells 
which were grown in oxygen was approximately 30 per 


cent of that m cells which were grown in air. In each 
3 
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Fig. 1. The uptake and incorporation of exogenous leucine during 

incubation for 4 hin air orin one atmosphere of oxygen. The solid lines 

represent the uptake of leucine and the broken lines represent the 

incorporation of leucine into protein. The initial concentration of 

bacterial protein i in the experimental cultures ranged from 0-180 mg/ml. 
(@, ©) Cells grown in alr; (&, A) cells grown in oxygen. 


NATURE, VOL. 218, SEPTEMBER 7. 1968 


Net protein synthesis ; 
(mg/meg initial bacterial protein 





Time th) 


Fig. 2, The net protein synthesis during incubation for 4 h in air or in 

one atmosphere of oxygen. The amount of protein synthesized between 

duplicate cultures = within 0-5 per cent. (©) Cells grown in air; 
{ A) cells grown in oxygen. 


type of cell (Fig. 1) the exogenous leucine incorporated 
at any time follows closely the leucine uptake. 

In 4 h protein formation in oxygen-grown cultures of 
the experiment just described was about 40 per cent of 
that in cultures which were grown in air (Fig. 2). 

Undoubtedly. exogenous leucine is incorporated chiefly 
into newly formed protein. With the net protein synthesis 
as an index of newly formed protein, the results (Table 1) 
indicate that in both types of cells the amount of exo- 
genous leucine m each mg of new protein decreases 
progressively as incubation continues. The leucine 
content in protems of Pseudomonas saccharophila was 
8-45 per cent*, except during the first hour; then the 
percentages were less and decreased progressively with 
time. These results suggest that the exogenous leucine 
in the cells is diluted progressively by the leucine which 
is synthesized endogenously. It is also shown that the 
incorporation of leucine into cells grown in oxygen is 
approximately two-thirds of that in cells which were 
grown in air. The results indicate that the ratio of endo- 
genous to exogenous leucine is greater in cells grown in 
oxygen than in ceils grown in air during incubation, 
and not the reverse. Furthermore, the ratios of leucine 
uptake to the incorporation of exogenous leucine in both 
types of cells were comparable (Fig. 1). Although this 
system is complicated, the results suggest that the low 
incorporation of exogenous leucme into protein in cells 
grown in oxygen was probably a result of the decrease in 
leucine uptake. They further suggest that high oxygen 
tension has little direct effect on the incorporation of 
leucine into protein, but that it strongly inhibits the 
leucine uptake. The inhibition of leucine uptake in 
nitrogen-deficient cultures which have no net protein 
synthesis’ further supports the idea that high oxygen 
tension inhibits amino-acid uptake. 





Table 1. INCORPORATION OF EXOGENOUS LEUCINE INTO NEW PROTEIN 
Time Exogenous leucine incorporated (mg) 
th) Total new protein synthesized (mg) 
Cells grown in air Cells grown in oxygen 
i 0-123 0-096 
2 0-086 0-066 
3 OBR D7 
4 0-062 040 
The uptake of sucrose (unpublished data of H. L. Young) 


in this micro-organism is also inhibited by one atmosphere 
of oxygen. It is hkely that the transfer process is the 
primary site of damage by high oxygen tension; in this 
organism the uptake of ammonia is similarly imbhibited 
and protein synthesis subsequently decreased. The 
inhibition of substrate transport may well be a general 
phenomenon for all kinds of cells. No information is 
vet available about how the uptake of nutrient is re- 
stricted. Recently, Gottlieb reported that growth inhi- 
bition of Achromobacter På was reversed by the addition 
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of CO, and surfactant®. His explanation for the reversal 
of oxygen toxicity is that CO, may be required for meta- 
bolic purposes or for maintaining the ‘permeability 
tone” of the cell membrane, or both. Surfactant may be 
involved in the removal of any surface capsule or slime 
material that would result in more efficient access of the 
cell surface for exchange of nutrient, gases and wastes. 


Gottlieb also showed that the growth inhibition of 


Achromobacter P6 by high oxygen tension was reversed 
by the addition of either vitamin free casein hydro- 
lysate or a mixture of ammo-acids. His findmgs can be 
explained by the fact that the amino-acid mixture 
provides a large concentration gradient across the cell 
membrane; consequently, the transport process of amino- 
acids is accelerated and growth is stimulated. In summary, 
the explanation of the results of these and of Gottlieb’s 
experiments is that high oxygen tension interferes with 
the transport of nutrient and thus inhibits protein 
synthesis and growth. 


Ho LEE YOUNG 


Ames Research Center, NASA, 
Moffett Field, California, 94035. 
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Effect of Specific Antibody to Target 
Cells on their Specific and Non-specific 
Interactions with Lymphocytes 


ANTIBODY specifie for target cells has been shown to 
inhibit damage to the latter by immune lymphocytes 
both in vivo! and in vitro. Holm and Perlmann‘ have 
demonstrated the ability of non-immune human lympho- 
cytes to cause damage to homologous target cells in vitro 
and this finding has been confirmed’. Perlmann and 
Holm’ deseribed the ability of antibody to induce non- 
specific damage to tanned fowl red cells by lymphocytes. 
Antibodies are found in a number of disorders for which 
an autoimmune aetiology has been proposed. Because 
non-specific damage by lymphocytes can be shown to 
occur in vitro, the effect of serum antibody on such lympho- 
eyte activity may be an important facet of the immuno- 
pathological processes of these diseases. We describe 
here the effect of heterologous anti-target cell antibody 
on the non-specific cytotoxicity of human lymphocytes 
in vitro, and compare the effect of isologous antibody on 
specific and non-specific target damage by lymphocytes 
from a strain of inbred rats. 

Cytotoxicity tests involved measurement of the release 
of Cr from labelled Chang cells. The method has been 
described in detail elsewhere’. In all experiments 2-5 x 
10° blood lymphocytes or 107 lymph node cells were 
incubated with 10° Chang cells. The medium was Parker 
199 (Glaxo) with 10 per cent heat-inactivated foetal 
bovime serum. Antiserum to Chang cells was produced in 
black-hooded rats and also in rabbits by the intradermal 
injection of 107 Chang cells in complete Freund's adjuvant 
(CFA). At 3 weeks, 10° Chang cells were given intra- 
venously and antiserum was collected at 5 weeks. The 
antiserum was pooled and assayed against Chang cells. 


J. Biel, 
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The highest concentration of heat inactivated antiserum 
which showed no effect on the release of “Cr from Chang 
cells was used: this was 1 : 33 for the pooled black-hooc 
rat antiserum and 1 : 100 for the pooled rabbit antis 
At those concentrations both antisera caused more tha 
per cent release of ®'Cr from Chang cells on the additic 
per cent fresh guinea-pig serum to the system. No 
and rabbit serum had no effect on lymphoeyte | $ 
and caused no increased release of #Cr from Chang g 
the presence of complement. In certain experiments, 
phytohaemagglutinin (PHA, Difeo) M or P was added to 
the medium; 0:0025 ml. of PHA M/m. for human lympho- 
cytes, 0-003 ml. of PHA M jml. for rabbit lymphocytes, and 
0-0016 ml. of PHA P/jml. for rat lymphocytes. Human 
and rabbit blood was defibrinated with glass beads and 
sedimented with 3 per cent gelatine. Rat blood was taken 
into a heparinized syringe and sedimented in the presence 
of 1 per cent dextran, molecular weight 240,000. The 
lymphocytes were washed twice in Parker 199 and counted 
under the phase contrast microscope. Lymph node cells 
from immune black-hooded rats were obtained from 
axillary and inguinal lymph nodes 7 days after the intra 
dermal injection in the back of 10’ Chang cells im CRA 
Control rats were immunized with CFA only. Incubation 
was at 37° for 18 h in a humid atmosphere of 5 per cent 
CO, and air. Cytotoxicity is expressed as the percentage 
release of Cr from Chang ceils without lymphocytes, 
subtracted from the percentage release of Cr from Chang 
cells with lymphocytes. Results are the mean of tripli- 
cates all showing less than 2 per cent variation. 

Both black-hooded rat and rabbit anti-Chang antibody 
increased non-specific human lymphocyte eytotoxieity 
on Chang cells (Table 1). This enhancement was still 
apparent if the Chang cells were pre-incubated with rabbit 
antibody and washed twice before adding lymphocytes. 
Lymphocytes which were stimulated with PHA alse 
produced increased cytotoxicity in the presence of rabbit 
or rat antibody. Lymph node cells from black-hooded 
rats which were immunized against Chang cells gave a 
mean cytotoxicity of 17 per cent, compared with 3-9 per 
cent by lymph node cells from animals which were 
immunized with CFA only (Table 2). The specrfic 
cytotoxicity was greatly reduced by the presence of anti- 
body im all three cases. Of the non-immunized lymph 
node cells, those from animal 6 showed cytotoxicity 
enhanced more than three times in the presence of anti- 
body, while cells from the other two animals showed 
marginal reduction in cytotoxicity. Rabbit and rat 
blood lymphocytes showed no spontaneous cytotoxicity 
to Chang cells. Table 3, however, shows that blaeck- 
hooded rat blood lymphocytes stimulated with PHA 
showed enhanced eytotoxicity in the presence of rat or 
rabbit antabody. Rabbit lymphocytes stimulated with 











Table 1. EFFECT OF HETEROLOGOUS ANTIBODY ON NON-SPECIFIC DAMAGE 


TO TARGET CELLS BY HOMOLOGOUS LYMPHOCYTES 


Percentage Percentage Cr release 
Cr release with tymphocytes 
without Donor Donor Donor Donor 
lymphocytes H 2 3 4 
Chang cells only 24] go 36-5 32:5 38°60 
Chang cells + rabbit an ti-Chang 
antibody 25°] pepe 5 SBF 
Chang cells + black-hooded rat 
anti-Chang antibody 25-8 40-4 
Chang cells pre-incubated with 
rabbit anti-Chang antibody 24-0) Be] 
Chang cells + PHA* 24-0 52-3 45-6 
Chang cells + PHA* + rabbit 
anti-Chang antibody 24-0 ae 4 58-3 


* 00025 ml. of phytohaemagglutinin M iDifco)/ml. 


Table Z. EFFECT OF ISGLOGOUS ANTIBODY GN SPECIFIC DAMAGE TO CHANG 


CELLS BY BLACK-HOODED RAT LYMPHOCYTES 
Cytotoxicity of black-hooded rat lymph node cells 
Rats immunized with Rats immunized with 
Chang cells + CFA CFA oniy 


Rat number 1 2 3 4 5 § 
Chang cells only 24-0 14-9 12-1 4-1} 3-8 4G 
Chang cells + black-hooded 

rat anti-Chang antibody 12-9 4-5 4-3 So 2-4 12-6 
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Table 3. EFFECT OF ISGLOGOUS AND HETEROLOGOUS ANTISERUM ON DAMAGE 
TO CHANG CELLS MEDIATED BY BLACK-HOODED RAT BLOOD LYMPHOCYTES 
PLUS PHA 


Cytoxicity of black-hocded 
rat lymphocytes with PHA* 


Chang cells only 17-0 
Chang cells + black-hooded rat anti-Chang anti- 

body 34-7 
Chang cells +rabbit anti-Chang antibody 38-9 


* 0-0016 ml. of phytohaemaggiutinin P (Difco)/mi. 


Table 4. EFFECT OF HOMOLOGOUS ANTISERUM ON DAMAGE TO CHANG CELLS 


MEDIATED BY RABBIT BLOOD LYMPHOCYTES PLUS PHA* 
Lymphocytes + PHA* 


Rabbit number 1 2 3 4 
Chang cells only 9-3 10-8 4-8 2°6 
Chang cells + rabbit anti-Chang antibody 5-2 4-0 1:8 0-3 


* 0-003 ml. of phytohaemagghitinin M (Difeo)/ml. 


PHA showed less cytotoxicity in the presence of anti- 
body (Table 4). 
These results confirm the finding of Perlmann and 
Holm* that non-specific cytotoxicity can be increased by 
antibody directed against the target cell. The finding of 
inhibition by rabbit antibody of non-specific damage by 
rabbit lymphocytes shows that such enhancement is not 
universal. Furthermore, we have consistently failed to 
induce cytotoxicity by adding human peripheral blood 
lymphocytes to human red cells, genotype CDe/cDE, 
which had been coated with anti-D or anti-D and rheuma- 
toid factor. This shows that the presence of homologous 
antibody or antibody plus antiglobulin on human red 
cells need not necessarily render them susceptible to 
lymphocyte damage. The suppression by isologous anti- 
sera of specific lymphocyte damage is also confirmed. 
If such suppression were caused by the blockage of anti- 
genic sites on the target cell, then one must conclude 
that non-specific damage is mediated through a different 
site or by a different method. It would seem that further 
elucidation of this problem can only result from more 
detailed analysis of a particular system. Our results 
show that information obtained from the study of any 
one system cannot necessarily be applied to another 
involving interaction of different cells and sera. 
I. C. M. M. is in receipt of a grant from the Arthritis and 
Rheumatism Council. 
I. C. M. MacLennan 
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MRC Rheumatism Research Unit, 
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Suppression of the Primary Immune 
Response induced by Phytomitogen 


FoLLowinG Nowell’s observation that in the presence of 
extracts of navy bean, mammalian lymphocytes can trans- 
form in vitro into primitive blast-like cells!, there have 
been numerous reports of studies concerning the mechan- 
isms by which this agent may act. Nonetheless, it is not 
clear whether the ability of the active component, phyto- 
haemagglutinin (PHA), to induce such a change is caused 
by antigenicity of the compound itself (for cells derived 
from specifically sensitized individuals undergo identical 
morphological alterations on exposure to homologous anti- 
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gen) or whether it relates to other mechanisms. Additional 
studies have suggested that the blast is capable of differen- 
tiation into a cell which can secrete antibody?. Pokeweed 
mitogen (PWM), another plant derivative, has a similar 
transforming effect®. In view of these data, PHA would 
be expected to enhance immune responsiveness in vivo. 
Conecordant with this, it was demonstrated that spleens 
which were excised from animals pretreated with PHA 
could develop a primary immune response in organ culture, 
but if PHA was omitted no such response resulted4. These 
findings contrast with in vivo experiments of Jennings and 
Oates in which pretreatment for 72 h with phytohaemag- 
glutinin before administration of heterologous erythro- 
eytes produced depression of agglutinin titres at the sixth 
dayè. 

St Pierre et al. reported that skin allografts survived 
longer in animals pretreated with PHA than in untreated 
animals, Because pokeweed mitogen has in vitro proper- 
ties that resemble those of PHA, a study of its effect on 
the primary immune response to heterologous erythrocytes 
was undertaken. For comparison, the effects using PHA 
are also reported here. 

Swiss Bagg mice weighing 20 g were injected intra- 
peritoneally with 0-25 ml. of a 30 per cent suspension of 
sneep red cells which were tanned as described by Nathan 
eè al”. Pokeweed mitogen (Grand Island Biologic Com- 
pany) and phytohaemagglutinin M (Difco) were recon- 
stituted with saline before administration, and were 
injected intraperitoneally. One group of ten animals 
received 0-5 ml. of pokeweed mitogen, and another group, 
of equal number, 0-4 ml. of PHA every 24 h for 3 days 
before injection of antigen. These solutions were injected 
intraperitoneally. Control animals received saline before 
they received antigens. 

Experiments with each phytomitogen were conducted 
separately with their own control group of ten animals. 
Animals were bled periodically from the orbital plexus and 
sera were titrated for agglutinating antibody using a 
Takatsky microtitrator and with heat inactivated 1 per 
cent mouse serum as diluent. The titre was the highest 
dilution of serum producing agglutination. The titres 
achieved after pretreatment with either pokeweed mitogen 
or PHA were lower than those seen in respective control 
groups (Tables 1 and 2). Statistical analysis showed that, 
these differences were highly significant on all days that 
testing was performed (Tables 1 and 2). 


Table L. ANTIBODY TITRES* IN MICE TREATED WITH POKEWRED MITOGEN 
Day after 
antigen: 7 14 35 
Control (10) + 4°98 oy. 11°36 Lop ay 128 l3 ; 
PHA (10)t 1-84 hp < O00) 37 p P< 0-001 = 15 P< 001 


* Expressed as —log, titre. 
+ No. of animalsin group. 


Table 2. 
Bay after 


ANTIBODY TITRES* IN MICK PRETREATED WITH PHA 


antigen: 7 14 35 
Control (10) + ee Caney 9°26 \. i B17 Mi af 


* Expressed as ~log, titre. 
+ No. of animals in group. 


The results showed that pokeweed, like PHA, was able 
to inhibit significantly the primary immune response to 
this particulate antigen, and that the inhibition following 
pretreatment was sustained. These studies with phyto- 
haemagglutinin thus substantiated the report of Jennings 
and Oates. 

Why phytomitogens—agents that appear to enhance 
immunity in vro, and perhaps in vive-—should rather 
suppress it in these experimental conditions is not evident. 
One possibility is that, in these conditions, phytomitogens 
divert cell systems normally directed towards antibody 
synthesis aleng other lines. Previous experiments of ours 
suggest that an important determinant governing the 
cutcome of antigenation is the time that a modifying agent 
is delivered relative to antigen’. 
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Further studies, including the use of other antigens, 
different routes of administration, both of phytomitogens 
and antigens, and the relative timing of antigen to extract 
administration, seem to be necessary for an understanding 
of how plant products exert their effects on the primary 
immune response. 

This work was supported by the Zelda Grossberg 
Foundation for Leukemia Research and the Health 
Research Council of the City of New York. 
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Octocentric Human Ring Chromo- 
some (Xr): Proposed Mechanism 
of Formation 


RinG chromosomes in man were first described in cyto- 
genetic preparations made from malignant tissue’. Ring 
chromosomes have siace been observed in people with 
leukaemia? and after irradiation®-* and in tn vitro human 
cell line cultures subjected to cold treatment?. 

A number of descriptions of self-perpetuating ring 
chromosomes in man have been published (review in 
ref. 10). To our knowledge, seven instances have been 
reported in which a cell line exhibits a ring form of an X 
chromosome, as we have observed. 

Buccal smears and leucocyte cultures were made from 
the proposita. A commercially prepared medium (Grand 
Island Biologic Co., chromosome medium 1A) was used 
to set up the micromethod leucocyte cultures. 

An analysis of 258 metaphases revealed three cell 
lines: 45, X (85 per cent), 46, X.Xr (5-8 per cent) and 
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46, XX (1-9 per cent). Tetraploid and broken cells 
up the other 7:3 per cent of the metaphases exa 
The ring chromosomes examined were variable i 
and included a large, octocentrie ring chrornosome 
in a tetraploid cell (Fig. 1). Subsequent autoradicy 
studies showed the ring chromosomes to be late rep 
in two metaphases. The other labelled metaphase 
a ring chromosome did not have a revealing labelling ~ 
pattern. 

The sex chromatin count in the proposita was considered 
negative according to the standards of this laboratory; 
no small sex chromatin bodies were observed. The 
karyotypes of both parents were normal. 

The occurrence of a ring chromosome can be most 
simply explained as the loss of the distal ends of the 
chromosome arm and the subsequent uniting of the 
broken ends of the centric fragment. This could oceur 
in early embryonic life or in a parental germ cell. The 
latter can be ruled out in this ease because an AX cell 
line is present. The XO cell line was probably formed by 
gradual elimination of the “unstable” ring. Ring: 
somes are considered to be unstable aberrations Ð 
of their alterations in structure and number during mi 

Various mechanisms used in a number of ways 
be devised to explain the occurrence of the unique 
centric ring. There are three cell lines in the pa 
from which the metaphase containing the rimgo : 
have been derived. We believe that the cell under diseus- 
sion was most likely derived from an X_Xr cell. 

Close examination showed that the large ring chromo- 
some was apparently octocentric; the intercentromeric 
distances are approximately equal in length. The overall 
outside circumference was 24u, and the measurable inter- 
centromeric distances were about 3u. It therefore seemed 
reasonable to assume a regularity in centromeric spacing 
when attempting an explanation of the events which 
may have produced this abnormal chromosome. 

An unrestituted break in the monocentric ring, followed 
by replication, might result in: (a) restitution of the two 
breaks within the same chromatid strand thereby main- 
taining monocentricity (Fig. 2a); (b) restitution of the 
two sister chromatids lying most adjacent to one another, 
producing a dicentrie ring with unequal or equal inter- 
centromeric segments depending on the position of the 
break (Fig. 26), or (c) a sister-strand chromatid exchange 
The latter event 
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Fig. 1. Tetraploid metaphase containing the octocentrie ring chromosome. 
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Fig. 2. Possible modes of restitution of breaks in a monocentric ring 
tollowing replication. 
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Fig. 3. a, The endoreduplicated ring chromosome with a break at the 
same locus. b, The same ring as in (a) illustrating the 90° dextrorotation 
and the resulting positions of the broken strands before restitution, 


that the same situation could result from the process 
outhned in Fig. 26, provided the break occurred directly 
opposite the centromere. In any case, the dicentric ring 
next must have been passed intact, by the mechanism of 
non-disjunction, to one of the daughter nuclei following 
the first mitotie division after the formation of the 
dicentric ring. 

One further break is suggested to have occurred in 
the dicentric ring, followed by two successive replications 
of the entire chromosome complement without the inter- 
vention of cell division. The endoreduplicated cell would 
be expected to contain ninety chromosomes and an endo- 
reduplicated ring chromsome, as shown in Fig. 3a. Each 
of the four strands of the ring would have a break at the 
same locus. If a 90° dextrorotation occurred, non. 
reciprocal fusions of the broken ends of strands 1 and 2 
2 and 3, 3 and 4, and 4 and 1, as shown m Fig. 36, would 
result in the formation of one continuous octocentric ring 
chromosome, with equal or nearly equal centromeric 
spacing. 

Several alternative hypotheses for the production of the 
octocentric ring could be adduced, but most require an 
even more complicated arrangement of mechanisms and 
cell divisions. For this reason their occurrence was con- 
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sidered Jess likely than the proposed mechanism just 
deseribed. 
Mitotic division of this cell would result in two daughter 
cells one of which would contain ninety chromosomes and 
the other ninety chromosomes plus the octocentrie ring. 
Anaphase lag would account for the incorporation of the 
large ring in one of the daughter cells. A further replica- 
tion of the chromosomes in the cell containing the ring, 
followed by colchicine arrest at metaphase, would result 
im the tetraploid cell containing the double stranded 
yetocentric ring chromosome in Fig. 1. 
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Meiotic Chromosome Damage 
induced by LSD-25 


THE chromosome breaking potential of lysergic acid 
diethylamide (LSD- 25) in human somatic cells has been 
demonstrated both in viro and in vivo’. The fact that 
similar eytogenetic damage is also observed in the leuco- 
cytes of infants exposed to the drug in utero suggests that 
the LSD can cross une placental “barrier and enter the 
foetal circulation®:$-*?7. Skakkebaek et al.’ have demon- 
strated LSD induced aes in the meiotic chromosomes 
of mice, This communication deseribes experiments con- 
firming meiotic aberrations m the germinal cells of mice 
injected with LSD and compares the effects of the drug 
on the ehromosomes of various tissues over a relatively 
long time. 

Thirteen male mice of the C3H HejHa strain (weighing 
approximately 20 g) were used. Ten mice were mjected 
itraperitoneally on November 20, 1967, with a single 
dose of LSD (gift from Sandoz, Inc., Hanover, NJ) at 
a final concentration of 25 ug/kg. This is about six to 
eight times the “usual dose” taken by human LSD users. 
an remaining ee mice were injected with distilled 
The animals were killed 
at cerv aal diha dao n at v arrie intervals after mjeetion 
of LSD (1 to 21 days). Twe hours before being killed, the 
animals were injected with ‘Colcemide’ (0-25 mg/kg) and 
chromosomal preparations were made frorn femoral bone 
marrow as well as testicular tissue*. Several microscopic 
slides from each tissue were prepared and “coded”. A 
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total of 300 cells per animal were scored 
for chromosome damage: 100 cells from 
each of the bone marrow, spermato- 
gonal metaphase and diakinesis popula- 
tions. This allowed a comparison of 
the relative susceptibilities of somatic 
cells from different tissues as well as 
between chromosomes of somatic and 
meiotic cells. 

Single break abnormalities (Fig. la 
and b) were scored only if a clear dis- 
continuity of the chromatid(s) was 
visible and the distal fragment was 
displaced from the axis of the proximal 
portion. Such anomalies were classed 
as “chromatid” or “‘isochromatid” 
breaks if one or both chromatids were 
broken, respectively. “Gaps” or visual 
discontinuities of the chromatid without 
displacement were noted but not con- 
sidered to be breaks. Because the 
somatic chromosomes of the mouse 
appear acrocentric, it is difficult to 
discern intercalary exchanges. Obvious 
metacentric or submetacentric chromo- 
somes, with a concomitant reduction in 
the total chromosome number in the 
cell, however, are evidence for an 
exchange of the centromeric fusion 
type. Chromosomal rearrangements, 
observed as “biarmed"’ chromosomes, 
were scored as two breaks (Fig. lc-e). 
Because only this one type of rearrange- 
ment was readily observable, a minimum 
estimate of such structural rearrange- 
ments clearly obtains. Abnormalities 
in the meiotic cells in diakinesis (Fig. 1f 
and g) were observed as either univalents, fragments or, in 
several animals, possible products of nondisjunction. 

Table 1 contains the frequencies of chromosomal aber- 
rations from the various tissues of the animals. Meiotic 
cells were apparently less vulnerable than somatic cells, 
as shown by the smaller number of anomalies noted in 
diakinesis when compared with metaphases of both bone 
marrow or spermatogonia. Compared with the meiotic 
cells of the control animals, however, there was an obvious 
ten-fold increase in chromosome damage among the mice 
treated with LSD (0-3 against 3-4 breaks/100 cells). This 


Fig. 1. 
metaphase; 








Table 1. FREQUENCIES OF CHROMOSOMAL BREAKS OBSERVED IN 100 CELLS 
FROM VARIOUS TISSUES OF MICE INJECTED WITH LSD-25 
Spermatogonial 
Ani- Exposure Bone marrow metaphase Diaki- 
mal period * Biar- “Biar- nesis 
No. Breaks med”* Total Breaks med”* Total Breaks 
1 1 day 9 3 15 N 1 10 2 
2 1 day 6 2 10 8 2 12 5 
5 5 125 160 3 1S 35 
+ 2days ll 1 13 7 1 9 4 
5 2days 10 0 10 5 3 il 4 
21 1 15 12 4 100 40 
7 7 days 10 2 14 7 1 9 5 
8 7 days 11 ‘ 15 7 2 11 4 
21 4 14-5 14 3 10-0 45 
9 14 days id | I8 5 2 12 3 
10 14 days 15 3 21 4 3 10 4 
31 4 95 12 53 t5 BH 
11 21 days 9 4 17 4 l 6 ] 
12 21 days 10 2 l4 3 | 5 2 
19 6 15-1 ; 2 55 15 
Total 107 20 147 ol 17 9-5 j4 
Control 
3 (1 day) 4 0 4 5 0 5 0 
6 (7 days) 4 ] ü 3 0 3 0 
13 (21 days) 2 0 2 4 0 4 1 
Total 10 1 4-0 12 0 4-0 0-3 


* Biarmed chromosomes counted as two breaks. 


¢, metacentric chromosome—partial cells—spermatogoni 
d, submetacentric chromosome—spermatogonial metaphase; e, submetacentric chromo- 
some—bone marrow metaphase; f, precocious separation of XY bivalent (arrows)— 
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a, Chromatid break—spermatoygonial metaphase; b, fragment— aperema soa: 
a 


metaphase ; 


diakinesis; g, fragment in diakinesis. 


increase appeared to reach a maximum between 2 and 
7 days after injection with a subsequent decrease and 
return to almost normal control levels after 3 weeks. 
Among the LSD-treated animals killed 1, 2 and 3 weeks 
after injection, the rate of active meiosis was visibly 
reduced. Single cells in animals 4, 8 and 9 suggested non- 
disjunction, although other explanations are possible. 
In all cases these involved the X Y bivalent and were seen 
as YO cells with two XY bivalents. 

There was also an apparent difference in susceptibility 
between the somatic chromosomes of the bone marrow 
and the spermatogonial cells. Bone marrow metaphases 
seemed to be the most vulnerable to chromosomal damage 
of the three cell types examined. This was particularly 
true after exposure for longer than 1 week. As in the 
meiotic cells, spermatogonial metaphases returned almost 
to normal control levels of chromosome damage after 3 
weeks. Although there is a similar trend in the bone 
marrow, the rate of abnormalities in these cells was still 
seven times that of the control animals after 21 days. 

The possible genetic implications of chromosome 
damage have been inferred from observations on somatic 
cells*-?, The results of these preliminary experiments 
suggest that LSD is capable of inflicting cytogenetic 
damage to somatic as well as meiotic chromosomes of the 
mouse. More important than the increase in simple 
chromatid and isochromatid breaks in the treated animals 
was the observation of the metacentric or submetacentric 
chromosomes in the cells of both bone marrow and 
spermatogonia, and the possible oceurrences of meiotic 
nondisjunction observed in diakinesis. Although it is 
difficult to determine the presence of subtle exchanges 
and rearrangements in meiotic cells of the mouse, the 
obvious rearrangements in the spermatogonial cells are 
equally likely to occur in the gametes. Such cells may 
yield viable “‘balanced translocation heterozygotes” which 
are phenotypically normal but which in turn will give rise 
to abnormal offspring because of the presence of ‘‘dupli- 
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cation-deficiency” genotypes after segregation. Evidence 
from clinical human cytogenetic studies indicates that 
chromosomal anomalies of this type in the gametes of 
balanced translocation carriers may lead to reduced 
fertility, congenital abnormalities and foetal wastage 
among their offspring. 
MatmMon M, COHEN 
ANIL B. MURKRERJEE 
Division of Human Genetics, 
Department of Pediatrics, 
State University of New York at 
Buffalo Medical School, and 
Buffalo Children’s Hospital. 
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Nuclear Sizes in a Human Diploid/ 
Triploid Cell Culture 


THERE is good evidence that the sizes of cells and nuclei 
in amphibia vary in proportion to the number of chromo- 
some sets present', The corresponding data for mammals 
are, however, extremely scanty. Apart from the special 
problem of somatic polyploidy, there are two reports of 
measurements of cell size in mammalian polyploidy. 
Evidence has been presented that the mean nuclear 
areas of liver and trophoblast cells of two human triploids 
(a foetus and a newborn) were larger than in corresponding 
cells of diploid controls?; also, in rabbits, the mean dia- 
meters of erythroeytes in triploid embryos were found to 
be larger than those of diploid embryos". In all cases 
there was considerable overlap between the sizes of 
diploid and triploid eelis. 

I have measured nuclear sizes in cultured cells from a 
patient, in whom chromosome studies had revealed the 
presence of a triploid as well as a diploid cell linet. A 
cell culture with a normal diploid karyotype was used for 
‘omparison. The sex chromosome constitution of this 
culture was XX and that of the diploid/triploid culture 
was XX/XXX. 

The cultures of fibroblast-like cells were grown from 
skin biopsies® for 5 and 4 weeks respectively; after treat- 
ment with trypsin, the cells were left to attach themselves 
to coverslips for 25 h, and then fixed in 95 per cent ethanol 
and stained by the Feulgen reaction. DNA values, in 
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Fig. 2. DNA values in diploid culture. 


arbitrary units, were measured using an integrating 
microdensitometer® (Barr and Stroud) while an eyepiece 
micrometer was used to estimate the two main diameters 
of the nuclei. Nuclear areas were subsequently computed 
according to the formula mab (a and b being half diameters) 
and the results were converted into square micrometres 
by means of a stage micrometer; nuclear volumes were 
calculated as square roots of the cubes of the areas. In 
each culture 500 cells were measured, though only nuclei 
in interphase were considered. The presence or absence 
of Barr bodies or of multiple chromocentres was noted in 
all interphase nuclei. 

The distributions of DNA values are illustrated in 
Figs. 1 and 2. On the seale used a unit of one on the 
abscissa corresponds to a doubling of DNA values and in 
the culture with diploid chromosomes the two peaks are 
indeed separated by a distance of about one unit. In the 
diploid/triploid culture, however, there is a second peak 
representing the triploid cells, and this occurs between 


Table 1. MEAN NUCLEAR SIZES IN DIPLOLD/TRIPLOID CULTURE CLASSIFIED 


ACCORDING TO DNA VALUES 


Nuclear areas(um*) Nuclear volumes (em?) 


DNA value No. of cells Mean SD. Mean SD, 
Diploid 2C 77 82 36 793 556 
Triploid 3C _ 1 109 41 1,102 718 
Tetraploid 4C 127 138 46 1,655 8O7 
Hexaploid 6C lig 165 45 2,179 949 


Table 2, MEAN NUCLEAR SIZES IN DIPLOID CULTURE 
Nuclear areas (em) = Nuclear volumes (sm) 


DNA value No, of ceils Mean Sv}. Mean SUD 
Diploid 2c 322 89 31 R79 ATG 
Intermediate 

2C-4C l 1a 115 34 1,270 5765 
Tetrapleid 4C 113 143 45 1,773 09 


MEAN NUCLEAR AREAS IN CELLS OF DIPLOID/TRIPLOID CULTURE, 
ACCORDING TO DNA VALUES AND NUCLEAR ORGANIZATION 


Mean nuclear area 


Table 3. 
CLASSIFIED 


No, of cells (um) SD, 
Diploid 2C 
Chromocentres 25 55 16 
1 Barr body 22 85 2 
0 Barr body 30 102 41 
Triploid 8C l 
Chromocentres 28 To 17 
1 Barr body 37 120 39 
0 Barr body 26 129 43 
2 Barr bodies Q — — 
Tetraploid 4C ' l 
Chromocentres 8 25 18 
1 Barr body 76 123 30 
0 Barr body 39 159 37 
2 Barr bodies 4 262 98 
Hexaploid 6C | 
Chromocentres 23 138 31 
1 Barr body $9 161 40 
0 Barr body 15 199 89 
2 Barr bodies 12 200 45 
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Fig. 3. Relationship of DNA values to nuclear areas in diploid/triploid 
culture, Horizontal lines represent means of square roots of nuclear areas. 


tively, represent cells which have duplicated their DNA; 
many of them would have undoubtedly undergone mitosis 
and given rise to further diploid and triploid cells. 

The relationship of DNA value to nuclear size is illus- 
trated in Figs. 3 and 4. It is evident that, although there 
is an undoubted correlation, nuclear sizes in this type of 


culture are so variable that it is impossible to distinguish 


> individual diploid and triploid cells on this basis. The 
¿io mean nuclear sizes for diploid and triploid cells, however, 
are clearly different (Table 1). For the purpose of assessing 
ploidy, the ten divisions in each unit of DNA values have 
been divided inte two sets of five, for values around each 
peak. It can be assumed from the shapes of the histo- 
grams that the proportion of misclassified cells is relatively 


JTable 4. MEAN NUCLEAR AREAS IN CELLS OF DIPLOID CULTURE, CLASSIFIED 
ACCORDING TO DNA VALUES AND NUCLEAR ORGANIZATION 


Mean nuaciear area 


No. of cells (amn*} SD. 
Diploid 2C 
shromocentres 04 61 14 

i Barr body 99 7 23 

® Barr body 129 103 33 
Intermediate 20-40 

Chromocentres 0 = me 

1 Barr body 8 117 42 

0 Barr body 11 118 20 
Tetraploid 4C 

Chromocentres 13 102 27 

1 Barr body 79 1389 43 

0 Barr body 17 174 52 

2 Barr bodies 4 208 42 
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small. Mean nuclear sizes of the diploid culture are shown 
in Table 2. ee 

Some of the differences in nuclear size within the sa 
DNA class are associated with differences in the orga 
tion of the nuclear material (Tables 3 and 4). 7 
each DNA class, nuclei with multiple chromocei 
on average, the smallest, while nuclei contar 
Barr body are smaller than those showing. 1 
condensation of the nuclear material. In seven ¢ 
sons, there was one exception to this. This abe 
result, however, was based on only a few cells (Ta 
intermediate DNA). My data therefore confirm t 
conclusions based on earlier data". 
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In contrast to nuclei containing a single Barr body, 
those containing two Barr bodies tend to be very large. 
This is particularly evident in cells with tetraploid, or 
4C, DNA values. According to Atkin’, in normal female 
cells with tetraploid, or 4C, DNA values, nuclei with two 
Barr bodies have arisen from tetraploid mitoses, whereas 
nuclei with single Barr bodies have arisen from diploid 


mitoses and have subsequently undergone DNA duplica- 


tion. In accordance with this view, my data suggest 
that nuclei which have recently arisen from new polyploid 
mitoses tend to be very large indeed. It is interesting 
that the increase in size of nuclei with two Barr bodies is 
much less in cells containing the hexaploid, or 6C, DNA 
value (Table 3). The most likely explanation for this 
is that most of these cells did not arise from hexaploid 
mitoses but from tripleid mitoses with subsequent DNA 
duplication. Triploid cells with three X chromosomes 
may form interphase nuclei containing two Barr bodies, 
although usually this only occurs in a small propor- 
tion? 1¢11 of cells. The fact that no cells with two Barr 
bodies were found among the triploid, 3C, class, can be 
correlated with the relatively low incidence (41 per cent) 
of single Barr bodies in this class. On the other hand, in 
the cells which had duplicated their DNA and were thus 
in the 6C class, the incidence of single Barr bodies was 
62 per cent. A small proportion of such cells are likely 
to form two Barr bodies. 

With regard to the size of polyploid cells, the available 
evidence suggests strongly that triploid mammalian cells 
are on an average larger than the corresponding diploid 
ones. In certain plants and invertebrates, polyploidy 
brings about large cell size without affecting the number 
of cells, so that the polyploid organisms are larger than 
normal ones'*, In polyploid amphibia, an increase in 
cell size is accompanied by a reduction in cell number, 
so that the resulting organism is of about normal size}. 
In contrast to all these groups, polyploidy in mammals is 
highly lethal. The reason for this is not obvious. Bomsel- 
Helmreich® found that the only constant abnormality to be 
observed in triploid embryos of the rabbit was a retarda- 
tion of development, that is, in spite of an increase in cell 
size the embryos were smaller than diploid ones of the 
same age. It is possible that the triploid condition also 
causes delayed development in human embryos. The 
birth weights of the three diploid/triploid mosaic patients 
described so far were below normal: that of the patient! 
from whom the present cell culture was derived wag 
5 pounds 13 ounces, or 2,640 g, the other two being 2,190 g 
(ref. 13) and 1,850 g (ref. 14) respectively. A fourth 
patient, who had multiple sex chromosomes as well as 
diploid triploid mosaicism, weighed 1,900 g at births, 
Low birth weights are also a feature of chromosomal 
abnormalities other than triploidy. Naye: has recently 
shown that the small size at birth of patients with trisomy 
13/15, trisomy 18 and with mongolism (trisomy 21) is 
due to a subnormal number of cells in many organs. The 
possibility is therefore suggested that the addition to the 
normal mammalian karyotype of certain chromosomes or 
entire chromosomal sets may slow down the normal rate 
of cell proliferation”. 

While this possibility is still merely conjectural, there is 
every indication that studies of cell size and cell kinetics 
are likely to provide valuable leads in the search for the 
pact played by different chromosome constitutions in 
mammalian development. 

I thank Dr J. R. Ellis and Dr K. P. Lele for the cell 
cultures, Professor C. A. B. Smith for his assistance with 
the computations and Dr I. C. 8. Normand for his co- 
operation. The integrating microdensitometer was pro- 
vided by the Central Research Fund, University of London. 


URSULA MITTWOCH 
Galton Laboratory, 
University College London. 


Received May 29; revised June 26, 1968. 


NATURE, VOL. 219, SEPTEMBER 7. 1968 


* Fankhauser, G., Quart. Rev. Béol., 20, 20 (1045), 
* Edwards, J. H., Yuncken, C., Rushton, D. I.. Richards, S., and Mittwoch, 
U., Cytogenetics, 6, 81 (1967). 


> Bomsel-Helmreich, O., Triploidie Expérimentale chez quelques Mammiféres, 
thesis, Paris (1967). 


* Ellis, J. R., Marshall, R., Normand, I. €. 8., and Penrose, L. 8,, Nature, 198, 
411 (1963). 


* Harnden, D, G., Brit. J. Exp. Pathol., 11, 31 1960). 
* Deeley, E. M., J. Sei. Insirum., 82, 263 (1955). 
* Mittwoch, U., Nature, 205, 477 (1965), 
* Mittwoch, U., Cytogenetics, 8, 38 (1967). 
* Atkin, N. B., Cylogeneties,1, 113 ( 1962). 
'® Mittwoch, U., Atkin, N. B., and Ellis, J. R., Cytogenetics, 2, 323 (1963). 
"' Mittwoeh, U., Sex Chromosomes, 186 (Academic Press, New York and 
London, 1967), 
H Beatty, R. A., Parthenogenesis and Polyploidy, 110 (Cambridge University 
Press, London, 1957). 
** Böök, J. A., and Santesson, B., Lancet, i, 858 (1960). 
* Ferrier, P., Stalder, P. G., Bamatter, F., Ferrier, 5., Buhler, E., and Klein 
D., Lancet, i, 80 (2964), 
+ Schmid, W., and Vischer, D., Cytogenetics, 7, 145 (1967), 
* Naye, R. L., Biol. Neonat. 11, 248 (1967), 
1 Mittwoch, U., in Mongotism (edit. by Wolstenholme, G, Bo W., and 
Porter, R.1, 51 (Churchill, London, 1967). 


> 


Lymphocyte in vitro Cytotoxicity: 
Lymphotoxins of Several 
Mammalian Species 


Mouse lymphocytes can be induced in vitro by treatment 
with phytohaermagglutinin (PHA), or with rabbit anti- 
mouse serum, and by the mixed lymphocyte reaction, to 
produce material(s) which is toxic to L cells’, The term 
lymphotoxins (previously termed lymphocyte cytotoxic 
factor) is applied here to the toxic factor(s). We report 
that lymphocytes from several animal species, including 
man, can be stimulated with phytohaemagglutinin in 
vitro to release lymphotoxin-like materials. 

The tissue culture medium used in all experiments was 
Eagle’s minimal essential medium (MEM), supplemented 
with 5 per cent foetal calf serum, 0-2 ug/ml. glutamine, 
100 u/ml. of penicillin, 100 pg/ml. of streptomycin, and 
50 ug/ml. of mycostatin. Suspensions of small lympho- 
cytes were prepared from the spleens of the C57Bl/6 
mouse, hamster and ecat®?, Human adenoid tissue was 
obtained immediately after surgical removal from healthy 
children. The whole tissue was rinsed three times with 
chilled MEM and was minced, after which repeated pipetting 
released the cells from the tissue fragments. Suspensions 
of 99 per cent viable small lymphocytes were obtained 
after differential centrifugation?. Human peripheral blood 
lymphocytes were prepared as follows: 10 ml. of heparin- 
ized whole blood was mixed with an equal volume of 
6 per cent citrated bovine fibrinogen in 0-15 M NaCl, and 
placed upright in a water bath at 37° C. After 20 min 
the cells in the supernatant fluid were collected and 
washed twice by centrifugation (for 3 min at 300g) and 
were then resuspended in MEM. After removal of the 
final supernatant, the cell pellet was suspended in 0-75 ml. 
MEM and poured onto a 0-9x 10 em column filled with 
glass homogenizing beads which had been washed with 
6-01 M tris buffer, pH 7-2. The column was allowed to 
stand at room temperature for 20 min. The non-adhering 
cells were eluted with 50 ml. of MEM, concentrated by 
centrifugation (3 min at 300g) and finally resuspended in 
1-0 ml. MEM. A total viable cell count was made in a 
Neubauer chamber in 0-1 per cent eosin Y and a differ- 
ential count was made on smears which were stained by 
the May—Griinwald~Giemsa method. (This is a modifica- 
tion of the technique personally communicated by W. 
Hildemann.) The cell preparations routinely consisted of 
50-80 per cent of small and medium lymphocytes and the 
remainder of red blood cells. 

Ten million lymphocytes in 2-0 ml. of MEM were estab- 
lished in separate tube cultures. Thirty ug of phytohaem- 
agglutinin-P (Difco) was added to experimental tubes, 
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while control tubes received either no phytohaemagglutin 
or phytohaemagglutinin and no lymphocytes. These 
cultures were incubated at 37° C for 48 h in an atmosphere 
of 5 per cent CO, and 95 per cent air. The cells and cell 
debris were then removed by centrifugation at 1,000g for 
20 min, and the culture fluid was passed through ‘Millipore’ 
filters of pore size 0-45u. This fluid was placed on fresh 
individual tube cultures of mouse L cells, Moden bovine 
kidney (MBK) cells, and human (HeLa) cells, all of which 
were established 24 h before use at a density of 200,000 
cells/tube. After 48 h incubation, these cultures were 
examined microscopically and cell viability was assayed 
by their ability to incorporate “C amino-acids into 
protein! $, 

Table 1 shows the results obtained with lymphocytes 
from human peripheral blood, human adenoid tissue, 
mouse, hamster and cat spleen. It can be seen that 
phytohaemagglutinin stimulated the release of a toxic 
factor(s) from the lymphocytes of the various animal 
species, whereas no toxicity was caused by the medium 
from control, unstimulated lymphocytes or was caused 
by phytohaemagglutinin itself. It should be mentioned 
that of the nine peripheral blood lymphocyte samples 
which were obtained from different patients, seven 
responded in the same way as that reported in the table, 
while the other two demonstrated minimal toxicity. 
Human adenoid tissues from five different patients were 
tested and all responded in the manner reported. The 
data for mouse, hamster and cat spleen tissues are repre- 
sentative of many separate experiments. 

The specificity of the lymphotoxins obtained from 
stimulated human and mouse lymphocytes was tested 
next. The experimental methods were as before, except 
that the medium was tested simultaneously on three cell 
lines: MBK, L, and HeLa. The results of these experi- 
ments (Table 2) show that all the cell lines were sus- 


Table 1. CYTOTOXIC EFFECT OF LYMPHOTOXINS FROM VARIOUS ANIMAL 


SPECIES ON MOUSE Z CELLS 


Phyto- Counts per min incorporated 
Source of lymphocytes haemagglutinin into Z cell protein 
Haman peripheral blood 
Lymphs + 5,640 
Lympha =- 21,528 
None 19,980 
Human adenoid tissue 
Patient A 
Lymphs + 7,173 
Lymphħs - — 19,275 
Patient B 
. Lympha 7,158 
Lymphs m 20,025 
None + 19,317 
Mouse spleen 
; Lymphs + 1,082 
Lymphs m 19,742 
None + 17,941 
Cat spleen 
Í Lymphs §,025 
Lymphs — 19,913 
None 21,105 
Hamster spleen 
> . Lymphs + 6,496 
Lymphs — 21,777 
None + 20,978 


After 48 h incubation in the presence of the lymphotoxin medium, the cells 
is Ay aaa for 15 min with 2-0 ml. of a UC amino-acid hydrolysate, 
-80 Ciim. 


Table 2. CYTOTOXIC EFFECT OF HUMAN AND MOUSE LYMPHOTOXIN ON SEVERAL 
MAMMALIAN CELL LINES 


C.p.m. incorporated 
into cellular protein 
Human peri- 
pheral blood 


Source of lymphocytes- 
Mouse spleen 


Cell line 
L ceil Lymphs +PHA 907 2,001 
Lymphs ~PHA 8,497 7,543 
None +PHA 8,141 7,601 
MBK Lymphs +PHA 2,325 2,136 
Lymphs ~ PHA §,471 4,206 
None +PHA 6,082 4,012 
HeLa Lymphs +PHA 1,487 2,541 
Lymphs — PHA 9,743 9,243 
None + PHA 9,884 9,091 


After 48 h incubation in the presence of lymphotoxin medium, the cells 
very Sa for 8 min with 2-0 ml. of a 3C amino-acid hydrolysate, 
` mi, 
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ceptible to the toxic action. Lymphocytes from several 
different mammalian species appear to release lympho- 
toxin-like materials when stimulated with phytohaem- 
agglutinin, and these materials can act in various t oe 
cells. Some of the chemical characteristics of 
lymphotoxin have been described’ and we are i 
gating the similarities and immunological dis 
between mouse and human lymphotoxin (amp 
results of Granger, Kolb and Williams). : 

G. G. was supported by a grant from the US Natonal 
Institutes of Health and a grant from the Cancer Research 
Coordinating Committee of the University of California. 
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Relationship between Cell Size and 
Time of Initiation of DNA Replication 


Rowunps of DNA replication are initiated in Escherichia 
coli at different stages in the cell cycle of bacteria growing 
at different rates'. It is possible to calculate that the 
initiation of a round of DNA replication always takes 
place at a time when the cell mass/chromosome origin 
reaches a particular critical value. In other words, the 
mass at which initiation takes place is always an integral 
multiple of a particular mass. This constancy in turn 
provides an explanation for the imcrease in size of cells 
with increase in the rate of growth. 

Schaechter, Maaloe and Kjeldgaard? showed that the 
size of cells of Salmonella typhimurium depended on the 
medium in which they were growing. The size of cells 
increases exponentially with the rate of growth m popula- 
tions growing in different media. Thus log (cell mass)= 
k (growth rate). | 

Cooper and Helmstetter' have used synchronous 
populations of Escherichia coli Bjr to show that the time 
of initiation of rounds of DNA synthesis relative to cell 
division varied with the growth rate of the cells. The 
time of initiation of DNA replication could be predicted 
very precisely by assuming that there was a constant 
interval of time between the initiation of a round of DNA 
replication and a subsequent division of the cell. In their 
experiments this time interval was close to 60 min for 
growth rates between one and three doublings/h. Because 
the time taken to replicate one chromosome was constant 
(40 min) at all rates of growth, rounds of DNA replication 
overlapped in cells growing with a generation time of leas 
than 40 min. Thus in fast growing cells a new round of 
replication begins before the previous one has finished. In 
slowly growing cells with generation times greater than 
40 min, there is a gap between the end of a round of 
replication and cell division. 

These empirical rules are based on the observation that 
the time of initiation of DNA replication varies relative 
to the previous division of cells growing at different rates. 
No explanation was suggested as to why replication of 
DNA was initiated at a particular time. A combination 
of these observations with those of Schaechter ef al., on 
the average size of cells growing at different rates, how- 
ever, reveals a remarkable constancy of cell mass at the 
time of initiation of replication. This is shown graphically 
in Fig. 1. This constancy in turn suggests possible mech- 
anisms whereby the time of DNA initiation is determined. 
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Fig. 1. Course of the increase in mass of individual cells with different 


rates of growth. The cells are assumed to grow exponentially over a single 
cell cycle which starts at the end of the previous division at 0 min. The 
next division, at the end of the cycle, takes place after the initial mass has 
doubled. The cell mass dcubies in 20, 25, 30, 35, 40, 50 or 60 min. The 
initial mass at time 0 is taken to be proportional to the average mass of a 
population of cells growing at the same growth rate. Each line therefore 
shows the course of mass increase of individuali cells from division at 
0 min to the next division after the mass has doubled. Because there is a 
constant time (60 min for K. coli Bir’) between the initiation of a round 
of DNA replication and cell division, it is possible to calculate the time 
when initiation occurs relative to cell division in cells growing at different 
rates. These times are marked as solid circles on the corresponding 
curves of massinerease. It can therefore be seen that the masses at which 
initiations take place are the same or multiples of the same cell mass for 
cells growing at all growth rates. 


The average size of a randomly grown population of 
cells is proportional to the average size of the cells 
at the time of division. Fig. 1 shows the increase in cell 
mass with time in cells growing at rates from one to three 
doublings/h. On this semi-logarithmic plot the slope of 
the lines gives the growth rate, and the intercept with the 
ordinate gives the cell mass at division (taken as 0 min). 
This cell mass at division was assumed to vary with 
growth rate in E. coli in the way described by Schaechter 
et al. for Salmonella. The time of initiation of DNA 
replication was then calculated for cells growing at these 
rates using Cooper and Helmstetter’s rule that a constant 
interval of 60 min elapses between initiation and cell 
division. The times of initiation of DNA rounds are 
indicated at the appropriate times on the curves of mass 
increase for different growth rates. This therefore gives 
the mass of cells at the time of initiation of DNA replica- 
tion. It is clear that this mass (M:) is a constant multiple 
of a fixed mass. Thus at growth rates between one and 
two doublings/h the mass of cells at DNA initiation is 
always constant, while for higher rates (from two to three 
doublings/h) the mass at initiation is exactly twice this 
value. o 

The empirical rules of Cooper and Helmstetter also 
allow one to predict the number of chromosome copies/cell 
at the time of initiation of DNA replication. Because of 
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the constant time (40 min) required to complete the 
replication of a single chromosome, the number of chromo- 
some origins at the time of initiation varies discontinuously 
with the rate of growth. Thus Cooper and Helmstetter 
estimate the number of such origins/cell at the time of 
initiation to be one for growth rates lower than one 
deubling/h, two for cells doubling between once and twice/h 
and four for cells doubling between twice and three 
times/h. Thus the mass at initiation of DNA replication 
and the number of chromosorne origins at which replication 
is initiated both change discontinuously with growth rate. 
Moreover, they change in the same way so that the ratio 
of cell mass (7;) to the number of chromosome origins 
(N:) is always constant for cells of any size growing at 
any rate- 
that is, M/N: = constant mass 


Let (C+D) be the constant time between initiation of 
DNA replication and cell division'; M is cell mass; Mi 
is cell mass at the time of initiation of DNA replication; 
Ma is cell mass at the time of division; k is growth rate; 
T is the doubling time of cell number, cell mass and DNA 
content such that k=1/T; and N: is the number of 
chromosome origins at the time of initiation of DNA 
replication. 
The rate at which the mass increases in an exponentially 
growing population of bacteria is given by 
dM/dt = kM = = 


At any time, ¢, the total mass of the population is given 
by 
M, = M,.et/T 


Similarly, if individual cells grow exponentially their 
mass at division is given by 


M 


Ma = m , C+ DT 


{because cell division follows initiation after a constant time 
interval t=0 + D). Hence 


M, (C+D) 
N į ü T 


loge Ma = loge 

The log of the mass at division will vary therefore as 
the growth rate, provided the mass at initiation, M,/Ni, is 
a constant. This is m accord with the observations on 
cell size as a function of the rate of growth’. 

This formulation is a restatement of the observations 
of Schaechter et al.*, but in terms which suggest a hither- 
to unsuspected constancy in the mass of bacterial cells at 
the time of initiation of DNA replication. This observation 
may also suggest the means by which the timing of DNA 
initiation is controlled. The fact that a constant mass/ 
chromosome origin is required for initiation may indicate 
that the synthesis of some cellular initiator substance is 
required and that this material is synthesized at a rate 
proportional to the overall increase in mass. The con- 
stancy of the ratio of mass to chromosome origins at the 
time of initiation would also suggest that very few such 
initiators were formed in each cycle. The simplest model 
would allow the synthesis of one initiator/chromosome 
origin/mass doubling tume?*:*. 

(An alternative model has been suggested by Pritchard® 
in which an inhibitor of DNA initiation is diluted by cell 
growth until it drops below a critical threshold. Formally 
the two models are very similar and at present no experi- 
ments distinguish between them.) 

The hypothesis that initiation of chromosome replica- 
tion depends on the attainment of a critical cell mass is 
also useful in the explanation of the kinetics of DNA 
replication following thymine starvation®:* and during a 
shift of cells from one medium to another (“shift up” or 
“shift down” experiments, see Maaloe and Kjeldgaard‘). 
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Chromosome Replication and Cell 


© Division in Escherichia coli IST after 


Growth in the Absence of DNA Synthesis 


THis communication is concerned with the recommence- 
ment of chromosome replication and cell division of 
E. coli after growth in the absence of DNA synthe- 


sis. When DNA synthesis is allowed to resume, cells 


: first synthesize an amount of DNA appropriate to their 


masses, and only then recover their ability to divide and 
give rise to fully viable progeny. This result indicates 
that the ratio of DNA/mass is a factor in the control of 
cell division. 


66 —thymine 


Total DNA, protein or cell number 



















JGI51, a strain of E. coli which is cured of the defe 
prophage present in its parent 157'-, was used in 
studies!*. DNA synthesis was prevented by der 
this thy- auxotroph of thymine. JG151 do 
die during growth in liquid medium in the abs 
thymine’. P 

Fig. 1 shows the course of increase in total cell x 
during growth without thymine and during the rer 
period following the re-addition of thymine. T 
number ceases to increase immediately after the remov 
of thymine in these conditions of growth. After re- 
addition of thymine to the medium, the cell number. 
remains constant for a period and then suddenly increases. 
This initial rapid burst of cell division results in a doubling 
of the total cell number, and microscopic examination of 
the cells during this period indicates that every cell is 
dividing once. After this wave of synchronous division, 
the cell number continues to increase at the normal rate 
for the particular growth medium. 

Because the period of rapid cell division only results  — 
in a doubling of cell number, it follows that in cases. 
where the period without division is greater than om 
generation time (as in Fig. 1) the final cell mur 
not be restored to that attained by unstarved » i 
cultures. Thus prolonged periods of thymine starvation | 
will lead to a reduction in total cell numbers in comparison. 
with control cultures, but this does not result from the 
death of any of the treated cells. Because cell mass contin- 
ues to increase at a rate close to normal even in the absence 
of thymine, cells starved for long periods will be larger than 
normal cells. Direct observation of the cells shows that 
they grow in length during thymine starvation and during 
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Fig. 1. This graph shows total DNA (C, @), total protein (4, &) and total cell number 
(x) during and following a period of growth of J@151i in the absence of thymine. (The 
medium used in these experiments is M9 salts and glyceral*.}) The exponentially growing 
cella were washed free of thymine in warm medium at 0 min, divided into two equal 
aliquots and reinoculated with (open symbols) or without (closed symbols) thymine. 
The cells had been pre-labelled with C-thymine or C-leucine (the results of two experi- 
ments are superimposed in this figure). Labelled leucine was present in both treated 
and contro! culturcs throughout the experiment. Labelled thymine was, of course, withheld 
during the period of thymine deprivation but added back to the same specific activity at 
the end of this period. Total DNA or total protein was then estimated as total incor- 
porated acid precipitable “C. Cel numbers were estimated using a Coulter electronic 
particle counter. Total cell number is shown only for the thymine-starved experimental 
population. In the control culture cell number increased in the same way as total protein 
and DNA. The generation time in this medium is approximately 60 min. The cells were 
grown without thymine for 70 min and then thymine was added back. The dashed line 
shows the beginning of the wave of newly initiated cell divisions (see also Fig. 2). 
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Fig. 2. This shows total cell number ( @) (same data agin Fig, 1) and the 
change in the fraction of cells showing a visible constriction (x). This 
latter group was taken to represent cells in the process of division. 


the predivision recovery period. They then divide once, 
asymmetrically, to give rise to one daughter cell of normal 
length, and one abnormally long cell. The normal pro- 
geny continue to grow and divide to give normal daughter 
cells, and the abnormal progeny continue to elongate and 
give rise to one normal and one long daughter at each 
division. Consequently, the number of abnormal long 
cells remains constant. 

The drop in numbers of cells with visible signs of division 
which occurs immediately before the maximum seen in 
Fig. 2 can be explained as follows. At the time of removal 
of thymine, about 16 per cent of cells were in the process 
of division (as estimated microscopically) and this fraction 
remained constant for the period of starvation. This indi- 
cated that, because the total cell number did not increase, 
both the initiation of new cell divisions and the separation 
of cells in the process of division were inhibited by thymine 
starvation. The first drop in numbers of dividing cells 
represents the completion of divisions which were initiated 
before thymine starvation. The sharp rise which follows 
represents the onset of new divisions. The maximum 
burst of newly initiated cell division occurs when the 
DNA content of the population is restored. 

Cohen and Barner’ showed that DNA synthesis resumed 
immediately after re-addition of thymine to cells starved 
of thymine. Pritchard and Lark‘ further showed that the 
initial rate of DNA synthesis after a period of thymine 
starvation was higher than the control rate for unstarved 
cells. Both sets of werkers used the lysogenic strain 
157, in which the induction of phage after thymine 
starvation prevents recovery of the cells. We have, 
however, been able to extend some of their observations 
by using the non-lysogenic strain JG151. Fig. 1 shows 
the kinetics of DNA synthesis following a period of thymine 
starvation. DNA synthesis resumes immediately after the 
re-addition of thymine and proceeds exponentially at 
twice the control rate until the DNA/protein ratio is 
restored to its initial value. The rate of DNA synthesis 
then returns to the control rate (see ref. 5). 

These kinetics of DNA synthesis result in a restoration 
of DNA content in a period equal to the period of thymine 
starvation. The DNA content is restored at the time when 
the total number of dividing cells is at a maximum, as 
shown in Figs. 1 and 2. This suggests that the restoration 
of DNA content in some way results in the recommence- 
ment of cell division. If the restoration of DNA content 
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is to act as a trigger for cell division it must be measured 
by the cell as a function of some other component. This 
component would be one which continued to be synthe- 
sized in the absence of DNA synthesis. During starvation, 
cell size as measured by total protein (Fig. 1) continues to 
increase at a rate approximating the control rate. After 
the re-addition of thymine, protein synthesis continues 
at this rate during the period of rapid DNA synthesis. 
At the end of this period, the ratio of DNA to protein is 
restored and the rate of synthesis of DNA returns to the 
control level. At this point newly initiated cell divisions 
commence. Thus total protein (or some other cellular 
component synthesized at the same rate as mass in 
general) could act as a substance against which total DNA 
could be titrated*. This suggests that whatever other 
events may be prerequisite, cell division cannot take place 
ifthe ratio of DNA to mass is too low. This is further shown 
by experiments in which the time required to restore the 
DNA/mass ratio is varied. In these experiments division 
always recommences when the DNA to mass ratio is 
restored (ref. 7 aad unpublished results of Donachie, Hobbs 
Masters and Harland). 
In summary, when thymine is added back to a culture 
of JG151 which has been deprived of it, DNA synthesis 
immediately resumes at a rate greater than that of the 
control. Synthesis continues at the high rate until the 
DNA/protein ratio is restored. At this point cell division 
recommences. It is suggested that. a critical ratio of DNA 
to protein is a prerequisite for division. 
We thank Mr Derek Harland for valuable assistance in 
some of these experiments. 
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Relationship between pH and 
Electrophoretic Mobility for 
Lymphocytes circulating in Chronic 
Lymphocytic Leukaemia 


THERE is a surprising lack of electrokinetic data about 
human lymphocytes circulating in healthy and diseased 
people. We have attempted the electrokinetic character- 
ization of lymphocytes circulating in a patient with chronic 
lymphocytic leukaemia, principally because lymphocytes 
from certain people with this disorder had been reported, 
in certain conditions, to possess adhesiveness for poly- 
styrene beads different from normal lymphocytes. The 
electrophoretic mobilities of saline-washed lymphocytes 
obtained from this patient (case 1 first investigated?) 
were determined at 25° C in the pH range 1:9 to 10-7 
with a constant ionic strength of saline (0-145 M). The 
relationship between pH and electrophoretic mobility 
suggests that the electrokinetic behaviour of the lympho- 
cytes arose as a result of the presence of several ionizable 
(acidic and basic) groups on the surface. 

Analytical grade NaCl, NaHCO, NaOH and HCl were 
used. All solutions for electrokinetic studies were made 
up in water distilled twice in ‘Pyrex’ ware not more 
than 4 h before use. An aqueous solution of NaCl (0-145 
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M) was made 10-* M with respect to NaHCO,. The 
pH of this standard saline? is 7-2+0-2 and this simple 
medium has been used extensively for electrokimetic 
studies of numerous biological particles and/or cells. The 
simplicity of this 1 : 1 cleetrolytic suspending medium has 
proved extremely valuable for interpreting electrokinetic 
data of biologically complex states without any apparent 
serious disadvantage. $ Studies of tumour cells and lympho- 
eytes processed in saline and parallel experiments in 
Hanks solution have revealed no damage to the mem- 
brane of the cells after processing in saline—as judged by 
phase contrast microscopy and/or the permeability of the 
cell membrane to potassium ions (unpublished results of 
A. E. Butterworth and J. N. Mehrishi). 

An electrophoresis apparatus of the type deseribed 
earlier! was used with a circular cross-section electro- 
phoresis chamber which had two laterally parallel plano- 
concave windows each approximately 80 thick at the 
point of minimum thickness, so that the transillummation 
was improved; the electrode chambers contained 1-0 M 
KCl instead of a saturated solution of KCI (ref. 5). The 
reliable performance of the apparatus was tested by 
determining the electrophoretic mobilities of saline-washed 
human erythrocytes resuspended im saline, for this con- 
stitutes the only system with remarkably constant and 
reproducible electrokinetic properties. 

Freshly withdrawn venous blood (50 ml.) was defibrin- 
ated mechanically and the bulk of the red cells was 
sedimented by the addition of a solution of gelatine in 
saline’. The white cell population was sufficiently rich in 
small lymphocytes (> 95 per cent) to obviate the ‘removal 
of other types of leucocytes from the red cell depleted 
suspension. For determination of the electrophoretic 
mobilities of the lymphocytes, a portion of this lympho- 
cyte-rich suspension was centrifuged and the cells were 
washed three times in saline in a volume ratio of 1 : 50, 
with centrifugation at values of g not exceeding 200, for 
7 min after each wash. The saline-washed cells were 
resuspended in saline. The lymphocyte population was 
shown, by culturing other portions of the red cell depleted 
suspension in the presence of 10-7 M colchicine as a lym- 
phocytocidal agent®7, to be largely comprised (90 per 
cent) of abnormal cells. In a separate test 80 per cent of 
such abnormal cells were found to exhibit further abnor- 
malty by adhering on a column of polystyrene beads in 
standard conditions’. 

To alter the pH of the cell suspensions, 0-145 N HCI 
and 0-145 N NaOH were used. Electrophoretic mobilities 
were determined at 25° C for the pH range 1-9 to 10-7, 
with the ionic strength kept constant at 0-145. Between 
30 and 40 cells were examined, and the average electro- 
phoretic mobility was calculated. Examination of cells at 
non-physiological pH was completed as rapidly as possible 
to minimize any damage to the cell membrane and conse- 
quential changes in the electrokinetic characteristics. 

Fig. 1 shows the relationship between pH and mobility 
of standard saline-washed lymphocytes in 0-145 M NaCl 
at 25° C. The electrokinetic behaviour suggests the 
amphoteric nature of the cells, which show an isoelectric 
point at pH 2 and a gradual discharge in the pH range 2 to 
4-8, indicative of the discharge of more than one type of 
ionogenie group in the electrophoretic plane of shear. 
The curve gives a low pK of approximately 3, which is 
probably the result of a carboxy! group of a sialic acid or 
phosphoric ester residues. The plateau in the region of 
pH 5-98 clearly shows the complete ionization of the 
acidic group(s). The point of inflexion at pH 10-5 in the 
plot of pH against mobility suggests the presence of basic 
group(s) which may be amino and/or sulphydry!l. 

The appearance of the positive branch on the curve 
has been drawn as a broken line, and it must be viewed 
with great caution because it does not seem to be typical 
behaviour of viable lymphocytes. The mobility of most 
lymphocytes at pH 2 was zero and some stray cells had 
small immeasurable value of mobility. After the cells 
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had been allowed to stand in the suspension at this low 
pH for about 15-20 min all the cells exhibited pronounced 
positive mobilities. This almost certainly reflects damage 
to the cell membrane, loss of cell constituents and sirbse- 
quent adsorption on the cell leading to alteration in the 
electrokinetic profile. This emphasizes the need for care 
in determining relationships between pH and electro- 
phoretic mobility. Studies to ascertain the nature of the 
surface groups and determine their relative contributions 
to the total electrokinetic charge are now in progress. 
The electrophoretic mobility of normal small I ymphocytes 
is also of the same order of magnitude at pH 7:2 as 
chronic lymphocytic leukaemia lymphocytes, that is, 
—1-:09+0-09 u/s/V/em. This type of investigation has 
since been extended to a group of treated and untreated 
patients with chronic lymphocytic leukaemia (our un- 
published results). 

The electrokinetic behaviour of abnormal lymphocytes 
circulating in a patient with chronie lymphocytic leukae- 
mia appeared to arise from the presence of an acidic 
group (pK of approximately 3) which is probably a carb- 
oxyl group of a sialic acid and basic group(s) which may 
be amino and/or sulphydryl with a pK of 10-5. The 
electrophoretic mobility of these lymphocytes and normal 
small lymphocytes was of the same order of mag 
— 1-09 + 0-09 u/s/V/em. 

We thank Professor J. 8. Mitchell, Dr G. F. Marrian, 
and our clinical collaborator Professor G. Wetherley-Mein 
for support and interest in this work. We also thank 
Miss Ann Reid for technical assistance. Financial sup- 
port from the British Empire Cancer Campaign and 
Professor Mitchell’s research fund to one of us (J. N. M.) 
is gratefully acknowledged. 
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Viability of Stored Bone Marrow 
Colony Forming Units 


THE continued use of bone marrow transplantation! in 
disease states and after accidental or therapeutic exposure 
to radiation has led to an increasing number of in vitro 
and in vivo studies of the viability of human and animal 
bone marrow. Among the more recent methods for 
quantitative studies of animal marrow is the mouse 
spleen colony technique. Till and McCulloch? were the 
first to show that syngeneic mouse bone marrow, when 
injected into animals which had received a lethal dose of 
radiation, will cause the formation of macroscopic spleen 
nodules in a number directly proportional to the number 
of injected cells. These discrete colonies are assumed to 
arise from single marrow cells, which are generally de- 
scribed as colony forming units (CFU) and are often 
equated with the marrow stem cell. This method of 
studying colony formation has been used to study stem 
cell kinetics’, cellular radiation sensitivity®, immune 
reactions’, anaemic mutants’, and various phases of 
haematopoietic repopulation in the normal and post- 
irradiation states. 

In spite of the wide use of these techniques in studies 
which involve a delay between collection of the marrow 
cells and reinjection, little attention has been given to 
the effect of temperatura, storage and suspending media 
on the viability of CFUs. A series of determinations 
was therefore made to evaluate the viability of the bone 
marrow CFU after suspension in two common suspending 
media at room and ice temperatures. The suspending 
media used were CMRL jo, (ref. 2) and Puck’s saline G 
(ref. 6), which is a buffered nutrient saline mixture. For 
each determination, primary cell suspensions were obtained 
by collecting the marrow cells from the femurs and tibiae 
of two donor mice. In all cases donor and recipient. mice 
were 8 week old white males of the Hale-Stoner Brook- 
haven strain. The bone marrow cells were collected by 
the Stoner and Bond method’. This involved thorough 
grinding with a pestle and mortar of the entire femur and 
tibia in a small amount of the suspending medium. This 
method not only shortened the preparation time but also 
gave a higher yield of CFUs than did the aspiration tech- 
nique in which portions of the femur and the entire tibia 
were not used. After the two primary cell solutions had 
been obtained they were divided into equal portions 
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with one portion of each being maintained at room 
temperature while the other was placed in an ice bath. 
The cellular content of the solutions was determined by 
counting an aliquot treated with saponin in a Coulter 
counter with a 100y aperture. Using the proper medium, 
the standard solutions were then diluted to a concentration 
of 6 x 10° cells/ml. At the time intervals indicated, 1/10 
mi. (60,000 cells) were injected, via the tail vein, into each 
animal which had received a whole body exposure of 
700 rads of 250 kVp X-rays during the hour before the 
injection. After 7 days the recipient animals were killed, 
and their spleens placed in Bouin’s solution for 24 h, after 
which the macroscopic colonies were counted using a 
times three magnifier. Three replications of the entire 
procedure were carried out to produce six donor and 
twenty-five recipient animals at each of the points 
indicated in Fig. 1. 

Two facts are immediately apparent from the data 
expressed in Fig. 1. First, maintenance of cell solutions 
at the temperature of ice preserves their viability for longer 
periods than does maintenance at room temperature. 
Second, viability of the cells depends on which of the 
two media is used. The saline G medium can maintain 
cells for longer and the most marked differences between 
the media appear at the shortest time interval (30 min). 
This early effect suggests that there is a sub-population 
of cells which are immediately rendered non-viable in the 
CMR Losa solution. 

Wide variations in CFU content of the mouse marrow 
have been reported, and by determinations on three 
different mouse strains we have shown strain dependence 
to be a factor. Our results also show that some of the 
variation in the efficiency of marrow to form colonies 
may be due to such simple factors as suspending medium, 
temperature, and delay between the harvesting of marrow 
and the injection of cells. 

The close control of handling techniques may be even 
more important when investigating the type as well as 
the number of colonies formed. The histological nature 
of spleen colonies has been studied quantitatively®~!. 
The difference in type of resultant colony is usually 
attributed to either a different type of original colony 
forming unit or to the microenvironment in which the 
injected cell finds itself. Ifthe original cell determined the 
later colony type, consideration must be given to the 
possible selective sensitivity of the original cell types to 
the suspending media, temperatures, storage time and so 
on. We are now investigating the extent to which the 
ratio of myelocytic to erythrocytic colonies might be 
altered by these factors. 

This research was supported by the US Atomic Energy 
Commission. We thank Jim Cassidy, Larry Cook and 
Keith Thompson for their assistance in the technical and 
statistical aspects of the study. 
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BOOK REVIEWS 


PSYCHOLOGY OF SUFFERING 


Disease, Pain, and Sacrifice 

Toward a Psychology of Suffering. By David Bakan. 
p. x+134. (University of Chicago Press : Chicago and 
London, 1968.) 54s. 


THe concept of suffering is an elusive one, and so the 
formulation of a “psychology of suffering” is a formidable 
task. Professor Bakan takes the view that human 
suffering has biological, psychological and existential 
© aspects. The first he considers in terms of disease, the 
< second in terms of pain and the third in terms of sacrifice. 
© In examining the nature of disease he draws on three 
. sources: first, recent developments in evolutionary 
© theory; second, “diseases of adaptation” as conceived 
= of by Selye; and, third, Freud’s notion of the ‘death 
_ instinct”. Central to Professor Bakan’s thesis are the 
- concepts of “telic centralization” and “tele decentraliza- 
: tion”. He defines ‘‘telos” as “determinant of form” and 
suggests that in the healthy organism there is a higher 
telos tending to dominate all lower telé, and that disease 
is to be conceived of as decentralization of this higher 
telos of the organism and its loss of dominance over the 
lower telé. | 

Professor Bakan suggests that ‘the central telos of 
the organism is manifested most clearly in the conscious 
purposes of a differentiated organism”, and that the 
natural tendency in the psyche toward telic decentral- 
ization may be identified with what the psychoanalysts 
refer to as repression. He goes on to say that in seeking 
an understanding of disease and death we are thus 
brought to a consideration of the nature of the psyche. 
On the psychological level the ego is the major telic 
centre. It is the separation of the lower telé from purpose 
that brings about the neurotic condition of the individual. 

In this connexion Professor Bakan advances the follow- 
ing argument (page 38), the logic of which is obscure, to 
say the least. Illness-proneness is associated with psycho- 
logical condition, Hiness-proneness is associated with the 
experience of threat. If repression is a major factor in 
psychological disorders, and if repression is a manifesta- 
tion in the psyche of organismic telic decentralization, 
it may then be said that a degree of telic decentralization 
is the essential underlying characteristic of the diseased 
organism. 

Inasmuch as disease is conceived of as decentralization 
of the higher telos of the organism, pain is seen as the 
psychic manifestation of telie decentralization. Pain 
is the demand on the conscious ego to work to bring the 
decentralized part back into the unity of the organism. 
“The ego, in managing pain, seeks to make pain distal 
with respect to the ego itself, if it cannot make it distal 
with respect to the body.” Thus an aching tooth becomes 
“it”? and its extraction is not an injury to the ego but a 
saving of the ego from assault. 

The existential aspects of suffering are examined by 
Professor Bakan in terms of sacrifice and in the light of 
the Book of Job. Sacrifice is seen as “a manifestation of 
telic decentralization” and a confounding of self and other. 
It entails the surrender of an important part of one’s self 
for the “redemption” of the remainder. Thus it is in 
essence the same as when a part of the body become “it” 
and is sacrificed for the “good of the whole”. 

In his preface, Professor Bakan appears to equate 
understanding with awareness. He says that human 
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understanding and suffering are reflexively related in 
that a certain level of awareness is a precondition for 
suffering as well as its management; and awareness 15- 


enhanced as well as diminished by suffering. Because < — c 


of these reflexive relationships oblivion and the enha 
ment of understanding are two natural options for eo 
with suffering, and the view is expressed that amelio 
of suffering through understanding is the superior o 
Although it is manifestly true that awareness is enhance 


* 


as well as diminished by suffering, it is not manifestly 
true that understanding and awareness are the same. 
Because the premises on which the argument is based are 
faulty, it follows that the conclusion also ia faulty, ‘Thus, 
although Professor Bakan may increase human under- 
standing by provoking discussion, it 1s doubtful whether 
his intention of ameliorating suffering will be realized. 
Diana R. HASLAM 


BLINDNESS IN CHILDREN 
The Causes of Blindness in Childhood 


A Study of 776 Children with Severe Visual Handicaps: < 
(Johns Hopkins: Baltimore, Maryland; Oxford University: 






By G. R. Fraser and A. I. Friedmann. 


Press: 


London, 1967.) Ils. 


Tue medical geneticist, if not every medical practitioner, 
is well aware that a substantial proportion of all disease 
in countries with Western European civilization is partly 
or wholly genetically determined. This is a tribute to the 
efficiency of the medical services in eliminating diseases 
which are largely environmentally caused. Five years ago 
Dr Ida Mann wrote of blindness: “A very simple research 
programme, in which & genetic analysis of all children im 
schools for the handicapped in any country was done, 
would bring the matter into proper perspective and make 
it certain that our next advance in prevention of disease 
must be along genetic lines”. Dr Fraser and Dr Friedmann 
have attempted just such a survey based on 776 children im 
special schools for the blind. This included almost a 
quarter of all blind children under the age of 20 in England 
and Wales. The sample was unrepresentative only in that 
most blind children who were severely mentally sub- 
normal were excluded, and children below the age of 4 
years were under-represented. 

The authors attempted to define the type of blindness 
in each child by a clinical examination and use of the 
medical records. They also attempted to determine the 
cause of the blindness in each child, making use of weil 
planned questionnaires of family and pregnancy events. 
In fact the research was not “simple”. The authors came 
up against formidable difficulties in defining disease 
entities, and difficulties in genetic analysis in these days 
of small families and family limitation after the birth of 
a severely handicapped child. They tackled these diffieul- 
ties, however, with energy and insight and have arrived at 
some sensible and interesting conclusions, although there 
is a great deal of work still to be done to fill in the detatis. 

Overall some 40 per cent of all the cases of blindness 
were probably the result of single gene inheritance. Some 
50 per cent were largely the result of environmental! 
causes, and some 10 per cent of more complex genetic 
and environmental mteractions. 

Considering first the environmentally caused group, 
outstanding here is the largely iatrogenic disorder “retro- 
lental fibroplasia’’, of which there were 177 cases, nearly 
20 per cent of the whole sample. Now that the danger to 
the eyes of premature babies of the administration of 
oxygen in high concentration is well known, the incidence 
of this condition has been greatly reduced. Already 
therefore single gene inheritance is probably responsible 
for at least half of all new cases of blindness. In addition, 
about half the cases of cataract (107 in total) and the 
majority of cases of optic atrophy (46 in total) appeared 
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to be associated with perinatal difficulties or prematurity. 
The contribution of maternal rubella was only 17 cases. 

Of the cases deterrnined by single genes, much the 
biggest group (116 cases) was the choroido-retinal degen- 
erations, varying from retinal aplasia to retinitis pigmen- 
tosa. Nearly all of these were examples of autosomal 
recessive conditions. It is probable, however, that a 
large number of distinet gene loci are involved. Several 
different types are already differentiable on the basis of 
the associated malformations, but much remains to be 
done to split this group further into genetic and clinical 
entities, Such a split is essential because each genetic 
variety will have its own specific biochemical abnormality, 
and in the long run any effective treatment will depend 
on finding this abnormality. The few X-linked cases in 
this group also include at least two distinct types. 

The largest dominant group was among the single 
gene determined cases of congenital and infantile cataract. 
The cases of retinoblastoma (43) were probably all dom- 
inant, understandably enough because the cases causing 
blindness would be bilateral; it is the unilateral cases which 
often appear to be non-hereditary and are perhaps the 
result of somatic rather than genetic mutations. The 
cases of severe myopia with childhood retinal detachment 
(22) are mostly dominant, as were probably all the cases 
of aninidia. The only large X-linked group were those of 
pseudoglioma and congenital or infantile retinal detach- 
ment of which 20 out cf 25 cases were probably X-linked. 
Here the family studies and the characteristic pattern of 
inheritance have shown that a number of other diagnostic 
labels, congenital retinal fold, congenital falciform retinal 
detachment, microphthalmos with cataract and others, 
are to be recognized as stages and degrees of the single 
entity of pseudoglioma. 

The control of single gene determined diseases will, as 
Dr Fraser and Dr Friedmann indicate, develop along two 
lines. The first is by genetic counselling. This ean be and is 
being carried out already. For example, patients with 
bilateral retinoblastoma should be and usually are told of 
the nearly one in two risk to their children. Sensible 
decisions by individual parents can substantially reduce 
the incidence of single gene determined diseases, especially 
when heterozygotes for the gene responsible for the 
recessive and X-linked conditions can be detected. The 
second line of control is by the development of therapies 
to compensate for the metabolic errors caused by the 
single gene determined disorders. All too often, however, 
this is a prospect for the future because the metabolic 
disorders themselves have not vet been worked out. 

C. O. CARTER 


CELLULAR CONTROL 


Cellular Differentiation 

By J. Richard Whittaker. (Dickenson Series on Con- 
temporary Thought in Biological Science.) Pp. xii+ 112. 
(Dickenson: Belmont, California, 1968. Distributed by 
Prentice-Hall International, London.) 21s. paper. 


Tus book is a collection of eleven papers, mostly published 
since 1960, which Dr Whittaker has selected for their 
importance and clarity of presentation. They are grouped 
into four sections: ‘The Multipotential Genome”; 
“Selective Gene Expression”; “Egg Cell Organization”; 
and ‘‘Cell Interactions”, each preceded by a brief introduc- 
tion and explanation of methods. 

Evidence for the ratention of a full complement of 
genetic information during cell differentiation is illustrated 
by studies on transplanted larval Xenopus intestinal cell 
nuclei (Gurdon and Uehlinger, 1966), tobacco callus cells 
(Vasil and Hildebrandt, 1965) and chick neural retinal 
cells (Moscona, 1957). These papers also indicate the 
variable extent to which this information can be expressed. 

Possible mechanisms for this selective contral of gene 
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expression are shown by studies on bacteriophage morpho- 
genesis (Edgar and Wood, 1966), a brief survey of the 
Jacob and Monod model for bacterial gene regulation 
(Jacob, 1964) and Bonner’s (1966) studies with pea 
seedling chromatin. 

The classical problem of polar organization in eggs is 
Hlustrated by Morgan and Spooner’s (1909) studies on 
centrifuged Arbacia eggs, and by more recent studies 
(Curtis, 1960) on the results of grafting small regions of 
egg cortex to a foreign location. 

Experimental approaches to the analysis of physical 
and chemical cellular interactions are shown by Trinkaus’ 
(1961) studies on heterotypiec cell aggregates, for example, 
chick kidney/wing bud, or kidney/retina, and Grobstein’s 
(1957) elegant transfilter induction experiments. The 
collection is concluded by Gilbert's (1966) deseription of an 
unusual morphogenetic inductive relationship between 
the rotifers Asplanchna and Brachionus. 

This book will be useful to advanced biologists in schools 
and in introductory university courses. It succeeds in 
illustrating both the wide variety of methods and of 
material available for the experimental analysis of develop- 
ment. More important, it brings students into close 
contact with original designs behind reported experi- 
ments, in a clear and understandable manner. 

Some improvements might be suggested for future 
editions of this useful series. It would be helpful if a 
common format for references, giving titles, had been 
used in place of the original journal style. A brief post- 
script to each section would be of value, pointing out 
important recent advances. For example, Bonner’s 
report should be seen in the light of recent molecular 
hybridization techniques, and the important role of 
collagen substrata in tissue inductive effects, might well 
nave been mentioned. R. J. COLE 


REGULATION OF CELLS 


Nucleus and Cytoplasm 


By Henry Harris. Pp. xv +142 + 16 plates. (Clarendon 


Press: Oxford; Oxford University Press: London, 
1968.) 30s. boards; 15s. paper, 


Taas book, based on a series of lectures, does not aim to be 
a comprehensive review, but a stimulating and critical 
analysis, and it is founded largely on Professor Harris’s 
own work and ideas. Starting with an analysis of cap 
regeneration in Acetabularia, he concludes that the 
syntheses of the many proteins involved in its growth 
and morphogenesis are not regulated by “ ... mechanisms 
which govern the detailed transcription of genes, but by 
mechanisms which operate in the cytoplasm of the cell’’. 
Such a view is clearly at variance with the omnipotent 
genetic operator model proposed by Jacob and Monod 
for enzyme synthesis in Æ. coli, and Harris proceeds to 
question the validity of this model, not only with respect 
to its applicability to higher cells but to E. coli itself. 
Such heresy makes exciting reading. With respect to 
evidence for short-lived messenger RNA, Harris is again 
sceptical not only with respect to animal cells but also 
to E. coli. He claims, for example, that in spite of con- 
siderable effort in numerous laboratories, no one has 
detected in the cytoplasm of animal cells any RNA 
fraction which resembles the RNA in the cell nucleus. 
He suggests that only a small proportion of the RNA 
which is transeribed from DNA in the nucleus is trans- 
ferred to the cytoplasm and that the rate limiting step 
is its protection from breakdown. 

Harris concludes that in higher cells, translation and 
transcription are not closely coupled. He would like to 
believe that the mechanism controlling translation 
within the cytoplasm would act at the site of synthesis 
and would make use of the discriminatory powers of 
proteins. He admits, however, to the lack of evidence. 
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As regards transcription, he can find no evidence to 
support the circuitry required by the genetic operator 
model or the high degree of repressor specificity it requires. 
His own remarkable work on hybrid cells supports the 
view that cytoplasmic signals might have a low order of 
specificity. For example, a chick erythrocyte nucleus in 
HeLa cell cytoplasm will resume synthesis of both RNA 
and DNA. Nevertheless such signals could provide for 
genetic regulation by altering the physiological state of 
the nucleus. There is evidence for changes in nuclear 
volume being associated with the turning on and off of 
DNA and RNA synthesis; and if the chromatin were not 
homogeneous in its response to volume changes, and 
different portions became unravelled at different stages, 
it is possible to imagine this providing a mechanism for 
the control of transcription. This view, which is consistent 
with some of the studies on chromosome puffing of dipteran 
polytene chromosomes, must bring about very significant 
alteration in how we think about cell differentiation. 
While this book ought to stem the flood of uncritical 
applications of Jacob-Monod circuitry to higher cells, 
its real value is in the clarity of the analysis of the prob- 
lems and in its original and stimulating ideas. Not least 
_is its lack of compromise; few authors make their own 
position as plain, or make so little use of camouflage. 
This book is essential and pleasurable reading for all cell 
biologists, biochemists and geneticists. 
Lewis WOLPERT 


EXFOLIATIVE CYTOLOGY 


Gynakologische Cytologie 

By P. Stoll, J. Jaeger and G. Dallenbach-Hellweg. Pp. 
xii+307. (Springer-Verlag: Berlin and New York, 1968.) 
88 DM; $22. 


THE rapid evolution of exfoliative cytology demands 
new textbooks to cover the modern achievements of 
this diagnostic approach. Unfortunately, textbooks of 
clinical cytology do not always correspond to the con- 
temporary results of general basic cytology. The text- 
book by Stoll, Jaeger and Dallenbach-Hellweg tries to 
bridge the gap between basic cytology and exfoliative 
eytology. This is especially true in the first chapters of 
the book, where general cytology of the normal and 
carcinomatous cell is described. The description is en- 
riched by data gained using electron microscopy and 
eytotopochemistry. The later chapters include material 
on cytochemical evaluation so as to illustrate the described 
cellular characteristics more deeply. 

The modern and progressive approach of the authors is 
emphasized in all chapters of this excellent book. The 
division of the described and discussed material is com- 


and, finally, the local cellular patterns are considered. In 
the chapter about single cells, the reader finds the cellular 
characteristics of the normal cell changed and the carcino- 
matous cell deriving from the squamous epithelium, both 
endocervical and endometrial. The description of the 
biology of the vagina deals with normal and abnormal 
vaginal microbiology as well as with that caused by 
infection. The chapter discussing the functional cellular 
patterns is an extensive one. It describes in detail the 
cytologic findings in various hormonal conditions. The 
comparative study of vaginal cytology with endometrial 
biopsy is very interesting. A survey of cytologic findings 
in particular age categories accompanies this chapter. 
The local cellular pattern deals with all cells deriving 
from the local proliferative or degenerative processes. 
This deseription covers the benign and malignant cellular 
changes of the vaginal and cervical epithelia and of the 
endometrium as well. 

In further chapters the secondary changes in exfoliated 
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cells and irradiation changes are described. The possibility 
of stating the prognosis from irradiation cellular response 
is critically evaluated. Also the chapter on the proof of 
free cancer cells (in blood, puncture fluids and urine) is 
very instructive. 

Special attention is given to the organization of eyto- 
logy work and to the modus operandi of the cytology. 
laboratory. Statistical data and results of mass screening 
programmes of several laboratories are given and com- 
pared. 

The textbook is written in a lucid and excellent manner. 
The division of chapters is well organized. At the end of 
every chapter the reader finds conclusive remarks which 
summarize the deseribed topic. Eighty figures (most of 
them photomicrographs) and several tables illustrate the 
discussed material very well. The textbook is accorn- 
panied by an extensive reference list. 

The translation of this textbook into other languages 
is strongly suggested. Moumin SONEK 





PROTEINS AND RELATED SUBJECTS 


Protides of the Biological Fluids 

Proceedings of the Fifteenth Colloquium, Bruges, 1967. 
Edited by H. Peeters. (Proteins and Related Subjects, 
Vol. 15.) Pp. xii+ 626. (Elsevier : Amsterdam, London. 
and New York, 1968.) 240s. 


Ture Bruges Colloquia are indeed built on a deserved 
reputation and the published reports provide a series of 
valuable surveys of this field. From the subjects discussed 
at the 1967 colloquium the coverage appears to be ex- 
panding so that the published volume is now very large 
and the price correspondingly great. 

About 160 authors contributed to the papers presented 
in three main sections. Section A on membranes was 
divided into molecular structure and function——proteins, 
glycoproteins, enzymes, lipids, permeability, transport, 
bacterial membranes, liver membranes, red cell mem- 
branes. Section B was on complement. Section C was 
on techniques and was divided into electrophoretic 
methods, ion exchange chromatography, gel filtration and 
determination of plasma components. 

It would be impossible to review adequately all the 
different contributions, so I propose to confine myself to 
those articles which I found particularly rewarding. The 
Academie Lecture was presented by Dr T. Freeman. He 
tried to relate the metabolism of individual proteins to 
their function in the body. His main conclusion was that. 
our present information was scanty and that there were 
at least 20 plasma proteins for which no function had yet 
been shown. He made a strong case for further studies mm 
this field. 

Section 4 on membranes was opened by F. 5S. Sjöstrand, 
who covered present concepts of the structure of cellular 
membranes. He later described techniques which he 
believes will make possible the direct visualization and 
identification of individual protein molecules associated 
with the membranes. One of these techniques is to fix 
the proteins with glutaraldehyde before dehydration with 
ethylene glycol. Under these conditions the mitochondna 
membranes show a globular substructure which he believes 
is a result of the close packing in a two-dimensional array of 
protein and lipoprotein molecules. Criddle described the 
functional role of mitochondrial structural protein. The 
idea that membranes contain such a protein which com- 
bines with various enzymes is not universally accepted, 
so that the experimental results presented in this paper 
are of particular interest. A major problem in our under- 
standing of membrane structure involves the technique 
whereby the components of the membrane are rendered 
soluble. Two papers on this subject were presented by 
Zahler et al. and by Poulik and Lauf. In the first paper 
the use of organic solvents was reviewed and in the second 
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the use of n-butanol in the presence of urea was recom- 
mended. 

Until recently the cell membrane of animal cells has 
not been studied extensively although its biochemical 
importance has never been questioned. Emmelot de- 
seribed his recent work on isolated plasma membranes 
from liver. He concludes that it consists of a triple-layered 
element containing sialic acid in its outer leaflet. An 
unexpected bonus for the study of mitochondrial proteins 
has come from the work of Roitt and his colleagues in 
their study of primary biliary cirrhosis. Their results 
suggest that the antibody present in the sera of such 
patients react with an antigen localized in the inner mito- 
chondrial membrane of the liver cells. If the biochemical 
nature of this antigen can be identified it may help our 
understanding of mitochondrial function. 

The final section on techniques contains some useful 
accounts of isoelectric focusing by Svensson, continuous 
preparative electrophoresis by Hannig, and multimem- 
brane electrodecantation by Fleetwood and Milne. These 
accounts conclude a most useful and well edited volume 
in this series. P. N. CAMPBELL 


SOIL BACTERIOLOGY 
The Ecology of Soil Bacteria 


An International Symposium. Edited by T. R. G. Gray 
and D. Parkinson. Pp. xv +681. (Liverpool University 
Press: Liverpool, 1968.) 150s. 


THis volume consists of the thirty-four papers read at 
what was probably the largest gathering of soil bacterio- 
logists in history, the International Conference on Ecology 
of Soil Bacteria held at Liverpool University in 1965. 
The theme of the conference was separate treatment. of 
the soil environment, of physiological properties of soil 
bacteria, and their taxonomic nature, followed by inte- 
grated studies of growth and interactions of the bacteria 
in their environment. It was divided into six sections, 
each followed by a discussion. The first four are concerned 
respectively with the soil environment, with methods, 
with physiology and with taxonomy of soil bacteria, five 
papers being devoted to each section. The soil environ- 
ment is seen in terms of its physical and chemical nature, 
as influenced by fungi and animals, and to some extent 
as a whole in the somewhat fragmented paper on the 
agricultural environment. Methods relate to isolation of 
soul bacteria and estimation of their activity in soil. The 
physiological section begins with a paper on the basis of 
persistence in non-spore-forming bacteria, is followed by 
one illustrating the range of metabolites synthesized by 
soil bacteria and three on diverse substrates utilized—- 
hydrogen, cellulose and herbicides. The taxonomic 
section is followed by a small section headed bacteria 
occurring in the root region, although one concerns 
mycolytic bacteria. This section, together with the last 
and largest one of ten papers on the growth of bacteria in 
soil, contains the more ecological aspects. 

The final section is introduced by a paper by F, E. Clark. 
Most of the paper is about experimental studies showing 
the marked effects that even quite small variations in 
environmental conditions may have on the concerted 
activities of bacteria in soil as expressed by carbon or 
nitrogen mineralization or by nitrification. From this 
Clark stresses that any energy source in soil must be 
presented under an almost limitless number of conditions, 
and he concludes that thousands of ecological niches must 
exist in the soil. Experimental analysis of niches is not 
developed by further contributors. Only two papers 
contain anything that can be said to be experimental 
ecology, for example, Holding and Jeffreys’ examination 
of the differential effects of compounds which alter 
availability of metallic ions on groups of soil bacteria 
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and that of Brown et al. on introducing specific bacteria 
into soils. Several contributors assessed distributions 
of bacteria in natural soils: van Schreven and Harmsen 
summarized many vears of study in the Netherlands on 
changes in populations of major groups of bacteria 
resulting during reclamation of land from under water, 
Coodfellow et al. examined distribution of (other) groupings 
in two horizons of a pine forest soil, and Mishustin and 
Mirsoeva assessed the distribution of species of Bacillus 
in Soviet souls. Crosse reviewed the present state of 
knowledge concerning relationships between plant patho- 
genie bacteria and soil, Skinner reviewed the anacro bes, 
Chase et ai. the activities of the nitrifiers with special 
reference to forest, orchard and grassland soils, and 
Zavarzin reported on recent Russian work on manganese 
oxidizing bacteria. 

Out of thirty-four papers a maximur of thirteen relate 
in some manner to ecological matters and some of thes» 
are marginal, unless ecology and biology are understood 
to be interchangeable terms. Interaction between organ- 
isms is an essential part of ecology, but almost nothing 
is found on this aspect. The title The Ecology of Soil 
Bacteria adequately described the purpose of the confer- 
ence, but it does not satisfactorily describe the contents 
of the volume. What the volume does contain are “Recent 
Developments in the Field of Soil Bacteriology”. Its 
scope is well summarized by Dr Starkey in his concluding 
chapter—despite the ecological title of the latter. Many 
of the papers are written by the world’s leading authori- 
ties and they make the volume a valuable contribution 
to the science of soil bacteriology. HENRY TRIBE 


CURIOUS PLANTS 


British Sedges 

A Handbook to the Species of Carex found Growing in 
the British Isles. By A. C. Jermy and T. G. Tutin. With 
illustrations by Gretel W. Dalby, Joanna C. Webb and 
Sheila Bownas. Pp. 199. (Botanical Society of the British 
Isles: London, 1968.) 17s. 6d. 


THE sedges are a curious group of plants. Unlike their 
close relatives, the grasses, they have been little used by 
man. The differences between species of Carex are, besides, 
less obvious than those between grasses. These facts per- 
haps account for the single genus Carex with about a 
thousand species, of which about seventy-five are native 
to Britain. In much the same form as Hubbard's Grasses, 
Jermy and Tutin have now produced an admirable aid to 
the identification of the British species of Carex. Most 
species are given a page of description facing a page of 
drawings. The descriptions include notes on characters 
by which the species may be distinguished from those 
others with which confusion may most likely occur. The 
descriptions also include ecological notes. The drawings, 
by three artists, are likely to be one of the most useful 
features of the book. Besides illustrating the whole plant 
and details of floral structure and ligule, they give sketches 
of cross-sections of leaf and stem. These last would be 
made more useful if there were some indication of the 
there are some 


There are two keys. The first, using principally floral 
characters, follows the same general lines as that made 
by Professor Tutin for The Flora of the British Isles. The 
second uses only vegetative characters, and will surely 
be of the greatest value to ecologists, who are all too 
often forced at present to record merely Carex sp. The 
scope of this key has been widened to include “Sedge-like 
Cyperaceae”. It would probably be difficult to avoid the 
use of colour as a character in this type of key, but some 
experience will be needed before the shades of red and 
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brown, and of blue, grey and green, which become im- 
portant at an early point in some branches of the key, 
can be interpreted accurately. The use of rhizome char- 
acters, with consequent destruction of the plants, is also 
probably necessary, though regrettable. 

With the exception of some of the drawings, the book 
is well printed, and the paper is sufficiently stout to 
stand a good deal of the rough treatment it will probably 
receive in the field. 

This welcome book should go far to remove the 
expectation of defeat which at present comes on the 
botanist faced with an unknown, flowerless sedge. It is 
to be hoped that familiarity with the sedges following 
increased confidence in their identification may lead to a 
wider recognition of their interest. R. 8. Crymo 


PHOSPHORUS AND NMR 


-© P! Nuclear Magnetic Resonance 

© By Marvin M. Crutchfield, Claude H. Dungan, John H. 
~ Letcher, Victor Mark and John R. Van Wazer. (Topics 
> in Phosphorus Chemistry, Vol. 5.) Pp. vi+492. 
© (Interscience (Wiley): New York and London, 1967.) 
= 2208. 

Tur book is divided into two sections: (1) a description 
of phosphorus-31 nuclear magnetic resonance in general 
terms, followed by a theoretical treatment and interpreta- 
tion of phosphorus-31 chemical shift data; (2) a com- 
pilation of phosphorus-31 chemical shifts and coupling 
constants for 3,253 compounds (the reviewer did not 
count them) taken from 282 references, covered through 
August 1966. An additional set of references (to 341) 
come from unpublished results communicated to the 
authors. The book is written by members of the Monsanto 
group at St Louis, and represents their views rather than 
a critical review of the literature. 

Chapter 1 is a clear and well written introduction to 
phosphorus-31 NMR spectroscopy. The present instru- 
mental sophistication of NMR spectroscopy 1s beautifully 
represented by the spectrum of an analogue of ATP and 
of a mixture of poly (phosphoric acids) on pages 35 and 36. 
With such instrumentation it is a pity that a better 
spectrum of diphosphite cannot now be presented. The 
instrumentation described is a good advertisement for 
Varian, but it is felt that more descriptive matter on the 
Jeol and Perkin-Elmer machines could have been in- 
eluded. A random selection (10 per cent) of the references 
brought out two errors: references 11 and 51 are identical; 
in 89 two authors’ names are omitted. 

The second and third chapters deal exclusively with the 
theory and the practical correlations of this theory for 
phosphorus-31 chemical shifts. Coupling constants are 
dismissed in two pages. These chapters seem unduly 
biased towards the authors’ own work. (This is, however, 
within the scope of the ‘Topics in Phosphorus Chemis- 
try” series.) Thus chapter 2 is essentially contained in 
three papers in J. Chemical Physics, 1966. Because there 
is considerable dispute now on the virtues of certain types 
of x-bonding (see L. M. Venanzi, Chemistry in Britain, 
162; 1968), it is felt that the overall reliance on these 
effects in explaining chemical shifts is not wholly justified. 
The graphs on pages 136-159 seem singularly useless. 
They are too small to be of practical value even if one 
believes their content. Where computer programmes are 
included in a work such as this, a flow sheet would prob- 
ably be more valuable. The reviewer’s opinion of calcula- 
tions of this type coincides with comments in an article 
by J. I. Musher, “The Theory of the Chemical Shift’, in 
Advances in Magnetic Resonance. 

In reviewing the fourth chapter a random selection of 
about 10 per cent of the references was taken. The 
chemical shift data are very accurate; some slight errors 
were found in the formulae (for example, first formula. 
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page 316: OP(CH,1[)(OC,H,), should be OP(CH,CI)- 
(OC,H;), according to ref. 100; PCL is omitted). 
presentation of the formulae is complex and tends t 
repetition of references; thus [CoH PoPs(C,H, KC. 
(ref. 206) is quoted on pages 236, 243 and 247. I 
cases ((14, 95), (16, 95), (34, 95)) references ar 
which consist of data from the original paper ph 
from a review which merely quoted that dataj- 
duplication is totally unnecessary. It would be ap 










priate if the reference order in column 4 corresponded Han 


to the data order in columns 2 and 3. 

The price of this book should put it beyond the finances 
of most individuals interested in its subject matter. Ifa 
library is prepared to pay the high price, then the collec- 
tion of the references may be useful. It is, however, 
already dated by more than a year and a half. 

Joun P, MAHER 


WETTING AND WETTABILITY 
Wetting 


A Discussion covering both Fundamental and Apphed 
Aspects of the subject of Wetting and Wettabiity. 
(Comprising papers (with discussions) read at a Joint 
Symposium organized by the Bristol Section and the 
Colloid and Surface Chemistry Group of the Society of 
Chemical Industry, held on 12th to lth September, 
1966. SCI Monograph No. 25.) Pp. v+448. (Society 
of Chemical Industry: London, 1967.) 100s. 


Tis book is a collection of papers mainly by British and 
US authors, but with some contributions from Europe. 
Many of the leading authorities in the field are represented. 
The subject includes particularly the magnitudes of the 
contact angles set up between a drop of liquid and a solid 
surface in the presence of air. Though this may appear 
at first sight a highly specialized topic, it is fundamental 
to many important operations, including adhesion, pene- 
tration of liquids into capillary systems, the wetting of 
powders, polymer latices, heats of immersion, and the 
retention of aqueous sprays on leaf surfaces. With so 
much commercial interest in the results, it is perhaps 
surprising for the reader to realize how much eontroversy 
still remains (as is brought out in the very full discussion) 
about the fundamentals of the contact process. 

While there has been a wealth of interesting and 
stimulating material presented on the calculation of 
contact angles from inter-atomic forces, the experimental 
side of the subject clearly requires detailed further atten- 
tion. How much is the surface of a plastic really deformed 
by the tension of the liquid meniscus? What is the 
contact angle of water on gold? (The latter metal may 
become important in promoting dropwise condensation, 
yet the experimental figures range from 0° to 70°.) How 
should the micro-roughness of a surface be characterized 
in mathematical terms? Have all traces of impurity 
always been removed from the solid surfaces? And may 
this impurity spread on to the liquid surface? Are 
there thick, polymolecular layers of oriented liquid 
molecules at a liquid-solid interface? These questions 
are all raised in this book, but the answers are nob yet 
conclusive. 

The trend to highly specialized conferences and books 
such as this is inevitable, indeed welcome, in this age of 
the conference and literature “explosions”: not only 
ean the participants focus all their attention on one field 
of endeavour, but also the published proceedings are 
authoritative and in a concise enough form to be bought 
by libraries and by individual research workers. Attrac- 
tively produced as this volume is, it is a pity that the 
price could not have been lower. With its full report of 
the discussions (but unfortunately without an index), 
the book will be valuable to all workers in this field for 
many years to come. J. T. DAVIES 
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CORROSION DATA 


Corrosion Guide 

By Erich Rabald. Second revised edition. Pp. xxxiv + 
900. (Elsevier: Amsterdam, London and New York, 
1068.) 400s. 


SEVENTEEN years have passed since the first edition of 
this book was published, and in the interval the literature 
available to the corrosion expert has undergone much 
change. Several texts and new journals have appeared, 
all reflecting an increase in the attention devoted to the 
fundamentals of corrosion science as distinct from the 
empiricisms of materials selection. Of course, enlightened 
selection is always based on a proper understanding of 
underlying mechanisms, but undue emphasis on the latter 
can lead to a pessimistic atmosphere in which no material 
can be chosen. This problem is compounded by the 
tendency of many scientific workers to consider interac- 
tions between materials and their environment without 
regard to the circumstances under which such reactions 
take place. It is often the engineering circumstances. 
involving flow, additional phases, the presence of heat 
transfer and so on which ultimately determine the rate 
at which materials corrode in practice. 

The proper corrective to this trend is adequately 
recorded and retrievable data based on experience, and 
it was in this field that Professor Rabald first made his 
unique contribution. In preparing this edition he recog- 
nized the developments in corrosion research, and re- 
organized the material so as to satisfy more adequately the 
complementary need for a comprehensive source of data. 
In so doing the author carefully compiled more than 
fourteen thousand entries covering the behaviour of more 
than three hundred and thirty materials when exposed to 
nearly five hundred different chemicals under a variety of 
conditions. The book lists under each chemical the 
corrosion resistance of appropriate materials, briefly 
indicating the necessary practical details of construction 
and technology. Corrosion behaviour is classified in 
sumple terms as resistant, fairly resistant, not resistant 
but used in practice, or unusable. An introductory 
section on the use of the book amplifies this coding by 
ascribing quantitative values to the ratings employed. 
Also included is a useful list of all materials quoted, 
including their trade names or specification numbers and 
composition. 

The Corrosion Guide is thus necessarily a compilation 
of brief comments, conveniently listed and classified, and 
contains no discussion of the nature of corrosion or of the 
methods available for its control. It is also entirely on 
the conditions encountered in the process side of the 
chemical industry. This necessarily results in some 
obvious gaps inasmuch as that there is no treatment of 
high temperature problems, or of those encountered in 
combustion processes. 

Priced at £20 the book may be found to be beyond the 
reach of many engineers and most students, but it must 
find a place in every design office or chemical factory. 
Regrettably, Professor Rabald did not live to see the 
publication of a book the preparation of which occupied 
his later years and which represents such a large part of 
his life's work. T. K. Ross 


ELECTRIC MACHINES 


Electrodynamics of Electrical Machines 

By M. Stafl. English translation edited by G. A. Toombs. 
Pp. 183. (Academia: Prague; Iliffe: London, 1967.) 
45s. 

THE solution of Maxwell’s equations with given boundary 
conditions is almost the day te day problem of the machine 
designer engaged in development or the research worker 
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trying out new arrangements of electrical machines. 
Like his earlier book on edge effects, the author has 
collected together in one volume a great deal of very 
useful reference material for such workers. He develops 
his arguments logically and clearly without ever becoming 
side-tracked 

The volume divides naturally into four parts. The first 
is an introduction and includes Maxwell’s equations 
and the concepts of the scalar and vector potential 
functions. The second section is devoted entirely to 
scalar potential problems, the third to vector potential 
problems—stationary effects, and the fourth to quasi- 
stationary effects. Interesting examples are chosen to 
illustrate the various methods and the book concludes 
With an appendix containing a summary of mathematical 
formulas and functions. The translation from the 
original work in the Czechoslovak Academy of Sciences 
has been well done and the diagrams are very clearly 
presented. The book will be useful for final year under- 
graduates in electrical engineering and for postgraduates 
and those engaged in industrial development. 

E. R. LAITHWAITE 


MODERN OPTICS 


introduction to Modern Optics 
By Grant R. Fowles. Pp. x+304. (Holt, Rinehart and 
Winston : New York and London, 1968.) 122s, 


Optics has undergone a remarkable expansion in the past 
few years, and publishers are evidently finding it a 
profitable field, comparable to that of electronics and solid 
state physics. This book aims at providing an under- 
graduate course in modern optics including topics such as 
lasers, coherence and optical spectroscopy. The influence 
of Born and Wolf's classical book Principles of Optics can 
be clearly seen in the first four chapters dealing with physi- 
cal optics. Unfortunately, several important topics are 
dealt with very briefly. Density interferometry is 
described mainly by a diagram of the Hanbury-Brown 
and Twiss experiment and the reader is referred to refer- 
ences at the end of the book for an explanation of the 
principle. Again the brevity with which diffraction 
gratings and multiple-beam interferometers are discussed 
seems out of balance compared with the treatment of 
topies such as apodization. Surely it is important that 
undergraduates should be familiar with the modern 
approach to diffraction gratings, particularly the develop- 
ment of blazed plane gratings by Harrison over the past 
ten years. The chapter on optics of solids is well written 
and the difficult topie of non-isotopie crystals is particu- 
larly good. The diagrams here are very useful. Indeed, 
the clarity of the diagrams throughout the book is greatly 
improved by the use of a single colour in addition to black 
and white, a technique to be recommended to other 
publishers in this field. Non-linear opties is naturally 
introduced at the end of this chapter, where it fits in very 
appropriately. 

The chapter on thermal radiation and light quanta is 
rather brief and could have been with profit expanded a 
little. The chapter on cptical spectra is a useful summary, 
hut the treatment does not have the depth to be found 
in a textbook aimed at undergraduate physies students. 
The final chapter on lasers also suffers from brevity, and a 
typical example is that no clear distinction is made between 
spatial hole burning and spectral hole burning in the 
performance of a laser system. 

In conclusion, this book cannot be recommended for 
undergraduate students in physics, but can be recom- 
mended for special courses for introducing students in 
technology and engineering to the basie principles of 
modern optics so that they will be familiar with such 
topics as lasers. Problems at the end of each chapter 
and the solutions at the end of the book should make this 
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text useful for teaching. It would perhaps have been 
more appropriate to have used the title “Introduction to 
Modern Optical Engineering”. D. J. BRADLEY 


SCANNER FOR SURFACES 


Scanning Electron Microscopy 
By P. R. Thornton. Pp. xv + 368. 
London, 1968.) 80s. 


Ir is now more than fifteen years since the first practicable 
scanning electron microscope began to produce micro- 
graphs, and some four years ago a commercial model, the 
‘Stereoscan’, came on to the market. Since then it has 
made a considerable place for itself as a research tool 
for studying surfaces at a resolution an order of magnitude 
beyond that of the optical microscope. Yet the subject 
has had to wait until now for a comprehensive treatment. 
It is reasonable to assume that Professor Oatley’s team 
at the Engineering Laboratory, Cambridge, where the 
instrument was developed, have been too busy perfecting 
it to do much writing. 

Dr Thornton, who has been applying the ‘Stereoscan’ 
to the study of microelectronic materials and devices, 
has filled the gap with the present text. A physicist by 
origin, he pays thorough attention to the principles as 
well as to the construction and uses of the scanning electron 
microscope. Stemming as it does from a series of lectures, 
the treatment is well arranged and logically developed. 
The electron optical basis of the instrument is briefly 
described, to make clear the factors limiting the current 
which can be focused into an electron probe of given 
diameter. The major part of the book is about the inter- 
actions of the electron beam with the specimen and their 
influence on the various modes of operation of a scanning 
microscope. As the author recognizes, this is a most 
complex subject involving not only electron scattering 
(single, multiple and diffuse) and energy loss, but thermal. 
electrical and radiation effects, as well as secondary 
electron emission and true backscattering. In surveying 
this wide range of phenomena, the author has succeeded 
in compressing the essential information without losing 
readability. Where elaboration of a topic had to be cur- 
tailed, references to the literature are liberally given. The 
only significant omission seems to be any mention of 
Spencer’s detailed calculations of the dissipation of 
electron energy with depth in a metal target. 

The second half of the book is about the three main 
ways in which images can be formed with the instrument: 
by collecting the electrons scattered from a surface, the 
current passing into it or the visible radiation excited 
from it (cathodoluminescence). The physical basis and 
practical procedure for each mode are discussed, with 
particular attention to the detection systems. The last 
three chapters describe the applications of scanning 
microscopy in great variety and its extension to the 
fabrication of microcircuits. 

The wide scope of the book must prompt the question, 
however, as to whom the author is addressing it. It 
would seem to be most useful to the type of audience 
that heard the original lectures—postgraduate students 
engaged in research and development of the instrument 
and its uses. Not many routine users will want to take the 
trouble to master the physical background in this detail, 
but it may fairly be said that the more they do so the 
better results they are likely to get out of their expensive 
microscope. 

As a comprehensive exposition of this new research 
technique, Dr Thornton’s book is timely. My welcome 
to it would be warmer if it did not show such obvious 
signs of being put together in haste. Lax proof -reading is 
perhaps a minor sin. My own name is correctly spelt 
in one reference but wrongly in the next line (and else- 
where), Wehnelt appears in two variant forms but never 


(Chapman and Hall: 


errors should be corrected in a second edition. 
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in the right one, reference (8) in the third chapter is 
attributed to Liebmann and Liebermann on the same 
page, both k and K are used for Boltzmann's constant 
within a few lines, Schroeder turns out to be Schrödinger, 


and so on. But no proof-reader should have let the 











author get away with an ampersand on page 63. M 
seriously, the equation on page 48 has 4/e/2, appa 
in the denominator, in place of 4/(¢/2) in the num 
Again, in Table 4.5 a factor of 10* has been omitte 


in the relevant equations it is not made clear that Es oe 
should be in eV whereas the limits of validity are given in — 


keV. 

This slackness undermines the reader's confidence in 
the rest of the text, which is in fact quite sound. The 
Until 
then, this is the best account of scanning electron miero- 
scopy we have. If read critically, it provides a useful 
survey of an important and rapidly expanding research 
technique. V. E. Cossierr 


OBITUARIES 


Dr F. M. Trotter 


FREDERICK Murray Trotter, DSc, FGS, died on July 
24 at his home at Awre in Gloucestershire. He was 
an outstanding geologist of the school which applied to all 
geological problems careful mapping and skilful evaluation 
of sub-surface information. He was keen to find an explana- 
tion of the geological processes involved and much 
enjoyed debating his findings with conspicuous vigour. 
He did much to augment the reputation of the Geological 
Survey of Great Britain, of which he was a member for 
42 years, among executives of industries dependent on 
the winning of natural mineral resources. His lively mind 
and critical faculty inspired and encouraged his colleagues 
especially those whom he helped to train, 

Trotter was a Tynesider, born on April 19, 1897, and 
educated at Rutherford College, Newcastle upon Tyne 
and at Armstrong College, then part of the University of 
Durham. His university career was interrupted by war 
service with the Royal Engineers in France where in 1918 
he lost an eye from enemy action near Vimy. His geology 
teachers at Armstrong College were Lebour, Sibly, Woola- 
cott and L. Hawkes. 

After graduating he joined the Geological Survey in 
1921 at its newly established Whitehaven office; there 
he served under B. Smith working first on the Carlisle 
Longtown and Silloth one-inch sheets and then with 
S. H. Hollingworth in the Brampton area. This provided 
fruitful research subjects for both Trotter and Holling- 
worth with the naming of the Alston Block (1928) and 
the detailed study of the rocks comprising it (1932). 
Both men were interested in glacial phenomena and each 
gained a DSc degree for glaciation studies, respectively, 
of the eastern and western sides of the Eden valley. When 
in 1927 the Whitehaven office closed, Trotter continued 
mapping first around Cockermouth and then around 
Gosforth, where he gained acquaintance with problems 
concerning the origin of hematite ore deposits, a subject 
that he was to take up again when in 1933 he was 
transferred to work on the Monmouth sheet in which 
lies the Forest of Dean coal and iron-ore field. To 
broaden his coalfield geological experience, in 1939 he 
was posted to South Wales and this resulted in his novel 
explanation of the origin of the coalfield’s anthracite in 
that he connected high-rank coal with major Earth 
movements. 

In 1941, as district geologist, Trotter was given charge 
of the survey’s North-west England and North Wales 
ficld unit based on Manchester. There, among other 
duties, he gave help to two sectors of industry. First of 
the National Coal Board in its geological exploration to 
the coal reserves of south-west Lancashire where he found 
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profitable evidence, revealed by boreholes, to correct the 
interpretation of the geological succession, and second to 
the salt industry by his supervision of the geological 
surveying of the Cheshire saltfield, coupled with the siting 
of the survey’s ancillary boreholes. Trotter had noticed 
that red coloured strata might occur as much as 1,500 feet 
below the pre-New Red Sandstone land-surface in parts 
of western England and this led him to postulate wide- 
spread Hercynian oxidation, or partial oxidation, of 
ferrous to ferric iron in association with water tables 
before the onset of New Red sedimentation. He deduced 
that this land surface had varied considerably in its 
content of iron and, where denudation had lowered it 
through rich  siderite-bearing sediments and where 
favourable geological structures existed below it, rich 
hematite mineralization was produced as, for example, the 
Forest of Dean iron-ores in the Carboniferous Limestone. 
This topic was the subject of one of his two presidential 
addresses (1951) to the Yorkshire Geological Society—the 
T (1952) dealt with the origin and devolatilization of 
coal. 

Trotter became the Geological Survey's assistant 
director for England and Wales in 1955 and held office 
until 1962. He was chiefly responsible for the arrange- 
ments for setting up the survey’s North of England 
regional office in Leeds in 1957 and he was concerned with 
the British contribution to the Tectonic Map of Europe. 
He was awarded the Murchison Medal by the Geological 
Society of London in 1956 and the Sorby Medal by the 
Yorkshire Geological Society in 1967. 


University News 


Dr R. Smithells has been appointed professor and head 
of the Department of Paediatries and Child Health in the 
University of Leeds on the retirement of Professor 
W. S. Craig. 


Dr D. C. Leslie, Atomie Energy Establishment, Winfrith, 
has been appointed to the chair of nuclear engineering 
tenable at Queen Mary College, London. The title of 
professor has been conferred on the following: Dr I. M. P. 
Dawson, experimental pathology, in respect of his post 
at Westminster Medical School ; Dr R. Duckworth, 
oral medicine, in respect of his post at the London 
Hospital Medical College ; Dr Winifred M. Watkins, 
biochemistry, in respect of her post at the Lister Institute 
of Preventive Medicine. 


Dr J. E. Bailey, research director of Morganite Research 
and Development Limited, has been appointed to the chair 
of materials technology in the Metallurgy and Materials 
Technology Department of the University of Surrey. 


Dr R. J. Andrew has been appointed to the chair of 
animal behaviour in the University of Sussex. 


Appointments 


Dr J. H. Mulligan, jun., chairman of the Department of 
Electrical Engineering of New York University, has been 
appointed executive secretary of the US National Academy 
of Engineering on the retirement of Dr H. K. Work. 
Dr E. F. MacNichol, jun., Johns Hopkins University, 
has been appointed director of the National Institute of 
Neurological Diseases and acting director of the newly 
established National Eye Institute of the US National 
Institutes of Health. 


Dr T. M. Durant, chairman of the Department of Medi- 
cine at the Albert Einstein Medical Center in Philadelphia, 
Pennsylvania, has been appointed chairman of the Drug 
Research Board of the US National Research Council. 
Dr G. H. Dixon, University of British Columbia, has 
been appointed director of the Division of Biochemistry 
and Molecular Biology of the National Research Council 
of Canada. 
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Mr F. H. Jacob, Plant Pathology Laboratory, has been 
appointed director of the Ministry of Agriculture, Fisheries 
and Food Infestation Control Laboratory on the retire- 
ment of Dr I. Thomas. 


Dr H. C. Pereira has been appointed director of the 
East Malling Research Station in succession to Dr 
F. R. Tubbs. It is hoped that Dr Pereira will be free 
to take up his duties on July 1, 1969. Dr Pereira was 
director of the Agricultural Research Council of Central 
Africa until its dissolution at the end of last year. 


Mr D. J. Skidmore has been appointed director of 
research and development (mining) by the National Coal 
Board, and Mr W. Rowell has been appointed to 
succeed him as area director of the Scottish North Area. 


The MRC Infantile Malnutrition Research Unit, Mulago 
Hospital, Kampala, Uganda, has been renamed Child 
Nutrition Research Unit, and Dr R. G. Whitehead, 
at present working in the Infant Nutrition Research 
Division of the Dunn Nutritional Laboratory, Cambridge, 
has been appointed director of the unit on the retirement 
of Professor R. A. McCance. 


Announcements 
The following fellowships have been awarded by the Royal 
Society: the Alan Johnston, Lawrence and Moseley 


research fellowship to Dr J. P. Arbuthnott of the Depart- 
ment of Microbiology, University of Glasgow; a Locke 
research fellowship to Dr D. A. B. Young of the Institut 
de Biochimie Clinique, University of Geneva; a Mr and 
Mrs John Jaffé donation research fellowship to Dr E. A. 
Davis to enable him to carry out research at the Caven- 
dish Laboratory, Cambridge. The Bruno Mendel travelling 
fellowships for 1968-69 have been awarded to Dr R. V. 
Coxon, University Laboratory of Physiology, Oxford, 
to enable him te work in the Department of Physiology, 
Hadassah Medical School, and to Dr H. Ginsburg, Depart- 
ment of Cell Biology, The Weizmann Institute of Science, 
to enable him to work in the Department of Pathology, 
St Mary’s Hospital Medical School, London. 


The Royal Society Mullard Award for 1968 is to be 
presented to Mr L. A. B. Pilkington, director of Pilking- 
ton Brothers Limited, St Helens, Lancashire, for his 
advances in the technology of glass manufacture and, in 
particular, for his mvention and development of the float 
glass process. The award, which consists of a gold medal 
and a prize of £1,000, is given annually for an important 
contribution to the advance of science, engineering or 
technology that in the preceding ten years has led directly 
to national prosperity in the United Kingdom. 


Dr R. C. Mackenzie, head of the Department of Pedology 
at the Macaulay Institute for Soil Research, Aberdeen, 
is the first recipient of the Mettler Award in Thermal 
Analysis. This $1,000 award, sponsored by the Mettler 
Instrument Corporation, Prmceton, New Jersey, is given 
in recognition of work in the field of dynamic thermal 
analysis. 


International Meetings 


September 16-18, Chromatography and Electrophore- 
sis, Brussels (Beigian Society of Pharmaceutical Sciences, 
1i rue Archimède, Brussels 4, Belgium). 


September 16-20, Progress in Overhead Lines and 
Cables for 220 kV and Above, Institution of Electrical 
Engineers (Press Officer, The Institution of Electrical 
Engineers, Savoy Place, London, WC2). 


September 16-28, New Methods in Low-Angle X-ray 
Diffraction and Electron Microscopy for Biological 
Structure Determination, Cambridge (Dr H. E. 
Huxley and Dr A. Klug, Laboratory of Molecular Biology, 
Hills Road, Cambridge). 
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September 17-18, Transport Engines of Exceptionally 
High Specific Output, Nottingham (Conference Depart- 
ment, Institution of Mechanical Engineers, 1 Birdcage 
Walk, London, SW1). 


September 18-19, Electrical Properties of Polymers, 
Cardiff (Mr M. E. Baird, Department of Applied Physics, 
University of Wales, Institute of Science and Technology. 
Cathays Park, Cardiff). 


September 18-20, Gas Filled Valves, Manchester (The 
Meetings Officer, The Institute of Physics and The Physical 
Society, 47 Belgrave Square, London, SW1). 


September 19-22, Plasma Diagnostics, UKAEA Cul- 
ham Laboratory, Abingdon, Berks (The Meetings Officer, 
The Institute of Physics and The Physical Society, 47 
Belgrave Square, London, SW1). 


September 22-25, Tripartite Chemical Engineering 
Conference, Montreal (Institution of Chemical Engineers, 
16 Belgrave Square, London SW1). 


September 24-26, Autumn Meeting of the Chemical 
Society, Keele (Dr John F. Gibson, The Chemical Society, 
Burlington House, London, W1). 


September 27, Resistance to Pests and Diseases 
induced in Plants by Externally Applied Chemicals, 
London (Dr M. B. Green, Development Department, 
ICI Limited, PO Box 13, The Heath, Runcorn, Cheshire). 
September 27-28, annual general meeting of the Materials 
Science Club and meeting on Materials in Medicine, 
Worcester (Dr G. F. Freeguard. Department of Chemical 
Engineering, The University, Nottingharn). 

September 30-October 2, European Phage Meeting, 
Naples (International Laboratory of Genetics and Bio- 
physics, Naples, Italy). 





ERRATUM. In the communication ‘Index of Solar Radio 
Burst Activity at 10-7 em” by D. Basu (Nature, 219, 
597; 1968) the expression 10-**x W-* in the second 
paragraph should read 10-7? W m~. 


Erratum. Inthe article “Trace Elements in Carbonatites 
and Limestones” by P. Bowden (Nature, 219, 716; 1968) 
reference 5 in the last paragraph should read reference 6. 


Erratum. In the second paragraph of the article 
“Antarctic Ecology” (Nature, 219, 677; 1968) the third 
sentence should read “.. . because water freezes above 
aa 22 cre. 

Erratum. In the article “The Molecular Basis of Visual 
Excitation” by George Wald (Nature, 219, 800; 1968) a 
reference to Fig. 7 in the third paragraph on page 803 
should be to Fig. 6. 


Erratum. In the article ““Pulsation Periods of Rotating 
White Dwarf Models” by J. P. Ostriker and J.-L. Tassoul 
(Nature, 219, 577; 1968) the expression on in the tenth 
line of the second paragraph on page 578 should read 
ae 

Erratum. In the article “Factor Fraction required for 
the Synthesis of Bacteriophage Q8-RNA”’ by M. T. 
Franze de Fernandez, Lillian Eovang and J. T. August 
(Nature, 219, 588; 1968) the introductory paragraph 
included a reference to “the last bacterium”; this should 
read “the host bacterium”. 


Erratum. The introductory paragraph of the article 
“Environmental and Behavioural Processes in a Desert 
Locust Outbreak” by Jeremy Roffey and George Popov 
(Nature, 219, 446; 1968) unfortunately failed to highlight 
the new concept which the authors introduced in the 
article. They feel that a more appropriate phrasing would 
have been: “The build-up of a desert locust outbreak is 
seen as a result of three concurrent interrelated processes, 
concentration, multiplication and gregarization”’. 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open tothe pi ii Hey me 





Tuesday, September 10—Wednesday, Septem 


ZOOLOGICAL SOCIETY OF LONDON (in the Meeting Room 
Regent's Park, London, NW1), at 10 a.m. daily—Symp 
Biology of the Porifera”, followed by two days of colloquia. 
Museum (Natural History). Pe 
Wednesday, September !|—Friday, September 13 
_ SocteTy oF CHEMICAL INDUSTRY, PLASTICS AND POLYMER GROUP (at 
Churchill College, Cambridge}—-Meeting on “‘Application of Structural 
Analysis to Polymers”’. 


APPOINTMENTS VACANT 


_ APPLICATIONS are invited for the following appointments on or before the 
dates mentioned: 

RESEARCH ASSISTANT (with a good honours degree in peythology or 
linguistics, and preferably an interest in psycholinguistice and a good know- 
ledge of French) in the DEPARTMENT OF PsycHOLOGY, to work on @ project 
studying the performance of conference interpreters—The Registrar and 
Secretary, University of Durham, Old Shire Hall, Durham September 12). 

RESEARCH ASSISTANT (preferably with a higher degree) ta work on the 


extracellular products of microphytes and their ecological importance The 


Secretary, Department of Biochemistry, Queen Elizabeth College (University 
of London), Campden Hill Square, London, WE (September 12). 

_ RESEARCH ASSISTANT in GEOLOGY in the DEPARTMENT OF GEOLOGY and 
GEOGRAPHY for work in the fields of structural geology, regional petrologioal 
studies, or geochemical studies of ore deposits or sediments- ihe Registrar, 
Kingston College of Technology, Penrhyn Road, Kingston upon Thames, 
Surrey (September 13). ' 

TEMPORARY LecrurEer/Sexion LECTURER (with a PhD degree and post- 
graduate experience in the field of economic entomology and preferably 
training in insect physiology), in ENromoLoay at the University of Queans- 
land, Brisbane, Anstralia—The Association of Commonwealth Universities 
(Branch Office), Marlborough House, Pall Mall, London, SW1 (London aad 
Brisbane, September 13), 

BIOCHEMIST in the DEPARTMENT OF MEDICINE for research into cancer and 
bone metabolism—-The Secretary, King’s College Hospital Medical School 
(University of London}, Denmark Hill, London, SES (September 14), 

ASSISTANT LECTURER (with a registrable qualification in veterinary 
medicine, or an honours degree in pharmacology, or a related subiecti in the 
DEPARTMENT OF VETERINARY PHARMACOLOGY, Royal (Dick) Sehool of 
Veterinary Studies—-The Secretary, University of Edinburgh, Old College, 
South Bridge, Edinburgh, 8 (September 15). 

LECTURER (experimental physicist} in Prysics--The Registrar, King’s 
College London, Strand, London, WC2 (September 14). 

POSTGRADUATE FELLOW (preferably with a research degree sinl some 
knowledge of strata control in mines) in the DEPARTMENT OF Mrsiwe to lead 
a research project, sponsored by the NCB, into strata control aspects of the 
design and layout of mine workings with particular reference to roadways-—~ 
The Registrar, University of Nottingham, Nottingham (September 18), _ 

PRINCIPAL LECTURER (with high academic qualifications and industrial, 
research and/or teaching experience) in BIOCHEMISTRY (in clinical or general 
biochemistry)—-The Principal, Lanchester College of Technology, Priory 
Street, Coventry (September 16), . 

{INDUSTRIAL RRSEARCH FELLOWS in COMPUTER SIENE, fo work on ihe 
design and implementation of the hardware and software for a large com- 
puter system-—The Registrar, The University of Manchester, Manchester, 13, 
quoting Ref, 154/68 (September 20). 

LABORATORY TECHNICIAN (preferably with some experience in biclogy or 
chemistry, ordinary or advanced levels} in the DEPARTMENT OF BOTANY AND 
CELL BIOLOGY to assist in the preparation of practical work for BSe and 
higher degrees—-Clerk to the Governing Body, Woolwich Polytechnic, 
Wellington Street, London, SE18 (September 20), 

MILK MARKETING BOARD RESEARCH STUDENTS (2) (graduates in micro- 
biology or another appropriate science) in the DEPARTMENT OP BioLOGICAL 
SCIENCES to participate in research on the microh ological treatment of dairy 
farm effluents—Dr J. E Smith, University of Surrey, 14 Faken Road, 
London, SW11 (September 21). 

RESEARCH ASSISTANT (preferably with a higher degree (PhD), but grad- 
uates having a good honours degree would be considered) in the DEPART- 
MENT OF GEOLOGY, to take part in a laboratory Investigation of sediments 
from the Humber Estuary ~The Registrar, The University, Sheffield, quoting 
Ref. R. 82/A (September 21}. i 

LECTURER in the DEPARTMENT OF Blocnemistry-—The Secretary, Chelsea 
College of Science and Technology, Manresa Road, London, SW3 (September 
25). . 

LECTURER (with a higher degree and preferably teaching experience andlor 
industrial experience in either enzymology or lipid biochemistry) in o- 
CHEMISTRY—Clerk to the Governing Body, Woobwich Polytechnic. Welling 
ton Street, London, 8E18 (September 24). 

NATURAL HISTORY ASSISTANT (university graduate or with comparable 
qualifications in biology, zoology, entomology or botany) at the County of 
Warwick Museum-——R. M. Willis, Clerk to the Council, Shire Hall, Warwick 
(September 25). 

READER in MATHEMATICS af Monash University—-The Academic Regis- 
trar of the University, Clayton, Victoria 3168, Australia: or The Secretary- 
General, Association of Commonwealth Universities (Branch Office), Mari- 
borough House, Pall Mall, London, SWI (September 30}. 

SENIOR LECTURERS or LECTURERS in PHYSICAL and ECONOMIC GEOGRAPHY 
at the University College of Rhodesia—The Inter-University Counci, 33 
Bedford Place, London, WC1 (October 8}. . l 

SENIOR LECTURER or LECTURER in MATHEMATICS at the University of 
Canterbury, Christchurch, New Zealand—The Association of Commonwealth 
Universities (Branch Office), Marlborough House, Pall Mall, London, SWi 
(October 16). . l 

BIOCHEMIST (with a degree in veterinary science, science, agricultural 
science, rural science or equivalent qualifications, and a PhD degree in an 
appropriate field, or postgraduate research experience of equivalent standard 
and duration, supported by satisfactory evidence of reaearch ability) at the. 
McMaster Laboratory, Division of Animal Health, CSIRO, Sydney, NSW, 
Australia, to develop a research programme related to studies on hosie 
parasite relationships, particularly with regard to helminth infections of 
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sheep-—Mr R. Æ. Turnbull, Chief Scientific Liaison Officer, Australian 
Scientific Liaison Office, 64 Kingsway, London, WE, quoting Appointment 
No, 202/327 (October 25). . Bie. 3 oe e Dik 

BIOCHEMIST (with a good honcurs degree in biochemistry or agricultural 
chemistry, or an equivalent or higher qualification, and preferably some 
research experience in protein chemistry and with physico-chemical tech- 
niques) to work on the chemistry of bovine milk—The Secretary, National 
Institute for Research in Dairying (University of Reading), Shinfield, Read- 
ing, quoting Ref. 68/22 (2), 

GRADUATE RESEARCH ASSISTANT in the CARDIOLGGICAL DEPARTMENT 
for biochemical investigations of blood lipids in coronary arterial disease — 
The Secretary, St Mary’s Hospital Medical School, Paddington, London, W2. 

RESEARCH ASSISTANT (preferably honours graduate chemist) in the 
CHEMISTRY DEPARTMENT, to join a new project on the characterization of 
steroid drugs--Dr ©. J. W. Brooks, Chemistry Department, University of 
Glasgow, Glasgow, W2. 

SCIENTIFIC OFFICER Or BENIOR TECHNICIAN IT (preferably with a know- 
ledge of isotope work, physics) in the HAEMATOLOGY Division, Group 
Pathological Laboratory——-The House Governor, Northern General Hospital, 
Sheffield, 85 7AU. 

SENIOR MepicaL LABORATORY TECHNICIAN (preferably with experience in 
blood coagulation techniques) for work mainly concerned with the diagnosis 
and control of treatment of patients suffering from haemophilia—The 
Secretary, Oxford Haemophilia Centre, Churchill Hospital, Oxford, 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Sunpiement) 


Great Britain and Ireland 


University Grants Committee. Enquiry into Student Progress 1968. 
Pp. iv+85. (London: H.M., Stationery Office, 1968.) 27s. 6d. net. [58 
Report to the Worshipful Company of Clothworkers of the City of London 
of the Advisory Committee on the Departments of Textile Industries and 
Colour Chemistry and Dyeing in the University of Leeds for the Session 
1966-67, Pp. 66. (Leeds: The University, 1968.) [68 
Commonwealth Mycological Institute. Phytopathological Papers. No. 8: 
An Annotated List of Seed-Borne Diseases. By Mary Noble and M. J. 
Richardson. Second edition. Pp.v+191. 30s. No.9: Plant Virus Names: 
an Annotated List of Names and Synonyms of Plant Viruses and Diseases. 
Compiled by the Commonwealth Mycological Institute and Edited by 
E. B. Martyn. Pp. ix+204. 30s, (Kew: Commonwealth Mycological 
Institute, 1988.) 68 
Science Museum. Science Library Bibliographical Series, No. 793: Some 
References to the History of Telegraphy. (Supplement to No. 307.) Pp. 5. 
(London: Science Museum, 1968.) {68 
British Association for the Advancement of Science. Annual Report 
1967-68. Pp. 20. (London: British Association for the Advancement of 
Sclence, 1068.) {78 
Commonwealth Collection of Micro-Organisms. Director of Collections 
and List of Species maintained in New Zealand. Pp. iv +19. (London: 
H.M. Stationery Office, 1968.) Zs. net. ; 7R 
The Moscow Negotiations 1939. By Lord Strang. (The Twenty-sixth 
Montague Burton Lecture on International Relations.) Pp. 24. (Leeds: 
The University, 1968.) 2s, 6d. [78 
Commonwealth Mycological Institute. Phytopathelogical Papers, No. 10: 
The Concept of Vertical and Horizontal Resistance as INustrated by Bacterial 
Wilt of Potatoes. By R. A. Robinson. Pp, 37. (Kew: Commonwealth 
Mycological Institute, 1968.) 173. 6d, {78 
institute of Physics and the Physical Society. Eighth Annual Report of 
the Council 1967. Pp. 16. (London: The Institute of Physics and the 
Physical Society, 1968.) [88 
Republie of Ireland. Report of the Minister for Agriculture and Fisheries 
on the Sea_and Inland Fisheries for the year 1966. Pp. 64, (Dublin: 
Stationery Office, 1968.) 43. {98 
Farmers’ Leaflet No. 16: Reeommended Varieties of Grasses. Pp. 24. 
(Cambridge: The National Institute of Agricultural Botany, 1967.) [128 
The Edinburgh School of Agricuiture: The Edinburgh and East of Scotlend 
College of Agriculture. Calendar for 1968-1969, Pp, 68. (Edinburgh: The 
Edinburgh School of Agriculture, 1968.) {128 
The Medical Commission on Accident Prevention. Fourth Annual Report 
1967-1968. Pp. 51. (London: The Medical Commission on Accident 
Prevention, 1968.) [128 
RRE Activities Guide—Technical and Research Services for Industry. 
Pp. 27, (Great Malvern: Royal Radar Establishment, 1968.) fi2s 
Principles Governing Certain Changes in the Environment of Man. Pp. 35. 
eee The David Davies Memorial Institute of International Bindiee 
3 $. 138 
Bulletin of the British Museum (Natural History). Geology. Vol. 16, 
No. 7: Palaeoniscoidea-Schuppen aus dem Unterdevon Australiens und 
Kanadas und aus dem Mitteldeveon Spitzbergens. Von Hans-Peter Schultze, 
Pp. 341-368+4 plates. (London: British Museum (Natural History), 
1968.) 26s. [188 
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. Ministry of Technology: Forest Products Research. Insect and Marine 
Borer Damage to Timber and Woodwork: Recognition, Prevention and 
Eradication. By J. D. Bletchiy. Pp. 88. (London: H.M. Stationery Office, 
196?.} 35s. net, 148 
The Natural Rubber Producers’ Research Association. Thirtieth 
Report. Pp. 48. (Londen: 
Association, 1968.) 
_ Overseas Development Institute. 
(London: 


Annual 
The Natural Rubber Producers’ Research 


{148 
Annual Report, 1067-1968. Pp. 38. 
Overseas Development Institute, 1968.) [155 


Other Countries 


_ Selected Papers from Regional Conferences, 1966-1967. Edited by 
D. N. Marquardt, (Reports from Regional Conferences sponsored by the 
Advisory Councii on College Chemistry.) Pp. 75, {Palo Alto, California: 
Advisory Council on College Chemistry, 1968.) [297 
Field Museum of Natural History. Fieldiana: Botany. Vol 31, Nos. 
15, 16, 17, 18: Studies in American Plants. By Dorothy N. Gibson. Two 
New Nicaraguan Juglandaceae, By Antonio Molina A. Studies in the 
Palm Genus Syagrus Mart. By 8. F. Glassman. Tropical American Plants, 
iX, By Louis O. Williams, Pp, 353-425. (Chicago: Field Museum of 
Natural History, 1968.) (317 
United States Department of Agriculture: Agricultural Research Service. 
General Catalogue of the Homoptera. Fascicle VI: Cicadelloidea. Part 10- 
Euseelidae., In Three Sections, Section 1. By Z. P. Metealf. Pp. y +1077. 
(Washington, D.C.: Government Printing Office, 1967.) [317 
World Health Organization. Technical Report Series. No, 393: Smallpox 
Eradication—Report of a WHO Scientific Group. Pp. 52. 3 Sw. francs: 
ës.: $1, No, 304: Streptococcal and Staphylococcal Infections——Report of 
a WHO Expert Committees. Pp. 54. 3 Sw. francs; 6s.: $1. No, 395: 
Hospital Administration—Report of a WHO Expert Committee. Pp, 20. 
2 Sw. frans; 48.; $0.60. No. 306: Immunology of Maiaria—Report of a 
WHO Scientific Group. Pp. 50. 3 Sw. frances; 6s.: $1. (Geneva: World 
Health Organization; London: H.M. Stationery Office, 1968.) [58 
Companhia de Diamantes de Angola (DIAMANG), Servicos Culturais. 
Dundo—-Lunda—Angola. Museu do Dundo. Publicacoes Culturais No. 65: 
Estudos de Historia (Ultramarina e Continental). O Mosteiro de Jesus de 
Aveiro, Por Domingos Mauricio Gomes dos Santos, 83. (Vol. 3141/2.) Pp. 
173-502. (Lisboa: Companhia de Diamantes de Angola, 1967.) [5s 
Serial Atlas of the Marine Environment. Folio 15: Monthly Sea Tem- 
perature Structure from the Florida Keys to Cape Cod. By Lionel A. 
Walford and Robert I. Wicklund. Pp. 2416 plates + Appendix (Statistical 
es of Source Data). (New York: American Geographical Socet, 
R, H 
Bulletin of the Amerikan Museum of Natural H istory, Vol. 188, Article 5: 
Phylogeny and Generic Reclagsification of the Capritermes Complex (Isoptera, 
Termitidae, Termitinae). By Kumar Krishna. Pp. 261-324, (New York: 
American Museum of Natural History, 1968.) $1.50. [58 
Republic of South Africa, Department of Industries. Division of Sea 
Fisheries Investigational Reports. No. 66: The Sperm Whale (Physeter 
catodon) Of the West Coast of South Africa. 2: Reproduction in the 
Female. By P. B. Best. Pp. 32. No. 67: Growth of the South African 
Abalone Haliotis midae. By G, G. Newman. Pp. 24. (Sea Point, Cape Towo 


Division of Sea Fisheries, 1968.) { 
ABM Primer—Physics for Defense. By William J. Perkingon. Pp. 26. 
(Reprinted from The Baltimore Evening Sun.) (New York: aie 
88 
Estudo Geolo- 


Institute of Physics, 1968.) 

Contribucion del {nstituto Antartico Argentino. No, 78: 
gico—Petrografico del Extremo Occidental de la Isla 25 de Mayo, Islas 
Shetland del Sur. Por Osvaldo C. Schauer y Nesto H. Fourcade. Pp. 13. 
No. 82: La Investigacion Actual de ja Aurora Austral. Por Otto Schneider. 
Pp. 54. No. 98: Geologia y Petrografia del Monte Irizar y Adyacencias, 
Isis Decepcion, Islas Shetland del Sur. Por Dr Nestor H. Fourcade. Pp. 25. 
No. 101: La Presencia de Pyiaiella Littoralis GL.) Kjellman en la Antartica. 
Por Aldo Oscar Asensi. Pp. 14. (Buenos Aires: Instituto Antartico Argen- 
tino, 1963, 1964, 1966.) {98 

Mauritius Sugar Industry Research Institute. Annual Report 1967, 
Pp. 151 +24 tables. (Reduit: Mauritius Sugar Industry Research saa 
1968.) 

Towards Postal Excellence: The Report of the President's Commission 
on Postal Organization, June 1968. Pp, vi+ 212, (Washington, D.C.: 
Government Printing Office, 1968.) $1.25, {128 

Institut Royal Métécrologique de Belgique. Bulletin Mensuel, Observa- 
tions lonosphériques, Juin 1968. Pp. 26. (Uccle-Bruxelles: Institut Royal 
Météorologique de Belgique, 1968.) [128 

Council of Europe—Council for Cultural Co-operation. European Research 


Resources: Radiochemistry (Nuclear Chemistry), Pp. 57. (Strasbourg: 
Council of Europe, 1967.) 3 franes. [128 
FAO—WHO-—OTE, Animal Health Yearbook 1967. Pp. vi+ 831, 


(Rome: 
328., S. 
Companhia de Diamantes de Angola (DIAMANG). Servicos Culturais. 
Dundo—Lunda—Angaa. Museu do Dundo. Publicacoes Culturais No, 65: 
Estudos de Historia (Ultramarina e Continental). O Mosteiro de Jesus de 
Aveiro, Vol. 11/3. Por Domingos Mauricio Gomes dos Santos, SJ. Pp. 505- 
784. (Lisboa: Companhia de Diamantes de Angola, 1967.) [128 


Food and Agriculture Organization of the United Nations, eee 
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with Photomultiplier providing an 
automatic film exposure range 


from 1/100 second to 2 hours. 


The Photomicroscope Il has so 
many new features that it is 
impossible to detail them all here. 
Based on the well proven Photo- 
microscope |, the model il has a 
completely new optical system that 
provides the opportunity to direct 
the light path straight to the film 
plane. The built-in Photo- 
multiplier appreciably widens the 
exposure range and has the 
important facility of measuring the 
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exposure from selected areas 
which constitute only 5% of the 
total field. This is of particular 
interest where the exposure 
determination has to be made ona 
single cell. 

Demonstrations are now being 
arranged and we should be pleased 
to visit you to give you full 
technical information concerning 
this latest unique development 
from the Carl Zeiss Foundation. 


West 
Germany 











microscope Il 


Full details from Carl Zeiss at 
Degenhardt & Co. Ltd., Carl Zeiss 
House, 20/22 Mortimer Street, 


London, WIN BAP 
01-636 8050 (15 lines) 
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AUSTRALIAN NATIONAL 
UNIVERSITY 
ELECTRON MICROPROBE OPERATOR 


Applications are invited for the position of 
operator in charge of the Electron Microprobe 
Laboratory in the Department cf Geophysics and 
Geochemistry in the Research School of Physica! 
Sciences, under the supervision of Dr. J, PE. 
Lovering, 

This laboratory is concerned with the deter- 
mination of major and minor elemental abund- 
ances in micron-size phases in geological mate. 
tials and meteorites with a high degree of accur- 
acy. The laboratory has also been responsible 
for the development of new methods of analysis 
with the electron microprobe and uses computer- 
based data reduction procedures, After an 
initial training period the Successful applicant 
will be responsible for the day-to-day running 
of the instrument and will be expected to par- 
ticipate in the research programme of the labor- 
atory. 

It would be an advantage if applicants had 
qualifications in the geological sciences and ex- 
perience in the operation of X-ray analytical in- 
strumeniation. Some knowledge of chemistry, 
electronic instrumentation and/or computer pro- 
gramming would also be an advantage, 

Salary will be within one of the following 
ranges depending upon qualifications and experi- 
ence: Technical Officer Grade I, $A3,014 to 
$A3,692 per annum, Technical Officer Grade Hf, 
$A3,690 to $43,916 per annum. Senior Technical 
Officer, $44,033 to $45,376 per annum. Research 
Officer Grade I, $A4,274 to $A5,643 per annum. 
Research Officer Grade TI, $A5,885 to $A7,115 
per annum. (Limits only.) 

Senior Technical Officer and Technical Officer 
Salaries are currently under review. In addition 
a salary loading of $A2060 for an approved uni- 
versity degree or $AI00 for certain recognized 
Technical College diplomas ar membership of a 
professional body recognized by the University 
is payable to Technical Officers. 

Assistance with passages and accommodation 
will be provided. 

The successful applicant will be required to 
undergo a medical examination. Written appli- 
cations, quoting reference number 68216, and 
showing details of date and place of birth, 
marital status, previous employment, and the 
names and addresses of three referees, should 
be forwarded to the undersigned at Box 4, P.O. 
Canberra, ACT, 2600, Australia, with whom ap 


plications close on September 25, 1668. 
D. K. R. HODGKIN, 
Registrar. 
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UNIVERSITY OF LEICESTER. 
SCHOOL OF BIOLOGY 


Applications are invited from men and women 
gtaduates who have special interests in cytology 
and/or experimental taxonomy for a Lectureship 
in the Department of Botany. Salary according 
to qualifications and experience on scale £4,470 
to £2,630 a year, with F SSU. Membership. 

Further particulars from the Registrar. 


SENIOR TECHNICIAN REQUIRED To 
lake charge of a full-time Research Laboratory. 
The work is chiefly of a cytological nature and 
some experience in histology, photomicrography 
er electron microscopical techniques would be 
. preferred. Salary according to age, qualifications 

and ¢xperience.--Applications to The Director, 
M.R.C. Research Group in Applied Neurobio- 
logy. Institute of Neurology, 8 Queen Square, 
Londen, WE. (847) 





Chairman, 


To teach at the undergraduate and graduate level and to 
Carry out research in his chosen field. A knowledge of 
bioacoustics and/or behaviour would be advantageous. 


Rank and salary are commensurate with experience. The 
successful candidate would be expected to take up the 
appointment before January 1969. 


Professor K. Ronald, 
Department of Zoology, 


University of Guelph, 
Guelph, Ontario, Canada. 
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Pharmacologist 


Major Pharmaceutical 


Company with research acilities located in 
P 


Montreal, Canada, has an attractive career opportunity in Pharmacology. 


THE JOB 


To initiate and/or devtiop screening and fol 
discover new types of drugs for treatment 


disorders in man. 
essential, 


THE MAN 


Young man with training in Pharmacology to the Doctorate level. 
industry or work under a Post-Doctoral Fellowship 


a real advantage, 


BENEFITS 


Yop Canadian salary and growth potential. 


low-up procedures in animals, in order to 
of functional and degenerative respiratory 


The ability to provide leadership ts a supporting staff of 3-4 is 


Some experience in 
in the area of respiratory disorders 


Comprehensive health, Hfe insurance and 


reurememt plan as well as paid passage to Canada, 


You are invited to explore this opportunity in complete confidence. 


be made promptly by air mail to: 


The Director of Personnel, 
P.O. Box 1005, Montr 


BRITISH TRUST FOR 
ORNITHOLOGY 
Applications are invited for the posts of 
DIRECTOR OF RESEARCH 


A senior post requiring a good degree in a 
biological subject and a record of postgraduate 
research including ornitholeey. Salary range, 
£2,250 ta £3,107, 

RESEARCH OFFICER, POPULATIONS 
SECTION 
Suitable for a young graduate preferably with 


statistical knowledge and field experience in 
census work. Salary range £1,044 to £1,574. 


RESEARCH OFFICER FOR 
ORNITHOLOGICAL ATLAS 


A new post requiring wide knowledge of bird 
distribution in Britain and Ireland ; experience of 
organising co-operative inquiries and preparing 
matter for publication desirable. Salary range 
£1,230 to £1,457. . 

Full details and application forms (which 
should be returned by September 18), are obtain- 
able from the Secretary, BTO., Beech Grove, 
Tring, Hertfordshire. (#32) 


Applications should 


Merck Frosst Laboratories, 
eal 3, Quebec, Canada. 


(805) 


UNIVERSITY OF MANCHESTER 
MANCHESTER, 13 


LECTURER OR ASSISTANT 
LECTURER IN PHARMACOLOGY 


Applications invited for this post from persons 
with appropriate non-medical qualifications. 
Salary ranges per annum: Lecturer, £1,470 to 
£2.630: Assistant Lecturer, £1,105 to £1,340. 
F.S.S.U, 

Particulars and application forms (returnable 
by September 18) from the Registrar. Quote ref. 
159 /68/ Na. (830) 

INSTITUTE OF CANCER RESEARCH: 
ROYAL CANCER HOSPITAL. 


in tumour 
Surrey, ta 


Previous re- 
starch experience essential Salary according tp 
experience in range £1,530 to £2,075 per annum. 
F.S.8.U~-Apply with names of two referees, 10 
the Secretary. 34 Summer Place, S W7. quoting 
ref. 300/G)/ 44. (R243 
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Grow and Dissolve 


Tue bid by the Plessey Organization for the shares 
-of English Electric (Nature, 219, 885; 1968) has some- 
what unexpectedly set in tram a whole series of 
upheavals in the British electrical industry. Stung e 
little by the importunity of Plessey, English Electric 
seems to have surprised a gcod many people by 
announcing its willingness to merge with the General 
Electric Company (no relative of the United States 
company with the same name). Apologists for the 
marriage point out that the two companies have been 
working closely together for some time, but particu- 
larly since General Electric amalgamated with AEI 
last November. Even so, the Government, in the forms 
of the Ministry of Technology and the Industrial 
Reorganization Corporation, which have been preach- 
ing the advantages of amalgamation for several 
years, seems to have been taken aback by the scale of 
what is now planned. The Ministry of Technology has 
fallen into unwonted silence, while the IRC—-a fairy 
godmother at the wedding of GEC and AEI and a 
prophet of amalgamation in electrical engineering for 
the whole of its existence—is “studying” the proposals. 
Obviously it will be some time before shareholders 
know which company will pay their next dividends. 
No doubt the British Government’s surprise stems 
in part from the internal contradictions of its policy 
on the scale of industry. The Ministry of Technology 
and its dependants have been firmly on the side of 
bigger companies, partly because large companies can 
make fuller and more efficient use of research and 
development, partly because they can concentrate 
resources more easily on projects that will make a 
profit and partly from the general belief that, in a world 
in which the names of the large American corporations 
are household words, only giants among companies 
can thrive. But this is only one side of the coin. The 
Board of Trade—-never as responsive to its critics es 
it should have been—-has slowly taken up a stand 
against monopoly and in favour of a stronger Monopo- 
lies Commission. The result is that it will now be neces- 
sary for the Government to decide whether the pro- 
posed merger of GEC and English Electric should go 
before the Monopolies Commission, and there is at 
least a danger that the commissioners will say no. 
This, certainly, is what the merchant bankers S. G. 
Warburg have been saying in their paid advertise- 
ments. This, too, is what some of the smaller com- 
panies in the electrical generator business have been 
urging on the Government. If the proposed merger is 
eventually frustrated, the Government should at least 
regard this as an oceasion for making up its mind about 
the boundaries which should be established between its 
policy of merger and its policy of competition. One 
obvious difficulty is that the Ministry of Technology 
is quite properly more concerned with the problems 
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of foreign competition than is the rest of the Ge 
ment. (What would happen to the Monopolies Com- — 
mission if Britain joined the Common Market ?) And, 
although the monopolies legislation has already done 
a great deal to make British industry more competi- 
tive, nobody should let the Government forget that 
there are other ways in which the same ends could be 
attained—easier credit for new companies, for example. 
On the whole, it seems very much that the merger 
would be more a benefit than a burden. In light 
electrical engineering, the two companies seem to 
complemer it each other well. English Electric, for 
example, is in the thick of integrated circuit develop- 
ment, while GEC has stayed more on the high-power 
side. In power generation, on the other hand, and 
in switchgear and transformers, they compete on 
common ground, but men from both sides are saying 
that even this will be a boon—a way of forcing on 
themselves what is now euphemistically known as 
rationalization. What seems to be beyond dispute is 
that technical fields like this now cry out for much 
more concentrated research and development than m 
the old days, when the evolution of design was gradual 
and even predictable. Tough management could 
bring great rewards, but there will be complications as 
well. One obvious problem, for example, is that a 
company which is in effect a combination of the three 
traditional electrical companies which dominated 
British engineering a decade ago, with Elliott Automa- 
tion thrown in for good luck, is bound to find several. 
of its interests arrayed in competition with each other. 
The three consortia still looking for orders for nuclear 
power stations will now find themselves in part 
dependent on the new empire-—and it is perhaps just 
as well that the Industrial Reorganization Corporation 
has already embarked on an attempt to make policy 
for this part of industry. Then the proposed merger 
would also have a commanding say in the affairs w 
International Computers Ltd, the company on which 
are centred such hopes as there may be of the 
emergence of an independent computer industry im 
Britain. This may be inevitable, but is it desirable ? 
These are the kinds of questions which will exercise 
the Board of Trade, now left with the problem of 
deciding on the reference to the Monopolies Commission. 





Change in Nomenclature 


AS a SD tow ards a more standardized biological 
$ 
POR Gace. a arsine o paaa r y ne. | 
bacteria or viruses in italic type. Italies will in | 
future only be used to represent genotypes; for 
example, T6T6 cells but 76 chromosomes. 
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Although the balance of advantage is on the side of 
the proposed merger, it would not be unreasonable to 
expect that English Electric and GEC should somehow 
trim their sails to the publie interest in some small but 
important ways. 

It may, however, be too soon to know precisely 
what to do. Although it is hard to see how the com- 
bination of GEC and English Electric could be quickly 
matched in seale by any combination of the other 
companies now looking anxiously for marriage partners, 
it seems quite certain that a reorganization of the 
British electrical industry is only just beginning. It 
seems quite likely, for example, that Plessey will now 
seek some kind of accommodation with other com- 
panies—that would be only sensible. Ferranti may 
also think the time is ripe for change. The smaller 
manufacturers in the heavy engineering industry will 
be anxious to come in from the cold, while nobody 
seems as yet to have given serious thought to the 
possibility of groupings which include electrical manu- 
facturers and more traditional interests, but it would 
do very little harm if companies like Vickers were now 
drawn into the upheaval. But all this suggests that 
the proposed merger between GEC and English 
Electric is not the culmination of a process of industrial 
amalgamation but a catalyst for further change. 
Luckily, the cheerful way in which British industry 
has been setting about the problems of reorganization 
in the past year suggests that people are ready to take 
full advantage of enterprises like these. That, as 
much as anything, is why the trend towards amalgama- 
tion is to be weicomed. 


COMMUNICATIONS 


Post Office Recoded 


THE British Post Office has installed a small experi- 
mental telephone exchange in West Kensington to 
handle pulse-code modulation (pem) calls between three 
London exchanges—-Acorn, Ealing and Shepherds 
Bush. The new equipment is a tandem exchange—an 
“exchange for exchanges’’—and connects a number of 
exchanges in a local area. Conventional tandem 
exchanges are based on electro-mechanical switching, 
so that, when used in conjunction with pem point-to- 
point transmission systems, the pem signals have first 
to be decoded on entering the exehange and coded 
again on leaving the exchange over the next pem link. 
The new exchange, which is installed in the Empress 
telephone exchange building in West Kensington, is 
able to switch calls in their pem form. 

In pulse-code modulation transmission systems, the 
amplitude of the speech waveform is sampled 8, ag 
times per second—once every 125 micro 
the amplitude of each sample is represented o a 
sequence of eight short pulses occupying some five 
microseconds. This means that up to 24 calls can be 
carried on a single circuit by staggering the sampling of 
each conversation so that the samples are interleaved. 
The advantages of pem transmission in telephony are 
therefore chiefly in the savings on cables, but pem 
systems also maintain a high quality of speech and are 
more or less immune to interference. By the end of 
1969, the Post Office hopes to have installed nearly 
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1,000 pem transmission systems over comparatively 
short routes, chiefly in regions where the traffic is 
heavy. 

Tandem exchanges in pem systems have had to 
incorporate coding and decoding equipment so that the 
signals can be handled by the electro-mechanical 
switches. The new equipment at the Empress ex- 
change, designed by the Post Otice Research Station 
at Dollis Hill, has microelectronic integrated circuits to 
carry out the digital switching of the pem pulses. Such 
a tandem exchange seems to be particularly necessary 
in extensive urban areas, where there can normally be 
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The Empress field trial. 





significant losses 
digital switching can ne 

‘In the experimental system in West London (see 
figure), part of the traffie between the three neighbour- 
ing exchanges of Acorn, Ealing and Shepherds Bush 
which is normally car ried by standard audio links will 
be coded by pem equipment. There are two pem 
routes, each carrying 24 conversations from each of the 
three exchanges to the experimental exchange, so that 
144 connexions will be handled. This is small as 
exchanges go, but the arrangement includes all the 
features which much larger equipment would have, 
and the designers are confident that the timing and 
synchronization problems will be thoroughly explored 
in this new experimental exchange. 


something which 


AIRPORTS 


Near the Ceiling 


THE British Airports Authority makes plain its con- 
cern over the siting of London’s third airport in its 
second annual report published on Tuesday. The 
authority welcomes the setting up of the Roskill Com- 
mission (see page 1095) and offers every assistance, 
for it is vitally concerned that the right site is selected 
if for no other reason than that it will eventually have 
the job of running the airport at a reasonable profit. 
Moreover, even if the rates of growth of traffic at 
Heathrow and Gatwick (5:5 per cent increase of 
passengers and 11-8 per cent in cargo) remain at the 
reduced level of the past year—and presumably as 
soon as the foreign currency restrictions are lifted the 
rates will start to increase again-—-they will reach 
saturation by the mid-1970s. By then the airports will 
be handling 24 million passengers a year, all that they 
can hope to cope with even after the major improve- 
ments that are in hand or planned. 

Last year, of the four airports run by the authority, 
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only Heathrow made a significant profit, £6 million, 
which is 14 per cent better than in 1966-67. Trading 
losses were reduced at Gatwick and Stansted, but 
profits fell marginally at Prestwick. The overall 
return on capital was 10-98 per cent compared with 
10-27 per cent in the previous year. By the standards 
of all the nationalized industries, which only managed 
an average of 3-9 per cent return on capital, that is 
perhaps satisfactory, but the average for private indus- 
try over the first quarter of 1968 was 13 per cent. In 
effect, all the authority's eggs are in one basket. Heath- 
row, as the world’s busiest international airport, makes 
all the profit and receives all the capital investment. 
Of the £37 million worth of capital works in hand, £36 
million is being spent at Heathrow on new passenger 
and freight terminals; the other three airports share 
less than £1 million. 

Apart from the problem of where to put a new air- 
port, the authority sparked a controversy of its own 
and was threatened with a boycott when it raised 
international and continental landing charges by 16-6 
and 12:5 per cent after April 1. The report goes to 
some length to justify the increase. The authority 
has, of course, statutory instructions to make a reason- 
able return on its capital and has committed itself to 
raising internally about 60 per cent of the £75 million it 
plans to spend in the next five years. But the immediate 
stimulus for the increase was devaluation; to keep its 
landing fee earnings at the pre- -devaluation level it 
would either have had to increase traffic by about 20 
per cent—and there was no real hope of that—or charge 
more. The authority claims, however, that even after 
the increase its airports are by no means the most 
expensive in Europe, but only Stockholm and Paris 
charge international carriers more. The only way the 
authority can really justify its increases is by giving 
its customers better service, and the improvements in 
facilities which will be needed before the jumbo jets 
come into widespread service are being planned in 
consultation with both airlines and the aircraft manu- 
facturers. 


AIR TRANSPORT 


Slower but More Sure 


THE Commission of Inquiry on the third London ar- 
port, which was set up in May by the British Govern- 
ment after the public outcry over the mishandling of 
the Stansted site, has taken the unprecedented and 
encouraging step of setting up a full scale research 
team to make a cost-benefit analysis of possible sites. 
Equally important, the commission and the Board of 
Trade are offering realistic salaries, competitive with 
those in the universities, which are obviously the 
recruiting ground they have in mind. 

The commission has Mr Justice Roskill as chairman 
and includes Professors C. D. Buchanan (transport), 
D. Keith-Lucas (aircraft design) and A. A. Walters 
(social statistics), Mr A. Knight of Courtaulds, Mr A. 
Goldstein (a consulting engineer) and Mr A. J. Hunt 
of the Ministry of Housing and Local Government. 
Their task, set out in the terms of reference, is “to 
inquire into the timing of the need for a four-runway 
airport to cater for the growth of traffic at existing 
airports serving London, to consider the various 
alternative sites, and to recommend which site should 
be selected”. 
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The commission seems to have accepted that the 
new airport will be somewhere near London. It has 
also accepted the broad outline of procedure suggested 
by Mr Crosland, the President of the Board of Trade, 
in his announcement of May 20. The first stage of the 
inquiry which is currently in progress is to receive, 
by October 31, detailed proposals in favour of specific 
sites and to draw up a short list which should be ready 
late this year or early in 1969. The research team 
which the commission is now recruiting will be needed in 
subsequent stages of the inquiry when the possible 
sites will be fully evaluated. At least the skeleton of 
the team will be needed early in 1969, but at this stage 
neither the commission nor the Government is prepared 
to commit itself on its size, scope, duration or cost. 
Much apparently will depend on how the maquiry 
progresses. Whatever happens, however, the team will 
have to be broadly based if it is to make a useful 
analysis of the airport, which involves considerations 
as different as amenities and defence. 

The research group will probably start with four 
or five section heads, equivalent in pay at least to 
professors, who will cover the major areas of the 
inquiry—economics, engineering, social consequences 
and transportation to the airport. Advertisements 
for the posts ask for people trained in every relevant 
field and offer interchangeability of university pensions 
as well as competitive salaries. The Board of Trade 
received more than a hundred letters of inquiry by 
the first post after the advertisements were published, 

The inquiry evidently promises a great many 
academics a chance to escape for a while from the 
current frustrations of academic life and, at the same 
time, to try out their talents, without too much risk, 
in some field other than the universities. It will be 
fascinating to see how quickly other branches of the 
British Government recognize this procedure as a 
valuable device for encouraging mobility of intellectual 
labour. 


ASTRONOMY 


Eclipse in Siberia 


from our Astronomy Correspondent 


THE path of the total eclipse of the Sun on Sunday, 
September 22, passes through the Soviet Union and 
ends in China, but as the map from the American 
Ephemeris and Nautical Almanac shows, a partial 
eclipse will be seen from most of Europe, parts of Africa 

and southern Asia. There are several reasons why the 
circumstances of this eclipse are not as happy as 
astronomers would like. Along the path of totality, 
the altitude of the eclipsed Sun will reach a maximum 
of only 19°, and the late September weather in the 
region to the east of the Ural Mountains, where much 
of the path lies, is not particularly noted for cloudless 
skies. To the far north of the Soviet Union there is 
normally only one clear day during September along the 
path of the eclipse, but conditions improve tow ards the 
south, and near the intersection of the eclipse path with 
the Chinese border there are, on average, 14 clear 
September days. As far as weather conditions go, the 
ideal location to view the eclipse would be just south of 
Lake Balkhash (visible on the map), but here the alti- 
tude of the Sun will be only about 10 degrees and the 
duration of the eclipse about half a minute. Unfor- 
tunately, the total eclipse contrives just to miss Alma 
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Ata, near the Chinese border, the location of the 
observatory of the Kazakh Academy of Sciences, which 
is well equipped with telescopes. 

Russian plans to observe the eclipse were described 
in Nature last year (216, 950: 1967), and astronomers 
there have decided to sacrifice the more favourable 
weather conditions of the Lake Balkhash area for a 
location where the altitude of the Sun and the duration 
of more than 40 seconds will be at their maxima for the 
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-eclipse. The location chosen by the Russian astrono- 
mers is a station on the Trans-Siberian Railway between 
Sverdlovsk and Kurgan, at a latitude of about 56° N., 
where September cloudiness is normally some 60 per 
cent. Does this mean that the Russians are prepared 
to use cloud seeding techniques to disperse cloud cover 
as they claim to have done successfully during the 1961 
eclipse which passed over the Crimea ? 

The magnitude of a partial eclipse is defined as the 
fraction of the diameter of the Sun covered by the 
Moon. At London, the partial eclipse will begin at 
9.29 UT and the magnitude will be 0-285. On the map, 
the time of the middle of the eclipse is marked, as is 
half the duration of the eclipse, in minutes, so that at 
London the eclipse will last 1 h 46 min and the maxi- 
mum will be at 10.21, 


EDUCATION 


Leaving Young 


Soon after its first meeting in 1964, the Schools Council 
described the proposed raising of the school leaving 
age to 16.as a bold act of faith. It believed that, because 
so little was known about the attitudes to school of 
children, parents and teachers, it would be difficult 
usefully to oceupy the extra year at school of the 
children who would otherwise have left at 15. In an 
attempt to solidify the act of faith, the Schools Council 
commissioned the Government Social Survey to en- 
quire into these attitudes, and the results of this 
£80,000 operation are published this week. (Young 
Leavers, HMSO, 15s.) 

Originally it was hoped that the enquiry would be 
completed by 1968, so that there would be a three year 
gap before the leaving age was raised—time for 
teachers to use the findings in the planning of cur- 
ricula, The Government’s decision to postpone the 
raising of the leaving age was announced while the 
results of the enquiry were being printed, but the 
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Schools Council decided that its findings were never- 
theless important and relevant to curriculum planning, 
and publication has not been held up. 

A random selection of 4,500 children in the 13 to 16 
age group and their parents, 3,500 19 to 20 year olds, 
and 1,500 head and assistant teachers were interviewed 
so that comparisons could be made between the views 
of 15 year old leavers, their parents and their teachers; 
between 15 year old leavers and pupils who stay longer 
at school; and also between those at school who were 
expecting to leave at 15 and the 19 and 20 year olds 
who had left at 15. Attitudes to school form the major 
part of the enquiry, but relations between home and 
school careers, further education and general attitudes 
to life were also investigated. 

Considerable differences were found in attitudes to 
such things as the objectives of school, the value and 
interest of various school subjects and the amount of 
practical work desirable in any subject. The report on 
the enquiry was written primarily for the educators, 
with the Schools Council hoping that teachers will 
compare the results with their own experience and will 
use the questionnaires as a basis for their own investiga- 
tions, so that the problem of what to teach and how to 
teach it will be resolved according to the needs of each 
school. But the wider problem of parental cooperation 
and involvement with school is also brought to light 
in the enquiry. It is believed that all parents must 
come to realize that they have a part to play in the 
education of their children, and it is in the field of 
relationships between home and school that much 
work can be done for the young leaver. 


UNIVERSITIES 


Stanford at Cliveden 


By the middle of this month, Stanford University may 
well have acquired Cliveden. until 1966 the home of 
the Astor family, to supersede Harlaxton Manor in 
Lincolnshire as its British campus. The university and 
the National Trust are at present negotiating the terms 
of a 21 year lease. Stanford University may seem a 
particularly fitting tenant for the estate, for the 
second Viscount Astor, who gave Cliveden to the 
National Trust in 1942 and whose family has strong 
American connexions, asked that Cliveden should, if 
necessary and possible, be used as a centre for educa- 
tional or trade union activities concerned with Anglo- 
American relations. 


students m California spend six months at one of them 
at some time during their undergraduate career. They 
come with two or three professors and are also taught 
by staff from local universities. The idea, which 
Stanford has pioneered, is that a spell abroad is an 
essential part of an undergraduate’s education, but, 
with the cost of living less abroad than at home, the 
custom must also provide a sense of something for 
nothing, or nearly nothing. 

As yet, no other American university operates 
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overseas on anything like this scale. The idea is, 
however, so attractive that it is bound to be taken up 
increasingly by the wealthy private universities. That 
should console those with ruinously expensive stately 
homes on their hands. 


DATA TRANSMISSION 


Good News for Data Mongers 


ANXIOUS to redeem its battered image with at least one 
section of its public, the British Post Office last week 
announced new measures which everyone hopes will do 
something to encourage the widespread use of com- 
puters in Britain. Recently the Post Office has shown 
signs of becoming aware of the need for some kind of 
national data transmission network, and the new 
measures should go some way to cater for the present 
demand and also to provide a basis for anticipating 
future needs. In essence, the facilities announced by 
the Post Office include what it calls the Midnight Line— 
a way of encouraging the transmission of data over the 
telephone by night when the system has ample spare 
capacity—and a switched data transmission network 
between London, Birmingham and Manchester. Mr 
John Stonehouse, the Postmaster General, must also 
have been glad last week to announce modest reduc- 
tions in the hire charge for the terminal units—called 
“modems”. From April 1, 1969, rentals will be 
reduced by between 5 and 16 per cent to £100 per 
modem-year. 

For a fixed annual charge, customers of the Midnight 
Line will be able to make any number of dialled calls 
within Britain between midnight and 6 a.m. According 
to the Post Office, the Midnight Line will be economi- 
cally attractive to customers making telephone calls 
which last about two hours a day over distances of 
more than 35 miles, and will be equally suitable for 
data or speech, although it seems quite clear that the 
objective of the new service, due to function by next 
April, is to foster data transmission traffic. The 
question will no doubt arise whether the staffs of com- 
puting departments are more inclined than the general 
public to make use of the telephone system between 
midnight and 6 a.m. The Post Office would argue that 
computers can be programmed in advance to transmit 
data at any time, but computer operators may be 
unwilling to leave precious data in the hands of 
remotely operated machines. The use of the public 
telephone system for this new development would in 
any case seem to limit the speeds at which data can be 
transmitted. 

Another development announced last week in what 
seems to have been a package designed to please was 
the setting-up of a high-speed switched data network 
linking London, Birmingham and Manchester. This is 
expected to be ready late in 1969 and will transmit data 
at 48 kilobits per second. The hope is that the network 
will eventually spread and become the kernel of a 
national data transmission system. To find out what 
shape the network of the future should take, the Post 
Office is paying for two studies, one by Standard 
Telecommunications Laboratories Ltd and the other 
by British Telecommunications Research Ltd, which 
should lead to a plan for a national network by the 
spring of 1970. The Post Office has also commissioned 
a study by International Computers Ltd of the way in 
which a data network would be used and a market 


survey of the demands for data transmission 
over the next 15 years. . 
This may be a start, but it is likely to be: ak 
yet before the British Post Office emulat 
decision in the United States that the Amer 
phone and Telegraph Co, will in future allow e 
it does not own to be connected to its telephone | 
In the past, telephone companies have stuck quite 
rigidly to the rule that devices over which they have no 
control should not be connected to the system because 
of the havoe they might cause. With the advent of data 
transmission over telephone lines, the ruling has 
recently been under serious pressure, but it has never- 
theless come as a surprise that AT&T should have 
responded as freely as it has done to a recent decision 
by the Federal Communications Commission that the 
restrictions were unlawful. Under new regulations. 
which are expected to become valid by November 1, —. 
it will be possible to attach private equipment to the 





telephone system through a device rented from the T 


company at $2 a month which incorporates fuses and a 
telephone dial, Questions about attachments to the 
telephone network are likely to continue, however, 
chiefly because the new regulations seem to be suffi- 
ciently ambiguous to make it unclear exactly what 
attachments the American Telephone and Telegraph 
Co. will tolerate. It seems certain, for instance, that 
the company will stand out against the connexion of 
private communication networks to the telephone 
system. 


FLOOD PROTECTION 


When London Floods 


Prorrssor H. Boxprs lucid report on the feasibility 
of a London flood barrier, which was instigated by the 
Ministry of Housing and Local Government after much 
prodding from the London County Council and the 
Greater London Council, and published last February 
(Nature, 217, 800; 1968), urged the construction of a. 
movable barrier across the Thames to eliminate the risk 
of a major flood. In the present economic climate, it is 





The area in central London that les below ai existing river 
defence and might be flooded if the Thames rose much more 
than |7 feet above sea level. 


surely wishful thinking to believe that such grand 
schemes—let alone the ‘Channel dam-—-will get be: yond 
the drawing board. The project has not, however, been 
completely shelved. The Greater London Couneil, with 
the approval of the Ministry and in consultation with 
the Port of London Aut hority. has gone ahead with 
investigations of the Bondi pr oposals and some of its 
own. <A 600 ft model of the Thames from Teddington 
to Southend is under construction at the Hydraulic 
Research Station at Wallingford, and the data from a 
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£100,000 survey of the tidal flow in the Thames, to be 
made later this month, should provide so much infor- 
mation about the Thames that they will eventually be 
fed into the model. 

But what if there should be a damaging tide before 
then? The new flood warning plan for London, 
announced last week by the Ministry of Agriculture and 
due to come into operation on September 16, makes 
cheerless reading beside the picture of devastation 
painted by the Bondi report. The ministry, obviously 
worried by the effect of crying wolf too often, has 
decided to give flood warnings less often “and only 
when there is a real and imminent risk of flooding”. 
Why it should ever have given warnings under any 
other circumstances is not explained. To make the 
warnings more effective, police loudspeaker cars are to 
be replaced by a series of sirens along the Thames in the 
Greater London Council area as far upstream as 
Barnes Bridge. The hope is that these will be sounded 
an hour before flooding is expected, when everyone 
should evacuate basements and listen to the radio for 
further instructions. 

The ministry expects only to have to use the system 
once or twice every 20 years or so, and its success will 
obviously depend on better monitoring and prediction 
of tidal conditions in the Thames. To this end an 
improved system is being set up in the flood operations 
room in the ministry’s office on the fourth floor of a 
building itself in the path of potential floods. Tidal 
levels at Tilbury and North Woolwich as well as at 
Southend will be relayed continuously to the operations 
room, which will also be in direct communication with 
the Meteorological Office at Bracknell. 

All this sounds well enough, but the chaos which 
would follow a warning during a rush hour is unimagin- 
able. The underground system would have to be 
evacuated in an hour, and London Transport blandly 
asserts that this is perfectly possible, although it seems 
not to have the courage to put it to the test as Professor 
Bondi has recommended. So far, it has done no more 
than to put all the area controllers into a soundproof 
room and ask them to telephone each other. 


WASTE DISPOSAL 


Active Rubbish Dump 


Tue waste from nuclear reactors is becoming a problem. 
Although the bulk of radioactive waste to be dealt with 
is still small—compared, for example, with the waste 
from coal mines—it is growing fast, and what it lacks 
in quantity it makes up for in danger. 

The United States Atomic Energy Commission and 
the National Academy of Sciences have just announced 
a joint committee to investigate procedures for waste 
disposal. Eventually the committee will advise the 
AEC whether existing procedures are adequate for the 
future, and will at the same time say what research 
needs to be done. The committee, eight strong, will 
have as chairman Dr Clark Goodman, chairman of the 
Physics Department at the University of Houston, 
Texas. The growth of nuclear power in the United 
States has been so rapid that an investigation of this 
sort is essential. 

Nuclear power is also expanding fast in Europe, 
where there are encouraging signs of collaboration in 
the disposal of waste. Last year, the European Nuclear 
Energy Agency organized a jomt operation in which 
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radioactive waste from five European countries was 
dumped in the North Atlantic. A report just pub- 
lished (ENEA, 12s., $1.80) gives more details about the 
operation. First, each of the countries involved— 
Belgium, France, West Germany, the Netherlands and 
Britain—-arranged for the waste to be put in containers 
and delivered to convenient ports, where a chartered 
ship—the MV Topaz—picked it up and carried it into 
the north-east Atlantic and dumped it overboard. The 
waste material disposed of in the operation was mostly 
only slightly contaminated. The report points out 
that almost any structural and operational materials 
at a nuclear laboratory may ultimately appear as 
nuclear waste-—broken glassware, used filters, dis- 
mantled gloveboxes and the like. 

The potential hazards of the operation have been 
assessed by a panel of anonymous experts which has 
concluded that the disposal of solid waste on the bed 
of the Atlantic at the rate of 10,000 curies a vear would 
give rise to intakes of radioactivity many orders of 
magnitude below those recommended by the Inter- 
national Commission on Radiological Protection. The 
assumptions in the assessment, the panel adds, have 
introduced a multitude of safety factors, and the overall 
assessment may therefore be many orders of magnitude 
on the safe side. In last year’s operation, a total of 
nearly 11,000 metric tons of waste was dumped into 
5,000 metres of water in 35,790 weighted containers, 
and the total activity was 7,889 curies. The cost of 
the operation was between £10 and £17 a ton, depending 
on where the waste had come from. The vast majority 
of the wastes were beta/gamma wastes, and most of 
them, happily, have fairly short half-lives. Only 10 
per cent of the radioactivity is likely to remain after 
25 years; after 70 years, the activity will be down to 
one per cent of its original value. Alpha wastes, 
making up a much smaller fraction of the total, natur- 
ally take much longer to decay. 


VEGANS 


Change of Diet 


Tue August issue of the journal of the Vegan Communi- 
ties Movement announces, from its caravan head- 
quarters in South Wales, the renunciation of the vegan, 
and even the vegetarian diet. The vegans take their 
sympathy with the animal world much further than do 
the vegetarians; they avoid eggs, milk, cheese and 
other dairy products as well. Yet after a long discus- 
sion, members of the Selene Community near Llandeilo 
have agreed that they are not competent to interfere 
with evolution and that there is no need to take the 
“salvation of herbivores” into their own hands. 

If anything, man’s way of slaughter is more humane 
than nature’s and the alleged longevity of vegetarians 
could be laid to their avoidance of drinking and smoking 
as well as to their abstinence from meat. According to 
the journal, the movement has dropped the label of 
“Ahimsa” (said to mean the principle of non-violation 
of the freedom of any sentient being) and renamed 
itself the Commune Movement. Undeterred by the 
denunciation of other veganists and the London 
Vegetarian Society, the Ahimsa Communities have 
gone on to more practical tasks, the primary one being 
the search for a cheap, beautiful, isolated waterproof 
house in Wales to encourage recruits to the community. 
It is perhaps worth mentioning that the dark night of 








NATURE. VOL. 219, SEPTEMBER 14, 1968 


the soul which led to the renunciation of all vegetarian- 
ism came in the wake of the adverse publicity given by 
the press to the death on June 14 of an elderly woman 
who died of malnutrition after living on a vegan diet. 
In the past month, the Selene Community, which has 
only a handful of residents but a fair number of sym- 
pathizers and subscribers to its journal, has de-escalated 
its eating habits by changing to non-vegan food, but 
expects the gradual change to ordinary food will take 
longer. 


NUTRITION 


iron in Flour 


By law, and with the intention of making good the 
iron lost from wheat during milling, all flour sold in 
Britain must contain at least 1-65 mg of iron per 
100 g. During the past two decades there have been 
several studies to determine how much of the iron in 
bread is actually absorbed, but the results have often 
been inconclusive and contradictory. This and more 
recent work has now been reviewed, in areport published 
last week by the Ministry of Health, by Dr P. C. 
Elwood of the Medical Research Council’s Epidemio- 
logical Research Unit in Cardiff {Iron in Flour, Reports 
on Public Health and Medical Subjects, HMSO, 7s.). 

In Dr Elwood’s own investigations, volunteers were 
fed a standard breakfast containing 5-5 mg of iron in 
the form of one or more of the following: reduced 
iron or ferrum redactum, ferric ammonium citrate 
(either the green or the brown form), powdered iron 
(electrically precipitated iron) and ferrous sulphate. 
Absorption of iron was estimated on the basis of the 
whole body content of Fe. Dr Elwood showed that 
electrolytically precipitated iron—which is one of the 
main forms of iron added to flour in Britain and else- 
where—is much less available than the other three 
forms, particularly for iron-deficient patients. In 
patients with achlorhydria (absence of hydrochloric 
acid from the gastric juice), both powdered and reduced 
iron are poorly available. 


PERCENTAGE MEAN ABSORPTION OF TRON 


Ferric 
Pow- (Ferrous Re- {Ferrous ammon- (Ferrous 
dered sulphate) duced sulphate) tum © sulphate) 
iron iron citrate 
Bread 0-20 2-05 0-72 0-87 0-94 0-80 
+ egg 
Bread = 0-86 18-30 3°35 7-95 10-35 12-60 
alone 


It is something of a surprise that omission of an 
egg from the standard breakfast leads to enhanced 
absorption of all four iron preparations—the uptake of 
ferrous sulphate being noticeably greater in its absence 
than in its presence. Dr Elwood suggests that although 
it might be that subjects were absorbing the iron in 
egg in preference to that in bread, he considers this 
to be unhkely m view of findings by Moore and 
Dubach which suggest that the iron in eggs laid by 
radioactive hens is no more readily available than iron 
in any other foodstuff. Furthermore, Chodos and his 
colleagues found that egg iron was poorly absorbed by 
their fourteen subjects. | 

Although the data are limited, it seems that no 
adverse effect on the availability of iron is caused by the 
addition of calcium carbonate to the flour, the baking 


process itself or the storage of flour to which iron had 
been added 6 weeks before baking. In conclusion Dr 
Elwood tentatively advocates the addition of ferric 
ammonium citrate to replace lost wheat iron but, im 
the same breath, points out the need for long-term, 
large-scale community based trials to establish the real 
effect of the addition of iron salts to foodstuffs on iron 
balance. 

In a letter in last week’s Lancet, Dr Elwood suggests 
that a more realistic test of the value, if any, of 
ferric ammonium citrate as an additive to flour would 
be to incorporate this into the entire bread supply of a 
number of anaemic women and to maintain this supply 
for a period of at least 9 months (Lancet, ii, 516; 1968). 
He and his colleagues have therefore fed bread contain- 
ing the statutorily required amount of the iron prepara- 
tion to 113 anaemic women. In addition, 124 anaemic 
women have been fed with “ordinary bread”. So far, 


the haemoglobin levels of the two groups of women 


have remained the same, and Dr Elwood maintains 
that this shows how complex the whole problem is. 


GENERAL PRACTICE 


Make or Break 


from our Social Medicine Correspondent 


GENERAL practice has been the subject of much specula- 
tion and controversy over the past few years, and the 
urgent need for reorganization, both from within and 
in relation to other parts of the health service, has 
become increasingly obvious. But reorganization costs 
money, and in comparison with, for example, the 
hospital service, general practice fares badly. Although 
the total expenditure on general medical services in- 
creased from £54 million in 1949 to £108 million in 
1965, the proportion of the National Health Service 
expenditure devoted to this actually fell from 12-5 per 
cent to 7-5 per cent in the same period. At the same 
time, the proportion of the national income absorbed 
by these services has fallen since 1949, though it has 
remained relatively constant during the past decade 
at about 0-4 per cent of the national income. These 
are some of the figures quoted in General Practice 
Today (Office of Health Economics, 2s. 6d.) whieh 
examines the changes that have taken place in general 
practice over the past twenty years, the possible 
changes that will take place over the next twenty, and 
the way in which general practice is preparing itself 
for the future. 

One well-documented sign of the times is the decline 
in the number of single-handed practitioners and the 
move towards partnerships of doctors, particularly 
group practice. Not only does this enable an efficient 
appointment system to be worked out—-and more 
than 40 per cent of British doctors are now using a 
full or partial appointment system—but it will prob- 
ably lead to some degree of specialization within the 
group. To a certain extent this will in turn meet 
MeKeown's criticism that one doctor is no longer 
competent to deal with all age groups, and that 
personal doctors should therefore be divided into 
obstetricians, paediatricians and so on, along lines 
similar to the American systems. Nevertheless, there 
are still over 4,500 single-handed practitioners in 
Britain (a quarter of the total) and a further 29 per 
cent are in partnerships of only two. | 

As more attention is being attached to the idea of 








1100 


health teams comprising secretarial and nursing staff 
as well as health visitors and social workers—all led 
by the practitioner—it is evident that practitioners 
will need to have some Hair for, and basic training in, 
management. Through the more efficient use of their 
time, practitioners could thus foreseeably care for many 
more patients than they do now, and the present 
average of 2,500 patients could perhaps be boosted to 
6,000 or even 10,000 as im some areas in Sweden. The 
report also suggests that in the future there could be 
a move away from the concept of the practitioner 
being available on demand to his being available instead 
only according to need as decided by a delegated 
auxiliary. 

It is encouraging that the number of practitioners 
attending postgraduate courses has increased cor- 
siderably from 5 per cent in 1952 to 56 per cent in 
1967, and so is the indication that their connexion 
with hospitals is not so remote as most people might 
think. For example, in 1966 about 6,582 practitioners 
held part-time hospital appointments, examined 57,000 
new patients at out-patient departments, and dealt 
with nearly half a million attendances. Indeed, the 
indication is that practitioners desire a greater degree 
of integration with the hospital services as well as with 
local health authorities, although this is not by any 
means always the case. 

What seems to be just around the corner is the 
integration of health services into a unified whole. 
This has already started in practice and the Minister 
of Health has proposed that it should be given statutory 
recognition. 


OCCUPATIONAL HEALTH 


Asbestos in the Lungs 


from our Social Medicine Correspondent 


Workers who are continuously exposed to asbestos 
run a real risk of developing pleural and pulmonary 
fibrosis and even malignant diseases, according to a 
report in the current issue of the British Medical Jour- 
nal. Based on a large-seale survey-—using radiographic 
techniques—of 15,000 men employed at the Royal 
Doekyard, Devonport, Dr Geoffrey Sheers, consultant 
physician at Plymouth General Hospital, and Dr 
Ann R. Templeton, medical director of the Mass 
Radiography Centre, Plymouth, have calculated that 
about 600 of the dockyard employees probably have 
various types of abnermalities attributable to asbestos 
and that many more may be at risk (British Medical 
Journal, iii, 574; 1968). 

The study which has been undertaken covers 1,504 
men, representing a one-in-ten sample. The most 
striking finding was the much higher prevalence of 
abnormalities in men experiencing continuous occupa- 
tional exposure, Thus three of the four men who 
developed pulmonary fibrosis were in constant contact 
with asbestos, as were eleven who developed thickening 
of the pleura. Ten continuously exposed men were 
found to have limited areas of pleural thickening. In 
the whole sample, the prevalence of pleural fibrosis 
varied from 28 per cent in the continuously exposed 
workers to 1-9 per cent in those who were least exposed. 
A total of sixty-three cases of abnormalities in 1,414 
men were attributed to asbestos, and the prevalence 
of all types of abnormality was related to the time that 
had elapsed since the men were first exposed. 
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A further cause of anxiety arising from these studies 
is the possibility of a relationship between pleural 
fibrosis and malignancy. The first confirmed case of 
mesothelioma of the pleura occurred in 1964 in a man 
who had been a boilermaker for 31 years. Since then, 
three cases were confirmed in 1965, two in 1966 and 
five in 1967. In every case there had been intermittent 
employment in the dockyard. f 

In view of the seriousness of these findings, the 
draft of the new asbestos regulations published last 
month will be widely welcomed. In essence, all pro- 
cesses in which asbestos dust is likely to be released in 
dangerous amounts will, in future, have to be carried 
out under exhaust draught and the equipment for this 
will have to be inspected at least once every 7 days. 
Should it be impracticable to comply with this require- 
ment, workers will have to be provided with respiratory 
protective equipment and protective clothing. In 
addition, wherever possible, cleaning should be carried 
out by means of vacuum cleaning or similar equipment 
so that asbestos dust is not discharged into the air and, 
as far as storage and distribution are concerned, all 
loose asbestos will have to be kept in receptacles when 
not in use. A particularly cautious note is that any 
person undertaking a process involving blue asbestos 
will be obliged to inform the inspector of the district 
in advance. (Draft Asbestos Regulations, 1968, HMSO, 
ls. 3d.) 


NUCLEAR ENGINEERING 


Stresses and Strains at Berkeley 


Tre Berkeley Nuclear Laboratories were established 
in 1961 by the Central Electricity Generating Board to 
conduct some of the basic research then needed for the 
British nuclear power programme. The annual budget 
of the laboratories is some £2 million—a sam which 
their director estimates is saved several times over 
depending on how the value of the laboratories’ largely 
preventive research is calculated. 

A principal research project concerns the integrity of 
high pressure components of nuclear reactors. The 
subject. is being tackled from several angles, and one 
programme includes a high pressure test vessel for 
investigating the behaviour of intersections between 
cylinders and spheres. Tests can be conducted at 
temperatures up to 500° C while an array of electrical 
resistance strain gauges measures the deformations. 
Models of the components under study are welded into a 
test plate which can be removed from the pressure 
vessel and replaced at the end of each experiment, thus 
allowing the vessel to be re-used. 

Structural analysis has been revolutionized by com- 
puter techniques which have made possible the analysis 
of shapes and loading conditions previously insoluble by 
conventional mathematics. In the finite element 
method, which has been widely used at the Berkeley 
laboratories, a structure is considered as a number of 
small standard elements, such as triangles, cubes or 
tetrahedra, whose aggregate behaviour under load 
deformation can be calculated by computer. The mesh 
of elements which defines a structure is read into the 
computer with the aid of a coordinate digitizing table, a 
device whereby the coordinates of each point on the 
diagram of the mesh are read off onto a set of punched 
cards. 
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NEWS AND VIEWS 


ASTRONOMY 


Astronomers Impatient 


Ir is now more than nine months since the Isaac 
Newton telescope was inaugurated by the Queen on 
December 1 last year, but British astronomers are 
gnashing their teeth that this 98 inch instrument is 
still not available for general use. The word from the 
Royal Greenwich Observatory, in whose grounds at 
Herstmonceux, in Sussex, the telescope is situated, 
is that the Isaac Newton telescope is still undergoing 
tests, but this does not seem to have allayed the 
suspicions of astronomers elsewhere, who are eager to 
see the telescope fulfil its role as a national instrument. 
Time on the telescope is under the contrel of the 
Astronomer Royal, Sir Richard Woolley, and a panel 
of five astronomers, who also consider applications 
for time on the 74 inch Radcliffe telescope at Pretoria, 
which is now managed by the Science Research Council. 
So far, the Large Telescope Users’ Panel, as it is called, 
has met twice, and at its most recent meeting gave 
some small reason for satisfaction when it made its 
first allocation of time on the Isaac Newton telescope. 
This was to the Royal Observatory, Edinburgh, which 
has booked the telescope for two weeks during October. 
This still leaves large numbers of astronomers 
eager to use the potential of the 98 inch instrument. 
It comes as a surprise that a significant amount of the 
instrumentation of the new telescope is still far from 
complete. The corrector lens has not yet been fitted, 
and the spectrograph for use at the telescope’s Coudé 
focus is not expected to be ready until 1970. The reason 
for the delay in obtaining the Coudé spectrograph 
seems to be that the instrument is to be made in the 
workshop of the Royal Greenwich Observatory, which 
for the past three years has been completely tied 
up with the construction of the spectrograph for the 
telescope’s Cassegrain focus, only recently fitted. The 
observatory, it seems, has been unable to farm out 
the work elsewhere. The origin of the delay in the 
prime focus correcting lens seems to have a more happy 
explanation in that an earlier design was scrapped 
when it became possible to make a better version. 

The next meeting of the Large Telescope Users’ 
Panel, which is to meet every six months, is in two 
weeks, when the committee will make some allocations 
for 1969. To would-be users of the Isaac Newton 
telescope, the Royal Greenwich Observatory recom- 
mends that requests be made for about three times as 
much time as is expected to be necessary, to allow for 
bad seeing conditions. Then, once the user's pro- 
gramme of work is completed, any unused time conveni- 
ently becomes available to the staff of the Royal 
Observatory. In practice, if the user’s allocation 
coincides with a spell of bad weather, there are no 
arrangements to make more time available to the user 


IOI 


in the near future, and a fresh application has to be 


made at the next six-monthly mecting of the users’ 
panel. Presumably the occasions when seeing condi- 
tions are bad will provide adequate time to reflect on 
the folly of placing such a large telescope in a climate 
as unsuitable as that of Britain. 


HUNGER AND THIRST 


Knowing When to Eat 


from a Correspondent 


THe Third International Conference on the Regulation - E 


of Food and Water Intake at Haverford College, 
Pennsylvania, from September 1 to 3 was attended by 
150 people from 15 countries. 

In the study of thirst a good deal of attention is 
focused on receptor mechanisms, which is only proper 
because one essential part of any regulatory process 
is the measurement of relevant variables. If is now 
generally accepted that both cellular shrinkage (or 
something closely related to it) and shrinkage of the 
extracellular space are monitored in order to regulate 
water intake. The papers by Andersson of Stockholm 
and Fitzsimons of Cambridge were among several 
dealing with one or both of these receptor systems. 

The problem of what the brain measures in order to 
control food intake is by no means as clear, though a 
number of papers presented new electrophysiclogical 
evidence for the existence of glucoreceptors in the 
hypothalamus and the liver. A relatively new depar- 
ture in the search for variables reflecting energy balance 
is the use of inhibitors of glucose metabolism. 

Peripheral receptors are also receiving more atten- 
tion than in the past few vears, when the apparent 
victory of central over peripheral theories of hunger 
and thirst diverted attention away from the role of 
signals arising from the alimentary system, At the 
symposium there was a clear demonstration by Snowdon 
(Pennsylvania) of the importance of peripheral receptors 
in regulating such variables as meal size. It is interesting 
in this connexion that in the blowfly, the animal which 
as Gelperin (Princeton) pointed out has a regulatory 
system which is the most completely understood, the 
signals which can be recorded from the nerve cells 
which apparently control eating arise exclusively from 
the gut. 

Observation of the behavioural effects of lesions, 
particularly in the hypothalamus, remains the most 
popular single technique in the investigation of hunger 
and thirst, but only a few of the papers on this subject 
tried to make sense of the effects of these lesions. The 
best was by Mrosovsky (Toronto), who proposed that 
the annual rhythm of aphagia and hyperphagia in 
hibernating mammals reflects a systematic alteration 
in the balance between medial and lateral hypothalamic 
systems. Even the apparently bizarre syndrome of 
disinclination to work, finickiness and other features 
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of hypothalamic hyperphagia is also seen in the 


normal hibernator and is adaptive in this type of 


animal. 

Continuous recording of food and water intake, 
measurement of meal and draught sizes and the intervals 
between ingestion have been given fresh impetus by 
the work of Le Magnen of Paris. One finding that 
may have wide implications is the discovery that as a 
result of a single exposure, animals can learn to avoid 
substances which they have eaten and which lead after 
a considerable delay to illness. 
how animals learn what foods to eat in order to relieve 
such things as vitamin deficiencies. 


POPULATION DYNAMICS 


Lemmings Come and Go 


LEMMINGS, the small short-tailed rodents which 
inhabit the northern tundras, have three claims to 
fame. One species, the Norway lemming. undergoes 
suicidal migrations into the sea when population 
density outstrips food supplies. Another species, the 
collared lemming, is the only small rodent which turns 
white in the winter. Then the North American brown 
lemming, although it does not share the suicidal 
behaviour of the Norway lemming, manifests perhaps 
the most spectacular eyelic fluctuation in population 
known. These animals now have yet another distinc- 
tion. According to Dr D. A. Mullen of the University 
of California, in an article on reproduction by brown 
lemmings (Lemmus trimucronatus) now published by 
the University of California Press (Publications in 
Zoology, 85, 1; 1968), the social stress hypothesis of 
population control, whieh seeks to explain fluctuations 
in populations in terms of an inverse relationship 
between population density and reproductive success, 
does not apply to the brown lemming in the wild. 
Dr Mullen has spent six years studying the brown 
lemming near Barrow in Alaska and has concluded 
that environmental factors, particularly temperature, 
regulate lemming populations. Population density 
seems to have no significant effect on fecundity. 

Brown lemmings breed in two distinct periods, one 
in the summer and a less important one in winter. 
Females, at least during the summer, remain in 
continuous oestrus until they become pregnant. 
Copulation induces ovulation. The gestation period is 
20 days, summer litters average between six and seven 
and puberty is reached within three weeks, all of which 
explains the enormous reproductive potential of the 
species, and, no doubt, its ability to survive the severe 
environment of the tundras. 

During the six years 1960-65, Dr Mullen observed 
no significant variations in male reproduction, except 
that juvenile male maturation was retarded in short 
breeding seasons. There was no ev idence of a decline of 
litter size at the time of population crash of the kind 
postulated by proponents of the social stress theory 
as one of the chief causes of population decline. Ind: sed, 
reproduction was more successful among lemmings 
from large than from low populations, and the only 
consistent modifier of reproduction seems to be the 
length of the breeding season, which is in turn related 
to temperature and not to population density. Thus 
the breeding seasons of 1961 and 1963 were almost 
identical, but the population in 1963 was more than a 
hundred times greater than in 1961. 


This is a reminder of 
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The fact that the social stress theory does not apply 
to lemmings is not especially surprising. Dr Mullen 
points out that a variation of breeding season of a 
few days, which would be unimportant for temperate 
animals, is vitally important to species in severe environ- 
ments such as the tundras. He believes that if lem- 
mings were subject to the dual control of climate 
and population density, the species would quickly reach 
extinction. The attunement of summer reproduction 
to climate might thus have been predicted, but it is 
difficult to explam why there is no sign of temperature 
regulation in winter, when the species has a secondary 
phase of reproduction at temperatures well below those 
which inhibit reproduction in the summer. Presumably 
some other factors trigger off the winter breeding. 


GENETICS 


Everybody at Tokyo 


from a Correspondent 


THe International Congress of Genetics, in Asia for 
the first time in its long history, held its twelfth 
meeting in Tokyo from August 19-28. But the hospi- 
tality of the Japanese hosts was so overwhelming, the 
delights of Tokyo so demanding, the congress itself so 
enormous, that it is not yet possible to attempt 
an objective appraisal of its usefulness. There 
were more than 1,700 registrations; 980 papers 
were offered and 708 actually given; there were 21 
invited lectures and 130 presentations in small sym- 
posia. Crow (M adison) characteristically noted that 
these totalled 323 hours of talk. But every paper began 
at the appointed minute. Every morning between 9 
and 9.30 the buses from the hotels in which it was 
necessary to house so many converged on the conference 
hub, and every evening at 5.30 they fanned out again. 

The proceedings began with a gracious address of 
welcome by HIH Crown Prince Akthito. Mornings 
were devoted to contributed papers, afternoons to 
invited lectures and to small symposia. The evening 


sessions contained the ideas, the new work and the 
most lively of discussions. Because there were 
as many as fourteen going on at once, however, 


the people best fitted to comment on a given paper 
were often elsewhere. In the afternoons came the 
reviews of particular fields of activity, and there 
were outstanding discussions by Sheppard (Liverpool) 
pleading the value cf a more ecological approach to 
evolutionary genetic problems, Lejeune (Paris) on 
human cytog genetics and Dubinin (Moscow) on classifica- 
tion of genetic potential damage. The small symposia 
concentrated on specifie problems, in which it was 
possible to put into perspective work on related topies 
from different laboratories, and here formality pre- 
vailed. In the evenings came the receptions, the 
film shows, and a Haldane Memorial session, from 
which all left the hall very aware of the debt owed to 
him. 

There were large gaps where major topics were not 
covered. There was little that was really new. It was 
fitting that there should be some concentration on 
genetic effects of radiation, to which 12 sessions and 
an invited lecture were devoted. After all, the hosts 
are still, 23 vears later, tracing the effects of Hiroshima 
and Nagasaki on children then unborn. It was equally 
fitting that much attention and most of the demonstra- 
tions were devoted to the genetics of Asian plants and 


NATURE. VOL. 219. SEPTEMBER 14, 1968 


animals; and the present state of knowledge of inherit- 
ance in rice, the zebra and the silkworm was fresh to 
many occidentals. But as regards newer work, this 
may well come to be known as the isozyme congress, 
because of the many papers devoted to isozymes in 
plants, animals and man and the recognition of their 
importance in problems throughout the whole ficld of 
genetics. Second, it may well prove to be the genetics 
congress in which the potentialities of behaviour 
analysis began to be perceived. Finally, the confecence 
demonstrated the great fertility of genetics, the stimula- 
tion that the findings from one organism, be it Salmon- 
ella, Drosophila or man, can give to work on another, 

It has been argued that large congresses are anachron- 
isms. Genetics, as this congress showed, is one of the 
subjects where this criticism applies least. It was 
useful for the bacterial workers to have informal 
access to the drosophilists and biochemists, for the 
human genetic empiricists to meet the theoreticians 
of population genetics on the one hand and the experi- 
mental workers who apply that theory on the other. 
This mecting was indeed thoroughly useful for that 
reason alone. But the congress also led to the establish- 
ment of an International Genetics Federation, which 
involves a change in the present representation and 
greater involvement of national genetics organizations. 
And a Society for the Advancement of Breeding 
Researches in Asia and Oceania was formally estab- 
lished; if properly developed, this group could be of 
far reaching significance. 


MOLECULAR MODELS 


Make Your Own Molecules 


SKELETAL and space filling atomic models are a familiar 
and colourful clutter on every crystallographer's 
bench, and especially after the publication of The 
Double Helix nobody can deny their importance as a 
tool for the elucidation of molecular structure. But 
all the models currently available—even the simple 
kits which some publishers are now selling to schools— 
were designed, in principle at least, many years ago 
for studying small molecules and so are based on the 
atom as the unit of structure. Apart from the cost, 
size and weight of models of macromolecules built 
with atomic models, there is the added drawback that 
it is often difficult to see the molecule for the atoms. 
Furthermore, none of the systems currently available 
accommodates both space filling and skeletal models in 
combination. For these reasons, two new model 
systems developed by Drs I. Smith and M. J. Smith 
of the Courtauld Institute of Biochemistry and Dr 
C. F. Doré of the National Institute for Medical 
Research should find a ready market. 

Doré’s system, based on atomic units, combines 
skeletal models of moulded plastic centrepieces and 
insertable metal rods with mushroom shaped space 
filling units made of flexible plastic foam (see Fig. 1). 
The models are, of course, colour coded and, according 
to Dr Doré, the flexibility of the space filling units has 
the advantage of allowing them to deform to give a fair 
approximation of the van der Waals envelope about the 
atoms. The models are lighter than the conventional 
systems and, what is more important, cheap. The 
centre units work out at about sevenpence each and the 
space filling units can probably be made for about 
the same price. 
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Fig. |. Doré’s model of the hairpin loop of reticulocyte 


ribosomal RNA. 


The Smiths’ system, which is now commercially 
available as “Bio-Bits’’ and has apparently already 
found ready customers at the MRC Molecular Biology 
Laboratory at Cambridge, is based on molecular rather 
than atomic units. The models, made of coloured 
plastic tubing, nylon links and beads, admittedly 
sacrifice information at the atomic level. Thus a 
protein chain consists of a long blue tube with red 
bands marking the carboxyl group and holes in which 
to insert side chains. Obviously such a model in no 
way replaces an atomic model, but it does complement 
it by giving a clearer overall representation of the 





Fig. 2. The Smiths’ model of alanine transfer RNA with an 
alanine residue attached. 
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structure of a molecule (Fig. 2) and at very little 
cost. 


LABORATORY PRACTICE 


Build Your Own Chemostat 


from our Microbiology Correspondent 


MEMBERS of the ARC Unit of Nitrogen Fixation at 
Brighton have developed a low cost chemostat-type 
of continuous culture apparatus and have provided a 
useful service to many of their fellow microbiologists 
by describing its construction and operation (Baker, K., 
Laboratory Practice, 17, 817; 1968). Commercial 
equipment has been available for several years, from 
Britain and elsewhere, but the cost of culture vessels 
and the necessary array of controls is often prohibitive. 
In any case, as Dr Baker remarks, to construct a 
“Porton-type” apparatus privately requires quite 
elaborate workshop facilities. Inexpensive small- 
scale chemostats have been operated successfully in 
the past, but these almost invariably lack sophisticated 
monitoring and control accessories. The new develop- 
ment will therefore encourage those who have wanted 
continuous culture on the cheap to invest the estimated 
£200 to £375 in its construction. 

The growth vessel is a “Quickfit and Quartz” culture 
flask modified to include an overflow weir and an 
oxygen electrode port, and is sealed by a 5-orifice lid. 
The latter permits adequate entry for ancillary fittings 
such as a combined medium and gas inlet, sampling 
and inoculation port, temperature sensor, combined 
pH electrode and alkali-acid inlet. The central 
opening can be used for stirring the culture, either 
magnetically (as advocated by the Brighton group) 
or by a driven shaft. Users should not be discouraged 
from using the second type of agitation system, 
particularly if large culture volumes are intended. An 
attractive feature of this equipment is the wide inter- 
changeability of components. With relatively little 
duplication of parts, culture vessels ranging from 500 
ml. to 200 1. can therefore be assembled. In the experi- 
ence of the designers, the use of silicone grease and 
p.t-fe. sleeves have not created problems of bacterial 
contamination. 

The same article inchides comprehensive details of 
costing and of suppliers. Alternative control systems 
are also recommended and individual choice will be 
largely a matter of available funds and operational 
requirements. For example, temperature control 
can be effected by means of a platinum resistance 
thermometer and precision temperature controller 
(fairly expensive), a fixed point contact thermometer 
relaying to an infrared lamp via a hot wire vacuum 
switch (less expensive) or a constant temperature room 
or incubator (cheapest). Likewise, a glance at menu- 
facturers’ catalogues will enable the basic equipment 
to be adapted for more specific needs. Dr Baker refers 
to procedures such as sterilization, inoculation and 
sampling and to the determination of dilution rates. 


SOIL SCIENCE 


Salts of the Earth 


from a Correspondent 


THe Ninth International Congress of Soil Science, 
held in Adelaide, South Australia, from August 5 to 15, 
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attracted 865 members from 53 countries. The choice 
of venue was a fitting recognition of the great contribu- 
tion Australian soil scientists have made to the subject, 
particularly in the past decade. Participants from 
elsewhere were able to appreciate the immensity and 
range of the Australian scene, although the exception- 
ally wet and cold winter was hardly typical of this 
most arid continent. 

All the papers were preprinted. They were refereed 
before acceptance, and about half those submitted 
were rejected. This meant a much higher standard 
of presentation and a more informed and penetrating 
discussion than at previous congresses in the series. 
Only a few obvious travel vouchers seem to have 
slipped past the referees. 

Rarely in as eclectic a domain as soil science does a 
single contribution stand alone as a trend setter: 
it is more usual for a group of papers to reflect new 
ideas or the impact of a new technique. In soil physics 
and chemistry, transport processes were full y covered 
and quantitative studies of the movement of ions in 
profiles and near roots were described where only 
the movement of water has previously received detailed 
attention. It is also becoming more clearly recognized 
that, although much of the soil colloid is composed 
of crystalline clays, the surfaces of the colloidal par- 
ticles are usually coated by amorphous materials which 
modify their behaviour and make it more difficult 
to apply work on pure clays to field problems. 

In soil fertility and management, gas chromato- 
graphy has brought a much clearer recognition of the 
widespread loss of available nitrogen by reduction of 
nitrate to nitrite and its decomposition to N,, N,O 
and NQ,. 

In soil classification and genesis, the protagonists 
of a variety of “natural” systems of classification, 
based on properties the genetic significance of which 
is Supported at best by genuine insight and experience 
and at worst by “hunch” or the conformist pressure of 
big organizations, now face the computer aided tech- 
niques of numerical taxonomy and cluster analysis 
which provide, so some allege, more objective criteria 
for grouping. The idea that clay is eluviated from an 
A horizon to form an illuvial B horizon is historically 
one of the most cherished tenets of soil genesis. Many 
Australian soils seen by members on the congress tours 
do indeed show marked increases of clay content 
below the top soil. But there is increasing evidence 
that the clay has in fact been destroyed or removed 
laterally from the A horizon and very littl moved 
into the B horizon, so that soils in many parts of the 
world will probably be re-examined from this point 
of view in the next few years. 

As soil science develops, there is a tendency for 
members to separate into two groups—those who 
prefer to work with well behaved systems such as 
glass beads or sodium bentonite or, best behaved of 
all, mathematical models, and those prepared to take 
the soil as it is, in all its complexity. The concepts, 
techniques and terminology of the first group, firmly 
rooted in physics, chemistry or crystallography, 
become more and more esoteric, and the problems 
posed by real soils often seem insufficiently amenable to 
refined techniques to fire the imagination. Joint 
sessions at this symposium helped to bring the two 
groups together, but the general lectures which had 
been a feature of previous congresses were missed by 
many. 
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INSECT HORMONES 


juvenile Hormone as Insecticide ? 
from our Entomology Correspondent 


Wuewn C. M. Williams obtained extracts with juvenile 
hormone activity from adult males of the cecropia 
silkmoth twelve years ago, he suggested that, if isolated 
and synthesized, the hormone might prove to be the 
ideal insecticide. The implication was that whereas 
fully active doses of the hormone would lead to the 
development of giant larvae (which would scarcely be 
welcomed by the farmer), the most likely result in 
practice would be the development of non-viable 
intermediate forms. The practical value of this sugges- 
tion was a matter of opinion, but it greatly stimulated 
efforts to isolate and identify the active substance. 

The first important step was the discovery by P. 
Schmialek in 1961 that the material with juvenile 
hormone activity which can be extracted from yeast 
and from the excreta of the mealworm Tenebrio is a 
mixture of farnesol and farnesal. His later discovery 
that the methyl ether of farnesol is far more active, 
and that in some insects it has an activity of the same 
order as the natural hormone, strongly suggested that 
the hormone itself is probably a terpenoid. Other 
derivatives, such as the frans-trans-10,11-epoxyfarne- 
senic acid methyl ester (Bowers, Thompson and Uebel, 
Life Sciences, 4, 1965) and the chlorinated mixture 
derived from methylated farnesenic acid (Law, Yuan 
and Williams, Proc. US Nat. Acad. Sci., 55, 1966), are 
far more active in other groups of insects. There 
followed in 1965 a most interesting chance discovery 
by Slama and Williams that paper derived from 
balsam fir pulp contains a substance with very high 
juvenile hormone activity on Pyrrhocoris and related 
bugs but which is inactive in other insects. This 
material, “juvabione’, was shown by Bowers, Fales, 
Thompson and Uebel (Science, 154, 1966) to be a 
monocyclic sesquiterpene, the methyl ester of todo- 
matuie acid. 

The identification and synthesis of the natural 
hormone of the cecropia silkmoth were achieved a few 
months ago by H. Roller and his colleagues (Dahm, 
Trost and Roller, J. Amer. Chem. Soc., 89, 1967; 
and Dahm, Röler and Trost, Life Sciences, 7, 129, 
1968). It proved to be very similar to the 10,11-epoxy 
farnesenic acid methyl ester of Bowers et al. but with 
the methyl groups at C-7 and C-11 replaced by ethyl 
groups. The compound does not therefore have the 
typical structure of an isoprenoid and is described by 
Dahm, Trost and Röller as methyl trans, trans, cis-10- 
epoxy-7-ethy1-3,11-dimethy]-2,6-tridecadienoate 
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It may be, of course, that the insect is capable of adding 
-CH, groups to the methyl side-chains of isoprenoid 
compounds. The fact that Meyer and Schneiderman 
(Fed. Proc., 27, 1968) have recently described a second 
less active juvenile hormone, in the extracts from 
cecropia in which the ethyl group at C-7 is replaced 
by a methyl group, could be interpreted in that sense. 

There seems little likelihood that these materials 
could be produced in the quantities necessary for use 
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as an insecticide even if it were desired; but in applied 
entomology, the importance of knowing the nature of 
the active substance lies in the opportunities for 
modifying the basie structure to produce all kinds of 
unpredictable effects. For example, it was found by 
Slama and Williams in 1966 that the “paper factor”, 
when applied topically to adult females of Pyrrhocoris, 
would arrest the development of the resulting eggs at 
an early stage. The juvenile hormone is necessary in 
the adult females of most insects to ensure the develop- 
ment of yolk in the oocytes; and the corpora allata 
which secrete the juvenile hormone are active im the 
developing embryo, ensuring ‘hat it does not develop 
adult characters precociously. The natural juvenile 
hormone has no harmful action on embryonic develop- 
ment. The abnormalities deseribed are in the nature of 


toxic effects by substances more or less related to the 


juvenile hormone. 

The effects may be produced by very small quantities. 
Masner, Slima and Landa (Nature, 219, 396; 1968) 
have found that 0-1 ug of the dihydrochloride of 
methyl farnesoate will induce sterility when applied 
to the females of the firebug Pyrrhocoris apterus, and 
that an effective dose can be conveyed to the female 
during mating with a male which has been treated with 
100 ug. These authors claim that more active materials 
at present under study are effective at one-tenth this 
dose. By liberating such treated males in nature, we 
have here a most promising method of distributing in a 
highly specific manner a chemosterilant which itself 
may be quite non-specific. The possibilities of the 
method deserve intensive study. 


UPPER ATMOSPHERE 


from a Correspondent 


OvER the past few years, groups in the United States, 
Britain, Sweden and Jamaica have investigated the 
scattering properties of the atmosphere by using lasers 
as a form of radar. The results obtained so far have 
generally fitted the expected variation of atmospheric 
density with height between 30 and 70 km, with 
excess scattering from the well known 20 km aerosol 
layer, and there has been some suggestion of scattering 
from dust layers at heights of more than 70 km. But 
the results have been difficult to interpret with existing 
laser radars. 

A group at the University of the West Indies is now 
building a laser radar which should be more than 100 
times as sensitive as those already used. The light 
beam is produced by a pulsed laser with an output of 
up to 11 joules in 10 pulses in a total time of 10 miero- 
seconds. The reflected light will detect by an array of 
thirty-six 30 inch mirrors, of which twelve have so far 
been installed. The returning signal is measured by 
pulse counting. The pulse length of 10 microseconds 
limits the height resolution to about 1-5 km, but 
because the aim of the apparatus is to examine the 
upper atmosphere this is no great disadvantage. The 
statistical errors inherent in the method of measure- 
ment mean that, for the present unfinished apparatus, the 
sensitivity of the measurement, 1-5 per cent at 55 km, 
drops to 10 per cent at 80 km. Rocket measurements 
claim a precision of 5 per cent at 30 km, falling to 8 per 
cent at 80 km. 
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Fig. 1. Variation with height of (c) observed scattering index 
and (b) ratio of experimental values to standard atmosphere. 
©, Experimental points; , standard atmosphere. 





The team at work in the West Indies (Mr B. R. 
Clemesha, Dr G. S. Kent, Mr P. Sandland and Dr 
R. W. H. Wright) is building the new radar in Jamaica, 
which has clear skies for much of the vear and suffers 
little from atmospherie pollution. The site for the 
apparatus is 1,500 feet above sea level, so some of the 
signal loss caused by aerosols in the lower atmosphere 
is avoided. 

Preliminary work to test the capabilities of the 
system—involving a run of 100 shots—has produced 
experimental data in fairly good agreement with 
predictions from the United States standard atmo- 
sphere. The scattering index plotted in the upper 
part of the figure is the product of the average count, 
for a single shot, in a 2 km interval and the square of 
the height in metres. The lower figure shows the ratio 
of the observed signal to that expected from the stand- 
ard atmosphere; signal returns are equally above and 
below what is expected, and there is some indication 
of a periodicity with a vertical wavelength of 15 km. 
So far, no evidence has been obtained of any scattering 
from a dust layer in the height range 55-100 km, but 
the periodicity may be caused by some kind of atmo- 
spheric oscillation. This could be caused by tidal 
effects or a gravity wave disturbance. Similar periodic 
disturbances have been observed with different phase- 
height distribution at the same local time. 


EVOLUTION 


Where did Marsupials Start? 


from our Vertebrate Palaeontology Correspondent 


New discoveries of early mammals in North America, 
South Africa, Wales and Portugal have naturally led 
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to renewed efforts to piece together the early history 
of the group. The origin and early evolution of the 
mersupial section of this radiation have recently been 
discussed by W. A. Clemens of the University of 
Kensas (Evolution, 22, 1; 1968), who points out that 
this study is hampered by the fact that nearly all of 
the Mesozoic mammals are known only from fragments, 
mostly of teeth, and by the almost complete lack of 
fossils from the Southern Hemisphere and Asia. 

Jurassic faunas contain a diversity of small mammals, 
including the herbivorous multituberculates and the 
carnivorous or insectivorous symmetrodonts, tricono- 
donts, docodonts and pantotheres. Similar faunas are 
known in the early Cretaceous, but these also contain 
mammals having tribosphenic molars, This type of 
molar is found in both the marsupials and the placen- 
tals, but it is impossible to assign the Lower Cretaceous 
forms to either modern group because mformation on 
their dental formula (the feature used to diagnose 
these two groups) is still lacking. Indeed, these teeth 
show a mixture of characters found in the later marsu- 
piels and placentals, suggesting that the differentiation 
of these Lower Cretaceous mammals into the two 
definitive lines had then taken place. 

Identifiable marsupials and placentals had appeared 
by the Upper Cretaceous. The diversity of marsupials 
in North American faunas of this age is usually as great 
as or greater than that of placentals, suggesting that 
their evolutionary radiation may have been earlier 
than that of the placentals. This diversity of marsu- 
pials in North America contrasts strongly with the 
complete absence of the group in a fauna of similar 
age from Mongolia. There is in fact no direct or in- 
direct evidence of marsupials outside North Americ: 
before the letest Cretaceous, and Clemens suggests 
that they mey have originated and radiated first in 
that continent. 

The North American Upper Cretaceous fauna con- 
tains five genera of marsupials, separable into the 
four lineages Alphadon, Pediomys, Eodelphis-Didelpho- 
don and Glasbius. Though there are considerable 
differences between the lower molar teeth of these five 
genera, Clemens believes that all of them could be 
derived from the Lower Cretaceous “type two” lower 
molar described by Patterson in 1956. Closest to the 
latter is the lower molar morphology of Alphadon. 
and Clemens believes that this genus may also be 
ancestral to the Caenozoic didelphids, the other three 
Cretaceous lineages becoming extinct. The didelphids 
are represented in the late Palaeocene of North America 
by Peradectes, which in turn could be ancestral to the 
didelphids which survived there until at least the early 
Miocene. After that date, marsupials are unknown 
in North America until the continent was re-colonized 
towards the end of the Pleistocene by the immigration 
of Didelphis from South America. 

The oldest deposits in which South American mam- 
mals have been found are of late Palaeocene age and 
they show that some of the characteristically South 
American types had already begun to appear. Clemens 
believes that the dental characters of these forms 
show that their common ancestors were probably 
members of Alphadon, or of a closely related genus, 
which had dispersed southwards from North America 
in the Cretaceous or early Palaeocene. Though the 
South American opossum Didelphis is the most primi- 
tive type of living marsupial, many of its characters 
have been greatly modified from those probably 
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present in the earliest, Cretaceous, marsupials. 

The only marsupial known from Europe, early 
Eocene Peratherium, is also known from North America, 
but the migration route of this genus is still unknown. 
The complete absence of fossil marsupials from con- 
tinental Asia makes it difficult to estimate the migra- 
tion route of the Australian marsupials, but these may 
have been already established and differentiated there 
by the Oligocene. Clemens believes that comparizon 
of the dentitions of the oldest known Australian 
marsupials with those of the North American late 
Cretaceous forms shows that the Australian types could 
have been derived from a didelphid type similar to 
Alphadon. 


PROTEIN STRUCTURE 


Similarities between Distinc 
ties between Distinct 
Species 

from our Molecular Biology Correspondent 
Last year proinsulin, the precursor of porcine insulin, 
was isolated and shown to consist of a single polypeptide 
chain. Insulin is formed when a section of this chain is 
excised, the two residual chains being linked by disul- 
phide bonds. The sequence of porcine proinsulin was 
reported recently by Chance, Ellis and Bromer. 

One of the many interesting questions arising out of 
this work is the extent to which the structure and 
characteristic properties of insulin are reflected in the 
precursor molecule, and a study of the physical 
properties of the proinsulin by Frank and Veros 
(Biochem. Biophys. Res. Commun., 32, 155; 1968) is 
the first evidence of work along these lines. In the 
first place, sedimentation equilibrium studies at pH 2 
are reported to give evidence of strong association, just 
asininsulin. Few details are given, but the lower limit 
of molecular weight seems to be about 9,000, which 
corresponds to the monomer, whereas the high value is 
18,600. The authors state that their data can be 
explained by an equilibrium involving monomer, 
dimer and tetramer, as can be the association of insulin, 
and that the apparent: equilibrium constants for the 
self-association of the two proteins are comparable. 
This leads to the reasonable postulate that the mode 
of association is the same in the two cases, and that 
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the conformation is therefore most probably conserved. 
Optical rotatory dispersion and circular dichroism 
indicate that the fraction of a-helical structure is less 
in proinsulin, but that the total number of helical 
residues in the two proteins (molecular weights 9,100 
and 6,000) is essentially the same. The suggestion, 
then, is that the extra length of 33 residues in the 
porcine proinsulin is non-helical, and this is supported 
by the presence in this segment of three proline and 
seven glycine residues. Frank and Veros also quote 
unpublished data by Chance on the sequence of bovine 
proinsulin. The corresponding part of the chain— 
that lost on conversion to insulin—-consists of 30 
residues, four of them proline and eight glycine. The 
likelihood that this segment is non-helical thus also 
applies to this species. 

The work of Harris and Perham (Nature, 219, 1025; 
1968) on the enzyme glyceraldehyde 3-phosphate 
dehydrogenase affords an interesting example of 
similarities of sequence and structure between corre- 
sponding proteins from different species. Following 
their work on the lobster muscle enzyme, they have 
now sequenced the porcine protein and find a degree of 
homology which is remarkable for two such distantly 
related species: 72 per cent of the 332 residues (or 333 
in the lobster protein) are identical, and the great 
majority of the substitutions are conservative (polar 
for polar and non-polar for non-polar residues). The 
substitution of valine for isoleucine occurs twelve times. 
There is one insertion in the porcine protein, and two 
extra residues at the C-terminus in the other, The 
degree of homology is very much greater than in the 
haemoglobins and in the cytochrome cs. Another 
striking aspect of this enzyme is that although it 
is tetrameric in its native state, with each chain 
binding one molecule of the cofactor NAD, all four 
chains are identical. This is the first time that such an 
identity has been unequivocally demonstrated. Co- 
operative function in glyceraldehyde 3-phosphate 
dehydrogenase has been reported (though not so far 
in the porcine and lobster enzymes), and the principle 
that a protein made up of identical subunits can show 
such effects is of considerable interest. Harris and 
Perham refer to incomplete sequence data on three 
further species (rabbit, ox and yeast), which also give 
evidence of extensive conservation of sequence and 
therefore presumably of conformation as well. 


Memorandum to the Select Committee 
on Science and Technology 


When the Select Committee on Science and Technology was 
by discussing the organization of defence research, Professor Blackett, 


P. M. S. BLACKETT 


President of the Royal Society, suggested that industry could 


profitably take a greater part in research and development. 


I want to make it clear that the views I express are my 
own personal views and commit no one else. 

At the outset, I want to remind you of some things 
which you certainly know already. Britain has the highest 


research and development (R and D) expenditure of any 
country in Europe; in fact, nearly £1,000 million per annux. 
or nearly 3 per cent of the gross national product (GNP). 
But she also has, and has had for at least a decade or more, 


1108 


one of the lowest economic growth rates. This unpalatable 
fact is clearly one of the main reasons for the intense 
national self-questioning now going on about the organiza- 
tion of the national deployment of R and D, both that 
paid for by the Government and that paid for by in- 
dustry. 

Another indication of the scale of R and D in Britain is 
given by noting that there are 9,000 qualified scientists 
and engineers (QSEs) under the control of the Ministry 
of Technology, including those in the Atomie Energy 
Authority (Clarke, New Technology). This amounts to 16 
per cent of the total nation-wide stock of 55,000 QSEs 
engaged in R and D. Since, on the average, the employ- 
ment of one QSE in R and D (taking into account technical 
assistants, capital expenditure, etc.) costs about £10,000 
per annum, the cost to the Government employing 9,000 
QSEs is nearly £100 million per annum. I take it that a 
major aim of your Committee is to attempt to get the 
greatest national benefit from this outlay. 

So the problem of how the nation can get the best out 
of the R and D, both defence and civil, which it finances is 
a very vital one. In this context I would define “best” 
by the criterion of national security on one hand and of 
economic growth and exports on the other. 

Before I make some remarks on certain aspects of 
present national policy, I would like to make some general 
points. If some of what I have to say seems somewhat 
academic—I do not think that it is—-I must plead that 
a clear understanding of the process of technological 
innovation is essential if sensible policies are to be formu- 
lated. Moreover, this understanding must embrace the 
detailed relationship between private ind ustry and 
Government financed stations. 


Innovation Chain 


The first point I want to make is a rather general one 
relating to such civil and defence R and D as is expected to 
lead to a manufactured product. It has become abun- 
dantly clear during the past few years that it is essential to 
consider the process of technological innovation as a whole 
and as a part of the process of economie growth. Ina 
simplified schematic form, successful technological inno- 
vation can be envisaged as consisting of a sequence of 
related steps: pure science, applied science, invention, 
development, prototype construction, production, market- 
ing, sales and profit. Clearly the first steps use up national 
resources (that is, cost money) and only the later stages 
add to national resources (that is, make money). In 
general, it therefore makes no economic sense to start on 
the R and D steps without making provision for the later 
production and marketing steps. 


Cost of R and D and of Innovation 


My second point is to note that it has recently become 
generally recognized that the cost, both in money and in 
QSEs, of the first steps, that is the R and D, is only a small 
part, say one-tenth, of the whole cost of successful innova- 
tion. This ratio of the R and D cost to that of the whole 
process of innovation may vary widely for different 
products, depending on many factors. So the factor of 
10 per cent assumed here is to be considered only as a 
typical figure. 

It follows that it is not in general economically sensible 
to spend, say, £1 million on an R and D project unless 
another £10 million is available from some sources to 
finish the project. 

These considerations are treated in a very clear way in 
a recent report, Technological Innovation: Its Environ- 
ment and Management, issued by the US Department of 
Commerce (often called the ‘‘Hollomon”’ Report). 

A typical distribution of costs in successful product 
innovation is given in this report as follows: research- 
advanced development, basic invention 5-10 per cent; 
engineering and designing the product 10-20 per cent; 
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tooling-manufacturing engineering (getting ready for 
manufacture) 40-60 per cent; manufacturing start-up 
expenses 5-15 per cent; marketing start-up expenses 
10-15 per cent. The conclusions are summed up as 
follows: “This breakdown of cost and effort indicates that 
the step we coramonly call research, advanced develop- 
ment or basic invention, accounts, typically, for less than 
10 per cent of the total innovative effort. The other 
components, which we do not usual] y associate with the 
innovative process, account for something like 90 per cent 
of the total effort and cost.” 

However, there are industries, such as aircraft, where the 
R and D expenditure can be as big as the other innovative 
expenditure. 

The average factor of 10 used refers to the ratio of the 
total innovation effort to R and D effort for cases of 
successful innovation leading to a saleable product, 
But there will always be cases where no innovation is 
attempted after the R and D stage, because of unfavour- 
able prospects. So, taking cases of successful and un- 
successful innovation together, the above ratio will be less 
than 10. If two out of three projects are abandoned after 
the R and D stages, then the corresponding ratio of total 
innovation to R and D effort would be only 3. 

One uncertainty of all such estimates lies in the difficulty 
of defining the various stages of the innovative process, 
and in particular the definition of the word “devel opment’. 
But in spite of these uncertainties the use of these numeral 
factors does seem helpful in discussion of the process of 
innovation. The methods are not applicable to projects 
where no saleable product is the objective, but where a 
general unguantifiable social good is the object of the 
R and D, 


Minimum Size of Firm as Dependent on R and D Effort 


The third point I want to make is to show how one can 
calculate the minimum size of firm which can manufacture 
successfully an advanced product requiring heavy R 
and D. 

We first note that the R and D cost of a product is 
approximately a fixed sum independent of the number 
which will eventually be sold (Freeman et al., Economic 
Review, NIESR, November, 1965). 

Since few firms can afford to spend more than 5 per 
cent of their turnover on R and D, it follows that a firm’s 
turnover must in general be at least twenty times its 
annual R and D expenditure. Other assumptions made 
are that one QSE costs £10,000 a year and that the turn- 
over per employee is £2,000 per annum. 

Table 1 gives the relation between R and D effort, sales 
and size of firms for two imaginary preducts: a line of 
high-class cathode ray oscilloscopes (CRO) costing £1,000 
each and requiring a permanent R and D team of ten 
QSEs; and a line of medium-size computers, selling at 
£200,000 and requiring an R and D group of 500 QSEs. 
The basic assumption made, as already mentioned, is that 
the firm spends 5 per cent of its turnover on R and D. 
The imaginary firms are each assumed to make one line of 
products only. For real firms which generally make a 
number of different products, the R and D effort, turnover, 
size of firm, and so on, would be greater than as shown in 
Table 1. The value of these calculations leading to the 
figures in Table 1 is that it indicates the rough minimum 
size of a one-product firm which is commercially viable 
without subsidy in a rapidly innovative science-based 
industry requiring heavy R and D expenditure. 

The figures in Table 1 do not depend on the assumed 


Table 1 


CRO Computer 
Sale price (assumed) £1,000 £200,000 
f Pej miber (ass } 
RandD | pee £100 000 £5,000,000 
Turnover—20 « R and D cost £2,600,000 £100,000,000 
Number of employees at £2,000 paa. 1,000 50,000 
Annual sale of product (in numbers) 2,000 500 
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ratio (10 per cent) of the R and D costs to costs of the total 
innovative process, but only on the assumed ratio (5 per 
eent) of R and D cost in the firm to sales. 


Civil Industry where the Government is not a Major 

Purchaser 

I shall now discuss the ways these arguments might 
affect Government policy: first in relation to civil industry 
and then in relation to defence industry. In both cases, 
however, it will be assumed that, as at present, with rare 
exceptions Government establishments do not manufac- 
ture and sell. It follows that most manufactured goods 
and a still bigger fraction of exports come from private 
firms. 

The Government, through the Ministry of Technology, 
gives technical aid to firms through the research associa- 
tions and some from its stations. It also gives financial aid 
to individual firms through the National Research 
Development Corporation (NRDC), through the Indus- 
tries Group of the Ministry of Technology (Mintech), 
through the Industrial Reorganization Corporation (IRC, 
under DEA) and, I hope in the future, through the 
machinery planned to be set up under the Industrial 
Expansion Bill. 

Clearly a chief objective for this use of Government 
funds should be to use these resources to aid market forces 
to bring into being, in any manufacturing field, an 
adequate but not excessive number of what may be called 
integrated, or complete, firms; that is, firms able to 
carry out their own R and D and take a project to a 
commercial and export success. A rough estimate of the 
minimum size of a firm which can expect to manufacture 
profitably some set of products ean be made by the 
methods used here. 

For a product which is relatively small and techno- 
logically unsophisticated but with a large market, the 
minimum size of firm for effective R and D may be well 
below the minimum size set by manufacturing require- 
ments. 

Assuming these general objectives, it is I think generally 
agreed that when civil R and D in Government stations is 
undertaken, it should, wherever possible, be tied in, both 
in planning and execution, with some chosen firm. R and 
D results broadcast to firms are apt to be taken up by 
none. This implies the necessity of selective choice both 
of projects and firms. Firms that are already strongly 
integrated, adequate in size, or giving promise of rapid 
growth are likely to be good candidates for Government 
support of the whole innovative process. 

It is important, however, to remember that traditionally 
the methods of providing technical and financial help to 
firms, through stations and research associations, were 
biased towards the R and D end of the innovation 
chain. However, as we have seen, the later stages of 
the innovation chain cost much more money and employ 
many more QSEs than the R and D element. This bias 
can be, and is being, reduced by the activities of the 
Government agencies already mentioned. 


Defence Industry and R and D 


The problems of R and D in firms engaged heavily in the 
defence field are basically similar in many respects to 
those in the civil field. But, of course, in any particular 
period a given firm may have its R and D heavily financed 
directly by the Government. In this case, the limit of 
some 5 per cent for the ratio of R and D to turnover used 
in any calculation must be replaced by some higher figure. 
For example, if the Government pays three-quarters of the 
R and D bill, then the firm can work to a ratio of R and 
D expense to turnover of some 20 per cent instead of 
5 per cent if unsubsidized; the minimum viable size of 
firm is thus reduced by subsidies; and may incidentally 
produce non-viable firms if the subsidy stops. 

The Government is, of course, in a much stronger 
position to help defence firms selectively because of its 
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big purchase of defence goods. By eanalizing its orders 
selectively to chosen firms, the Government could do a 
great deal over a period of years to bring into being more 
first-class firms. To do that it would sometimes be 
necessary not to buy in the cheapest market, but to give 
weight to a firm’s R and D and other innovative capacity. 
For it is clear that a complete firm with good R and D, 
costing. say, 5 per cent of the turnover, may not be able to 
quote as cheap a price as a firm without its own R and D, 
which merely manufactures the design of others. : 
Then. of course, it is of the greatest importance for 
defence specifications, wherever possible, to be made as 
compatible as possible with civilian requirements. 


Management, Structure of Industry and R and D 

Capability 

This argument is essentially based on the necessity, in 
rapidly changing science-based industries, of strong R and 
D teams which must reach a certain minimum size for 
viability. The high cost of such a team demands a large 
firm with a high turnover and profits to finance it. 

Additional advantages of a few big firms over many 
small ones are, of course, the economies of manufacturing 
scale and the possibility of better use of the best managers. 
Statistically it is known that big firms, compared with 
small firms, have a higher productivity, export more and 
pay their top management more. i 

A recent study by Executive Selection Division (Survey 
of Executive Salaries and Fringe Benefits in the United 
Kingdom 1967) has given data which show that all grades 
of top management, including engineers and research 
staff, are paid about twice as much in firms with a turn- 
over of more than £20 million, compared with firms of less 
than £1 milhon turnover. 

The low level of salaries of QSEs in industry is one of the 
most obvious and discussed aspects of the brain drain. 
Thus reorganization of parts of British industry into fewer 
stronger units is likely to raise substantially the salaries of 
the top QSEs and so might well prove an important 
contribution to check the drain. At present there is no 
doubt that the low productivity of much of British 
industry implies both low wages and low salaries and so 
contributes to the drain. Any inerease in productivity will 
enable firms to pay higher salaries to QSEs, and so should 
make it possible to employ better QSEs and increase 
productivity still faster. 

One of the reasons often given for a particular R and D 
project being undertaken wholly at Government expense 
at one of its stations, instead of being farmed out to a firm, 
has been the belief that suitable competent firms did not 
exist. In so far as this may have been true sometimes in 
the past, the blame must be shared between the industry 
and the Government. As already pointed out, I think 
that the Government, through its stations and its pur- 
chasing power, could have done much more than it has 
done to encourage the growth cf first-class firms. 

Industry, in my view, could have done more to bring 
about a much greater concentration of industrial and 
technological effort in the rapidly changing science- 
based industries. Industry’s tardiness in coming to grips 
with the extreme fragmentation of so much of British 
industry seems difficult to understand. This fragmenta- 
tion could well have made a contribution to the rather dim 
image which too many firms show to the young graduate 
or PhD. One QSE in a firm may be useful for a little 
trouble shooting, reading the literature and so on, but 
little else. A group of, say, five QSEs might be considered 
a minimum for productive R and D effort, and so for 
good morale in the group. Unless the morale is good, 
the QSEs will not stay long and it will be diffieult to 
recruit others. 

Referring to Table 1, the minimum size of an unsub- 
sidized firm able to support such an R and D team of 
five QSEs would have some 500 employees and a turnover 
of some £1 million per annum. If these arguments are still 
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valid, then it seems clear that much smaller firms are not 
likely in general to be commercially successful in the 
advanced science-based field, except in special circum- 
stances. Moreover, for the same reasons such small firms 
do not seem likely candidates to receive Government aid 
in any form. 

However, in certain circumstances the small firm comes 
into its own. They can be subsidiaries of larger firms 
which subsidize their R and D. They may manufacture 
under licence or just copy, and so for a time may perhaps 
live without their own R and D. They may sub-contract 
for bigger firms and so manufacture a completely designed 
product. In rare circumstances a small firm can make an 
exceptional profit for a limited time from some outstanding 
product. Another favourable cireumstance is when the 
top management is itself highly technological, so that the 
effective cost of the R and D is well below what would 
otherwise be required. Lastly, an initially small firm may 
be so dynamic that it only remains small for a short time. 


Where should R and D be done—Station or Firm? 


When the R and D for a civil project is carred out in a 
Government station, and the later stages—-prototype 
design, production, marketing and sales—are done in a 
firm, then the difficult problem of transfer occurs. 
Directors of big industrial research departments have said 
that even in a single firm it is often very difficult to induce 
the production and marketing side of the firm to take up 
projects arising from the R and D side. How much 
more difficult must it be when the transfer is from a 
station to a firm ! 

This problem of transfer from station to firm has often 
arisen in part because it has been much easier to get 
Government funds for some worthwhile R and D project 
if it is to be carried out in a station, than if it is to be carried 
out in a firm, This arose because of the, quite different 
methods of finance in the two cases. In the case of a 
station, it was in general only necessary to show that the 
project was technologically good and that it could be 
financed within the station’s budget: no return on the 
money was expected. In the case of finance to a firm, 
many difficulties involving sometimes hard repayment 
terms, and long delays, could occur. Then there is the 
difficulty of how to select the firm or firms to be helped. 
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I am convinced that when an R and D project intended 
to lead to a manufactured product is being considered for 
Government support, it should be easier to fund it in a 
selected firm than it has been at a station. 

When, as with aircraft and nuclear power stations, 
much of the basic science and early stages of development 
are necessarily carried out in Government stations, and 
where the final product is manufactured by a firm, the 
problem arises as to the best place in the complete innova- 
tion chain (see sections on the innovation chain) to make 
the transfer. There is a difference here between aircraft 
and nuclear power reactors. In the former the prototypes 
are always made by a firm and generally by the same firm 
which would later manufacture in bulk. But in the United 
Kingdom, as made clear in the Select Committee's report, 
the prototype nuclear power stations were made by 
the Atomic Energy Authority and the production models 
by firms. If I understand the report aright, this procedure, 
that of transfer after the prototype stage, is held to be less 
efficient than transfer before the prototype stage. The 
principal advantage of transfer before the prototype stage 
seems to be that the QSE teams which build the prototype 
ge straight on to build the production model. This seems 
more efficient, and is likely to save time and money 
and economize in QSEs. 


innovation in the Social Sector 


I have deliberately concentrated my arguments on 
R and D in relation to manufacturing industry, because of 
the priority which attaches to all methods of improving 
our balance of payments. There are, of course, the 
important fields of activity of the Government stations. 
which relate to matters of importance to industry as a 
whole, for example, standards, certification, critical data 
and so on. These must have high priority. Then there 
are also the important social sectors, such as pollution, 
urban development and transport and health. These latter 
may become of increasing relative importance as the 
decades go by and as affluence grows. But they do not, in 
my view, have quite so high a priority for the United 
Kingdom today as those activities which can rapidly 
improve our industrial strength. In fact, a massive 
onslaught on these vital social problems can only be 
launched from an economically secure national base. 


Communication : How can We keep up? 
Why can’t We go Faster ? 


by 


J. R. PIERCE 


Bell Telephone Laboratories, 
Murray Hill, New Jersey 


SOMETHING has changed the world while we have been 
living in it. As a child, my home was an apartment in 
a small city. Now, as an inhabitant of the megalopolis 
which stretches from Boston to Washington, I live in a 
single house with 1-6 acres of land, situated on a dead-end 
road, a quarter of a mile from a dairy farm. I have my 
own well with an electric pump and sewers are just being 
installed. 

The United States has been changing from a rural to 
an urban culture for many years, but the most pro- 
nounced recent change has been from a city to a suburban 


Why have many technological advances in communication systems 
not been fully exploited? 


culture. In the decade from 1950 to 1960, although the 
percentage of the pepulation living in “urban” areas 
increased by 5 per cent, the division of population between 
the frmge and the central city shifted by 10 per cent in 
favour of the fringe in cities of all sizes, and the average 
population per square mile decreased by almost 20 per 
cent in the fringe and by more than 30 per cent in the 
central cities. And of urban areas, the medium-sized 
cities and their fringes have grown more rapidly than the 
large cities. Today, the megalopolis is an overlapping of 
suburban areas spotted with shopping centres, profes- 
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sional buildings housing doctors and lawyers, hospitals, 
bowling alleys, golf courses, swimming pools, schools, 
colleges, outdoor cinemas and a few theatres. Its in- 
habitants have outside interests in beaches, parks, moun- 
tains and ski runs, and the intellectual focus of their 
world is not the city centre but the “telly”, together 
with the hi-fi wireless and gramophone and paperback 
books. 

This transformation of life has not been a result of a 
planned Utopian or non-Utopian revolution. It has been 
the result of technological innovation, principally in trans- 
portation and communication, and of the eagerness with 
which people have taken advantage of such innovation. 
Our world is increasingly highly organized, but it is 
increasingly dispersed. 

If we measure progress in communication by powerful 
and unforeseen consequences, technological progress has 
been awesome indeed. We can, and can afford to, tele- 
phone anyone in any technologically advanced area of the 
globe. Television brings us, by satellite, programmes 
direct from the ends of the Earth. There seems no turning 
back. A world which could not miss telephony and tele- 
vision because it had never experienced them has been 
replaced by a world in which life would be impossible 
rather than unsatisfactory without them. Change has 
indeed been so rapid that we sometimes wonder how we 
can keep up with the problems it engenders—including the 
flight of people and industries from the central city. 

And yet we sometimes feel that we are not going fast 
enough. This is partly because we cannot will existing 
technology to do what it will not do: magically solve the 
problems of the ghettoes, make men of low intelligence 
brilliant, abolish death or eliminate war. 

But unexploited and less than fully exploited tech- 
nological opportunities are recognizably with us. Why 
don’t we all have all the communication marvels we read 
about in Sunday supplements or see in forward-looking 
broadcasts ? 

In part, this is because of gaps in knowledge, com- 
munication and intent between research, development, 
manufacture and use. Such gaps are common between 
government laboratories and industrial firms, and between 
any organization which contracts to have novel and 
difficult things done and the contractors who try to do 
such work. Indeed, a Japanese friend of mine, long 
familiar with the travails of the Japanese public telephone 
corporation in carrying out its ideas, told me, “What 
they need is an Eastern Electric”. (Western Electric is 
the manufacturing and supply unit of the Bell system.) 

This is not a full explanation of the fact that we do 
not have everything that we believe the existing tech- 
nology of communication should provide. I think that 
individual examples are the best way to illuminate this 
matter. For example, I believe that present technology 
would allow us to: (1) launch a satellite that would send 
television signals directly to housetop antennae; (2) use 
a system of large satellites to provide as many as 100 
million telephone circuits or 100 thousand television 
circuits among various ground terminals separated by 
200 miles or more; (3) build a millimetre wave wave- 
guide system which would economically transmit 400,000 
‘phone conversations or 400 television signals through a 
buried pipe 2 inches in diameter; (4) provide practical 
television-with-telephone service; (5) switch telephone 
messages by means of transistors and other solid-state 
devices, using no relays or moving parts; (6) provide 
mobile telephones in most cars; (7) operate a computer 
remotely from a teletypewriter keyboard in one’s office; 
(8) send twenty or more television programmes into each 
home by wired distribution; (9) put through a call to 
some overseas point in a few tens of seconds; (10) have 
a telephone installed within a couple of days. 

The reader may have become puzzled as he neared the 
end of this list. Aren’t these things that we already have ? 
Well, in a sense, some places. . 
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Consider (10), for example. The difficulty is clearly not 
technical; it is one of raising enough capital to fill orders 
promptly. When a telephone system operates as a govern- 
ment department, the government must budget and the 
legislature appropriate enough money for operation and 
expansion. If demand goes persistently unmet, it will be 
small; people don’t try very hard to get what they know 
they can’t have. Many governments and legislatures 
appear to be unwilling to spend money to meet small, 
orderly demands (who riots for telephones ?). When this 
is so, money for expansion and improvement is not avail- 
able, orders for service are not filled, demand withers, 
expansion is slow, and all is well—or is it? 

When the operating agency is a public corporation, as 
in Japan, it can retain earnings and it can raise capital by 
selling bonds; that is, in principle, it can. In practice, 
stocks appreciate so rapidly in Japan that it is ime 
practical for the Nippon Telephone and Telegraph Public 
Corporation to sell bonds in ordinary circumstances. The 
man who gets a telephone in Japan has to buy enough 
bonds to—almost—-cover the associated capital costs. The 
number of telephones in Japan is rising rapidly, but there 
is still a wait to get one. 

In the United States, the privately owned telephone 
companies can retain earnings and can sell either stocks 
or bonds in order to raise capital for expansion (and 
improvement). You can get a telephone without waiting. 

The story of (9) is the same. Where telephone systems 
are well financed and much used, they operate well and 
without delay. Delays in overseas calls are usually 
attributable to local service; cables and satellites provide 
plenty of trans-oceanic circuits. 

The technology to send twenty (or more) television 
programmes into suburban homes by cable (8) is with us 
and in use. Its exploitation is slowed by legal uncer- 
tainties and impediments, at least in the United States. 
The Supreme Court has recently affirmed the right of the 
Federal Communications Commission to regulate CATV 
(Community Antenna Television), but it is not clear just 
how CATV will be regulated. A CATV system was 
recently forbidden to sell advertising on the programmes 
which it itself generated, in order to preclude competition 
with a UHF station. The technology of wired distribution 
is available. The capital cost of CATV in the suburbs is 
roughly comparable with the cost of a good antenna on 
each roof. The charge (around $15 installation and $5 
a month) proves acceptable to users, who would rather 
have many good signals by wire than a few so-so signals 
from the air. CATV is expanding rapidly, but legal 
uncertainties and regulatory restraints rather than 
all-out encouragement have undoubtedly slowed ites 
growth. 

Today people in the New York area can subscribe to 
any of many commercial services which allow them to 
operate a computer remotely over a telephone connexion 
from a teletypewriter console in an office (7). Such service 
is available in many parts of the country, and 1s growing 
rapidly. Somehow, this one has so far escaped both 
planning and regulation. A number of firms just went 
ahead and did it. 

There is some mobile telephone service in cars in the 
United States (6). The solid state art has made possible 
more compact, lower power, more reliable mobile equip- 
ment. But the frequencies best suited to mobile service 
(hundreds of megahertz) have as a matter of public policy 
been allocated to UHF television instead (see discussion 
of (8)). Research is going on towards the use of higher 
frequencies, perhaps with more ground stations, and satel- 
lites have been considered. But any appreciable expansion 
of mobile service within the bounds of existing teehnology 
is possible only by allocating suitable frequencies to this 
use. (The Federal Communications Commission has re- 
cently allocated a band 75 MHz wide in the upper UHF 
range to mobile radio.) 

A number of switching central offices with electronic 
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control of the switches are in commercial operation in 
the United States and there are a few switching systems 
in limited use which use solid state rather than mechanical 
switches (5). At present, however, all of the world’s more 
than 200 million telephones require a large ringing current, 
which can best be transmitted by metallie contacts, as 
well as a rather high talking current. Telephones full of 
solid state amplifiers and other components are being 
developed. These will be more suitable for operation 
with advanced electronie switching systems. The solid 
state art has made possible inexpensive digital, pulse 
code modulation transmission which sends twenty-four 
telephone channels over one pair of wires. Such systems 
are in growing use. We can look forward to advanced 
telephone sets, digital transmission and digital switching. 
But, because of the tremendous amount of quite satisfac- 
tory and long-lived equipment now in use, this won’t 
happen overnight. 

Work is being done toward television-with-telephone (4) 
in several countries. In the United States such a ‘Picture- 
phone’® service was demonstrated at the New York 
World’s Fair in 1964-65, and it has since been available 
commercially between special locations in three cities. 
A widespread switched commercial service with an im- 
proved set is expected to start early in the 1970s. 

The realization of a practical ‘Pieturephone’ terminal 
depends on an advanced solid state art, including a new 
type of solid state camera tube, stable enough not to 
require adjustment, sensitive enough not to require special 
lighting and rugged enough not to be damaged by direct 
sunlight. A satisfactory ‘Picturephone’ terminal would 
have been impossible in the day of the vacuum tube. Such 
terminals are an outcome of the invention of the transistor 
in 1948. So is the economieal broadband transmission 
necessary to interconnect such terminals. 

When ‘Picturephone’ service comes, it can bring us 
economical access to computers and economical broad- 
band transmission as well as a view of the person with 
whom we converse. 

Research on millimetre waves together with advances 
in the solid state art have made possible the economical 
transmission. of hundreds of thousands of telephone signals, 
thousands of ‘Picturephone’ signals or hundreds of tele- 
vision signals through a buried, 2 inch diameter tube (3). 
The signals can be amplified by compact solid state 
repeaters spaced 15-20 railes apart. 

We do not yet have such a system because the full 
capacity has not been called for in the past, and the 
economy of scale can be realized only if sueh a system is 
loaded to something approaching its full capacity. Tele- 
phone and data traffic is growing rapidly, and ‘Picture- 
phone’ service will, if widely accepted, call for a great 
deal of additional transmission capacity. Development 
work is being done toward a waveguide system. 

A communication satellite system using frequencies 
above 10 GHz could provide a stupendous number of 
circuits (2), 

At the present time there is not enough traffic anywhere 
to use even a fraction of the capacity of such a system. 
Thus we could soundly design far more than we could 
justifiably build. 

But no one is in a position to build even what would be 
immediately useful. International satellite systems are 
in the hands of Intelsat, a multinational group which can 
meet even the particular needs of a few advanced countries 
only if the members agree. Intelsat is operating under the 
interim management of COMSAT (the Communications 
Satellite Corporation) which, by an aet of the American 
Congress, has been given the sole United States right to 
participate in international satellite systems. Intelsat 
has been unable to come to a permanent agreement 
concerning management and operations. 

In the United States the domestic satellite communica- 
tion situation is clouded. Many have proposed satellite 
systems; no one has the right to go ahead. : 
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Satellite communication may have been somewhat 
inhibited by the fact that only the US and the USSR 
have adequate launching capabilities. The chief impedi- 
ments to progress are not technological. The chief im- 
pediments are unresolved policy and legal snarls which 
prevent companies, agencies and nations which could and 
would build useful satellite systems from doing so. 

The direct transmission of television signals from satel- 
lites to homes (1) is a newsworthy and probably a tech- 
nically feasible idea which seers to have little to recom- 
mend it. 


In a technologically backward country, transmission 
of one or a few television programmes to town and village 
receivers, and distribution by wire or low-power ground- 
based broadcast, are very attractive and economical 
means for fostering national unity and purpose. ` Surope 
and America already have network television. 

The obstacles to achieving the ten sorts of communica- 
tion service I have listed are not technological; they are a 
mixture of economies, politics, regulation and, in some 
cases, demand or acceptance. This does not mean that 
there are not technological gaps between what we would 
like to do and what we can do. 

The extremely high frequency of the coherent hight 
from lasers in principle promises very broad bandwidths 
and great economies of scale. Yet at the present time we 
cannot realize such broad bandwidths, and so we cannot 
exploit the potential economies of scale. We are in a 
position to build a broadband waveguide system; we 
could not build a laser system which would provide as 
many circuits or which would be as cheap. We can make 
progress toward the potentialities of laser communication 
only through further research. 

The cost of local transmission and switching is a domin- 
ating cost in telephony. The solid state art will un- 
doubtedly lower these costs, though an obstacle has been 
pointed out in the discussion of (5). Perhaps millimetre 
waves which are attenuated by the oxygen and water 
vapour in the air, so that frequency assignments can be re- 
used in close proximity, will provide cheap, broadband 
local transmission. 

Research has provided us with ideas but not with sure 
tools for using higher frequencies in mobile telephony. 
Beyond the service allowed by allocations in the UHF 
range, mobile service must await further research of some- 
what problematical outcome. 

We can now rent. access to a distant computer by means 
of teletypewriter console. Everyone wants more—~par- 
ticularly, computerized information, and perhaps reserva- 
tion and purchasing services. At present, real-time-access 
information services work economically and wonderfully 
when the data base is small enough. The airlines’ reserva- 
tion services and the various stock quotation services are 
examples. But, up to the present, it has not been 
economical to handle very large data bases—telephone 
information for a sizable city, for example. Here we 
need cheaper memory, cheaper terminals and improved 
organization or programming of the computer. 

There has been so much technical progress in com- 
munication that we sometimes feel it hard to keep up 
with changes that communication and other technologies 
continually make in society. But sometimes we wish 
that things could change faster. Sometimes things don’t 
change faster because of technological gaps or obstacles. 
But many potentially useful developments are slowed 
because of organizational, economic, social, political or 
regulatory difficulties. 
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Simplified Notation for Peptides in Computer 


Compatible Format 


by Prompted by comment in Nature (218, 10; 1968) Mrs Revesz points 


GABRIELLE S. REVESZ 


Institute for Scientific Information, 
Philadelphia, Pennsylvania 


ENcopinG long chain peptides in computer compatible 
language such as the Wiswesser line notation (WLN}! 
presents a special problem. Although there is no special 
difficulty in writing line notations for these structures, 
the resulting notation frequently becomes too long and 


involved and often becomes difficult to decipher visually. 


Even before computers came to be used as a searching 
tool, biochemists used a convention of their own to denote 


- peptide chains in which every amino-acid is given a 


on three letter abbreviation. These are strung together in 
the order of linkage. It is understood in this code that the 


first amino-acid in the chain contains a complete amino 
~ group, while the last is completed by the COOH group. 


-o The notation Ala-Gly-Val-Tyr is understood to be com- 


< plete and only in very few instances in the literature 


© would one find this same peptide written in its expanded 
co form, namely H-Ala-Gly-Val-Tyr-OH. Few biochemists 


© would write formulae of this kind in the conventional 


structural diagram as: 


out that the system for nomenclature of peptides recommended by 
the International Union of Pure and Applied Biochemistry is most 
suitable for processing by computers. 


this case. the new code would be H///AGVY///Q. The 
three diagonals indicate transition from WLN to the I0- 
IUPAC peptide code or vice versa. From here it is an 
easy step to add protecting groups to the NH, or ester 
groups to the acid, 


aroma, 


Cho = d SCR OCO 


T 
Cbo-Ala-Gly-Val-Tyr-ONP 


ONP = —-O--. é 


Ye premouunye 


could now be written as RIOV///AGVY///OR DNW pre- 
serving the full peptide sequence in the process rather 
than adhering to the rules for WLN encoding. 

The question remains how to encode substituted amino- 
acids in peptide chains. In the course of indexing peptides 
for Index Chemicus, we were able to devise a het of the 
most common substituents and determine the ten most 


CH CHI(CH.,). CH,” S—OH 
| 3 { ale | 2 Ay 
NH,—-CH— -CO—- NH-—-CH,— CO—-NH-—-CH-CO—_NH-—-CH--COOH 


Most large peptides would be practically unrecognizable 
to the peptide chemist. Written in WLN this would be 
ZY &VMIVMYY&&VMYVQIR DQ where Z means 


NH, V equals CO, Q equals OH, ete. This is still a rather 


lengthy notation for a relatively short peptide chain. 
Considering that some peptide chains consist of 250 
amino-acids or more, this could become rather unwieldy 
to handle. 

Recently TUPAC has proposed? that amino-acids in 
=< peptide chains be denoted by single letter codes as 
- follows: 


A Ala G Gly M Met S Ser Y Tyr 
B Asx H His N Asn T Thr Z Glix 
C CysH I ile O Orm U CyS-SCy 

D Asp J Cit P Pro V Val 

E Glu K Lys Q Gin W Trp 

F Phe L Leu R Arg X HyPro 


= These codes have been conveniently utilized by Index 
=: Chemicus to set up a system compatible with WLN to 
= make peptides more easily available for computer process- 


< ing while retaining visual comprehension. Although only 


twenty-six amino-acids can be accommodated by the 
twenty-six letters of the alphabet, another twenty-six 
could easily be added by the use of additional symbols, 
alone or in combination, which would make this an open- 
ended system. 

The first step in coding is to define each of these letters 
as an amino-acid from which a molecule of water has 
already been abstracted. Thus the letter A for alanine 
would indicate not 


CH, CH, 


| 
NH,—CH—COOH .-NH— CH—CO_ 


Therefore, the peptide in question will have to have a 
WLN code on both ends to make it complete. Thus, in 


but 


frequently encountered. They can be assigned codes 


ranging from 01-10. Because this is an open-ended sys- 9 
tem, any number of substituents could be added as they ©. 


come up in the literature and a computer program 
could be written to incorporate these codes. So far the 
following definitions have been adopted 


O01 = Acetyl 06 = Benzylimidazely! 


02 = Tosyl 07 = t-BuO-CO 
03 = Benzyl 08 = Cho 
04 = p-NO,-benzyl 09 = NO, 


05 = 2,4-Di-NO,-benzyl 10 = Phthalimido 


These code numbers are to be put in parentheses after 
the amino-acid code to which they belong, the comptiter 
programme allowing for the fact that a hydrogen is to 
be extracted from each amino-acid followed by parene 
theses. It is now a very simple matter to write a notation. 
for the following sequence: 


Bz NO, OBz Im—Bz 
| | | 
Cbho---Asp-—Arg—-Val—-Tyr—Lle— His Pro—- Ala---NH-—-NH, 


R1LOV///D(03)R(O9)VY (03) TH (06)PA///MZ 


The R1IOV represents the protecting group and the MZ 
the hydrazide group in WLN, whereas the rest of the 
sequence is represented by the IC-TUPAC code. 

In the Index Chemicus Registry System (ICRS), a new 
product of the Institute for Scientific Information, all 
new compounds published in Index Chemicus are encoded 
into WLN. The use of the new peptide code in the context 
of ICRS has the advantages of: (a) easy computer 
searching, and (b) retaining the peptide sequence for the 
scientists who prefer the visual scanning of printout copies, 
* Smith, E. G., The Wiswesser Line-Formula Chemical Notation (MeCiraw- 

Hill Book Company, New York, 1968). 


*IUPAC-IUB Combined Commission an Biochemical Nomenclature tin the 
press), 
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‘‘Haldane’s Dilemma” and the Rate of Evolution 


by 
J. MAYNARD SMITH 


School of Biological Sciences, 
University of Sussex, 
Brighton 


Kimura! has recently argued that the rate of evolution at 
the molecular level is greater than can be accounted for 
by natural selection, so that a large part of the observed 
molecular changes must be selectively almost neutral, 
and be established by drift. 

I do not want to query the conclusion that drift has been 
important, but Kimura’s conclusion that the rate of 
evolution is too great to be explained by natural selection 
ean be queried on two grounds. First, his estimate of the 
rate of molecular evolution may be too high. It is based 
on the assumption that the whole haploid complement of 
DNA in man (4x 10° nucleotide pairs) codes for proteins 
the rate of amino-acid substitution of which has been the 
same as the average for three proteins (haemoglobin, 
cytochrome ¢, triosephosphate dehydrogenase) for which 
estimates can be made. This assumption may be 
seriously wrong; for example, it would overestimate the 
rate of amino-acid substitution by several orders of 
magnitude if the ‘‘master-slave” hypothesis of Callan? 
and Whitehouse’ is correct. It is difficult, however, to 
see what other assumption could be made at the present. 
time, and it will not be eriticized further here. 

The chief intention of this article is to argue that 
Kimura’s estimate of the maximum rate of evolution 
may be too low by several orders of magnitude. 


The Argument from the Cost of Natural Selection 
Kimura’s estimate is based essentially on an argument 
first put forward by Haldane’; it is this argument which 
L believe to be erroneous. Haldane bases his argument 
on the idea of the ‘‘cost’”’ of natural selection. The unit 
step in evolution is the substitution of one allele, say A, 
for another, a, in a population. This happens because 
individuals carrying the gene a are killed selectively or 
because they have a lower fertility. The larger the num- 
ber of selective deaths, the more rapidly will gene fre- 
quencies change. Haldane estimated the total number of 
selective deaths (that is, deaths of individuals who would 
have survived had they had the optimum genotype) 
required to substitute one allele for another. He concluded 
that, for a diploid population with moderate selective 
advantage, the total “cost” of selection would be between 
10 and 100 times the population size, per gene substitu- 
tion. Now there is an upper limit to the number of 
selective deaths which can occur in one generation. Thus 
if, for example, a population consisting wholly of indivi- 
duals of optimal genotype could in favourable circum- 
stances increase by a factor R, then the fraction of selective 
deaths cannot be greater than (R—1)/R per generation. 
This places an upper limit on the rate of evolution. 
Thus for simplicity consider a haploid population. (I 
shall confine myself to the evolution of haploids, because 
T am concerned only with the assumptions behind the 
mathematies, which ean be illustrated quite well by 
considering haploids, and not with algebraic details.) 
Suppose: (i) the average “cost” per gene substitution is 


A recent estimate of the maximum rate of evolution by natural 
selection may be too low, based as it is on a maxim that seems 
to be erroneous. 


30 times the population size, and (11) a number of loci are 
selected simultaneously. At the eth locus the alleles A 
and a have fitnesses 1 and 1-k, and frequencies p and q, 
respectively. 

If in the next generation the frequency of A is p’, then 


= p(l+qk) 


if k is small. Hence the change in p per generation 


Ap =p — p= pqk (1) 

Now the presence of allele a causes a fraction of selective 
deaths 8; = qk. 

Hence the fitness of the population is Tl(1—6)~ 
exp (— £8;), as compared with a fitness of unity for the 
optimal population. 

Now the average number of loci changed per generation 
is equal to the cost per generation divided by the total 
cost per gene substitution; that is, it is 28,/30. Hence, 
if N is the average number of generations per gene substi- 
tution, £4;=30/N, so that the fitness of the population 
ig eN, 

Thus if when a population moves into a new environ- 
ment its reproductive capacity is half that obtainable when 
selection has run its course, then N= 43; that is, ifin each 
generation half the population were killed selectively, 
there would be one gene substitution per forty-three 
generations. Haldane suggests that this represents rather 
intense seleetion. and that a more typical figure during 
evolution fer the total intensity of selection at all loci 
might be 10 per cent selective deaths per generation, 
giving one gene substitution per 300 generations. 

It is this estimate of 300 generations per gene substitu- 
tion which Kimura finds to be incompatible with the 
observed rate of molecular evolution. It follows directly 
from the assumption of 10 per cent of selective deaths per 
generation and the estimate of the cost of one gene substi- 
tution as thirty times the population size. 


An Alternative Model for Selection 

Haldane’s conclusion depends eritically on the way in 
which selection at different loci is supposed to act. Thus 
for a single locus, to increase the frequency of the favour- 
able allele from, say, 1 to 2 per cent in a single generation 
would require selective deaths amounting to 50 per cent 
of the population. Haldane assumed that if favourable 
alleles at several loci are to increase in frequency from 1 
to 2 per cent, the total cost will be the sum of the costs 
for each allele separately; that is, for n loci it would be 
0-5n times the population size. This may be true but it 
need not be. Thus if selective deaths were confined to 
individuals with none of the favourabie alleles, it would be 
possible to increase the frequency of fifty separate alleles 
from 1 to 2 per sent in one generation for the same cost 
as would be required to change the frequency of a single 
allele (actually, more than fifty alleles could be changed in 
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frequency, because some individuals would have more 
than one favourable allele). 

What is the maximum rate at which gene substitution 
can be made if 50 per cent of the population is killed 
selectively in each generation ? As before, consider a 
haploid population. At each of n loci let there be two 
alleles with frequencies p and q and fitnesses l and 1—k. 
Then the average number of favourable alleles per indivi- 
dual is np, and the standard deviation of the number 
yv npg. 

If 50 per cent are selected each generation, the most 
efficient procedure, as judged by the rate of gene substitu- 
tion, is to select those with the largest number of favour- 
able alleles. This will be termed “threshold selection’. 
because all those with more than a threshold number of 
favourable alleles survive. In the subsequent discussion 
the term “threshold selection’’ will be used for patterns 
of selection which approximate to this, even if the thres- 
hold is not a precise one. It is worth noting that artificial 
selection typically operates by threshold selection. 


Table 1. NUMBER OF LOCI AT WHICH SELECTION CAN ACT SIMULTANEOUSLY 

WITH A SELECTIVE ADVANTAGE OF 1 PER CENT AT EACH LOCUS, WHEN 50 

PER CENT OF THE POPULATION ARE SELECTED EACH GENERATION, ACCORDING 
TO TWO ASSUMPTIONS 


Frequency of less Multiplicative Threshold 

favourable allele fitness selection 
0-5 138 25,500 
0-9 77 71,000 


The figures are for a haploid population: for a diploid population with a 
1 per cent difference in fitness between the homozygotes, with the hetero- 
zygotes intermediate, the numbers for multiplicative fitness are unaltered, 
and for threshold selection should be doubled. 


If n is large the number of favourable alleles will be 
normally distributed, and the 50 per cent of the population 
selected will have a mean number of favourable alleles 
equal to np+/2npq/n. Thus at each of n loci the fre- 
quency of the favourable allele in the next generation ts 


, npta/2npq/r TOSET 
p m Sterner : ete cos ei : p 4- of 2pginn 
so that 
Ap= V/2pqinn (2) 


Combining this with equation (1) gives 
n= 2/pqk*x (3) 


The comparable formula on Haldane’s assumptions 
ean be obtained as follows. With 50 per cent selection, 
S8,—<In 2=0-69. If the frequencies and selection pres- 
sures are the same at all loci, E8; = nkq. 

Hence 

n= 0-69/kq (4) 


Estimates (3) and (4)Jare compared in Table 1. They 
differ by several orders of magnitude. Which set of assump- 
tions comes closest to reality? 


Comparison of the Two Models of Selection 

There are two related differences between the assump- 
tions underlying these models. 

First, Haldane assumes multiplicative fitnesses. Thus 
if the relative fitnesses of alleles A and a are l; l-k, 
and of B and b are 1: 1—J, the relative fitnesses of AB, 
Ab, aB and ab are 1: 1-1: 1-k:Q—D)U—&). In con- 
trast, the threshold assumption implies a “law of diminish- 
ing returns’’, as the number of favourable alleles increases, 
This multiplicative assumption will be true if selection 
acts independently on the two loci; for example, if 
selection acts first on 4 versus a, ignoring B, and then 
on B versus 6, ignoring A. The lower efficiency arises 
because in selecting A versus a some B genotypes will 
be eliminated, and in selecting B versus b some A genotypes 
will be eliminated, whereas in threshold selection, provided 
4 and B are not too frequent, no A, B or AB genotypes 
would be eliminated. 


pee 


The second assumption made by Haldane is that the 
relative fitnesses ,of genotypes can be 
something about the reproductive capacity of populations — 
composed of such genotypes. Thus a population con- 
sisting wholly of ab individuals is assumed to have a 
reproductive capacity lower, by a factor (l—k}1—4, 
than a population of AB individuals. This assumption 
is necessary to his argument, for on it is based his estimate 
of the permissible number of selective deaths. The 
threshold assumption says nothing explicitly about the 
fitness of populations, but it assumes tacitly that popula- 
tions consisting of any of the genotypes under considers- 
tion could reproduce themselves. 

The relevance of this difference is as follows. I have 
argued that threshold selection, by culling 50 per cent, 
could inerease the frequency of favourable alleles at 
more than fifty loci from 1 to 2 per cent in one generation. 
On Haldane’s assumptions this could not happen, because 
the initial population could never have existed. ‘Thus 
if at each of fifty loci there is a two-fold difference in the 
Stness of two alleles, a population consisting principally. 
of individuals with the unfavourable allele at all fifty 
loci would have a reproductive capacity lower by a factor 


of 2°° than would a population with the op timal genotype, car 


which is absurd. 

Thus whether the advantages, in terms of rapid evolu- 
tion, of the threshold type of selection are realized in 
practice depends on the answers to two questions. First, 
does selection operate on different loci independently, or 
do the different loci interact so as to produce a phenotype 
which survives if it is better adapted than other pheno- 
types? Second, can a population exist and reproduce im 
nature, in which a number of favourable gene substitu- 
tions could be made, the selective advantage of the favour- 
able over the unfavourable allele at the ith locus being 
lki: l, such that [1(1+&:) is a large number? Thus 
Haldane assumes that 1 (1 + $) even with intense selection 
would not be greater than 2, and typically would be 
nearer l-1, whereas with threshold selection H1(1+ ka 
could be as large as 10 or even 100. 

I shall consider these questions in turn. 


Does Selection act on Different Loci Independently ? 
The general answer to this question is obviously no. 


Yet there will be cases in which selection at different loci 
is effectively independent. Suppose, for example, that 
in an insect A confers resistance to a viral disease of the 
larvae to which @ individuals are susceptible, and B 
camouflages the adult against a predator. In such a case 
ftnesses would be multiplicative. 

In contrast, if A and B affect the same phenoty pie 
character, the threshold assumption will be nearer the 
truth. Even if A and B influence what to a human 
observer are different characters, the threshold assumption 
may still hold if both influence the probability of succumb- 
ing to the same mortality factor. Suppose, for example, 
that whether a bird survives the winter depends on its 
position in a peck order. This position could be influenced 
by genes affecting its behaviour, its physique, its disease 
resistance and so on, and if so, the threshold assumption 
would hold for all these genes. 


Fitness of Populations 

There are cases in which a number of gene substitutions 
a—-A, b—B, c0, and so on, will be favoured by selection, 
and yet the final population ABC...will be little or no 
fitter than the initial one. This will be so if the genes 
influence success or failure in an intraspecific “eonflict’’’ 
for a limiting resource such as food, space or cover. A 
conflict ensures that some members of a population 
acquire sufficient of a limiting resource to survive, whereas 
others acquire little or nothing and perish. It is quite 
possible that a large number of gene substitutions could 
inerease the probability of success in such a conflict, 


used to tell as > 
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without altering the size or reproductive capacity of the 
population. . | 

The same argument applies to genes influencing success 
in competition for mates. 

It is more difficult to analyse the case in which a number 
of genes influence the probability of surviving some 
mortality factor which is not density dependent in its 
operation and in which intraspecific competition is not 
involved. Consider, for example, resistance to some 
physical factor, such as winter low temperatures (this 
probably depends in most cases on intraspecific competi- 
tion for food and cover, but I shall ignore this). In such 
a case there is some plausibility in the argument that if 
ABC... N is the optimal genotype for survival, the 
selective advantages for each of the n loci being appre- 
ciable, then an initial population of abe .. . n indivi- 
duals could not have survived at all. But this argument 
applies only to an environment which is uniform in space. 
Given a spatially variable environment, it is possible that 
the initial abec .. . n population could survive in the 
warmer part of the region, and that each gene substitution 
a->A, b->B, and so on, was favoured by selection because 
it increased the geographical range in which individuals 
could survive. 

This argument from the variability of the environment 
refers not only to resistance to physical factors, but to 
non-density dependent mortality factors in general, in 
so far as they vary spatially. 


— The Rate of Evolution 


. ‘The assumptions that underlie the “cost of natural 
_ selection” argument—that fitnesses are multiplicative 
and that the fitness of a population can be deduced from 
the relative fitnesses of its component genotypes—are 
true only in rather exceptional circumstances. Hence the 
conclusion that it will typically take 300 generations per 


NATURE. VOL. 219, SEPTEMBER 14, 1968 


gene substitution is unjustified; the rate of evolution 
could be greater than this by one or more orders of 
magnitude. Kimura’s conclusion that a large proportion 
of amino-acid substitutions are selectively neutral 
and have occurred by drift, although it may be true, 
does not follow necessarily from the cost of selection 
argument. 

This article is not the first to query Haldane’s con- 
clusions. His assumptions were queried by Van Valen, 
who argued that in the evolution of “general adaptations”, 
there is “no necessary low limit on the number of genes 
which can be selected for simultaneously”. I have never 
been able to follow his argument, but I do not think 
it is the same as that presented here. 

Essentially the same argument that I have used has, 
however, been put forward before?-* in a slightly different 
context. It had been argued by Lewontin and Hubby”, 
using the cost of selection approach, that the number of 
loci at which populations are heterozygous is probably too 
great to be explained by heterosis. This conclusion has 
been queried’~® on the grounds that fitnesses need not be 
multiplicative, and that selection may have a threshold 
character. I have tried here to bring out the importance 
of this argument for the rate of evolution, and to consider 
in more detail the circumstances in which one or other 
set of assumptions might be true. 


Received August 14, 1968. 
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Genetics of the Human HL-A Transplantation System 


by 


F. KISSMEYER-NIELSEN 
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Blood Bank and Blood-Grouping Laboratory, 
Municipal Hospital, Aarhus, 

and 

Institute of Human Genetics, 

University of Copenhagen 


THERE has recently been rapid progress in the mapping 
of the HL-A system which seems to be important for 
human transplantation in the same way as the H2 locus 
in mice, the Ag-B locus in rats, and the B locus in 
chickens. 

The greatest step forwerd was made at the Torino 
workshop on histocompatibility testing in June 1967. 
The data collected theret agreed with the idea that the 
genetic information determining the most important 
transplantation antigens is located in closely linked 
genetic elements on one pair of autosomal chromosomes 
constituting the HL-A system. 

The transplantation antigens belonging to the HL-A 
system are present on leucocytes and platelets and can be 
determined by means of agglutinating and cytotoxic 
antibodies active against leucocytes, and complement- 
fixing antibodies active against platelets. 


Genetic and statistical analyses indicate that the HL-A system contains 
two intimately related chromosome regions containing at least 
seven and eight alleles, respectively. The complex antibodies which 
these regions give rise to consist of a mixture of smaller 
components. 


Leucocyte and platelet antigens which are independent 
of the HL-A system are known. The corresponding 
genetic elements are not linked with the HL-A system. 
These systems do not seem to be involved in trans- 
plantation. It is apparent from previous results?§ and 
from those of the Torino workshop! that the most im- 
portant genetic information of the HL-A locus seems to 
be located in two separate units most frequently called 
the LA and 4-series. It is not known whether they are 
two separate loci or two subunits of one locus. If there 
are two separate loci they must be very close to each other, 
for no recombinants have been found in fairly compre- 
hensive family studies. 

During the Torino workshop, many teams could 
determine perfectly identical LA antigens with their 
reagents: LAI, LA2 and LA3 antigens and another 
antigen, LA4( %), determined by three of the teams with 
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the antibodies CP12, WaHunt and BT3. These antigens 
fitted into a genetic system with multiple alleles LAI, 
LA2, LA3 and LA4( ?). 

The picture was much more complicated when the 
results in the 4-series were analysed. Most of the 4A and 
4B antigens revealed by the different teams were positively 
correlated with a high value of y}, but mostly they were 
not completely identical. The different antisera varied 
more or less, and it was concluded that this could be 
explained by two very complex allelic genes, “4A” and 
“4B”, which could have a varying composition according 
to the presence of a variable number of partigens. A few 
antigens, however (VR7C, KNT12=CPIUI, DA5, VRID), 
could be identified with complete accordance by two or 
more teams. 

The complete mapping of the HL-A system is obviously 
pertinent for tissue typing in relation to human trans- 
plantation. The results of tissue typing will not be 
absolutely reliable until all or most genes and antigens 
belonging to the HL-A locus have been identified. 

Since the Torino workshop we have continued our work 
with human transplantation antigens, partly in relation 
to our kidney transplantation project. We have studied 
280 unrelated individuals and seventy families with 207 
children. Some of the families were related to kidney 
transplant patients. 

The antisera used were highly selected sera, chiefly 
from multiparous women, but also from patients with 
febrile transfusion reactions. The specificity had been 
determined partly during the Torino workshop, and partly 
against our panel of test cell donors. Some of the sera 
came from the NIH serum bank and various other investi- 
gators (Rose Payne, Engelfriet, Colombani and Ceppellini). 
With a few exceptions all the antigens were determined 
with two different antisera with the same specificity. 
The antigens determined are listed in Table 1. 





Table 1. FREQUENCIES OF HL-A ANTIGENS AND GENES IN UNRELATED 
SCAN DINAVIANS 
Detectable with Total Positives Gene frequency 
Antigen Cyto- CE investi- Per- Gene 
tox. platelet gated Total centage Direct counting 
LA-series 
KNLAI + + 280 63 22-5 0-1197 = 0-1041 
KNLA2 + + 280 169 60-4 03704 
Ba + + 150 98 65-3 4112 0-3970 
KNLA3 + + 280 88 31:4 0-1719 
ILN + +? 276 117 42-4 0-2410 0-2563 
stewart (NIH) + + 27T 47 17-0 0-O0888 0-0827 
; 08401 
4-Series 
KNT12 | + — 280 77 27-5 D1485 (+1513 
PA4C (=R) + ~ 264 60 22-7 O-1210 0-1441 
MH + -+ 236 35 14-8 00771 
HN + ~ 232 15 6-5 00329 0-0252 
7C (=KN4B) + + 280 93 33°2 G-1828 0-1700 
7D(=ENGBI) + ~ 186 22 11-8 00610 06-0668 
BB +? + 99 12 12-1 0-0626 0-0626 + 
0-6200 
KN4Al + _ 278 144 51-8 03060 
KN4A* + _ B77 128 46-2 06-2666 
BRN4A2 “b ~ 280 29 35-4 01960 
4B + — 274 152 555 0-3330 


The sera marked KN, PA, ENG, are sera which were included in the Torino 
workshop and listed accordingly in the workshop data’. 

NIH refers to sera from the NIH serum bank. The remaining sera are 
described in the text. 

* Serum BB has not yet been thoroughly investigated by the use of lympho- 
cytotoxicity. 

+ This gene frequency was not calculated using gene counting. 


The methods used were lymphocytotoxicity as a micro- 
technique! and complement fixation (C’F) with platelet 
antibodies as described before’. 


Data Retrieval System 


We used a special optical coincidence, non-marginal 
punch-eard system (KH punch cards*), which can deal 
with 1,000 items of information, for each card has 
1,000 positions for punch holes numbered consecutively 
from 0 to 999. Each unrelated person is given a serial 
number corresponding to a position on the ecard. Two 
cards are used for each antigen: one green on which 
the serial numbers of all persons with positive reactions 
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are punched, and one yellow on which all negatives are 
similarly punched. Subjects who are not investigated for 
a specific antigen are indicated with a red mark over the 
corresponding number on the cards. o 

This method greatly facilitates correlation analysis of- 
two sera (antigens). Both the “positive” and “negative” 
cards are used. If the two antigens are referred to as, 
say, A and B, the four figures necessary for a 2x2 table 
can easily be counted. By taking the A-positive and 
B-positive cards, superimposing them and counting the 
holes punched in both cards, the number of +/+ can be 
obtained. Similarly, the number of +/~— 18 obtained by 
using the A-positive and B-negative cards, and so on. 
We used the figures obtained in this way for calculations 
on an Olivetti Programma 101. 

The design of the cards also makes possible a very easy 
test for the possibility that a number of antigens are part 
of a system of multiple alleles. If the antigens belong to 
the same system as true alleles, it is possible to take any 
two of the cards punched with the positive reactions, and 
none of the subjects positive for both antigens should 
then be positive for any of the other antigens In question, 
The hypothesis of a multiple allelic system must obviously 
be abandoned if any subject is positive for three of the 
antigens in question. 

Using the “positive” cards, it is possible, within a few 
minutes, to check whether a given antigen should be 
“ineluded” in any number of other antigens for which 
punched cards have been used. The red spot marking 
not investigated for an antibody is essential for this 
sort of analysis. 


Results of the Analysis 


Results of lymphocyte and platelet grouping for the 
280 unrelated individuals are shown in Table 1, The 
second and third columns show the efficiency of the two 
techniques in the detection of the various antigens. With 
very few exceptions—concerning the LA3-antigen-—the 
two methods always gave identical results. twtotomicity 
was the principal technique used, but it seems that a 
substantial number of the antigens could be determined 
by both techniques. The gene frequencies were cal- 
culated by the formula p= 1—4/(1—A), where p denotes 
the gene frequency and A the frequency of the antigen in 
the random population. For the antigens included in 
Tables 3 and 5 the gene-counting method? was also used 
(last column of Table 1). 

Using the KH cards the antigens could be grouped into 
two series: the LA-series and the 4-series (upper and 
middle part of Table 1). 


The LA-Series 


The LA-series contained the following antigens: LAI, 
LA2, Ba, LA3, ELN and Stewart. A report on the antigens 
ILN and Stewart and their relation to the LA-series has 
been published already'*. Table 2 indicates that the anti- 
gens LA2 and LA3 were completely included in the 
Ba and ILN antigens, respectively. 


Table 2, INCLUSIONS WITHIN THE LA-SERIES 


Antisera + f+ +j ~f me f e Total x P 

I il 

Ba LA2 85 13 0 Ag 150 100-68 <O-O01 
ILN LAS 8&7 39 9 159 oF 160-2 ei 


+/+ No. of individuals positive with both sera, . 
+}— No. of individuals positive with serum T and negative with serum If. 


i 


_}+ No. of individuals negative with serum I and positive with serum iL 


~]— No. of individuals negative with both sera. 
Yate’s correction has been included in calculation of the y* values. 


It has been shown“ that serum Ba probably contains 
two cross-reactive antibodies, one reacting with the LA2- 
antigen and the other with a new antigen, Ba* (not 
included in Table 1). The family studies showed that it 
was possible to distinguish between (LA2+ Ba* +) 
and (LA2+ Ba* —) individuals, and the two factors, when 
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present together, always segregated. Absorption experi- 
ments have shown that (LA2—Ba* +) cells, that is, cells 
giving negative reaction with anti-LA2 and positive with 
anti-Ba, can absorb some but not all presumably mono- 
specific anti-LA2 antibodies. In analogy, (LA3— ILN +) 
cells have so far been capable of emptying anti-LA3 sera. 

In the genetic analysis, the “broad” antigens Ba and 
ILN were substituted for the included antigens, LA2 and 
LA3, respectively. Using KH eards, it was found that no 
individual containing more than two of the antigens LAI, 
Ba, ILN and Stewart was encountered. Thus, these 
antigens may be governed by genes which are true alleles. 


Table 3. PHENOTYPES, LA-SERIES 


ar cae 


No. No. 
LAL Ba ILN Stewart observed expected 
(1) + ~ ~ = 5 6,619 
3 + + _ _ 13 12,398 
3) + m + _ $ 8,004 

{4} + ~ - + 4 2,583 
(6) -= + ~ = 40 42,8685 
(6) vee + + — 34 30,525 
(7 = + = + 19 9,850 
(8) ~ ~ + ~ 20 22,148 
(9) — ~ + + 8 6,359 
(10) ~ = ~= + 4 4,993 
{11) -~ ~ ~ ~ 6 3,835 
Total 150 149,999 


The expected numbers were caleulated by means of the following gene 


frequencies found by gene counting: LAL: 01041; Ba: 03970, ILN: 


02563; Stewart: 0-0827; O: 01539. In calculating the x?, phenotypes 4, 
10 and 11 were taken as one phenotype. z% = 1-808, which for 5 df. gives 
TEQ P < O00, 


No observations made in the material of family origin, 
about which a detailed report will be published later, 
contradicted this hypothesis. 


The 4-Series 


We found several antibodies belonging to the 4-series, 
but, as might be expected from the Torino results., 
we have had some difficulty in finding antibodies giving 
exactly the same pattern of reaction. This was especially 
true in the analysis of antibodies with a “broad” reactivity. 
We found several antibodies with anti-7C and some with 
anti-TD, anti-Ti2 and anti-HN specificity giving exactly 
the same pattern when tested against our panel. Further- 
more, we have one antibody (anti-MH) which is “included” 
in anti-R, but has a narrower specificity’?. In Torino, 
anti-T12 showed complete identity with Cp1l, and anti- 
MH has been found to be identical with Da5. In the 
analysis of these antibodies we found that they may 
detect antigens belonging to a genetic system with 
multiple alleles similar to the LA system. 

The antigens in question are listed in the middle part of 
Table 1. Several complete inclusions were found within 
this series, which appears from the 2 x 2 tables in Table 4. 

The MH antigen’? is seen to be included in the R-anti- 
gen, and it is also interesting that the 4A1 antigen included 
at least three antigens (T12, MH and HN). Similarly, 
4A2 included both T12 and HN, and the 4B antigen 
included 7C and BB. Actually monospecific anti-7C and 
anti-BB can be produced by absorption of “broad” anti- 
4B sera. 


Table 4. INCLUSIONS WITHIN THE 4-SEKIES APPEARING FEOM 2x2 TABLES 


i Anter, ++ +i- —/4+ -j= Total z? P 

R MH 2R 32 0 158 216 THB < 0-001 
4Al Ti2 76 és Q 134 278 94-7 < 0-00] 
4Al MH 34 104 0 127 265 33-7 < 6-001 
4Al HN 14 107 ü 110 231 11-6 <0-001 

3 T12 TT 22 0 1831 280 190-3 < 0-001 
4A2 HN 15 67 0 151 233 26-6 < 0-001 
4A* MH 3D 87 0 149 262 43-9 < 0-001 
4B 7 90 62 0 122 274 104-9 < 0-001 
4B BB 12 43 9 43 9g 8.70 < 0-005 


For explanation ses Table 2, 
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None of the individuals were positive for more than two 
of the following antigens: T12, R, HN, 7C, 7D and BB. 
and they always segregate in the informative families, 
The corresponding genetic factors may therefore be true 
alleles. 

Table 5 shows the possible and observed phenotypes 
with the exclusion of the BB antigen in 140 unrelated 
Scandinavians. (BB was excluded because too few 
individuals were investigated.) Of the sixteen possible 
phenotypes, only one was not found. The observed dis. 
tribution of phenotypes agrees fairly well with expectation, 


Table 5. PHENOTYPES OF 4-SERIES 
No. No. 
T12 R HN FC TD observed expected 

{1} + ~ ~ = m= 23 27-08 
(2) + + E ~ 3 O19 
(3} + ~ + -= ~ Q 1-07 
(4) + -~ ~ ~ Hi T20 
(5) + ~ mo + 2 2°83 
(ti ~ > ~ cs rs 24 20678 
(7} - + + = ~ 2 102 
(8) ~- + ~ + - 8 BRG 
(9) = + ~ - + p 2-69 
(10) ~ ae + ~ = 2 321 
(11) ~ ~ + + ~ 2 1-20 
(12) ~ ~ + ~- + l O47 
(13) ~ ~ ~ + — 22 25-11 
{14} ~ ~ = + + 3 3-18 
(15} ~ ~ ~ = + i0 &-90 
(16) = = = = ~ 27 27:44 
Total 140 140-00 


The expected numbers were caleulated by means of the following gene 
frequencies found by gene counting: T12: 01618; R:0-1441; HN: 0-0252; 
7C: 0668 In calculating the x’, phenotypes 
3. 5, 7 and 9 were taken as one phenotype, and so were Nos. 10,11, 12 and 14, 


Family Studies 


Detailed results of this study will be published else- 
where. Only the most pertinent findings are reported 
here. An analysis of the linkage relations between the 
HL-A locus and a number of blood group loci showed 
that a recombination frequency of less than 0-10 could be 
excluded with the ABO locus, and of less than 0-05 with 
the MNS, Rhesus, P and Lutheran loci. The information 
regarding the relation to the Lewis, Duffy, Kidd and Keli 
loci is still inadequate. 

In contrast, there was no evidence against close linkage 
of all genetic factors determined within the HL-A system. 
No recombinants were found in the informative families. 
Furthermore, when two of the alleles belonging to the 
same series, LA or 4, were present together in a parent. 
they always segregated. 

On the assumption of close linkage, we tried to 
determine the 136 haplotypes in thirty-four of the families 
studied. Taking the missing hypothetical alleles of the 
LA and 4-series into account, the complete haplotypes 
could be unambigueusly deduced in only twenty-seven 
families (108 haplotypes). In the remaining seven families 
(twenty-eight haplotypes) possible homozygosity or failure 
to test with one of the sera precluded an exact definition 
of the haplotypes. The distribution of the 108 haplotypes 
observed is shown in Table 6, which shows that in this 
analysis we separated haplotypes with the “narrow” 
factors MH, LA2 and LA3 from those containing the 
“broader” factors, R, Ba and ILN, respectively. This was 
done in order to illustrate the extreme complexity of the 
genetics. The still undetectable genetic factors of the LA 
and 4-series are marked 0 and bring the number of different 


Table 6. OBSERVED COMBENATIONS OF LA-GENES WITH 4-GENES IN 108 
HAPLOTYPES WITHIN TWENTY-SEVEN FAMILIES 


LA-Series_ 


LAD LAS 
LAL Ba Bst ILN ILN Stewart © Total 

Tig ž & 1 1 9 i 4 15 
, , S , 

MH 0 i 2 3 0 2 ğü & 
R G f Ü Oo G 1 i 3 
4-Series HN | G 6 6 0 i 4 3 
7E t & G 10 0 0 2 19 
TD 10 I & 1 0 0 ($ 12 
BB G fi ł I Q 0 1 Q 
© 5 3 4 4 0 3 10 39 
Total 19 34 & 20 ü 8 19 108 
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factors to eight and seven in the two series, respectively, 
and the number of different haplotypes to fifty-six. 
Table 4 shows that only thirty-three of these different 
haplotypes were observed. It should be stressed that the 
frequencies of the haplotypes observed represent the 
distribution in a selected part of the family material. 
Nevertheless, the high frequencies of the haplotypes 
{(LA1+7D+) and (LA3+ILN+7C+) are impressive. 


Arrangement of the Genes 


The results of our investigations agree with the known 
genetics of the LA system, but the existence of several 
new sera with new specificities has extended our know- 
ledge of this system, so that only 10-20 per cent of the 
theoretically possible genes are not directly determinable. 

The 4-series has previously been thought of as a diallelic 
system with two very complex genetic determinants, 
“44” and “4B”. Our preliminary investigations render 
it very likely that this system is also determined by a 
fairly large number of multiple alleles and thus resembles 
the LA-series, although it presumably contains more 
alleles. A substantial number of genes is still undetectable, 
but the data presented here are all consistent with the 
hypothesis advanced. The previously known anti-4A and 
anti-4B sera should contain a mixture of several anti- 
bodies which frequently occurred together because of the 
well known positive and negative associations between 
various genes and antigens belonging to the HL-A system. 
A mixture of various antibodies would explain the diffi- 
culty in finding several antibodies with exactly the same 
specificity, and it would also explain the statistically 
significant surplus of 44/4B individuals found by van 
Rood et al.4:'8, and the presence of 44 as well as 4B on the 
same chromosome. 

The hypothesis agrees with the observation made by 
Dausset et al., who found no individual positive for more 
than two of their antigens 4. 5 and 8. This agrees com- 
pletely with results obtained by Ceppellini et al., who 
found that their antigens TO5=Da5=KNMH, TO7= 
DaS=VR7D, and TO1l1=Da4=KNTI12 behave as true 
alleles, and that their TO2 antibody (=anti-4A) could 
be split into five components which react differently. 

It also agrees with the observations reported here 
(Tables 2 and 4) and other series?:"4.15, namely, that the 
narrower antigens are included in the broader ones. There 
may be several explanations for such inclusions. 

(1) Multispecificity of the serum used to define the 
broad antigens, for example, anti-4B sera, can be split by 
absorptions into 7C and BB among others, and our anti- 
T12, -MH and —HWN are completely Included in our 
anti-4Al and anti-T12 and — HN in our 4A2. 

(2) Cross-reactive antibodies: anti-Ba has been shown 
to contain anti-LA2 and anti-Ba*, and these components 
are both removed by absorption with (LA2+ BA*—) as 

well as (LA2—BA*+) cells. As has been said before”, 
cross-reactive antibodies are best explained by assuming 
that the two antigenic specificities have some structure in 
common. The existence of cross-reactive HL-A anti- 
bodies obviously makes the HL-A system very difficult 
to investigate. | 

(3) As Ceppellini e? al.? pointed out, antigenic factors 
may be related through phenotypic interaction (epistasis). 

(4) Association of genes may be found when the popula- 
tion studied has not yet reached equilibrium after racial 
admixture (stratification)*. 

(5) The very frequent association of some genes may 
give rise to apparent inclusions, for example, the Rh-gene 
C is rarely present without the D-antigen, and if the 
series in this study had been smaller the 7D-antigen 
might have been completely included in the LA1-antigen. 

The correlation between the antigens LA3-ILN and 
MH-R is still rather obscure. The complete inclusions 
observed of LA3 in ILN (Table 2) and MH in R (Table 4) 


could be caused by the broad antisera containing two 
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antibody components as anti-Ba. The two components 
could be cross-reactive which makes separation impos- 
sible, Then, however, (LA3 —ILN +) and (LA8+ILN +) 
as well as (MH—R+) and (MH -+R +) children would 
have been expected in families with parents positive for 
both antisera. So far, only LA3+ILN + and MH-+ R+ 
children have been seen in such families. This mav, of 
course, be because a limited number of families was 
studied. Another explanation may be that the varying 
reactivity of the antigens observed is caused by variations 
in one single genetic determinant. Use of a larger sample 
of family material may solve this problem. 

The associations of LAL with 7D and LA8+ILN with 
TC in the families as well as in our samples from unrelated 
individuals seem to be more frequent than would be 
expected if these genes were randomly distributed in the 
population. This may indicate the existence of a balanced — 
polymorphism maintained by some unknown selection. 

In conclusion, it can be said that it seems very likely 
that the HL-A system contains two separate but in- 
timately related chromosome regions called “LA” and 
“4"", respectively. They may be two different mutational 
sites within one HL-A region as stated by Ceppellini et a/.*. 
Each of these seems to contam a substantial number of 
multiple alleles. If we calculate with seven alleles in the 
LA-loeus and eight in the 4-locus (Table 6), then 1,008 
(36 x 28) HL-A phenotypes exist. In this calculation. 
the “0” is thought to represent only one still missmeg 
antigen, which is undoubtedly an underestimate. Con- 
sidering also the importance of the ABO-groups for 
transplantation, the total number of tissue types today 
amounts to a minimum of 4,032 (4 x 1,008). The fifty-six 
possible HL-A haplotypes (Table 6) can be combined in 
56+ 55 + 544+ 53+ +34+2+4+1= 1,596 different HI-A 
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VAN pER WAALS forces play a very important part in the 
interaction of neutral molecules: they are of particular 
significance in surface phenomena such as adhesion, 
colloidal stability and foam formation. Until a decade or 
so ago, Measurements of van der Waals forces were in- 
direct; most of them were based on the force required 
to break adhesions between surfaces in close contact. 
In 1954, Deryagin and Abrikosova published the first 
= direct measurement of the forces between surfaces as a 
= function of separation’. (For a fuller account see ref. 2.) 
The first experunents were between a hemispherical and 
-a flat surface of polished quartz. The separation was 
measured by optical interference and the force by an 
elaborate feed-back mechanism. The smallest distance of 
approach was about 1000 A. A similar study has been 
described by Kitchener and Prosser? between parallel 
=o flat surfaces of borosilicate glass, using the deflexion of a 
“ @antilever to measure the forces. The smallest distance 
of approach was about 7000 Å. These papers are im- 
portant in providing direct support for one part of the 
theory of van der Waals forces. 

The first and simplest theory is due to London, who 
showed! that a neutral molecule has an instantaneous 
electrostatic dipole moment which interacts with neigh- 
bouring molecules to produce an attractive force propor- 
tional to r- where r is the distance between them. If 
this effect is integrated for two parallel plane surfaces 
(bounding semi-infinite solids) separated by a distance A, 
the mean attractive force per unit area is given by 


A 
6h? 












f= (1) 


For a hemisphere of radius R, held at a distance of nearest 
approach A from a plane of the same material, the attrac- 
tive force is 
AR , 

F= — (2) 
F 6h? 
where A is the Hamaker constant for the material. If 
‘the atoms are an “appreciable” distance apart, the time 
taken for the electrostatic field from one instantaneous 





Fig. 1. Arrangements of crossed cylinders of mica. 
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Direct Measurement of Normal and 
Waals Forces 


Direct measurement of surface forces between mica sheets shows, 
for the first time, that normal van der Waals forces operate for 
separations less than 100 A, retarded van der Waals forces for 
separations greater than 200 A. 


dipole to interact with a neighbour may be comparable 
with the “life-time” of the dipole. In this case the inter- 
actions are out of phase, and this leads to a smaller force 
of attraction. Casimir and Polder® showed that for such 
“retarded” van der Waals forces the force falls off as r-*. 
For a sphere near a flat the corresponding force is propor- 
tional to hk. A completely different approach which uses 
the bulk dielectrie properties of the solid has been adopted 
by Lifshitz® and leads to substantially the same results, 
For fiat parallel surfaces at large distances the Lifshitz 
equation for retarded van der Waals forces gives a force 
per unit area 


t= Bi (3) 
and for a sphere near a flat a total attractive force 
p = 228K 5 
3h? 


where B is the appropriate constant for the given material, 
The variation of force with separation is summarized in 
Table 1. 


Table 1. VARIATION GF FORCE WITH SEPARATION 


Sphere Parallel 

on flat fiat surfaces 
Normal van der Waals forces h-? h 
Retarded h- h 


In the experiments by Deryagin and Abrikosova and 
by Kitchener and Prosser the observed forces agreed in 
magnitude with those calculated from the equations for 
retarded van der Waals forces. These forces were ten times 
smaller than would be calculated using non-retarded 
forces. These conclusions seem reasonable in view of the 
fact that the separations were never less than 1000 A. 
Black, de Jongh, Overbeek and Sparnaay’ later carried 
out a more detailed study over a similar range of separa- 
tions and showed that both the magnitude of the force 
and its variation with A agreed with the theoretical 
predictions for retarded forces. 

Clearly, to investigate the transition from normal to 
retarded van der Waals forces it is necessary to work at 
separations much less than 1000 A. To achieve this one 
needs smooth surfaces, accurate measurements of the 
separations and a sensitive means of measuring forces. 
Smooth surfaces were achieved by using the cleavage 
face of muscovite mica. These surfaces were molecularly 
smooth. They were bent into a cylindrical shape and glued 
to a smooth glass former. The mica sheets were stiff 
enough to resist wrinkling when the glue set. The back 
surfaces of the mica sheets were silvered before they were 
glued. Multiple beam interferometry between these 
surfaces, using white light and fringes of equal chromatic 
order (FECO), provided a method of determining the 
separation between the sheets to an aceuracy of +4 A. 
The force was determined in the following way. The lower 
specimen was held fixed. The upper specimen, oriented 
with its axis perpendicular to that of the fixed specimen 
(see Fig. 1), was held at the end of an elastic beam. One 
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specimen was moved towards the other using a piezo- 
electric transducer. At a certain separation the surfaces 
“fick” into contact. This occurs when the rate of increase 
of attraction with decreasing separation is greater than 
the rate of increase of the restoring force of the elastic 
beam with deflexion.* By varying the stiffness of the 
elastic beam the jump occurs at different distances. The 
smallest jump distance corresponds to the stiffest beam 
so that vibration of the system is less, not more, import- 
ant. Separations as small as 50 A were achieved. The 
maximum in this series of experiments was 300 A. 

The experiment was carried out in laboratory air. The 
air film between the surfaces provides additional damping 
of mechanical vibration. The exposed mica surfaces are 
covered with an adsorbed layer of water vapour. Sub- 
sidiary measurements, similar to those carried out by 
Bailey and Courtney-Pratt’, show that the double-thick- 
ness when the surfaces are in contact is 7+ 2A. The 
separation of the surfaces deduced from the optical 
measurements is the air-gap between the outermost faces 
of the adsorbed layers. If these layers have the same van 
der Waals properties as the mica, the air-gap is the true 
separation. If the adsorbed film exerts zero van der Waals 
forces the true separation is 7 A greater than that deduced. 
A fair estimate is that the true separation (referring to 
mica as the basic material) is 3 A greater than the deduced 
value. This does not significantly affect the results or 
conclusions. 

Two types of precautions were taken to eliminate 
complications that could be caused by electrostatic 
charges. First, the surfaces were separated and exposed 
to the discharge from a Tessler coil. The second was to 
expose the surfaces to a humid atmosphere for 24 h 
before making measurements. The jump distances were 
identical with those observed when no precautions were 
taken. It may be assumed that the surfaces are free of 
electrostatic charges. 

Before describing the results we derive the relation for 
the critical jump distance h in terms of the stiffness” c 
of the elastic beam. We first observe that the geometry of 
crossed cylinders of equal radii R is equivalent to that ofa 
sphere of radius R near a flat. Further, the mica sheets 
are thick (~30,000 Å) compared with the separations 
used so that they behave virtually as semi-infinite solids. 
Consequently we may expect the behaviour to correspond 
to the attraction between sphere and flat as given in 
equations (2) and (4). For non-retarded forces the attrac- 
tive force 1s 


F = AR/6h 
If the beam is deflected by a distance x the restoring 
force is cx. At equilibrium 

cx = AR/6h* (5) 
If x increases by dz, so that h diminishes by the same 


amount (that is, dh= —da) instability occurs and the 
surfaces flick together. This takes place when 


OP L = c[k (6) 
è 


For retarded van der Waals forces, using equation (4). 
the analogous condition 1s 


| 

lj 
me 
poten, 
$ 


It is seen that the critical jump distance varies as (¢/R)- 
for unretarded forces and as (c/R)-: for retarded forces. 


* We are indebted to Professor D. H. Everett for pointing out to us in 
ivate discussion that a similar method was described by Sparnaay and 
ochems’, but this was again restricted to large separations. 
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Fig. 2. Logarithmic plot of critical jamp distance A against the para- 
meter stiffness of beam/radius of cylinder (ej R). The resulie show & 
transition from non-retarded to retarded van der Waals forces at a 
separation of the order of 150 For a separation above 200 A the 
results agree well with those calculated from Lifshitz’s theory for retarded 
van der Waals forces using a theoretical value of B=Q-87x10-™. For 
separations below 100A the results agree with those caleulated for 
non-retarded van der Waals forces using a value of the Hamaker 
constant A= 10?" erg. 


The results are plotted in Fig. 2. The vertical ordinate 
is the logarithm of the jump distance h, the horizontal 
ordinate the logarithm of the stiffness divided by the 
radius of curvature of the mica surface. The solid lines 
are the theoretical predictions for both normal and 
retarded van der Waals forces. For B the dielectric 
constant for optical frequencies, that is, the square of 
the refractive index, was used in the Lifshitz equations. 
It is seen that for separations greater than 150 A the 
experimental points lie very close to the predictions of the 
Lifshitz theory both as to slope and to magnitude. At 
smaller distances there is a change in slope: the experi- 
mental points lie close to those calculated for normal van 
der Waals forces with a value for the Hamaker constant 
of 10-™ erg. 

Measurements were also carried out with cylindrical 
specimens having a radius of curvature one-fifth of those 
used here. The deduced value of A agreed to within 15 
per cent of that calculated from the previous set of 
measurements. 

These results provide a direct measure of the magnitude 
of van der Waals forces for mica and of the way in which 
these forces vary with separation for separations ranging 
from 50 to 300 À. The experiments show that the normal 
van der Waals forces predominate for separations less than 
100 Å, the retarded forces for separations greater than 
200 Å. 

We thank Professor F. P. Bowden for his constant 
interest in this work. One of us (R. H. 5. W.) thanks 
the SRC for a research grant. 
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Surface Forces: Direct Measurement of Repulsive Forces 
due to Electrical Double Layers on Solids 


by 
A. D. ROBERTS 
D. TABOR 


Surface Physics, Sub-Department of the 
Cavendish Laboratory, 
University of Cambridge 


WHEN a solid is placed in an electrolyte solution, ions are 
often adsorbed at the surface forming a charged double 
layer at the interface and a diffuse distribution of ionic 
charges away from the surface. If two such surfaces are 
brought together they will attract if the charges are of 
opposite sign and repel if of similar sign. In most colloidal 
systems it is the repulsion between double layers of similar 
sign that plays such an important part in determining 
whether the particles will coagulate or remain stable as 
discrete entities. 

The direct measurement of the repulsive double-layer 
forces is not easy. The forces are very small. Further- 
more, for the measurements to be meaningtul it is desirable 
to determine the thickness of the gap between the surfaces. 
Most of the published methods are indirect. determinations 
of the conditions of stability of particles in various 
environments. The most direct methods seem to be 
associated with the equilibrium thickness of thin “black” 
soap films, where the capillary and van der Waals forces 
thinning the film are balanced by the repulsive forces 
between the charged monolayers of soap molecules ad- 
sorbed on each surface of the film. 

We have recently been able to make direct measure- 
ments with relatively simple inexpensive apparatus of 
the mechanical force between solid surfaces separated by 
electrolytes of various concentrations. This has been made 
possible by the development of optically smooth rubber 
which we described in recent papers!:?. The rubber used 
in the present work had a very low elastic modulus of the 
order of 2x 10° dyne cm. If a hemisphere of such 
material is pressed onto a flat glass surface the contact 
pressure for loads of the order of 1-100 g is of the order 
of 104 to 10° dyne em. If there are dust particles or 
local protrusions the rubber easily deforms over these, 
providing a parallel interface over the greater portion of 
the contact area. If a liquid is placed on the glass surface 
and the hemisphere lowered onto it, a “bell” of liquid is 
trapped in the centre of the contact zone. This pheno- 
menon was first described for hard elastic surfaces by 
Dowson and Jones*, and by Cameron and Westlake at 
the Tribology Symposium held in London in 1968, and 
by us for rubber surfaces}, (We may remark that in 
conditions of rapid loading the trapped liquid may exert 
sufficient pressure to deform metals plastically, an observa- 
tion first described by Rabinowiez!.} The bell of liquid 
may be observed through the glass surface by interference 
fringes. With time the liquid is extruded and after a few 
hours an equilibrium condition may be reached in which 
the film is almost constant in thickness over its whole 
area and considerably less than 1000 A thick. This is far 
too thin to show interference fringes. The thickness may, 
however, be determined by measuring the intensity of 
monochromatic light reflected from the contact zone. If 
dry contact gives “perfeetly black’’ interference of zero 
intensity (there is a phase change at the air rubber inter- 
face when the contact is viewed through the glass) and 


This article describes the first direct study of the repulsive forces 
exerted by charged double layers residing on solid surfaces. 


a gap of optical thickness 4/4 gives bright interference of 
intensity I, any gap of intermediate optical thickness nt 
will give an intensity I=, sin? (2rnt/}) at normal in- 
cidence where n is the refractive index of the material 
in the gap and ¢ its geometric thickness. This technique 
seems to have been used for the first time by Der jaguin 
and Titijevskaia® in 1954 and by other workers since then 
in their studies of black soap films (refs. 6-9 and J. A. 
Kitchener and A. D. Read at the 1966 Symposium on 
Wetting held by the Society of Chemical Industry at. 
Bristol). We have been able to use it in our investiga- 
tion only because we have been able to eliminate unwanted 
refiected beams and scattered light from various optical 
interfaces in the optical system. The accuracy is least for 
the thinnest gaps, but for gaps of the order of 150 A the 
error and reproducibility are about +15 A. Throughout 
this work a mean refractive index of 1-33 has been assumed 
for the liquids between the gap and no refined corrections 
have been made for the slight phase changes at inter- 
mediate interfaces in the gap. 

The optical measurements were made close to the centre 
of the contact region and the pressures quoted throughout 
are the Hertzian pressures at this point: they are 1-5 
times the mean contact pressure as determined from the 
load and the area of contact. Careful measurements 
revealed an increase in film thickness towards the edge of 
the circle of contact; this is because of the fall off in 
Hertzian pressure as one moves away from the centre of 
contact. 

With distilled water a thin film formed and after thin- 
ning to about 400 A suddenly collapsed giving “‘perfect 
black” contact. Presumably the surfaces are dry or at 
best separated by a monolayer of water on each surface. 
Because water does not wet rubber a similar experiment 
was carried cut with isopropyl alcohol which gives zero 
contact angle on rubber but does not dissolve rubber, 
This, too, gave a final film of “zero” thickness. A similar 
result was observed with a thin dimethyl silicone of 
viscosity 5 estokes. 

Dilute solutions of sodium dodecyl sulphate (SDS) were 
then examined (the original material, of purity better 
than 99 per cent, was kindly provided by Dr J. F. Good- 
man). The critical micelle concentration is 0-008 M and 
experiments were carried out at concentrations ranging 
from 0-001 to 0-1M. For all these solutions, equilibrium 
films were attained after about 3 h of contact for a contact 
load of 5 g corresponding to a “central” contact pressure 
of about 14x 104 dyne em-*. The thickness decreased as 
the concentration of SDS increased as shown in Table 1. 
From comparison of results by Mysels and Jones? (which 
will be discussed later) it seems reasonable to assume that 
the SDS molecules are oriented as a close packed mono- 
layer on the rubber surface with their polar end groups in 
the water. It is possible that there is a similar film on 
the glass, for the dielectric constant of water is much 
greater than that of glass. In any case the glass itself 
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fable 1, EFFECT OF CONCENTRATION AND LOAD ON EQUILIBRIUM FILM 


THICKNESS 
Molar concentration Contact pressure Equilibrium film thickness 
of SDS (dyne cm} A 
Effect of concentration 
0-001 ix 105 180415 
0-01 Tex HË 140 +20 
O-1 14% 105 110+10 
Effect of load 
0-01 i x 104 210+ 30 
OO} 14% 105 140 + 20 
G01 45x 105 RO + 20 
0-01 i x 167 40 inaccurate 


exposes a negative charge of OH- ions adsorbed on the 
surface from the aqueous solution. 

The load was increased in steps from 0-5 g by factors 
of 10 up to a final value of 500 g, the contact pressure 
increasing correspondingly from about 6x 104 to 1x 108 
dyne cm-? (there is a slight increase in modulus of the 
rubber with increased deformation). The equilibrium film 
thickness diminished steadily. At the highest load it 
seems that practically all free solute is extruded and only 
SDS monolayers remain: however, the thickness measure- 
ments at this stage are not very accurate, 

Experiments were carried out at a load of 5 g (central 
contact pressure about 1-4x 10° dyne em~*) with SDS 
solutions to which small quantities of strong electrolytes 
were added. As is seen in Table 2, an increase in electrolyte 
concentration results in a diminution in film thickness. 


Table 2, EFFECT OF STRONG ELECTROLYTES ON EQUILIBRIUM FILM THICKNESS 


Molar Molar {quilibrium Peak value of 
concentration concentration film thickness coefficient 
of SDS of electrolyte (A) of frietion 
O01 None 180 15 OIR 
PL None 140 + 20 t055 
(1 None 110+ 10 0- OBS 
OGL 0-009 KC! 110+ 160 OOF 
0-001 0-09 KC] 804 10 HT 
O01 4-009 Cal, 55418 2-8 
Distilled water “Zero” 8 
Dry contact “Pero” 10 
None POLKE! 8080+10 4 
O01 0-01 KEI 110 +10 HA 


Load 5g. “Central contact pressure 1-4 x 10° dyne cm. 


With our apparatus it is possible to set the glass surface 
moving at a uniform speed and measure the frictional 
force experienced by the rubber hemisphere. Such ex peri- 
ments were carried out after the equilibrium film thickness 
had been achieved. The frictional force increased as the 
glass surface was set in motion, reached a maximum and 
then fell rapidly as a relatively thick elasto-hydrodynamic 
film formed between the surfaces. The peak value cor- 
responds to the force required to shear the equ Hibriurn 
film. These results are included in Table 2. 

There are two important observations. First, it is seen 
that for films of thickness greater than 100 A the friction 
is low and increases from 0-04 to 0-085 as the thickness 
diminishes from 180 to 110 A (top three lines of Table 2). 
It seems natural to explain these observations in terms of 
the viscosity of the liquid film trapped between the 
surfaces. 

Second, for films less than 80 A thick the friction is 
appreciably higher (lines 5 and 6). Presumably shear of 
the SDS monolayer is involved or there may even be some 
rubber-glass contact. In the presence of CaCl, (line 6) 
there is a further marked increase in friction. The divalent 
metal ion collapses the film even more effectively than the 
monovalent potassium ion in a solution of the same 
strength (line 4). This leads to increased asperity contact. 
In addition Ca(DS), is relatively insoluble so that less 
SDS is adsorbed in the surface layer. Both factors lead 
to an increase in friction. 

With distilled water alone the friction is extremely 
high and only a little lower than for dry surfaces (lines 
7 and 8). 

A few experiments have been carried out with dilute 
solutions of KCl itself. The results show that with a 
0-01 M solution an equilibrium film of thickness 80 A 
is formed. It does not provide effective lubrication. If 
0-001 M of SDS is added the film thickness increases to 
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tained by Mysels and Jones on freely suspended soap films auldected 

to various air pressures; x, results for films between rubber and glass 

obtained in the present investigation. Both sets of data are for G01 M. 
concentration of SDS, 


110 A and the friction falls by a factor of over fifty. 
These results are included in the bottom two lines of 
Table 2. 

Mysels and Jones* have measured the thickness of soap 
films under compressive stresses up to about 10° dyne 
cm-? by applying air pressure to the film. Before compar- 
ing their results with ours it is necessary to consider the 
role of van der Waals attractive forces between the rabber 
and the glass. In most of our experiments where the 
applied load was 5 g the contact zone was a circle of 
diameter about 0-3 cm. For film thicknesses of the order 
of 50 to 200A we may caleulate the van der Waals 
attractive force as for plane parallel surfaces. Using a 
value of 5x 10-13 for Hamaker’s constant and assuming 
the gap to be air or vacuum, the attractive forces come out 
to be 0-2 g for a separation of 200 A, 1-6 g for a separation 
of 100 A, 10 g for a separation of 50 A. In the presence 
of a solution of an electrolyte between the surfaces the 
forces will be appreciably smaller. There is no satisfactory 
theoretical treatment for this, but if we use the equations 
given in ref. 10 for long range van der Waals forces we 
may estimate the effect of a liquid of refractive index 1-33 
between two solids of refractive index 1-51 (the value for 
both rubber and glass). The calculations show that the 
presence of the liquid reduces the forces by a factor of 
over 10 compared with the forces to be expected if the 
gap is of air or vacuum.* These are, of course, for long 
range forces, but we may expect a simular trend for the 
shorter range forces. We may conclude that for the thicker 
films in this work (¢> 100 A) the van der Waals attractive 
forces are small compared with the applied load so that 
the true pressure is the applied load divided by the 
contact area. Even for the thinner films (f50 A) it is 
unlikely that the attractive forces increase the pressure 
by more than 20 or 30 per cent. 

Our results, obtained with 0-01 M SDS, are compared 
with those of Mysels and Jones in Fig. 1. The agreement 
is good particularly for the thicker films and suggests that 
the charge distribution is similar in both cases, that is, 
there is a close packed oriented layer on the rubber surface 
and possibly on the glass surface too. 

Although rubber is not an ideal material for surface 
studies it has been found useful in the present investiga- 
tion of double layer forees for two reasons: first it has a 

* It is obvious, in the limit, that if the van der Waals force properties of 
the liquid are identical with those of the solids, there can be no net atiractive 
force between the solids. For long range forces the force properties are 
represented adequately by the high frequency dielectric constant, that is, 
by the square of the refractive index, No such simple correlation exists for 
the shorter range van der Waals forces, though an approximate solution has 


been derived by Krupp". His treatment suggests, for our materiais, a 
reduction in foree by a factor of about 10. 
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low elastic modulus, second, it can be prepared with an 
optically smooth surface. As a result, when placed in 
contact with a hard glass surface it provides a parallel 
contouring surface over relatively large areas. Optical 
interference measurements of the contact region provide a 
measure of the separation of the surfaces down to distances 
of the order of 50 A. The results show that, in the presence 
of an electrolyte solution, double-layer repulsive forces 
occur which are able to support pressures of the order of 
10* to 106 dyne cem- The equilibrium film attained 
decreases m cae eer as the ion concentration is in- 
creased, because with increasing ion concentration the 

“centre of gravity” of the charge moves closer to the solid 
surfaces. The film thickness also diminishes if the contaet 
pressure is increased. If sodium dodecyl sulphate is 
included in the electrolyte an oriented monolayer is formed 
on the rubber surface and possibly on the glass surface. 
Friction measurements suggest that in these conditions 
two factors operate to provide effective lubrication—the 
electrical repulsive forces which tend to keep the surfaces 
apart and the SDS monolayer itself which protects the 
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THE initial flight of a new balloon-borne X-ray observa- 
tory was made from Mildura, Australia, on February 29, 
1968, to study the properties of a number of celestial 
objects near the galactic centre. Significant X-ray fluxes 
were observed from five X-ray objects, and upper limits 
have been established for four others. It is the purpose of 
this article to report the X-ray spectra observed from 
three X-ray sources, Seco XA-1, GX 341 and GX-5-6; 
and to present an improved position for the latter object, 
which we will now designate GX 354-5, Detailed descrip- 
tions of the X-ray detectors, and the totality of the 
results, will be published at a later date. 

The X-ray observatory contains two independent X-ray 
detectors, one similar in principle to the active collimator 
detector pioneered by Peterson et al.', the other basically 
similar to the graded shield detector developed by Boldt 
et al.*. The active collimator telescope comprises a 2 mm 
thick X-ray detection scintillator, shielded by at least six- 
teen mean free paths of scintillator (at 100 keV) in all 
directions other than those within a conical viewing angle 
of 8°. Considerable pains have been taken to minimize 
the spurious response of this detector. The pulses from 
the X-ray detection scintillator are analysed by a 16 chan- 
nel pulse ee analyser, the upper and lower energy 
limits being 7 and 167 keV and each channel having a 
width 10 keV. The total sensitive area of this detector is 
54-3 cm”. The temporal stability of the energy calibration 
of the complete detection system is monitored throughout 
the flight by introducing a Gd radioactive source into 
the detector viewing cone for 1 min every 17 min. The 


* Present address: Department of Physics, University of Otago, Dunedin, 


New Zealand. 


NATURE, VOL. 219, SEPTEMBER 14. 1968 


surfaces from intimate contact if the separating liquid film 
is locally penetrated. 

We thank the Avon Rubber Co., Ltd, for help in the 
manufacture of optically smooth rubber and Trico- 
Folberth, Ltd, for a research grant, at an earlier stage of 
the work, to one of us (A. D. R.). We also thank Dr J. F. 
Goodman for reminding us of the action of charged double- 
layers and Dr J. A. Kitchener for helpful discussions. 
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GX 354-5 


The spectra of three X-ray objects have been measured from a 
balloon, and suggest that the sources are supernova remnants, and 
that the X-ray emission is due to magnetic bremsstrahlung. 


graded shield telescope comprises a Ph-Ag-Cu graded 
shield and a scintillating polytoluene anticoincidence 
shield, surrounding a 19-0 em diameter, 3 mm _ thick 
CsltT]) seintillation detector. The sensitive area 1s 
220 cm?. The pulses from this X-ray detector are sorted 
into four contiguous enerey channels set at 30-40, 40-50, 
The graded shield telescope has a 
aule field of view, 10° x 30°. 

The two telescopes were inclined to the vertical (by 
32° and 43° respectively) and pointed in the same azi- 
muthal direction. Two orthogonal fluxgate magneto- 
meters were used to determine the azimuthal pointing 
direction of the telescopes during the flight. Pre-flight 
calibrations, and an in-flight calibration, indicate that 
all azimuth angles are known to +1°. By displaying the 
pointing direction in real time, an operator on the ground 
was able to contro! the direction of pointing of the tele- 
scope by sending appropriate radio commands to activate 
a motor which turned the observatory in either direction 
relative to the balloon. The telescopes were thus scanned 
back and forth over limited regions of sky known to 
contam X-ray objects of interest. 


X-ray Object Positions 

Fig. 1 displays the azimuthal scan obtained by the 
active collimator telescope for one period of 15 min 
during which a source previously named Sgr XR-1 (ref. 3) 
was the nominal object cf interest. These data, and similar 
sets of data accumulated over three other 15 mim periods, 
indicate the presence of two X-ray objects in the general 
direction reported for Sgr XR-1. The angular separation 
of these two objects is such that they would not have been 









NATURE. VOL. 219. SEPTEMBER 14. 1968 


ee ee ee peas 
[SAGITTARIUS REGON seex yey oxtte a 
a WAM-IWIBAM H a diea 7 exme 


12 | 277-67 KeV 





es: 
a E Mi 
E peseseeenrete -E ` P S =} 
fan | 
ry - i 
a 2 
zl | 
z i] 
3 sine danse S EE a a fate gale ane eee ae ee ae a 
T SCORPIUS REGION 
BAM- 830AM 

Se 27-67 KeV i 


I 
ee es ee ieee Ceres i EIET EES AE OODE E a tna 3 eae 


40-30 -20 -10 Ü +10 +20 +30 +40 +50 
Azimuth 





Fig. 1. Count rate versus azimuth during times when several sources 


were within our range of zenith viewing angle. The horizontal bars in 
the upper plot indicate source motion during the time interval. The 
movement of Sco X¥R-1 during half an hour was sufficient to justify 
dividing the data into six time intervals, and offsetting the zero of 
azimuth for each interval according to the movement of Seo XR-1 
from one time interval to the next. The dashed lines are least squares 
fits of the known collimator response to the data, The arrow on the 
Scorpius plot indicates where Sco ¥R-i should have fallen. This 2° 
offset in the azimuth calibration has been applied to the data taken from 
the Sagittarius region. All error bars are of length one standard error. 


resolved in earlier balloon-borne surveys of this portion 
of the celestial sphere. A theoretical angular response 
curve was fitted to each set of data as shown in Fig. l 
using a least squares technique, in order to obtain the 
azimuth and counting rate of maximum detector response. 
This procedure was found to provide an adequate fit to 
the data on the assumption of two X-ray objects only, 
and the azimuths of maximum response obtained in this 
manner are plotted against time in Fig. 2. The azimuth 
versus time curves for a number of X-ray objects observed 
at low photon energies (hvw4 keV) are also displayed in 
Fig. 2. It is clear that the data pertaining to the strong 
source evident in Fig. 1 are in close agreement with the 
curve applicable to the X-ray object GX 3+1 (ref. 4). 
Furthermore, the motion of the object through the range 
of zenith angles covered by the detector produced a time 
variation in maximum counting rate which indicstes that 
the X-ray object was at a zenith angle of 32° at 10 h 10m 
+5m Eastern Australian Time (EAT), while GX 3+ 1 
would have passed through this zenith angle at 10 h 08 m 
EAT. Because of these facts we identify the major X-ray 
object evident in Fig. 1 as beirg the object GX 3+1. 

Considering the second object indicated in Fig. 1, the 
counting rate data indicate that the X- ‘ay object passed 
through a zenith angle of 32° at 10h 25m +5m EAT. 
This indicates a position; a=17h 47m, 6= —36°; or 
bill = — 5°, HI =354°; and we will refer to the object as 
GX 354-5. The uncertainty in position is + 2°. Gursky 
et al.5, using a fan-type collimator at low energies (ivx4 
keV), have reported an object at a galactic longitude of 
— 56°, which they designate GX-5-6, the geometry of 
their collimator precluding an accurate measurement of 
galactic latitude. We propose that their GX-5-6 and our 
GX 354-5 are the same object. We note that this object 
would be just outside the field of view of the counters 
employed by Bradt et al.*. 

It is significant that we find no appreciable flux from 
GX 5-1 (ref. 4), an object which is brighter than GX 3+ 1 
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at photon energies ~4 keV. This indicates that GX 5-1 
has a markedly softer spectrum than GX 3+ 1. 

Fiz. 1 also displays the azimuthal plot of counting rate 
«hout the nominal direction of Seo XR-1, an X-ray abject 
the position of which is known with high accuracy. These 
data indicate that a 2°+1° correction 1s necessary in our 
various azimuthal data, and this correction has been 
applied in all other directional data reported here. 


X-ray Object Spectra 


only. 
obtained from a least squares fit of the theoretical response 
curve to the observed data, the counting rate increment 
so obtained then being corrected for detector efficiency, 
atmospheric absorption and foreshortenmg. Contempor- 
ary rocket results for energies in the vicinity of 4-14 keV 
are also presented. In Figs. 3 and 5, 4 is the index of the 
power law spectrum 


dN an 
dk 
and kT is the characteristic energy in the exponential 
spectrum 
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Fig. 2. True azimuth versus time for several Sagittarius sources, Time 

is given in Eastern Australian Time (UT4+10 hj, extending over the 

period when the various possible sources were within our range of 

zenith viewing angle. The full circles indicate the azimuths which 
correspond to the peaks in our count rate. 
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Considering GX 3+ 1 in Fig. 3, the data for hv>20 keV 
show a good fit to a power law photon number spectrum 
given by 

dN 


dE 
which, when extrapolated to lower energies as shown in 
Fig. 3, is in reasonable agreement with the results of 
Gursky et al.* and Bradt et al.4. Furthermore, we note 
that previous workers have also obtained power law 
photon number spectra for Tau XR-1 and Cyg XR-1; 
for example, Peterson et al.* quotes 


= $4 Ertel photons em s-t keV- 


Te : 350 E-191 Tau XR-1 
dE” | 3-58 Emte: Cyg XR-1 
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Fig. 3. The observed spectrum of GX 3+1. Gursky et al.* were not 
able to define the galactic latitude of their source GX + 2-8; however, 
it is highly likely that GAY + 2-6 is identical with GY 341. The error 


bars for the University of Adelaide data are of length one standard 
error, We have assigned a nominal error of 25 per cent to Gursky’s point. 


The spectral exponents in the three spectra we present 
are statistically identical, while there are other objects 
known to exhibit markedly different spectral charac- 
teristics (Seco X#-1, for example, in Fig. 5). This suggests 
that the three X-ray objects GX 3+1, GX 354-5 and 
Seo XRA-1 are physically similar to one another. The 
fact that Tau XR-I is known to be a supernova remnant, 
and the spectral shape itself suggesting that the X-ray 
emission from Tau X#-1 may be due to magnetic brems- 
strahlung, suggests a similar explanation for GX 3+1 
and Cyg XR-1. Because of this it seems desirable to 
determine the radio emission from both these objects, for 
a magnetic bremsstrahlung origin of the X-rays would 
imply magnetic bremsstrahlung at radio wavelengths. 

The spectral data for Seco XR-1 in the energy range 
hy > 20 keV are shown in Fig. 5, and can be seen to be in 
good agreement with the power law photon number 
spectrum 


ba ~- 3+ 79+ 8.38 
7 F 0-21) (£ 7 
= (i 08 0-27 x 10 (>) 


photons em- s~} keV~! 


This spectral law is in reasonable agreement with the 
data for lower energies. By way of contrast, however, an 
adequate fit to the Ay > 20 keV data can be obtained by a 
thin plasma spectrum (kT =148 keV). Such a spectrum, 
however, is in error by more than an order of magnitude 
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Fig. 4. The observed spectrum of GY 354-5. The error bars correspond 


to one standard error. 


at low photon energies. The thin plasma spectrum 
derived by Peterson and Jacobson’ with kT = 4-35 keV 
fails to agree with the high energy portion of the X-ray 
spectrum, as was, in fact, pomted out by Peterson and 
Jacobson themselves. We conclude that the best single 
fit to the observed data over the energy range 5 <hv<70 
keV is obtained using a power law spectrum, of exponent 
~3°79 + 0-36. That is, while the spectrum is much steeper 
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than those applicable to Tau XR-1, Cyg X#-1 and GX 
3+1, it still suggests a magnetic bremsstrahlung origin 
for the X-radiation. 
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Internal Components of Adenovirus 


by 


W. C. RUSSELL 
W. G. LAVER * 
P. J. SANDERSON 


National Institute for Medical Research, 
Mill Hill, London 


Tas introduction of the elegant technique of negative 
staining in electron microscopy? has led to better 
understanding of the surface structure of viruses. One 
of the first viruses to be examined by this method was 
the adenovirus'; the electron micrographs revealed the 
virus in the form of an icosahedron of diameter 700 A 
with 252 subunits or capsomeres. Later experiments® 
with adenovirus type 5 further elucidated the fine 
structure of the surface or capsid of the virus. Two 
types of capsomeres were recognized and designated® 
as hexons and pentons. The hexons have six nearest 
neighbours and there are 240 situated on the faces and 
edges of the icosahedron. The pentons are composed 
of a base and a fibre with a knob on the end and they 
are situated at the twelve apices of the icosahedron. 
The components hexons, pentons and fibres may be 
obtained as soluble antigens in virus-infected cells and 
purified by chromatography’. 

These studies have defined the external features of 
the virus but the inner components have not been so 
clearly identified. Chemical studies on preparations of 
purified virus have shown that the adenoviruses contain 
only protein and deoxyribonucleic acid (DNA). The 
DNA was shown to comprise 13 per cent of the dry weight 
of the virus? and to be a double stranded linear molecule 
of molecular weight 23 x 10° Daltons’®. Thin sectioning 
techniques!!!" demonstrated that the DNA was appa- 
rently present in an internal core of diameter 250-350 A. 
From morphological considerations alone it has been 
noted® that only about 60 per cent of the volume of the 
virus is accounted for in terms of the nucleic acid and 
the capsomeres and it would thus seem very likely that 
there are some other proteins in the virus In more intimate 
contact with the viral DNA. 

Indirect evidence of the presence of internal components 
has been obtained by a detailed study of the effect of heat 
on adenovirus type 5 (ref. 13) and serological tests have 
also suggested the presence of an internal antigen". 
In the latter experiments it was found that an antiserum 
which detected an antigen in infected cells (designated 
P antigen and not related to the capsid antigens) would 
react with purified virus which had been disrupted on 
ageing at 4° C. The antiserum did not react with freshly 
prepared virus and it was concluded that a component 
of the P antigen was present inside the capsid. More 
direct evidence of the presence of internal components 


* On leave of absence from the Australian National University, Canberra. 


The internal components of adenovirus account for at least 20 per 
cent of the viral protein. These components are rich in arginine 
and their properties are compared with those of the histones and 
the protamines. 


has recently been obtained'* by disrupting preparations 
of purified adenovirus with acetone’. This procedure 
released the internal nucleoprotein or core of the virus 
which was then separated from capsomeres by zonal 
rate centrifugation on a sucrose gradient. This core 
protein contained about 25 per cent of the viral protein. 
and at least three components were revealed by acryl- 
amide gel electrophoresis. Alanine was found to be the 
major N-terminal amino-acid of the core protein. 

The close relationship of the internal components 
of the virus to the viral nucleic acid makes it likely that 
they are basic in nature and perhaps play some part in 
neutralizing the charge on the nucleic acid. A more speci- 
fic role concerning the conformation of the viral core and 
perhaps of the capsid itself has been suggested by some 
other experiments. It has been found'*!* that adenovirus 
failed to mature when cells were infected in the absence 
of arginine in the tissue culture medium. A detailed 
serological investigation®® revealed that the only antigen 
the synthesis of which was apparently dependent on a 
supply of exogenous arginine was a late component of the 
P antigen, and because a component of this antigen 
appeared to be an internal antigen this purely mamun- 
ological approach suggested that an internal arginine- 
rich maturation factor was present. The possibility 
that adenovirus contains an argimime-rich internal com- 
ponent has also been deduced?! from the fact that purified 
hexons, which comprise the major part of the capsid, 
have an arginine content of 4:7 mmoles**, in contrast 
to purified whole virus which has an arginine content of 
7-9 mmoles/100 mmoles of total amino-acids**. 

We describe here a preliminary imvestigation into 
the chemical nature of the internal proteins using purified 
virus labelled with various radioactive isotopes. 

Adenovirus (type 5, AD 75) was propagated in HeLa 
cell monolayers as described previously**. Infected cell 
extracts were homogenized in fluorocarbon and the virus 
was further purified by centrifugation on a layer of caesium 
chloride followed by equilibrium density gradient centri- 
fugation in caesium chloride’. Preparations of virus 
labelled with various radioactive amino-acids and with 
32P-orthophosphate were obtained in the conditions 
described in Table 1. These have been found to be the 
optimum conditions for good yield of virus and reason- 
able incorporation of the radioactive label. Unlabeled 
carrier virus was prepared in relatively large batches 
(from 1x 10° cells) and the equilibrium centrifugation 
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Table i. 
Concen tration of 
label in medium 


0-5 aCi. 
(300 mCi/mM) 
5 eCi ml. 
(250 mCi/mM) 
5 BCH ml, 
(500 mCi/mM) 
25 eC 
(high specific 
activity) 


Time of 
adding label 


With virus 


Label 
NC. L-arginine 
3H -L-leneine With virus 
SH-L-tryptophar With virug 


Sh after 
Virus 


*P.orthophosphate: 
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PREPARATION OF LABELLED VIRUSES 


Special conditions 


Cells were incubated for 1 h at 87° C in the absence of arginine and the label added with 
_ one half the normal complement of 
Cells were incubated for 1 h at 37 
one third the normal comple 
Cells were incubated for 1 hat 
„~ With one tenth the normal complement of tryptophan in the medium (0-COS mM) 
Cells were infected in phosphate-free medium and the phosphate concentration adjusted 
to one tenth the normal levels ( 


arginine in the medium (0-20 mM) 

°? Cin the absence of leucine and the label added with 
ment of leucine in the medium (0-27 mM) 

37° € in the absence of tryptophan and the label added 


0-045 mM) when the label was added 


Batches of virus were prepared from the harvest of 5 x 10? cells and freed fram low molecular weight radioactive components by filtration on ‘Sephadex’, 


These procedures yielded about 1 cm of purified virus containing approximately 1 x10% particles with 


in caesium chloride was repeated to ensure efficient 
purification. 

Virus was removed from caesium chloride either by 
precipitation with cold aleohol'® or by high speed centri- 
fugation. The pellet in each case was taken up in distilled 
water to give an opalescent suspension and dispersion 
of the pellet after centrifugation was facilitated by 
sonication. 

Preparations of purified virus each labelled separately 
with ‘C-arginine, with *H-leucine and with *P-ortho- 
phosphate were disrupted with acetone and submitted 
to zonal rate centrifugation in parallel linear sucrose 
gradients. This procedure separated the viral nucleo- 
protein “cores”, as indicated by P radioactivity, in 
the middle of the gradient from a small amount of 
undegraded virus and “hexon shells’’!3 which pelleted 
at the bottom of the gradient (Fig. 1). In these conditions 
the top fractions above the core fractions contain chiefly 
released hexons**. The corresponding fractions in the 
gradients containing viruses labelled with ™C-arginine 
and °H-leucine were pooled as indicated in Fig. 1 and the 
amount of radioactivity relative to protein was deter- 
mined in each fraction. It is clear (see Table 2) that 
there is about three times as much arginine in the core 
fraction as in the top fraction and about one half as 
much leucine. Beeause the hexons are reported to contain 
about 5 mmoles of arginine and 7 mmoles of leucine/100 
mmoles of total amino-acid?*, this finding suggests that 
there are about 15 mmoles of arginine and 4 moles of 
leucine/100 mmoles in the core protein. The protein 
determinations in this experiment were made by the 
Lowry method** using the Folin phenol reagent with 
bovine serum albumin as the reference protein, and 
the calculation assumes a similar proportion of chromo- 
phoric groups in both the top and core fractions. 


Tabie 2, RADIOACTIVITY IN “CORE” AND “TOP” FRACTION FROM SUCROSE 
GRADIENT 
Specific 
Labelled Fraction Radioactivity Protein radioactivity 
virus tepma 100 gly Gaz/100 pl.) (e. p.m. /ug) 
4¢™. L-arginine Core 820 4 155 
Top 1,080 22 49 
*H-b-leucine Core 430 5 86 
Top 4,870 29 161 


Radioactivity was assayed by adding 10 ul. samples to 10 ml. of dioxan 
scintillating fluid and protein by the method of Lowry ef al., using 40 mm 
micro cells in the SP 500 Unicam spectrophotometer with bovine serum 
albumin as standard, 


A more comparable estimate of the distribution of 


MC-arginine and *H-leucine in the virus proteins was 
obtained by digesting a mixture of purified viruses 
labelled with these amino-acids with sodium dodecyl 
sulphate in the presence of mercaptoethanol and urea 
and submitting them to electrophoresis on polyacryl- 
amide gels in a buffer at pH 9-0. This technique?’ 


(Isotopes were obtained from the Radiochemical Centre, Amersham, Bucking- 


the course of virus infection. 


characterizes the virus in terms of five major bands 
and a number of minor bands. The densitometer tracing 
of such a gel showing bands at 4, 10, 18, 23 and 29 mm 
is shown in Fig. 24. Three of the major bands, those at 
18 mm and the bands at 23 and 29 mm, were shown. 
as in Fig. 2B, to be associated with the core protein by 
a parallel gel electrophoresis of the core fraction obtained 
after sucrose gradient centrifugation of acetone-disrupted 
virus (by this electrophoresis technique the core proteins 
did not give such sharp bands as the capsid components). 
One other major band was shown to be associated with 
free hexons by adding a sample of purified hexons labelled 
with I to the virus and analysing the resultant stained 
gel with a thin layer radiochromatogram scanner. The 
remaining major band appeared to be related to the 
groups of nine hexons!S® which can be obtained, in 
some. conditions, on disruption of the virus'*, Because 
the penton components contribute a very small proportion 
of the capsid proteins? they probably account for only 
some of the minor bands. The distribution of “C-arginine 
and *H-leucine in virus analysed in this manner is also 
shown in Fig. 2, from which it is seen that the bands 
associated with the core fraction contain three to seven 
times as much arginine compared with leucine as the bands 
characterizing the hexon fractions. These results show 
that the internal components of the virus contain 
arginine-rich proteins, probably basie in character, 
associated with the viral nucleic acid. 

Basic proteins associated with the cell nueleie acid 


have been classified into essentially two groups— 
(“ores Top 
f OG 
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Fig. 1. Distribution of radicactivity in sucrose density gradient of ?P 
labelled adenovirus disrupted with acetone, after 3 h at 25,000 r.p.m, 
through a linear 10 per cent-40 per cent sucrose gradient (in 0-0005 M 
tris pH &-6)in the MSE 40 swinging bucket rotor. Fourteen fractions 
were collected. Fractions 5-9 were pooled for the core fraction and 
fractions 11-14 for the top fraction. The protein in each of these frae- 
tions was precipitated by first diluting three-fold with water and then 
adding four volumes of cold { — 20° C) acetone and a few drops of 0-15 M 
sodium chloride. The protein was allowed to flocculate for 3-4 h, centri- 
fuged (10 min, 500 g) and redissolved in a small volume of distilled water. 


Table 3. DISTRIBUTION OF PROTEIN, “C-ARGININE AND ?H-TRYPTOPHAN BETWEEN COMPLETE VIRUS AND ACID SOLUBLE COMPONENTS 


Complete virus (V)* 


Acid soluble components (5) Per cent 


Experiment Virus Protein Radioactivity Specific radio- Protein Radioactivity Specific radio- (w/w) of 
ve (ug) (ep.m.} activity (e.p.m jug} (ug) {(e.p.m.) activity (e.p.m./ug) Sin V 
1 Uniabelled 468 — ao | nic -— i 9-9 
4.C-arginine 2,41: 2 Q G5 18-3 
3 'H-tryptophan 115 3'230 23 l 80 4 
* Virus contains 7-0 mmoles of arginine and 1-2 mmoles of tryptophan per 100 mmoles of total amino-acids™, 
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Fig, 2. Polyacrylamide gel electrophoresis of purified adenovirus and 
“cores” at pH 9-0 after digestion with sodium dodecyl sulphate. The gels 
were formed, essentially as described by MaizeP*, of 5 per cent acrylamide 
0-135 per cent N-N-bismethylene-acrylamide, 0-1 per cent sodium 
dodecyl sulphate in 0-01 M tris/glycine buffer at pH 9-0 containing 0-6 M 
urea. Polymerization was carried out with final concentrations (by 
volume) of 0-5 per cent N-N-N’-N’-tetramethyl ethylenediamine and 
0-075 percent sodium persulphate. After the gels were formed they were 
equilibrated against 0-01 M tris/glycine buffer at pH 9-0 containing 1 mM 
mercaptoethanol by applying 150 V d.c. for 90 min. The sample was 
digested at 66° C for 10 min in the tris/glycine buffer containing 1-5 per 
cent sodium dodecyl sulphate, 75 mM mercaptoethanol and 0-6 M urea 
and applied in a small volume in 30 per cent glycerol to the top of the 
gels, The reservoirs were filed with fresh tris/glycine buffer containing 
1 mM mercaptoethanol and the current applied for 90 min. Gels were 
removed and stained overnight with a 1 per cent solution of saturated 
amido black in aqueous acetic acid-methanol (water: glacial acetic acid: 
methanol: in proportions 55 : 5: 40). Destaining was done by shaking 
with aqueous acetic acid-methanol solvent for 24 h. A, Tracing of gel 
pattern from purified adenovirus containing iodinated hexons using the 
Joyce Loebi microdensitometer. The fine tracing showing a peak at 10 
mm was obtained by scanning the gel with a ‘Panax’ thin layer radio- 
chromatogram scanner with 1 mm slit width set at optimum levels for 
1817. B, Densitometer tracing of gel pattern from core fraction obtained 
from sucrose gradient of acetone-disrupted wirus. C, Distribution of 
radioactivity in acrylamide gel of mixture of labelled viruses. Unstained 
gela were homogenized in an apparatus similar to that described by 
Maizel™, Homogenates of 2 mm lengths of gel in 0:3 cm? of distilled 
water were allowed to elute overnight and 10 cm* dioxan scintillating 
fluid added. Counting was carried out in a Packard ‘Tricarb’ liquid 
scintillating counter with the standard settings for *H and “C double 
labelling. With these conditions negligible counts from °H appeared in the 
40 channel. Corrections were made for HC counts in the *H channel 
using the quenched values obtained from running “C labelled virus aione 
in acrylamide gel electrophoresis. @--- @, "C-arginine: x—-~x, *H- 
leucine. Hexons were obtained from infected cell extracts and purified 
hy chromatography on DEAE ‘Sephadex, Todination war carried 
out by the method of Greenwood, Hunter and Glover”, 25 ug of 
hoxons in 0:5 ml. of phosphate buffered saline (PBS) was mixed with 
5 xl. of carrier free sodium iodide containing 0-2 mCi F. 50 ug of 
fresh chloramine Zin 10 wl. of PBS was added followed 1-5 min later 
by 190 yar of sodium metabisulphite in 20 zl. of PBS. Residual iodide 
was dilute | 1 min later with one drop of a 1 per cent solution of carrier 
potassium iodine, Af .ther 25 ug of hexons was then added as a carrier 
and the excess iodide .cmoved by dialysis overnight at 4° C against the 
buffer uscd for acrviamide electrophoresis, A small aliquot of this 
preparation was added to the purified virus preparations, When ran 
alone in electropharcsis there — een protein to give a visible 
pand. 


4 


protamines and histones®*. While it is difficult to 
distinguish exactly between these two groups, the former 
group is frequently characterized as low molecular 
weight (of average 5,000) arginine-rich polypeptides 
while the latter group, of larger molecular weight, has 
been subdivided into a number of subgroups based 
chiefly on their ability to be extracted by different 
acids**.*°, These subgroups can also be characterized **-"" 
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in terms of their N-terminal amino-acids. Another 
useful property of both groups is the virtual absence of 
certain amino-acids, notably tryptophan*'. In the 
following experiments adenovirus was examined m respect 
uw. these properties of protamines and histones using 
purified viruses labelled with ™C-arginine and “H- 
tryptophan. 

Polyacrylamide gel electrophoresis was carried out on 
a mixture of these labelled viruses using a system similar 
to one which has been successfully applied to the charac- 
terization of histones**. In this experiment the labelled 
viruses were disrupted with 8 M urea at pH 24 and 
electrophoresis carried out in 5 per cent polyacrylamide 
gels made up in 4 M urea and equilibrated at pH 2-4. 
A pattern of sharp bands was obtained and Fig. 3 shows 
the stained gel and the corresponding densitometer 
tracing. As in the previous experiments, the major band 
was found to be associated with hexons by the addition 
of iodinated hexons to the purified virus. Fig. 3 also 
shows the distribution of 4C-arginine and *H-tryptophan 
and it is evident that the bands moving more rapidly 
towards the cathode are relatively rich in arginme and 
essentially devoid of tryptophan. To ascertain (f any 
acid-soluble viral components could be detected with 
the methods applicable to histones, preparations of 
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Fig. 3. Polyacrylamide gel electrophoresis of purified adenovr tinaa 
pH 2-4in 4 M urea, The gels were formed of 5 per cent acrylamide, 
6-135 per cent N-N-bismethylene acrylamide in 0-03 M sodium acetate 
pH 5-0 containing 4 M urea. Polymerization was carried out with final 
concentrations (by volume) of 0-05 per cent N-N-N'-N*-tetramethy! 
ethylenediamine and 0-075 per cent sodium persulphate. After Uhe gels 
were formed they were equilibrated against 0-02 M acetate HCI buffer at 
pH 2-4 containing 4 M urea by applying 100 V for 2-5 h with the cathode 
in the bottom reservoir, The samples were dissolved in the acetate HCI 
buffer at pH 2-4 containing 8 M urea and applied in a small volume in 30 
per cent glycerol to the top of the gels. The reservoirs were filled with 
fresh buffer at pH 2-4 containing 4 M urea and the current applied Tor 
2-5 h. Gels were removed and stained overnight as deseribed in the 
legend to Fig. 2. The gel pattern obtained with purified virus and the 
corresponding densitometer tracing are shown in the upper half of the 
figure, The addition ofiodinated hexons to purified virus and the eleetra- 
phoresis of purified hexons alone in a parallel gel indicated that hexons 
were responsible for the major band appearing af 18 mm. The pattern 
of radioactivities was obtained by homogenizing a gel run in parallel 
containing labelled viruses as described in the legend to Fig. 2. 
@. “C-arginine; =<, *H-tryptophan, 
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Fig. 4. Acrylamide gel electrophoresis of acid soluble components of 
adenovirus and of purified adenovirus. Purified adenovirus was 
disrupted with acetone’? and extracted with acidic ethanol (7 parts 
ethanol, 3 parts N hydrochloric acid) by shaking at 4° © for 4 h. Super- 
natant after centrifugation at 4° C (20 min, 5007) was removed and 
dialysed against 100 volumes of absolute alcohol at 4° C for 18 h with 
two changes of alcohol. A precipitate was obtained, pelleted by centri- 
fugation at 4° C (20 min, 5007), dried by evaporation and dissolved in a 
small volume of distilled water (3). Acrylamide gel electrophoresis was 
carried out as described in the legend to Fig. 3. The major band seen 
in the gel pattern from complete virus (V) is due to hexons and in this 
case there is a suggestion of two components. 


purified virus were submitted to a selective acid extraction 
procedure and the extracts examined by polyacrylamide 
gel electrophoresis at pH 2-4 in urea. It was found 
that whereas 5 per cent perchloric acid, which extracts 
“very lysine-rich” histones**, gave no components, 
extraction with acid-aleohol, which extracts ‘‘arginine- 
rich histones’’**, removed the components associated 
with the five bands of mobility greater than that charac- 
teristic of the hexon. Three of these bands can be seen 
in Fig. 4, though the two bands of greater mobility 
corresponding to the bands seen at 60 and 70 mm in 
Fig. 3 are not so easily discernible. By carrying out 
the polyacrylamide gel electrophoresis at pH 9-0 as 
described in Fig. 2, these acid-soluble components were 
found to give a similar pattern to the core protein (that is 
as in Fig. 28). It can then be inferred that the acid- 
alcohol extraction of the virus removed the internal 
core proteins, although it is possible that some of the 
minor capsid components (such as the fibre which, 
although apparently not arginine-rich*®, has some basic 
characteristics**) could also be extracted. Extraction of 
a mixture of viruses labelled with 'C-arginine and *H- 
tryptophan and determination of protein contents as 
in Table 3 showed that the acid soluble components 
were relatively rich in arginine and very poor in trypto- 
phan compared with the original virus. Table 3 also shows 
that about 20 per cent of the viral protein is acid-soluble. 
The protein determinations were made using the Lowry 
method®* with bovine serum albumin as the standard, 
a procedure which is likely as in the case of histones” 
to give too low an estimate of protein. . 
These experiments have shown that the proteins 
associated with the adenovirus DNA account for at 
least 20 per cent of the total viral protein. Furthermore, 
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these proteins are relatively arginine-rich and can be 
extracted with acid-alecohol and precipitated with absolute 
alcohol (Fig. 4). Previous investigations'*7 have shown 
that the core proteins possess alanine as the major 
N-terminal amino-acid. These particular properties 
are characteristic of the arginine-rich histones?! and 
suggest that the core proteins share properties with the 
#3 group of histones assigned by Johns et al., But it 
is notable that the acid-soluble components when tested 
in polyacrylamide gel electrophoresis in urea at pH 2-4 
gave rise to two components which were devoid of 
tryptophan and much richer in arginine than the others 
(see Figs. 3 and 4). The nature of these two very arginine- 
rich components remains to be elucidated, but it may 
be that they bear a closer relationship to the protamines 
than to the histones. It is also relevant that chromatin 
acidic proteins can combine readily with some histone 
fractions and make the resulting complex acid-soluble**; 
it may be that in the case of adenovirus a relatively 
acidic internal component is rendered acid-soluble by 
its close association with a more basie component. It 
will be important to see if some function can be ascribed 
to these internal components and what their origin is, 
whether they are derived from cellular components or 
are viral products with very specific functions. The 
results of the serological investigations? which suggested 
that the arginine-rich internal components of the virus 
require a supply of exogenous arginine seem to imply 
that they are, at least, induced by the virus and not 
merely derived from pre-existing cellular components. 
Further characterization of the internal components is 
under way in an effort to solve some of these problems. 
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Ax adequate theory of the genetie history of a given 
mineral deposit should not be restricted to an explanation 
of the mechanism by which the substance is concentrated, 
but should also give reasons for the failure of this 
mechanism to produce a deposit in apparently similar sets 
of geological conditions. 

Claridge and Campbell! considered the nitrate deposits 
along the western side of the Ross Ice shelf to have arisen 
through the accumulation of precipitation from the 
atmosphere in the absence of leaching and biological 
activity. There is no reason to suppose that this theory 
is incorrect. The small areas of dry ground within the 
seventy-fifth parallel have not been systematically 
explored, but nitrate deposits would probably be found 
at all the locations where the very specific geologico- 
climatic conditions resemble those of the Ross Ice Shelf. 

The chief geologico-climatic conditions of the nitrate 
deposits within the North Chilean Desert closely resemble 
those in the Sahara. the Gobi Desert, the Mohave Desert. 
and other arid regions of the world. Indeed, my analytical 
work and statistical computations? indicate that the mean 
concentration of nitrate in the soil of the North Chilean 
Desert is between 0-1 and 0:2 per cent, which is within the 
range of that of the soils of other deserts. For this reason 
the theory that nitrate originates primarily through atmo- 


spheric processes---oxidative decomposition of organic 
remains, fumarole activity and so on}!3?-5-—seems to be 


adequate to account for the abundance of nitrate through- 
out the North Chilean Desert. The individual Chilean 
deposits, however, contain up to milhons of tons of mineral 
with 10 per cent or more nitrate. These deposits 
are several orders of magnitude larger and one order of 
magnitude more concentrated than those which have been 
described from California’ or which have been reported 
from other desert areas, so a specific secondary mechanism 
for the concentration of nitrate must be found which 
operates in the North Chilean Desert, but which is absent 
or less important in other desert regions. 


Geological Aspects of the Genesis of Nitrate Deposits 


The only unique feature of the North Chilean Desert 
so far recognized is its climatic asymmetry, and the theory 
of the secondary concentration of nitrate, which I have 
proposed?, is based on this. The brines which originate in 
the Andes, with their semi-arid climate and yearly pre- 
cipitation of up to 250mm, reach the central extremely 
arid regions of the basin, where the resulting evaporite 
deposits lie in clearly defined zones. 

The lower lying zone is usually waterlogged for long 
periods of the year and contains chiefly chlorides and 
sulphates, Higher lying areas surround the lower lying 
zone and only those salt solutions that enter by capillary 
migration can reach them. These areas contain nitrates 
and iodates and other salts which were originally present 
in the meteoritic waters of the waterlogged zone in 
relatively low concentrations. 

According to the ‘‘ecapillary concentration” theory of 
secondary enrichment of the Chilean nitrate deposits, the 


The nitrate deposits in the North Chilean desert seem to have been 
formed in two stages. 


“waterlogged” facies of each deposit represents a partial 
evaporation of the Andean meteoritic salt solutions with 
precipitation of only those salts which were originally 
present in concentrations close to their solubilities. The 
solutions would spread from the waterlogged zone through 
capillary forces into the surrounding “capillary con- 
centration’ facies, where they would evaporate to 
dryness; all the salts would therefore crystallize. In 
normal desert conditions the salts of this “‘eapulary 
concentration” zone would be washed back into the 
“waterlogged zone” by the periodic rains. The singular 
climatic asymmetry of the Chilean basin facilitates the 
entry of large quantities of brines into the “waterlogged” 
zone, but prevents the backwash of the “capillary con- 
centration of nitrates and other rarer salts can be ex- 
plained within the area. 

The sketch map of the North Chilean Desert (Fig. 1) was 
originally compiled? from (A) the precipitation map of the 
Chilean Meteorological Institute, (B) the map of exploited 
nitrate deposits (with a lower limit of approximately 
8 per cent NaNO,) of the Chilean Intendency of Nitrate 
and Iodine, and (C} the map of the Chilean Military 
Geographical Survey. All the data were published 
between the years 1940 and 1960, and no new nitrate 
deposits have been exploited since about 1930. It appears, 
however, that no important occurrences of nitrate were 
left unworked in the course of the heydays of the nitrate 
industry during the first quarter of the nineteenth century, 
and the map is therefore likely to contain all, or a high 
percentage of, the high grade nitrate deposits of the area. 

The map clearly shows that all the workable nitrate 
deposits are situated im the area which has a yearly 
precipitation of less than 10 mm. From a geomor- 
phological aspect the nitrate deposits subdivide mto the 
following three types. 

(A) Capillary moistening facies of salt pans occupy, a8 a 
rule, the northernmost parts of the nitrate area from 
19° 30’ to 21°, The salt pans are bordered along the easter- 
ly margins, where the raimwaters from the Andes reach 
them during the rainy period, with very gently dipping 
drift. The westerly margins of the row of salt pans are 
bordered by the foothills of the dry coastal chain, along 
the slopes of which the salt solutions ascend and form 
the nitrate deposits. A larger seale map of the southern 
bay of the Bellavista salt pan, called Sur Viejo salt pan, 
shows an island hill within the salt pan, which is sur- 
rounded along all sides by old nitrate workings (Fig. 2). 

(B) Capillary concentration facies along the margins of 
flood plains of the Loa River are situated along parallel 
22° within the low lying areas of the valley of the Loa 
River where there are two larger salt pans. Both these 
and the flood plains of the river are surrounded by the 
nitrate deposits. The nitrate deposits along the outer 
zones may have been produced m flood plains which were 
reached by the river during the early Quaternary period 
when the river occupied a higher position and had a 
slightly different course. 
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(C) Capillary concentration facies along the banks, old 
courses, and minor flood plains of those periodical and 
permanent rivers, which cut across the coastal chain, are 
situated between parallels 23° and 26°, and they usually 
occupy all the available soil within a vertical distance of 
some 30 to 150 feet above the river beds. 

The results of field investigations and studies of the 
literature indicate that nitrate deposits invariably appear 
along these three types of locations. A few apparent 
anomalies can be explained by local geological conditions. 

(1) Workable nitrate is lacking along the river banks 
between parallels 19°, 30° and about 21°, because the 
upper reaches of these rivers lie in areas which receive more 
than 10 mm annual rainfall (Fig. 1), and the lower reaches 
of the valleys have a very low profile in the tallus of the 
Andes. They are actually subjected to sheet flooding 
every decade or so, which would wash the incipient 
capillary concentrates into the salt pan. 

(2) The failure of workable nitrate deposits to appear 
along portions of the westerly banks of the salt pans, and 
along the banks of the rivers, could be accounted for by 
the outcropping of andesites of relatively low porosity 
and of other hard rocks—-at least in the considerable 
proportion of cases which I investigated in the field, or 
viewed from the air. 

(3) The banks of those salt pans that are situated in 
greas with an annual rainfall of more than 10 mm contain 
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no workable nitrate deposits. The Grande salt pan 
situated to the south of Iquique is just along the 10 mm 
yearly precipitation line, and its margins contain no 
workable nitrate. This is because this salt pan lies only a 
few hundred feet above sea level along the western flanks 
of the Coastal Chain. It is an uplifted marine evaporite, 
which never had access to the nitrate-rich meteoritic 
waters from the Andes. 

(4) A portion of the salt pan to the south-east of Pisagua 
has been uphfted by faulting to such an extent that the 
flood waters from the Andes can no longer reach it. Parts 
of these inactivated salt-pan-nitrate deposit systems are 
at present covered with an overburden of up to 30 feet 
of loess. 


Geochemical Aspects of the Concentration of Nitrate 


The anomalously high ratio of I to Br of the nitrate de- 
posits (Table 1), when compared with the geochemical mean 
of 0-2 (ref. 7), can be explained by the theory of capillary 
concentration®. In the prevailing, relatively oxidizing 
conditions, the iodine oxidizes to iodate, but the bromine, 
which is less readily oxidized, remains as bromide. The 


bromide ton, in turn, would co-crystallize with the iso- 
morphous NaCl in both the waterlogged and the capillary 
moistening facies of the deposits, whereas the iodate would 
concentrate among the rare salts in the capillary moisten- 
ing facies alone. 
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Fig. 2. 


Viejo salt pan area, which is the 


This process of concentration of nitrate and separation 
of iodine from bromine has been demonstrated experi- 
mentally?. A dish was filled with a solution of salts similar 
to that analysed from the waterlogged facies of the 
Pintados salt pan; it was saturated for NaCl] and NaSQ,, 
one-fifth saturated for NaNO,, and one-tenth saturated for 
NalO, and NaBr. The solutions crystallized directly from 
the waterlogged dish through evaporation in climatic 
conditions which simulated those of the desert and 
partially ascended a 2 mm thick kieselguhr column on a 
plank which protruded from the basin at an angle of 30°. 
After drying at 30° C in an atmosphere of CaCl, for 1 h, 
the capillary moistening zone in the column reached 
equilibrium with the rate of evaporation. The erystals 
in the waterlogged zone, further samples from each 4 in. 
distance in the capillary moistening zone, were analysed 
after 3h. Because the water-soluble salts of the Chilean 
deposits consist of more than 99 per cent of sodium salts, 
with very small quantities of salts of K, Mg and Ca, only 
sodium salts were used in the experiment. 

In Table 1 the trends of redistribution within the 
experimental capillary migration column are seen to 
match closely those in the actual waterlogged-capillary 
moistened facies systems of the Chilean deposits (my 
unpublished results). For the analyses, ten random 
samples were collected from each of (a) the close-to-sur- 
face zones of the “waterlogged” salt pan or dry river, and 
(6) the main nitrate producing level exposed in the work- 
ings, at different distances from the former. The set of 
samples from Victoria workings, Salar de Pintados, 
originate from a location within the salt pan, which is 
situated 100 yards to the east of the margin of the nitrate 
deposit, whereas the samples from the Flor de Chile 
workings, situated approximately 50 m to the east of 


Table 1. DISTRIBUTION OF ANIONS IN THE WATERLOGGED AND CAPILLARY 
MOISTENING ZONES OF EXPERIMENTAL MODELS AND WATURAL LOCATIONS 


Distance Eleva- 


Locality tion Chk SO*- NO, ClO, Br- H 1/ Br 

from the water- {as 10,) 

logged zone 

Experi- 6in. 2 in. 54:2 151 28-3 oe 0-6 1-9 3:2 
mental àin. 1Bin, 62°6 14-8 20-6 — o-6 1-4 2-3 
column 9in, O7in, 6983 192 96 ae 0:7 1:2 1-7 
Lin, O-3in. 33-0 60-4 59 = Q4 0-3 0-75 
Gin. O in. 40-5 542 4:5 oe 0-6 2 0-33 
Victoria 7O0ft SOft 38-5 27-2 342 Trace <O1 +1 oe 
nitrate 500ft 60ft 257 40-6 345 0-09 0-60 O19 271 
deposit 300ft 40ft 29-0 43-2 27-6 Trace <01 0-1 = 
150ft 10ft 380-5 392 302 Trace <O1 0-1 man 
oft Oft 7%4 198 18 Q0 0-011 0-005 6-45 
Flor de 250ft 60ft 21:8 507 27-4 Trace <O1 Qi ae 
Chile 200ft S5O0ft 48-5 21-2 30:1 Trace <i 0-2 = 
nitrate  150ft 40ft 324 35-8 327 Trace <O-1 <01 = 
deposit 100ft 25ft 156 537 30-2 Trace <®1 Ol 
50ft 10ft 8-2 745 18:2 Trace <O-1 <1 oa 
oft Oft 0-1 994 05 00 <Q} <O-1 = 
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Sketch map of the distribution of nitrate deposits and salt pans of the Sur 
southerly bay of Bellavista sait pan. 


Taltal, had been taken from the centre of the approximately 
30 ft broad dry river bed and from the nitrate deposits 
along its northern bank; along the southern bank of the 
same river at the location in question, the nitrate deposits 
are somewhat less well developed because of the rocky 
nature of the area. 

‘The way that the concentrations of NO3. LQ,” and CIO,- 
trend towards the capillary concentration column of both 
the experimental and natural systems, when compared 
with the composition of meteoritic waters originating from 
the Andes, is shown in Table 1. The experimental column 
has not been run for perchorate, which seems to be another 
rarer salt tending to concentrate in the capillary moisten- 
ing facies. The quasi-constant rate of concentration of 
nitrate with the distance from the waterlogged zone in 
the experimental column is contrasted with more random 
distribution of salts with distance in the natural capillary 
concentration columns. This may be a result? of the fact 
that in the several hundred foot horizontal and more than 
100 ft vertical scale of the natural columms, capillary 
creep may occur in several distinct stages. The salts, which 
reach a point A in the course of a given day, may collect 
sufficient hygroscopic water from the saturated night 
air and fog (temperature close to 0° C) to form a pool or a 
water impregnated zone, which would give rise to a secondary 
capillary column, and so on, Indeed, it is often mentioned 
in the literature that nitrate deposits were sought by a 
search for moist ground during the early morning hours. 

There is also a lesser degree of zoning in the vertical 
distribution of the salts. Data from workings of rock salt 
or sodium sulphate in the salt pans indicate that these salts 
are somewhat irregularly distributed, without any con- 
sistent trends of change of composition with depth of a 
few feet or a few tens of feet. Data from the nitrate 
industry agree®? that the nitrate deposits are covered 
by a 4-8 in. thick “chuca” layer, which may be the 
result of surface leaching, underlain by a 4 in.—15 ft thick 
sulphate rich “eostra” zone, then a 4 in. to 10 ft nitrate 
“ealiche” deposit, which occasionally grades into a 
chloride rich zone. The ‘‘caliche’” may outcrop through 
erosion of the covering zones. Material analysed from a 
test bore within the nitrate field (flood plains of the Loa 
River) of the Anglo-Lautaro Company substantiates this 
distribution pattern of salts, as shown in Table 2. 

The analyses imply a degree of association between 
the nitrate, iodate and chromate ions, and to some extent 
the same trends of distribution with depth have been 
found in the salt deposits of Antarctica'. The secondary 
vertical distribution patterns can be explained by period- 
ical moistening and leaching of the close-to-surface zones, 
in spite of the arid climates; such processes would cause 
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Table 2. DISTRIBUTION OF IONS WETHIN A TEST BORE HOLE OF THE ANGLO- 
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* Percentage of ions from salts soluble in cold water. 


a trend of downward migration of the salts, and the main 
capillary flow would therefore be displaced downwards 
from the surface. I have investigated? the relative 
velocities of capillary migration of the sodium salts of the 
three major anions of the Chilean deposits using a plank 
of 45° inclination, covered with 1 mm of a leached subsoil 
of the Victoria nitrate working in simulated climatic 
conditions. Sixty days after the start of the experiment, 
the control (pure water) had reached 17 em from the 
base of the column; the solutions saturated with salts 
reached the following distances: Na,SO,, 18 em: NaN O,, 
61 em; NaCl, 96 cm. Finally, a solution saturated for 
Na+ Cl- SO,~ and one-tenth saturated for K+ Mg++, NO,- 
and IO, reached 88 cm. ‘‘Leap-frogging”’ of the NaCl and 
the mixed column was conspicuous on days when the 
humidity reached close to 100 per cent. 


Formation of the Nitrate Deposits 


These observations and experiments indicate that the 
distribution pattern of salts within the Chilean zoned 
deposits is primarily governed by the process of gradual 
concentration and precipitation in the capillary moisten- 
ing facies of nitrate and other salts originally of low con- 
centration. The relative facility of migration of the anions, 
however, also influences the distribution of salts. The 
SO, ion, which has the slowest) migration rate in the 
prevailing conditions, would tend to concentrate at the 
shortest distance from the waterlogged zone, through the 
main capillary migration process, and would be also 
transported for the shortest distance from the surface by 
the secondary migration caused by the leaching of occa- 
sional precipitations from the land surface. The chloride 
with the fastest rate of migration would tend to reach the 
greatest distance from the waterlogged zone and to be 
washed to the deepest level by the occasional precipita- 
tions along the surface, the maximum concentration of 
the nitrate occupying a transitional position within the 
capillary migration column. Table 3 is a schematic 
representation of the theoretical distribution pattern of 
the major anions within the nitrate deposits of Chile with 
the experimental results and the data from analytical 
work on the actual deposits as shown in Tables I and 2. 


Table 3 
Secondary atmospheric 
leaching of the surface as 
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Waterlogged zone Zone of capillary moistening 


The ions which are undersaturated in the zone in question are shown in 
brackets; the maxima of concentrations reached in the capillary migration 


facies are underlined for each of the ions. 


The evidence indicates that within the North Chilean 
desert, the deposits of nitrate are formed in two stages. 

(A) Primary genesis of nitrate. 

It seems likely that several generating agents have 
contributed to the primary formation of nitrate in Chile 


and elsewhere, in the following probable order of import- 
ance: (1) production of nitrate through electrical dis- 
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charges in the atmosphere, and subsequent distribution 
of nitrate along the land surface by precipitation; (2) 
action of nitrifying bacteria on organic matter; (3) 
atmospheric oxidation of recent and fossil organic re- 
mains in the soil and subsoil; (4) effects of cosmic rays 
and ionizing radiation on the atmosphere, hydrosphere 
and soils; (5) oxidation of products of forest fires, indus- 
trial contamination, and so on, in the atmosphere; (6) 
oxidation of ammonium salts produced by fumaroles and 
artesian springs; (7) leaching out and subsequent oxida- 
tion of nitrogenous compounds from rocks: (8) production 
of nitrate by certain fumaroles and wells; (9) mitrate 
formation through the action of radioactive substances 
on recent and fossil organic matter. 

These processes, with the exception of (4) and (5), have 
previously been discussed!:7, Certain other processes 
have also been proposed for the primary formation of 
nitrate in Chile, but these seem unlikel y to have contri- 
buted appreciable quantities of the salt in the deposits. 
(1) The theory of nitrate genesis from guano dust cannot 
explain the quasi-quantitative absence of phosphate in 
the Chilean nitrate, nor the fact that. with very few 
exceptions, the nitrate deposits face the Andean Chain, and 
not the Pacific Ocean, where the guano originates. (2) 
The hypothesis of origin from marine evaporates is 
contra-indicated by the position of the deposits and by the 
fact that the only typical marine evaporate, the Salar 
Grande, has no workable nitrate along its margins. (3) 
The genesis of nitrate through electric effects from the 


“comanchaca” fogs of the region cannot account for the 
position of the deposits, for the fogs are ten times more 


common along the westerly than along the easterly flanks 
of the coastal chain which bear the nitrate deposits 
between parallels 19° 30’ and 21°. 


(B) Secondary concentration of nitrate. 


The nitrate which was originally produced eventually 
concentrates and precipitates within the capillary moist- 
ening facies of the salt pans and permanent or 
periodical rivers, which are situated in areas of the North 
Chilean Desert which have a yearly precipitation of less 
than 10 mm. 

According to the theory of Claridge and Campbell), 
the nitrate deposits of Antarctica developed through the 
equivalent of stage (4) and this theory is supported by 
the observation that with increasing distance from the sea, 
the proportion of nitrate to other anions increases from 
about 1 to 5. It seems possible that in extreme Antarctic 
conditions of very low rates of erosion and an atmosphere 
low in saline spray from the ocean, such high grade con- 
centrations of atmospheric nitrate can occur. In view of 
the well defined zoning of all the Chilean deposits into 
waterlogged and capillary moistened facies. a search for 
similar structures in Antarctica may vield interesting 
results. This applies in particular to the area of the Darwin 
Glacier! and to similar regions where the temperatures 
frequently exceed freezing point. Finally, it is possible 
that a systematic search will reveal relatively less well 
developed zones of capillary concentrates associated with 
other recent or fossil evaporites. 

I thank the Anglo-Lautaro, the Tarapaca-Antofagasta, 
and Flor de Chile nitrate companies for hospitality and 
cooperation. This work was supported by the US National 
Aeronautics and Space Administration. 
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LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 


Statistical Properties of Pulsar CP 1919 


THE pulsar CP 1919 (ref. 1) was observed at Parkes? in 
March 1968 at a number of radio frequencies. On occasions 
the frequencies 85, 150, 150-9, 630 and 1,410 MHz were 
used simultaneously, with the 210 foot telescope tracking 
the source for some 4h. The data have now been examined 
for statistical occurrence properties and a quantitative 
description of the source can be given. The statistics of 
pulse occurrence are of general interest because theories 
of emission (and pulse propagation) require these data. 
And anyway an observatory embarking on a programme 
of searching for such objects must know the statistical 
properties of pulse occurrence to aid in determining an 
observational programme. 

Some of the statistics of pulsars have been described 
already in general terms. At lower radio frequencies 
pulses occur in short bursts. At higher frequencies pulses 
occur in longer trains. Most of the published reports have 
concentrated on the description of the events when the 
pulses were strongest. Some preliminary statistics on 
pulse magnitudes have been given for the frequency of 
408 MHz (ref. 3). This communication concentrates on 
the pulse amplitude occurrence statistics for the pulsar 
CP 1919 at the frequencies observed at Parkes. 

The methods of observation and calibration have already 
been described?. The mean values of pulse amplitude at 
each frequency were determined from long integrations 
made in a sequential computer, synchronized to the pulse 
period. The pulse occurrence data were derived from 
chart records made with the time constant of œI s. A 
selection was made of charts where a nearly continuous 
record was available for at least 5,000 pulses (2 h of 
tracking). 

At a frequency of 85 MHz the noise on the record made 
the task of identifying pulses less than 20 flux units in 
amplitude very difficult. The mean value of pulse ampli- 
tude was determined to be 1-5 flux units. The inspection 
of records for a 5,000 pulse period revealed one burst 
with 7 pulses in the range of 50-100 flux units. A further 
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Fig. 1. Histograms of pulse occurrence against pulse flux at 150 MHz. 


Pulses are grouped with sequential number designation. 


_ pulse amplitude variations. 
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Fig. 2. Histograms of pulse occurrence against pulse flux at 630 MHS 
Pulses are grouped with sequential number designation. The 100 pulse 
groups show examples of extremes in pulsar activity. 


burst was observed in the 5,000 pulse period with a few 
pulses in the range of 40-60 flux units. At the frequency 
of 150 MHz the mean value of pulse amplitude was 9 flux 
units and the detection limit was 4 flux units. Histograms 
of pulse occurrence were drawn for 5 flux unit steps as 
shown in Fig. 1. Increases in flux amplitude of pulses in 
the form of bursts were observed at least once every 200 
pulses. The histogram of 5,000 pulses shows several large 
pulses to be present in the observed sample. At the 
frequency of 630 MHz the mean pulse amplitude is 1-2 
flux units and the detection limit is 0-6 flux units. There 
is a distinct difference in the histograms shown in Fig. 2 
for this frequency as compared with the 150 MHz values. 
Pulses are weak for some 4,000 pulse periods and then 
consistently strong for some 500 pulses. The histogram 
of 5,000 pulses also shows a number of large pulses which, 
however, occur in one long active period. At 1,410 MHz 
very few pulses were actually observed. The mean flux 
was found to be 0-3 flux units. Occasional pulses up to 
3-0 flux units, however, were observed in the 5,000 pulse 
period. | 

The statistics of pulse occurrence give a complicated 
picture of the behaviour of pulsars. It has already been 
noted‘ that time scale difficulties preclude a simple thin 
screen scintillation explanation of the pulsar pulse to 
The histograms given for 
the frequency of 150 MHz may allow an explanation by 
deep scintillations. It would be difficult, however, to fit 
the 630 MHz results into such an explanation. 

For a pulsar search, it seems that a frequency near 
150 MHz is optimum with a tracking period of 5 min 
for each sky point. It would be interesting to seek data 
to establish whether there is a correlation between pulse 
occurrence at a particular frequency and pulse period. 

I thank Dr B. J. Robinson and Mr B. F. C. Cooper of 
the Radiophysics Division, CSIRO, and Mr T. L. Lan- 
decker of the School of Electrical Engineering, University 
of Sydney, for cooperation in observations of the pulsar 
at Parkes. 


R. WIELEBINSKI 
School of Electrical Engineering, 
University of Sydney. 
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Extragalactic Radio Background at 
2:1 MHz 


SURVEYS of cosmic radio emission carried out at metre 
and decametre wavelengths with telescopes of low resolv- 
ing power detect the galactic background, a small number 
of intense discrete sources, and an isotropic background 
contributed by the integrated emission from extragalactic 
sources which are too faint to be detected individually. 
The brightness of this extragalactic background has 
recently been estimated from a spectral analysis! of the 
total radio background at metre and decametre wave- 
_lengths, and from an analysis? of the distribution of the 
total background at 85 MHz. The results of these studies 
imply that the brightness temperature of the extragalactic 
background is in the range 250° to 400° K at 85 MHz. 
It is likely that the extragalactic sources which contribute 
to this background have a distribution of spectral indices 
similar to that found in samples of the more intense 
extragalactic sources*, In this case, the brightness of 
their integrated emission would increase with decreasing 
frequency more rapidly than the brightness of the galactic 
background; the extragalactic component would con- 
tribute a greater proportion of the total br ightness of any 
given area of sky as the observing frequency is decreased. 

The extragalacti ic background would be expected to 
contribute ~ 75 per cent of the total brightness at galactic 
latitudes > 30° at an observing frequency near 2 MHz, if 
no allowance is made for the effects of free—free absorption 
within the galaxy. A recent survey? of the radio back- 
ground at 2-1 MHz indicates that the contribution of the 
extragalactic radiation at this frequency is considerably 
less than this. 

Reber has surveyed the southern sky using a ground- 
based antenna giving 7° resolution at 2-1 MHz. His map? 
includes the area of sky containing the Large Magellanic 
Cloud. This galaxy has an optical angular diameter of 

~ 12° and is rich in emission nebulae; studies®.® of its 
radio continuum emission at centimetre wavelengths 
show that it contains thermal radio sources distributed 
over an area of sky ~7° in angular diameter. These 
observations of ionized hydrogen in the Cloud suggest 
that it may be virtually opaque to 2 MHz radiation 
originating beyond it, over an area of sky which nearly 
fills the reception pattern of Reber's instrument; an H H 
region with an emission measure of only 25 emê pe and an 


electron temperature of 10 °K will introduce 10 dB of 


attenuation at 2 MHz. If a high proportion of the total 
background radiation at 2 MHz were of extragalactic 
origin, an appreciable decrease in intensity should there- 
fore be seen at this frequeney in the direction of the Large 
Magellanic Cloud. Calculation shows that a decrease of 
~ 50 per cent of the total brightness might be expected 
on Reber’s map, with the background parameters dis- 
cussed earlier. The observed decrease is, however, only 
8 per cent, of the total background brightness in this area. 
This result is readily explained if the 2 MHz radiation of 
the extragalactic sources which contribute most of the 
integrated emission is strongly absorbed by processes 
occurring either within the sources themselves, or along 
the line of sight through the intergalactic medium and 
the galaxy. 

The further regions of the galaxy might be sufficiently 
opaque to 2 MHz radiation that the only significant con- 
tributions to Reber’s measured backgr ound intensitics 
come from within a few kpe of the Sun. In this case the 
Large MageHanie Cloud might be beyond the effective 
observational “horizon” at 2 MHz. The extragalactic 
source Centaurus A, for which the line of sight is closer 
both to the galactic equator and to the galactic centre 
than for the Large Magellanic Cloud, was, however, 
detected at 21 MHz, so such an interpretation is im- 
probable. It is more likely that the absorption oceurs 
mainly outside the galaxy. 
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The following possibilities might, be con- 
sidered. 

The Large Magellanic Cloud might be less opaque at 

2 MHz than we assumed; the observed lack of absorption 
would require the emission measure along lines of sight 
through ie Cloud not intersecting known H H regions to 
be <3 em! pe. Existing instruments at centimetre radio 
or at optical wavelengths cannot detect H IH with such a 
low emission measure; there are therefore no data on the 
distribution of such tenuous ionized material within the 
Cloud, but it is unlikely that this condition would be met 
unless either the Cloud were only a few tens of parsees 
thick or it contamed a very low density of HIT between 
the visible nebulae. 

The Cloud might have occupied a much smaller fraction 
of the 21 MHz reception pattern than we have assumed, 
due either to broadening of the pattern by severe iono- 
spheric scintillation or to refraction of the Cloud towards 
the edge of the pattern by gradients in the ionospheric 
electron density. Because the observations were re peated, 
and made in a “survey” manner, it is reasonable to suppose 
that such effects would have been detected during the 
data reduction. It may be noted that the proportional 
decrease in intensity m the direction of the Cloud would 
not be affected by residual ionospheric absorption in the 
observational data, for this would affeet the galactic and 
extragalactic background equally. The observed 2-1 MHz 
brightness av eraged over the southern celest = her nisphere 
in galactic latitudes > 20° is ~5 x 10?! W m- Hz-! sro, 
which is in fair ae eN! with the values of ( (943) x 10-2) 
W mwe Hz- srt given by the various satellite-borne 
instruments which have measured the sky brightness 
near this frequency with low resolution. This agreement 
suggests that residual ionospheric absorption in the 2-1 
MHz data is anyway small. 

It therefore seems reasonable to interpret the 2-1 MHz 
observations as indicating a decrease in the extragalactic 
contribution to the total background brightness at very 
low frequencies. Observations of discrete extragalactic 
sources and of the total background brightness have 
recently been made at 10 MHz (refs. 3 and 7). There is 
no general decrease in the spectral indices of discrete 
extragalactic sources studied at this frequency?, and the 
sky brightness temperature observed in a direction away 
from the galactic equator is compatible with extrapolation 
of the extragalactic brightness to 10 MHz without absorp- 
tion’. The phenomenon which has attenuated the extra- 
galactic background at 2:1 MHz is therefore not detect- 
able by present observations at 10 MHz. 

The effect might arise from an absorption mechanism 
within the sources themselves, such as synchrotron self- 
absorption or the Tsytovich—Razin effect. It is interesting 
to see whether free-free absorption by electrons in the 
intergalactic medium might also be significant at 2:1 MHz. 
The existence of the optical continuum on the blue side 
of red-shifted Lyman- in the spectrum of 3C 9 implies 
that the H I density in the intergalactic medium is < 10-1! 
atoms em~? (ref. 8). This density is only 10-° of the aver- 
aged matter density due to galaxies, and only 10- of 
the hydrogen density which would satisfy the require- 
ments of relativistic model universes. If we take this to 
imply that intergalactic hydrogen is fully ionized and that 
all the intergalactic matter is H IT, we would expect an 
electron density ~2x 10- em at a temperature which 
must be 2 10° “K to maintain the ionization. The intensity 
of the observed isotropic X-ray background?!" indicates 
that the electron temperature is <3 108°K. With an 
electron density of 2 x 10 em- and an electron tempera- 
ture of 10° °K (both referring to the present cosmological 
epoch) then in an Emsteim~—de Sitter world model with an 
adiabatic thermal history the intergalactic medium would 
be sufficiently opaque to account for the 2-1 MHz observa- 
tions if more than half of the extragalactic background 
originates at distances corresponding to 222-5. This 
condition is compatible with proposed models! of the 


however, 
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radio source counts and it may therefore be concluded 
that intergalactic free-free absorption could be partly 
responsible for the effect observed at 2-1 MHz. 

This work was supported by an operating grant from 
the National Research Council of Canada. 

A. H. BRIDLE 

Astronomy Group, 
Department of Physics, 
Queen’s University, 
Kingston, Canada. 
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Distances to the Pulsating Radio 
Sources 


tw several of the recent discussions of pulsating radio 
sources, it is assumed that the distance of these objects 
is of the order of 100 pe or less. We wish to show that it 
is just as likely that these objects lie at distances at least 
10 times greater. 

The distance has been determined in the following way. 
The delay in arrival of the pulses has been measured 
at several frequencies. The change in arrival time with 
frequency can be explained entirely by a dispersion m 
group velocity in ionized gas. From this the integral 
fnedl is obtained, where ne is the electron density and / 
is the distance. Typical values! are fnedl=10 ecem pe. 
There are reasons to assume that this gas is interstellar’, 
although it cannot vet be ruled out that the gas is associ- 
ated with the pulsar. We have no quarrel with the analysis 
to this point. The next step in the analysis has been to say 
that the average value of ne in the interstellar medium 
near our region of the galactic plane is 0-1 em. From 
this a distance of 100 pe to the pulsating source follows. 

We question the use of 0-1 cm~ as an average value of 
the electron density in the interstellar medium. The 
only measurements available which bear on the electron 
density outside H IT regions (we assume that the line 
of sight never passes through an H II region) are the 
measurements of absorption of low frequency radio 
waves’, On the assumption that the absorption is due 
to free-free transitions in hydrogen, one obtains a value 
Nei Te t/t = 3-5 10° emt °K-", where Te is the kinetic 
temperature of the electrons. With different assumptions 
of the temperature we may obtain the values of electron 
density shown in Table 1. The values of the distance to 
the pulsating sources are also shown in Table 1, assuming 
frodl = 10. 


Table 1. ELECTRON DENSITIES AND DISTANCES TO PULSATING SOURCES 


Ts R fem} Hpi) 
10,000” exo 50 
1,000° $x 10-7 250 
rage 610° L700 


The smaller distance rests on the assumption of an 
electron temperature of about 5,000° K. This tempera- 
ture, which has not been measured, is obtained by analogy 
with H II regions, that is, the cleetrons are in a region 
ionized by stellar radiation where roughly the same 
cooling mechanisms are operative as in the H II regions, 
and therefore a similar temperature will be found. — 
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Recently it has been argued’ that the electrons are 
not in separate ionized regions but are in the same 
regions where neutral hydrogen is found. The neutral 
hydrogen is ionized by cosmice ray particles of low energy, 
and not by radiation. Present measurements of the 
cosmic ray flux in the low energy region are difficult to 
make because of the modulating effect of the inter- 
planetary medium, but the best available corrections’ 
indicate a flux sufficient to cause ionization of several per 
cent in neutral hydrogen of density ny =2x 107 em, 
that is, an electron density neœ 10+ em. This is con- 
sistent with a value 7’, 200° K. 

What the temperature of such a medium would be 
depends on the cosmic ray flux and on the density of the 
gas, so that the temperature is difficult to predict. It is 
most likely that no single temperature would. characterize 
the interstellar medium. Observationally the 21 em 
neutral hydrogen emission lines are only suitable for 
temperature determinations when combined with absorp- 
tion line measurements made with a beam narrow enough 
so that the absorbing medium completely fills the beam, 

While many questions remain concerning the interstellar 
medium, it does not seem to us justifiable to put any 
reliance on distances to the pulsating radio sources of 
less than 100 pe. Perhaps the problem should be turned 
around so that one first tries to determine a distance to 
these sources and then uses fned? to determine the electron 
density in the interstellar medium. 


H. J. Hasint 
S. R. Porrascs 
Kapteyn Astronomical Laboratory. 
University of Groningen. 
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Spectral Changes on HD 125823 


THE existing spectroscopic data on H D 125823 has recently 
been described!. Since the first spectra of this object were 
taken in 1908, the spectrum has varied between two 
extreme types which ean be roughly described as B2 and 
B8 HI, although the spectrum is never completely 
normal when examined in detail. 

In May 1968 a series of spectrograms were taken on 
suecessive nights with the 110 A mm camera of the 
32 in reflector of the La Plata Observatory. Oddly enough, 
the star shows a very short cycle of the order of 9 days. 
So far it has been possible to cover three cycles and during 
this time interval the behaviour has been periodie, that 
is, at the same phases the same spectra repeat exactly. Tt 
ean therefore be assumed that the variation is periodic, 
although more observations are needed to settle this 
point definitely (Table 1). 


Table i. 
Julian date 


OBSERVATIONAL DATA FROM LA PLATA 


Spectraitype Julian date  Speetral type 


2,439,000 + 
IFTTT B2V pas-i B2Y 
980-7 ap ATT Bap 
rere i ip Gai f 4 E> 
O84-6 B3p FLG vee 
S846 B2V EU RSp 


If one accepts the idea of a strictly periodic oscillation, 
one ean use the old observations! to derive an improved 


period. When this is done. the epochs of the earliest 
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Fig. 1. Spectral variations of HD 125823. Al published observations 
of the star are fies in the figure according to me formula ọ = 
2,439, 986-6 + 8-8061 n. , 1908-1911; @, 1948: ©, 1955; ™@. 1962 
©, 1965-1 968, 


spectral types ean be the 


formula 


represented by following 


@ = 2,439,986-6 + 8-8061 v 


All spectral types quoted in ref. 1 and all spectral types 
estimated from our material have been plotted in 
Fig. 1. As can be seen, all the points are scattered around 
a mean curve 

The existence of such a short eycle or period poses 
difficult, questions regarding the nature of the star. The 
simplest hypothesis is that we are dealing with a binary 
system. The few radial velocities available? show a scatter 
between +4 and +12 km s~ but exhibit no systematic 
changes with the period already given. Apart from this, 
the binary hypothesis runs into several other difficulties. 

First of all, the line 24267 of CIT, 34481 of MgIT and 
vhe SIIH line 14552 remain visible during the whole cycle, 
with very little or no change in intensity. On the other 
hand, there is a continuous change in spectral type during 
the whole eycle, which is not accompanied by photoelectric 
magnitude variations larger than 0-1m, These arguments 
make it exceedingly difficult to accept the binary hypo- 
thesis. 

Another possibility is that the star pulsates, but no 
large changes in luminosity are observed, although one 
would expect them on the basis of the variation in spectral] 
type. 

A third possibility is to relate the variation of spectral 
type with the existence of a very hot patch of matter 
which moves across the visible hemisphere due to the 
rotation of the star. The spectral lines seem to be rather 
sharp. a fact which agrees with the velocity inferred 
from a B2 star rotating in 9 days. But the constaney of 
the CII, Mgl and SilII lines argues against this hypo- 
thesis. 

Thus no satisfactory explanation can so far be offered. 
and we can only suggest that the behaviour is essentially 
simular to that found in the spectrum variables, but on a 
much larger scale. In this connexion it would obviously 
be very important to examine the magnetic field of the star. 

The star is currently being followed at La Plata both 
spectroscopically and photome trically, in order to find out 
if the behaviour is strietly periodie. 
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Interstellar OH Excitation 


THERE are now many observations of the 18 em radio 
emission from the OH molecules located at the edges of 
HIT regions'. The high intensities, narrow bandwidths, 
and strong polarizations associated with the emission 
have led to the cone eon that it 18 = Sued. omen 
m, a t pollinated beam. 


cannot pump at the rate oe T em-4 a gt), necessary. fos the 
brightest sources. As an alternative, Solomon’ has 
argued that because the OH is situated close to an HII 
region its lifetime must be short, so that overpopulation 
may be a result of the production mechanism. Here we 
discuss from this point of view a mechanism for the forma- 
tion of OH recently proposed by us’. 
The mechanism is one of chemical exchange 


O + H-(Grain)---OH + (Grain) + Q (1) 


The heat of reaction, Q, may appear as kinetic, electronic. 
Vibrational or rotational energy. The portion of @ which 
appears as vibrational energy, Eyjp, in the product mole- 
cule has been investigated experimentally for about 10 
vears, and the fraction Eyin/@ is known to approach unity 
in some cases*, Early theoretical treatments of chemical 
exchange reactions predicted that the entire heat of 
reaction could appear in the bond formed’, though the 
relative masses of the atoms could also play a dominating 
part’. These early treatments have been superseded by 
a presentation by Polanyi and his collaborators? in which 
all eight eombinations of light (L=1 ammu.) and heavy 
(H = 80 a.m.u.) atoms in idealized reactions were explor ed 
on eight types of hypersurface ranging from a surface of 
prer attrac iye e energy es ous w hich the energy 


as ae ere se ener’ “This Sia aoe ae ene pe 
hypersurfaces seems to be relevant and we now discuss the 
OH formation in the light of Polanyi's conclusions. 

The heat of reaction, Q, in the case of H atoms bound on 
graphite grains (which seem like ly close to HIT regions 
according to unpublished work by N. C. Wickramasinghe 
and D. A. Wilhams) is about L1 eV, equiv alent to the 
excitation of the second vibrational level in OH. The 
reaction may be expected to have some characteristics 
of the idealized reaction 


H+LH--HL+H (2) 


though because the grain is so much heavier than the other 
atoms, and because ‘the O atom cannot truly be classed as 
H, it may also possess some characteristics of the reaction 


i+ CH-»LL+H (3) 


The potential hypersurface is unknown so we must discuss 
alleight classifications. In idealized reactions (2) exchange 
occurred on repulsive hypersurfaces only when the inci- 
dent atom approached perpendicular to the molecule 
axis. ‘This restriction was not evident on attractive 
hypersurfaces. There was a strong tendency for HH to 
appear, due to the ease of rotation of LH about the heavy 
partner. This, of course, cannot occur in our case, 
because the grain is so large. The reaetion to produce 
LH should therefore be enhanced. On all hypersurfaces 
for which reaction occurred Eyjy/Q~ 60 per cent. In 
reaction (3) extreme repulsive e surfaces produced Eybi Q~ 
40 per cent, but a small increase in attractive character 
increased this to ~60 per cent, Usually, hypersurface 
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effects dominate mass effects, a result which tends to 
favour reaction (2). It is also shown that for some mass 
combinations Eyp/Q can attain a maximum for a mixed 
energy release hypersurface; in other words, increasing 
the attractive character does not further increase the 
fraction Eyiy/Q. Thus for any hypersurface other than 
an extremely repulsive one, and for the cases considered 
here, at least 50 per cent of the heat of reaction will appear 
in vibration. Varying the impact parameter and impact 
energy only produces minor variations in these results. 
If we accept these idealized mathematical reactions and 
apply them to the case of OH formation deseribed here, 
then the important conclusion is that the molecule will 
most often be formed in the v= I level because this requires 
only 40 per cent of the heat of reaction, and is then only a 
single transition away from the ground level. 

Because in the chemical exchange the three participants 
in the reaction always have the same orientation relative 
to one another, we expect the molecules always to be 
formed with the same symmetry (+,—) and almost 
always in the v=1 level though with various rotation 
quantum numbers. Which particular symmetry occurs 
cannot be clear’, but we shall require it to be (—) sym- 
metry. Because the transition probability v= 1 to v= 0 i8 
A~ 10? s1, much faster than the rotational transitions, 
the molecules drop into the v=0 level, with a (— )->(+) 
symmetry change and with the rotational distribution 
unchanged. Rotational transitions can now occur, each 
obeying the +<>— and AJ=0, +1 selection rules, and 
in the absence of any further excitation the molecules 
arrive in the ground rotational state. The number of 
transitions controls the number of symmetry changes, 
so that if the original rotational distribution is known 
then the final description ean be calculated. Regarding 
the ground rotational state as a (+ )(—) doublet (omitting 
hyperfine splitting) we have calculated the overpopulation, 
defined as the fraction of molecules in the upper (+) 
level minus the fraction in the lower (— ) level, as a fune- 
tion of rotation temperature (see Fig. 1), assuming a 
Boltzmann distribution in the rotational states. The 
overpopulation is seen to be appreciable. 

We now apply these ideas to the interstellar problem. 
The OH sources are located at the edges of HII regions so 
it is reasonable to expect that the grains involved in the 
OH production are being driven through the gas either by 
radiation pressure or by a general turbulence. The OH 
production rate is, approximately® 


y= 10-2 em~ s7 (4) 
i H ; 


where ny is the number density of H atoms. Ifa fraction 
f of these molecules is inverted, then masering may 
occur, with a brightness temperature Tp given by 


(i V= “hE (5) 


where v is the frequency and 4 the wavelength of the 
emission which occurs over a bandwidth ôv Hz from a 
source of volume F, distant R em, in a beam of angular 
size Q. Using R?Q~ L, where L is a typical dimension 
of the source, and taking dv ~ 10° Hz, then 


Ty~ 1 On? fL (6) 
For L~ 101 em, f~ 1/10, then ny~ 3x 10° cem gives the 
measured brightness temperatures. This density is 


comparable with that demanded by Solomon. 

The advantage of this type of mechanism for the OH 
emission is that instead of treating the short lifetime of the 
moleeule as a difficulty to be overcome this is now incor- 
porated in the model. For when the molecules have 
‘‘masered’’ they are then destroyed either by photodis- 
sociation or by collisional effects (their lifetime is close 
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Fig. 1. Graph of variation of percentage of overpopulation in the 
ground state with temperature associated with an initial Boltzmann 
distribution of rotational energy in OH radicals. 


to the maser time), so that they are not present to produce 
thermal absorption. A further result of this mechanism 
which may prove important in connexion with the polar- 
ization of the radiation is that there is a degree of align- 
ment. of the molecules produced by the “fast-grain” 
mechanism : the axes of rotation of the molecules tend 
to lie in a plane at right angles to the grain velocity. A 
limitation of the mechanism is that it does not consider 
the individual lines in the OH spectrum. A simple picture 
as presented here suggests that both the 1,612 MHz 
and the 1,667 MHz lines should be intense, which is not 
observed. 
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Distribution of X-ray Emission from 
the Sun deduced from Measurements 
of lonospheric Absorption 


Durie the annular solar eclipse of May 20, 1966, over 
parts of northern Africa and southern Europe, solar flux 
and ionospheric absorption measurements were made from 
several points along the central line of the path of the 
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eclipse. Solar flux was measured at various frequencies 
in the em and mm bands. All the data obtamed during 
the eclipse showed characteristic variations in flux related 
to local active sources on the solar disk. Fig. 1 shows the 
distribution of local sources on the solar disk measured 
in Athens by Castelli on 2,695 MHz (private communica- 
tion). Three sources giving an increase in flux were 
identified during this eclipse: one on the west limb, the 
second in the middle of the disk and the third on the east 
hmb. Two sources of less importance were also identified 
on the north-east part of the disk. 

Fig. 2 shows the change of 10 em flux per min, dF/dt, 
versus UT obtained by the Greek and the Air Force 
Cambridge Research Laboratories (AFCRL) group in 
Athens. Only important changes were considered, changes 
of minor importance being neglected. The times of cover- 
ing by the Moon of the three local sources, corresponding 
to inereased flux, are also indicated. We can see that, 
following the Athens eclipse geometry, the covering of 
local active sources coincides with changes in dF'/dé. 
This is also observed as the sources are uncovered. 
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peat following Athens and Mitchurin eclipse geometry. 

Absorption measurements of the Al type were made 
during the eclipse with the Scaramanga tonosonde, near 
Athens. Fig. 3a shows the change of absorption per 
minute dA/dt, versus time. computed from the absorption 
eclipse curve on 1:98 MHz. Because the radio telescopes 
used by the AFCRL staff and the Greek group were 
located only a few km from the ionosonde, the times of 
covering of the active centres are the same as before. 
In Fig. 3a the covering of active sources coincides quite 
closely with the maxima of the time-derivatives of iono- 
spherie absorption, and the same coincidence is also 
observed at the times of uncovering. The time derivatives 
of flux, dF /dt, from the active sources and of ionospheric 
absorption, dA/dt, are therefore closely correlated. This 
indicates that the three main centres of activity. denoted 
by A, B and C, are also centres of strong X-ray emission, 
producing absorption in the D-layer, as measured on 
1-98 MHz. Direct measurements on X-ray radiation made 
during the same eclipse by Landini, Russo and Taglia- 
ferrit, using data from the US Naval Research Laboratory 
19654 satellite, show a large change in the band 1-8 4 
at the covering of the active source in the middle of the 
solar disk, and also at the uncovering of the active source 
on the east limb. These results support our observations, 
and we may assume that parts of local sources emitting 
hard X-rays are causing the changes in the D-layer 
absorption. 
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Distribution of local active sources on the solar disk and the path of the Moon 
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Fig. 2. Changes in flux per minute versus time, and the times of 
covering of local active sources transmitting increased flux. 


During this eclipse, absorption measurements of type 
Al were also made by Bischoff and Taubenheim? at 
Mitchurin, in southern Bulgaria, which was also in the 
centre line of the eclipse path on the ground. The eclipse 
geometry at Mitchurin is different from the geometry at 
Athens. The frequeney of 3-85 MHz used by Bischoff 
and Taubenhenn was almost double the frequency used 

in Athens; for this reason the absorp- 
tion curve obtained at Mitchurin refers to 
absorption conditions in the H-layer. Fig. 
3b shows the change of absorption per minute 
dA/dt versus time, computed from the 
Mitchurin absorption curve on 3-85 MHz. 


a The dA/dt values are much less than those 


measured at Athens. In this figure, the times 
of the three local active sources are indicated, 


following the eclipse geometry appropriate 
\ to Mitchurin. Correlation between changes 
\ in absorption and the times of the local 


wW active sources previously considered in 
Athens is poor. In addition, there are 
changes in d4jdt not related to the three 


main active sources. By examining the 

ri dAjdi maxima and the covering of the solar 

Va disk following the Mitchurin geometry in 
é more detail, we can see that sources A, B 


and C. considered as producing absorption 
in the D-layer following the Athens eclipse 
geometry, did not produce any effect in the 
E-layer. Only the parts of the three 
sources which are emitting soft X-rays 
are coincident with the dA/dé maxima 


observed at Mitchurin. In addition, two 
other centres of soft X-ray radiation, 
located in the north-east part of the 


dd jdt 





—— pasa ee EEEE REES A PERSEE E ER aioe TS Abate CESEN ER PRIN. OIO EEE EPEE ETER 
0 O00 WOO 
A 484 Fea eee NE A wd fut) 
B TE o eee eats = 
€ u33 EE AET 


dA /dt 





Fig. 3a. dA/jdi versus time, measured on 1-98 MHz, and the times of 
covering of the local active sources tranemitting hard X-rays (Athena). 
Fig, 3b. dA/dt versus time, measured on 3-85 MHz, and times of 
eaeering of the local active sources tranamitting soft X-rays (Mitchurin). 
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solar disk and denoted by D and E, produced changes 
in dA /dé. 

We may assume that sources emitting hard X-rays are 
responsible for the absorption effect in the D-layer, and 
that soft X-rays, especially those located in the limb of 
the solar disk, are associated with absorption in the 
E-layer. 

From these results it seems possible, during an eclipse, 
to investigate the distribution of hard or soft X-ray sources 
on the solar disk, by measuring ionospheric absorption 
at different frequencies selected to correspond to different 
ionospheric layers. 
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Relation between Earthquake 
Foreshocks, Stress and Mainshocks 


INCREASING attention has recently been directed toward 
the behaviour of rocks in fracturing (see papers by 
Mogi'-* and by Scholz*). The results show that the 
Gutenberg—Richter’ relationship log N= a+ 6(8 — M) 
originally derived from earthquake seismology holds for 
many rock types over several orders of magnitude. In this 
equation the constants a and 6 relate to the level of 
“seismicity” and to the physical properties and stress 
state of the rock. N is the number of events with magni- 
tudes larger than or equal to magnitude M. 

Mogi has found that the slope 6 obtained for micro- 
fracturing in rock samples is similar to those found in 
seismicity of the Earth. Excluding foreshock series, 
values for b range from a low of 0-3-0-5 (only recently 
discovered) to 0-7-1-1 for normal background seismicity 
and aftershock series, to maximum values of 2-0-3-0 for 
very shallow volcanic earthquakes. Similar values in the 
laboratory suggest that the theory describing failure 
mechanisms in both small rock samples and in earthquake 
zones must contain similar statistical elements. 

A further analogy between sample fracturing and natural 
seismicity is described by Mogi. One of the following 
typical sequences is invariably recognized: (1) Large 
main shock and extensive aftershock sequences, but no 
foreshocks. (2) Main shock associated both with foreshock 
and aftershock series. (3) Earthquake “swarms”, with 
many small shocks increasing in number with time and 
then subsiding. Mogi attributed these differences in 
behaviour to differing characteristics in the parent 
rock. He associated the sequences with, respectively: 
geneity. i 

Seholz?’ attributes variations in the slope 6 of the log N 
versus M curve as due to different stress states, and bases 
his analysis on the percentage of existing stress within 
the rock sample relative to the final breaking stress. 
At low stress levels he attributes microfractures to 
frictional sliding on pre-existing cracks and to the crushing 
of pores, a situation similar to the oecurrence of shallow 
volcanic earthquakes where high b values of from 2 to 3 
are observed. Few events are detected at from 30 to 50 
per cent of fracture strength, but above 50 per cent 
microfracture rate increases continuously until rupture 
occurs. During the latter phase, the slope 6 decreases 
with increasing relative stress from about 1 to 0-3. This 
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Fig. 1. Aftershock zone of the Fairbanks, Alaska, earthquake of June 21, 


PJD, permanent seismographic stations; GEO, BAD, USO, 
temporary seismographic stations. 


1967, 


phenomenon is noted in samples subjected to confining 
pressures of up to 5,000 bar. According to Scholz's 
theory, for a single component mean stress, values for 6 
with non-voleanic earthquake seismology. 

Three earthquakes between magnitudes 5} and 6 
occurred on June 21, 1967, near Fairbanks, Alaska, 
and were followed by a large nurnber of felt and recorded 
aftershocks (unpublished work of L. Gedney and E. 
Berg). Fortunately, it was also possible to monitor the 
foreshock sequence, as a high-sensitivity station of the 
Alaska telemeter network was installed 25 km north of 
the epicentral area in January of the same year. Although 
it was not possible to locate the foreshocks as accurately 
as the aftershocks, it is reasonably certain that those 
foreshocks which fall within the same S-P time interval 
of 2-5 to 4:5 s as the aftershocks are associated with the 
main earthquakes. Some 60 foreshocks were selected 
for analysis in this way. 

The foreshock data cover a range of about 1-4 magm- 
tude, but insufficient events were recorded at both the 
low and high ends to warrant their consideration, so the 
slope 6 could be graphically obtained for only 10 data 
points over a one magnitude interval. Results of the 
investigation show that b changes from a value of 0-40+ 
0-04 for the foreshock series to a value of 0-90+ 0-04 for 
the aftershocks (Fig. 2). The change of slope is thus quite 
pronounced and falls well outside any variation which 
might be expected due to different sample sizes. 

Changes in the slope of the log N versus M curve have 
been noted by other authors. Suyehiro''* computed 
b values for the foreshocks of a relatively small magnitude 
333 earthquake in Japan, and of the magnitude #85 
Chilean earthquake of May 1960. In both cases these 
values were about half those obtained from the aftershock 
series. Only twenty-three foreshocks for the Japanese 
earthquake and thirty-one for the Chilean were reported. 
Papazachos et al. carried out a similar analysis of the 
Kephallenia earthquake of magnitude 7}. On the basis 
of fifty foreshocks. they obtain a value for 6 of 0-61, 
compared with 0-85 for the aftershock sequence. Data 
for these examples are summarized in Fig. 3. 

In the determination of magnitudes, the maximum 
trace amplitude of the S-wave was used by Suyehiro for 
both the aftershocks and foreshocks of the Japanese 
earthquake. The S-wave was also used in the determina- 
tion of the magnitude of the main shock. On the other 
hand, P-wave amplitudes were used in the determination 
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Fig. 2. Log N versus log A plot for Fairbanks foreshock and aftershock 
sequences. 


of magnitudes of the Chilean earthquakes. No difference 
should result ifthe P and S wave amplitudes are considered 
to be proportional. The magnitude of 8-5 for the main 
Chilean shock was based on the surface wave, while the 
equivalent body wave magnitude would be 7-9 (ref. 14). 
For the Fairbanks foreshocks and aftershocks, although 
all the events considered were below magnitude 1-0, the 
log of the maximum trace amplitude has been plotted 
rather than the magnitude. This should not affect the 
results for the logarithm of the amplitude at a given dis- 
tance is proportional to the magnitude. The magnitude 
of 6 for the main Fairbanks earthquake is a surface wave 
magnitude and equates to the value of 8-5 for the Chilean 
event, 

The result of plotting the values of 6 for foreshock and 
aftershock sequences as a function of magnitude is shown 
in Fig. 3. The dashed lines indicate the errors expected 
due to limited sample size, as discussed by Ryall et al. 

When viewing foreshock sequences as premonitory 
indications of major earthquakes, their duration prior to 
the occurrence of the main shock becomes important. 
Suyehiro noted foreshocks preceding the magnitude 
3-3 earthquake by 4 h, and by 33 h in the case of the 
Chilean earthquake. As reported by Papazachos, fore- 
shocks preceded the Greek earthquake by 3 days. At 
Fairbanks, however, foreshocks were noted ever since the 
installation of the Pedro Dome station, some 5 months 
earlier. 

It therefore seerns that two time scales are involved in 
the forerunning pattern of strain release: first, a time 
scale covering the order of half a year (or possibly longer); 
second, a time scale with a duration of a few hours to a 
few days. Short term phenomena preceding ultimate 
failure include anomalous tilts!® and change in the 
magnetic field intensity in the vicinity of the fault zone. 
Triggering of cei. by ocean tidal loads'*!* and 
solid earth tides'5, has been postulated. Longer range 
phenomena include regional tilts toward or away from the 
epicentral region®* and the slow deformation of geodetic 
networks. The increasing rate of strain release when 
large earthquakes occur seems to suggest that larger parts 
of the tectonic block are reaching failure stress. 
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It now seems that there is a sufficient body of evidence 
to postulate a definite link between the slope of the fre- 
queney-magnitude relationship of foreshocks, aftershocks, 
and the magnitude of the main shock. 

If Scholz’s findings for the dependence of microfracture 
occurrence on stress and confining pressure are applicable 
to the much larger earthquake zone, the following con- 
clusion can be drawn from the investigation of the Fair- 
banks earthquakes. Foreshocks contribute only negligibly 
to the stress drop in the stressed volume. The main 
stress-drop occurs during the main shock, and stress 
conditions, though considerably lessened, remain rela- 
tively unaffected “by an aftershock sequence. 

There are also indications that the percentage of stress 
sustained in an earthquake volume to the stress required 
fer ultimate failure may decrease with increasing volume. 
In Scholz’s experiments, the slope b of the frequency- 
magnitude relationship decreases with increasing percent- 
age of fracture stress on all materials tested. If this 
phenomenon is true in the Earth’s crust, one conclusion 
is that the mean stress level in the relatively small areas 
affected by the Japanese and Fairbanks earthquakes 
reached roughly the 80 to 90 per cent critical stress level 
prior to the main shock. It is therefore concluded that 
the slope 6 of a foreshock series may be an indication of the 
relative size of the following main shock, being related to 
the earthquake volume involved. Stated differently, it is 
seen both in the laboratory and in the field that foreshoek 
sequences characterized by small values of b (representing 
high relative stress levels and relatively small stress drops 
during the main earthquake) ty pically precede smaller 
main shocks, while foreshock sequences having larger b 
values precede the larger earthquakes. Because foreshock 
and aftershock volume incres ases with the magnitude of the 
main shock, this seerns to be an indication that the per- 
centage of ultimate fracture stress which is sustained 
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within an earthquake volume decreases with increasing 

volume. Small crustal volumes may therefore be able 

to withstand higher stress concentrations than larger 
ones. 

In keeping with this, if a foreshock sequence exhibits a 
high value for b (0-5 to 0-6), one might expect that the 
dimensions of the stressed volume are relatively large and 
that failure in a large zone, accompanied by a large earth- 
quake, might occur. Conversely, small values for 6 
(0-3 to 0-4) might imply relatively high “background” 
stress levels, with the corollary that the stress drop occur- 
ring during a main shock will be small, and affect only a 
small area. 
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New Evaluation of Odd Zonal 
Harmonics in the Geopotential 


In 1966 we determined the coefficients of the odd zonal 
harmonics in the Earth's gravitational potential from an 
analysis of fourteen satellite orbits', chosen to give the 
widest and most uniform possible coverage in inclination 
to the equator and semi major axis. We found quite 
large values for the fifteenth and twenty-first harmonic 
coefficients, Jı, and Ja in the usual notation’. This 
indicated the need to carry the evaluation to coefficients 
of still higher order. 

Since 1966 orbital information has become available 
for a number of satellites which fill gaps in the previous 
pattern of coverage; so it should be possible to obtain a 
better representation of the potential. We have recently? 
made a new determination of the odd zonal harmonic 
coefficients by analysing the oscillations in eccentricity 
of twenty-two satellite orbits. Eight new orbits have 
been added to the fourteen previously used, and the 
coverage is much improved, although there are still no 
suitable orbits with inclinations less than 25°. We have 
also thoroughly examined, and where necessary revised, 
our previous calculations, paying particular attention to 
the small corrections due to luni-solar perturbations and 
air drag, and significant revisions were made to the data 
from five of the previous fourteen orbits. Each of the 
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twenty-two orbits yields one linear equation in the odd 

zonal harmonic coefficients, and these equations are solved 
by the least-squares method to determine sets of coeffi- 
cients, Jy. Js, Je... 

On evaluating sets of successively higher order, we find 
that J, may be taken as zero and that, for J<n< 33, the 
odd Jna do not differ significantly from zero unless n is @ 
multiple of 3. Consequently. it is logical to assign zero 
values £0: dip al veer a ae J ves aes oh aes cg I od ce aad 
extend the solutions to harmonies of higher degree than 
was previously possible. When carried to J, however, 
the solutions begin to show slight signs of the instability 
that always occurs when too many coefficients are being 
evaluated. 

The set of values providing the best representation of 
the potential experienced by the twenty-two satellites is 
the following 6-coefficient solution: 


10° J, = ~2:54+0-01 
10° J, = —O-21+0-01 
108 J, = ~0-40+0-01 
10° J,, = —0-20+0-08 
10° Ja = 0-26 +.0-05 


10° J,, = ~0-15+0-10 
ee en Oe ee on ee ee Oe 


With this set. of coefficients, the residuals in all the twenty- 
two equations are less than twice the estimated errors 
resulting from inaccuracy in the orbital data. Comparison 
with other sets of sclutions suggests that the standard 
deviations quoted here are realistic. It is not possible to 
compare this set of values with previous determinations? 4, 
which do not have harmonies of such high degree. But 
other solutions of our equations (solutions which we do 
not regard as satisfactory) are found to be consistent with 
previous determinations’? in which the same coefficients 
are evaluated. 

It is not too surprising that the odd J, are only appre- 
qable when n is a multiple of 3 (for 9<n< 33), because 
J, is by far the largest coefficient and its sub-harmonics 
might be expected to be among the most important of 
the higher harmonics. As Fig. 1 shows, the newly 
evaluated harmonics do not reduce the tendency of the 
mean meridional section of the geoid towards a pear shape 
—-or, to be more exact, a trefoil w ith three nearly sym- 
metrical lobes. Although the mathematical pattern of 
sub-harmonies deters us from reading any significance 
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into the values of individual coefficients. it is worth noting 
that the magnitude of the higher J», does not show any 
significant decrease: those not taken as zero are all of 
order 0-2 x 10-8, 
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Abnormal Diurnal Variation 
of Total lonization 


Ir has long been hnown that magnetic storms may be 
associated with major changes in the F, region of the 
ionosphere. Recently interest has been concentrated on 
the relationship between the level of magnetic activity, 
and three ionospheric parameters, namely Nr, the total 
electron content; Nym., the maximum ionization density; 
and T= N7/Ny. the “equivalent slab thickness”. The 
exact nature of the relationship is not yet clear, and 
published results are to some extent conflicting. It has 
been shown, however!:?, that a moderate or severe storm 
is often accompanied by the following effects. (a) During 
the first day after the start-——a “sudden commencement” 


or “gradual commencement’ -— Nr is unusually high. 
It may remain so for 12-24 h, and then change fairly 


long as 24- 36 h to return to a normal value. (6) Ny 
follows a similar pattern to that of Ny, although the effect is 
not always so pronounced. (c) The slab thickness increases 
considerably during the day after the commencement of a 
storm. The amount and duration of the increase are very 
variable. 

We wish to report an ionospheric event which showed 
effects similar in many respects to these, but which are not 
apparently associated with a magnetic storm. 

The total eleetron content has been recorded con- 
tinuously at Sydney since August 1967, using the 137 
MHz transmission from the stationary satellite Syncom 3. 
The method used is similar to that deseribed by Yuen and 
Roelofs? in which measurements are made of the angle 
through which the polarization of the transmitted wave has 
been rotated by its passage through the ionosphere, As 
these authors and others (for example, refs. 4 and 5) have 
shown, the diurnal variation of Np differs slightly from day 
to day, and is influenced by seasonal changes and by the 
slowly changing level of solar activity. Nevertheless, when 
a number of records made on consecutive days are exam- 
ined, they invariably have several features in common. For 
example, Nr starts to increase rapidly just before ground 
sunrise, and reaches a maximum between about 1100 and 
1400h. The maximum may be sharp or broad, and there 
may be subsidiary peaks either before or after the maxi- 
mum. Nr then decreases throughout the rest of the day 
and night, reaching its lowest value sometime before dawn. 
There is at some locations, at certain times of the year, a 
small secondary peak at about midnight. Thus it is 
possible to think of a “normal” diurnal curve as re- 
presentative of a limited period (say 1 month) of observa- 
tion, and to recognize as “abnormal” any very marked 
departures from this. 

On December 1, 1967, a magnetic storm, with a gradual 
commencement at 1310h (local time), was reported. It 
was of moderate intensity, and lasted until 1800h on 
December 2. The sum of the 3 hourly planetary magnetic 
indices (LAp)} for December 1 (UT) was 34 —. and the 


observatory (37-5°S., 
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Fig. 1. Diurnal variation of Vr during a magnetic storm, showing the 


daily curves for December 1, 2 and 3, 1967, as well as the median. 


maximum value of Ap was 6—. The effect of the storm on 
the total electron content is shown in Fig. 1. On December 
i, Nr exceeded the median value from 0600h until after 
midnight. On December 2 Nr was less than the median 
from 0400h onwards. Apart from a secondary maximum 
at 2200h, it remained low until nearly midnight on 
December 3. From 1500 to 2100h on December 2, and 
for most of December 3. up to 1800h, Ny was abnormally 
low. These variations from the median diurnal curve are 
broadly in accordance with effect (a) described earlier. 

The diurnal curves of electron content for November 28 
and 29 show that on November 28 Ny increased more 
rapidly than usual, and that from 0100 to 0900h it was 
significantly higher than the median value. The curve for 
November 29 was remarkably abnormal. The increase at 
sunrise was much slower than usual, the value at noon was 
less than 60 per cent of the normal value. and there was 
no maximum in the middle of the day. The gradual 
increase in Ny was maintained until a maximum value 
was reached at 2115h. After 2115h Nr deereased to a low 
value overnight, and the behaviour during the whole of 
November 30 was quite normal. 

During the period November 27-30, the planetary 
magnetic index did not exceed 4, 2K y varied between 17 
and 24, and there were no reports of magnetic storms. 
No unusual events were observed at the Toolangi magnetic 
145-5°E.). At Moresby (9-4°S., 
147-2°E,) a sudden commencement was observed at 
0731h (UT) on November 27, but K did not exceed 3 on 
that day. and ZA was 17. Although there was some small 
scale activity, there is clearly no evidence of even a moder- 
ate magnetic storm during this period. 

The region of the ionosphere to which the Syneom 3 
observations are relevant is in the vicinity of 31° S. 
151-5°E. Lonograms were available from vertical- 
incidence observations at Sydney (34-1°S., 150-6°E.), 
and Brisbane (27:3°S.. 153°E.). A preliminary examina- 
tion of these showed that the F, critical frequency, 
JeF was, at both stations, significantly higher than usual 
during the morning of November 28, and significantly 
lower during the daylight hours (and well into the evening), 
on November 29. The variations in fef’ over the period 
November 27-30 were very similar at the two places, with 
the Brisbane values fas is usual) consistently higher by 
about 1-1-5 MHz. The Brisbane ionograrns have been 
used, in conjunction with a computer program, to derive 
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Fig. 2. Variations of magnetic index and ionospheric parameters for 
the period November 27-30, 1967. Nr, Ne are in electrona’m?; Nv is 
in electrons/m?. 


values of Naz and of Nx (the total electron content up to 
the height at which the electron density is a maximum) 
at intervals of Ih. Both these parameters showed 
variations in magnitude which, during November 28 and 
29, were similar to those of Nr. It is therefore evident 
that the abnormal behaviour extended to the lower part 
of the F, region. 

Using the Nw values from the Brisbane ionograms, and 
the Nr results derived from the Syncom 3 recordings. 
the “equivalent slab thickness”, T, was computed for 
each hour during the period November 27-30. The long- 
term average diurnal behaviour of T was not computed, 
but in order to find out whether any gross variation from 
normal behaviour occurred during November 28-29. 
average values for each hour were calculated from the 
results for the 4 days. T was higher than the average for 
the whole of the period 1200h on November 28 to 1200h on 
November 29. During the intervals 1300 to 1700h 
on November 28 and 0500 to 1000h on November 29, T 
exceeded the average by a mean factor of 26 per cent. 
while over the whole 24h the mean excess was 16 per cent. 

Fig. 2 shows how Ny. Nae. Nm. T and Kp varied between 
November 27 and November 30. It illustrates graphically 
how the diurnal behaviour of the ionospheric parameters 
on November 28 and 29 differed from the “normal” 
behaviour of November 27 and 30. The level of the solar 
activity was quite high, and there was a relatively high 
X-ray output on November 28 and 29, but with the d ata 
now available it is not possible to give a satisfying ex- 
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planation in terms of any outstanding solar or geophysical 
occurrence. It may be profitable to search for other 
instances of abnormal ionospheric behaviour associated 
with magnetic activity of a relatively low magnitude. 
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Pleistocene Pteropods in Pelagic 
Sediments 


PLEISTOCENE stratigraphy of deep-sea cores has been 
based chiefly on fauna analysis of planktonic foramini- 
fera}-‘, or oxygen isotope measurements of palaeoternpera - 
ture’-?, I describe a further method of studying Pleisto- 
cene biostratigraphy by the detailed analyses of pteropod 
fauna of six long cores in the Gulf of Mexico, Caribbean, 
Mediterranean and Red Sea (Table 1). The Pleistocene 
pteropod zones can be correlated with planktonic foramint- 
fera zones, oxygen isotope analyses and “C dating. 

The term pteropod ooze was first used by J. Murray 
during the Challenger cruise of 1873-76 to designate deep- 
sea deposits in which a very large part of the calcareous 
organisms consists of the dead shells of pteropods and 
heteropods, along with the shells of other pelagic and 
larval molluscs’. Pteropod ooze was defined by Sverdrup 
et al.® as pelagic deposits with more than 30 per cent 
calcium carbonate of organie origin, of which pteropod 
and other pelagic mollusc shells are the important con- 
stituents. The geological range of pteropods is from 
Eocene to the Recent, although there are doubtful records 
from Jurassic and Cretaceous beds!®. Pteropod species 
older than Pleistocene have not been reported in deep-sea 
sediments. Pelseneer!! was the first to record pteroped 


Arctic!® and Red Seat, 


Tabie 3 


Core Depth of Length 
number atitude Longitude Area walteri) (cm 
V3-128 23° 45-5' N. 92° SRS W, tuf of Mexico 3,590 TBD 
P@048-10 14° 550 N. 69° O54Y W, Caribbean 4,050 3,062 
4172- 14° 50-0 N. 68° 51-0" W. Caribbean 4,160 aso 


F10-54 347 23-3" N. 
COl-118K 21° IAF N. 
C61-95K 217237 N. 


24° 06-15" R. 
38° 04-0" E. 
38° 3° E. 


Mediterranean 2,049 870 
Red Sea 1.030 460 
Red Sea GG 305 

Intervals of the six cores containing pteropods are 
sampled every 10 to 20 em while those intervals where 
pteropods are absent are sampled every 30 to 50 om. 
After the core samples are washed, the pteropods are 
found to be concentrated in the coarse fraction (> 74u) 


in each gram of the coarse fraction. The gonations based 
on alternations of warm and cold water species or appear- 
ance and disappearance of total pteropod specimens are 
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Fig. 3. Distribution of pteropods and Erniliani’s core stages (unpub- 
ished data) in core P6408-10, Venezuela Basin, Caribbean Sea. f, fragment. 


correlated with Erieson’s climatic curve, Emiliani’s 
core stages, or other pertinent data in order to establish 
pteropod biostratigraphy in the pelagic sediments. 


(1) Gulf of Mexico 

Core F3-128 (Fig. 1) is located on one of the Sigsbee 
Knolls in the Gulf of Mexico. No pteropod shells are 
found above 10 em, between 300 and 490 em and below 
670 em. According to Erieson’s unpublished planktonic 
foraminifera data, these intervals indicate the warm 


Core stages and Weight 3 
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350 
may indicate that water temperature in the Mediterranean 
400 Sea was similar to the present subarctic temperature dur- 
; ing the last glacial period. Pelsencer!! mentioned that 
PROE “Limacina retroversa is no longer found in the Mediter- 


ranean, though it oceurs in the cirea-Mediterrancan 
Fig. 5. Distribution of pteropods, planktonic foraminifera, oxygen "1: a ee a Pe Pu ere Se 
isotope, and dating in core C61-118K, near hot brine area of the Red Sea, Phocene and Quaternary deposits”. 
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Fig. 6. 


Several warm water species, Limacina inflata, Creseis 
acicula and C. virgula conica appear at depths of 100 to 
130 cm and 220 to 230 cm. There are two zones of few 
fragmental shells of pteropods at depths of from 70 to 
100 em and 130 to 150 em, and one zone of no pteropods 
at depths of 150 to 210 em. These zones of pteropods 


may indicate the warm periods as those in the Gulf of 


Mexico and the Caribbean Sea. 

Between 230 and 300 em, Limacina retroversa makes up 
nearly 100 per cent of the total pteropod population. This 
again. suggests that Mediterranean waters were colder. 


(4) Red Sea 

Cores Chain 61-lI8A (Fig. 5) and C61-954 have been 
studied. Core C61-95K is located in the Atlantic IT deep, 
one of the hot brine areas in the Red Sea. Core Chain 
C61-118K is located 7 km south of the Atlantic II deep. 

Three zones are recognized on the basis of correlation 
of vertical distribution of preropod apoen wi th pank 
tonic foraminifera species*, y 
and “C age**, Upper A zone is chan acterized by pteropod 
species Limacina inflata and foraminifera species Globager- 
moules saceulifera. Less variation of oxygen isotope ratio 
occurs in the upper zone of C61-118K. 

Middle zone B is defined by the abrupt increase of the 


oxygen isotope ratio with a decrease of the number of 


species of pteropods present. Epipelagic species, Creseis 
acicula, coraposes an average of 75 per cent of the total 
pteropod population. Planktonic foraminifera are rare 
or absent in this zone. The abrupt changes may be a 
result of high salinities developed in the isolated Red 
Sea during periods of low sea level. The boundary 
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Abuniance of pteropod 
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Summary of zonations of Pleistocene pteropods in Gulf of Mexieo and Caribbean Sea, 


between zones 4 and B in core C6l-HI8KX is dated at about 
11,000 years ago at 160 cm. This age corresponds to the 
start of the postglacial in Europe. 

Lower zone C is characterized by a high percentage of 
Creseis virgula conica and Limacina troch iformis and 
Globigerinoides rubra, and an increase in the number of 
pteropod species. 

The pteropod fauna in the Red Sea are different from 
those found in the Mediterranean. Pteropocd species in 
the Mediterranean resemble those found in the North 
Atlantic Ocean while the pteropod species from the Red 

Sea resemble those from the Indo-Pacific Ocean. Limacina 
Signe sa and Clio pyramidata appear m the Mediterranean 
sediments, but are absent from Red Sea cores studied. 

In the Caribbean Sea and the Gulf of Mexico, zonations 
of Pleistocene pteropods are based on their abundance, 
whereas in the Mediterranean and Red Sea, zonations are 
based on fauna change. In the former two areas, pteropods 
are more abundant in the cold periods, and they are less 
abundant or absent in the warm periods (Fig. 6). No 
pteropods or pteropod fragments are found below core 
stage 6 of Emiliani which is about 120,000 vears ago in 


the Caribbean*. In the Mediterranean sediments, the 
appearance of subarctic species is considered as an 


indicator of the last two glacial periods. In the Red Sea, 
the epipelagic pteropod species is dominant in the glacial 
period because of complete isolation with high evapora- 
tion. 

In the Caribbean cores, pteropods are abundant during 
the last glacial period, and they are rare or absent in the 
recent sediments at a depth of water greater than 2,000 m. 
These data indicate that the compensation level of aragon- 
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ite pteropod shells is shallower than that of the last glacial 
period. At the present time the compensation level of 
pteropod shells is at a depth of about 2,000 m, whereas 
the compensation depth was more than 3,000-4,000 m 
in the Wisconsin period. 

I thank W. Broecker, J. Hays and N. Hillman for their 
help and C. Emiliani and D. Ericson for allowing me to 
present their unpublished data. I also thank C. Emiliani 
and E. Degens for enabling me to examine their cores. 
This research was sponsored by a grant from the US 
National Science Foundation. The cores were obtained 
during expeditions sponsored by the US Navy, Office of 
Naval Research and the National Science Foundation. 
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Concentrations of Radon-222 in Coal 
Mines in England and Scotiand 


In the past few years, a number of measurements have 
been made of radon-222 concentrations in mines other 
than uranium minesi, The values found, expressed in 
picocuries of radon per litre of air, ranged from 0-2 pi/l. 
(a value typical of that occurring in the atmosphere) to 
several hundred pCi/l., and it was therefore considered 
worthwhile making similar measurements in various 
British coal mines. Measurements have been made in 
twelve mines chosen from the East Midlands, Kent and 
Seottish coalfields. 

Samples of air were obtained from various occupied 
areas in each mine and then taken to the Radiological 
Protection Service laboratory for content of radon to be 
measured. The sample was transferred to a vessel con- 
taining a zine sulphide screen held at a negative potential. 
The deeay of the radon atoms produces positively charged 
radium-A atoms which are attracted to the screen, and 
the radon concentration is determined from the number 
of a-particles emitted by the radium-A and radium-C’ 
atoms. The method has been described in detail else- 
where’. The sampling carried out in the first two mines 
visited (mines A and B) was repeated after an interval of 
about 4 months and it was found that. for each mine, the 
concentration did not vary with location in the mine or 
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with time by much more than a factor of two. Coneen- 
trations of radon in the other coal mines investigated 
were therefore assessed from a smaller number of oceupied 
areas. 

The ranges of radon concentrations found in each of 
the mines visited are shown in Table 1. 


Table ł 
Range of radon -~ 
Coalfield Mine concentrations (pEN L} 
East Midlands A 5-12 
B 4-11 
C 2-83 
Kent D 1-4-3 
k; 1-6-3 
F 0-8-2 
G 1-3-2 
Scotland H 09-2 
I G-1°2 
K 3 
L p-ti 


The median concentration for the twelve mines is about 
2 pCi/l.. a value very close to that found by Lucas and 
Gabrysh for Pennsylvanian coal mines’. 

Concentrations of radon in uranium mines are typically 
two orders of magnitude greater than the concentrations 
reported here, and there seems little doubt that uranium 
miners suffer from an incidence of lung cancer related to 
their exposure to radon*. There is no evidence that 
concentrations of radon of the magnitude found in British 
coal mines give rise to an increased incidence of lung 
cancer. The incidence of lung cancer among British 
coal miners has been shown to be appreciably lower than 
the national incidence for men of comparable ages’ *. 

Measurements of concentrations of radon in other 
British mines are now being carried out. 

We thank Dr E. A. C. Chamberlain, the direetor of 
Seientific Control, National Coal Board, without whose 
permission and help these measurements would not have 
been possible. 
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Extraction of Meaningful Kinetic Para- 
meters from Thermogravimetric 
Analysis 

Muca effort is being devoted to thermo-anaiytical tech. 
niques such as thermogravimetrie analysis (TGA), dif- 
ferential thermal analysis (DTA)*-* and differential 
enthalpic analysis (DEA)’, in order to evaluate kmetic 
parameters for solid state decompositions of the generic 
type 


A(s) > Bis) + Cg) (1) 


It is generally aceepted*®:* that such reactions, which 
are often characteristic of polymer degradations and the 
decomposition of inorganic complexes and minerals, begin 
at certain discrete regions, called nucleus-forming sites, 
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Fig. 1. TGA curve for the dehydration of manganous formate di- 


hydrate (20-66 mg). Heating rate 1° min- 


on the surface of the reactant. Further chemical reaction 
is localized at the interface between the nuclei and the 
reactant matrix, so that the nuclei grow in size as the 
reaction proceeds. For a complete kinetic description of 
the decomposition of a solid it is therefore necessary to 
know the rate of formation and spatial distribution of the 
nuclei; the rate of growth of the nuclei (which will, in 
general, vary with crystallographic direction); and the 
size and shape of the parent particle(s). Hence the full 
mathematical formulation of the rate process must, in 
general, be expressed!’ in terms of both spatial and time 
coordinates. 

Kinetic parameters are often derived!-*.*"1 from TGA 
data, for reactions of type (1), by assuming that the rate 
may be expressed in the form 


dx 
mannan cana a ~~ f n 2 
cf k (1—«) (2) 


where a is the fractional decomposition, k is a rate con- 
stant, and n the “order of reaction’. Equation (2) is 
clearly inconsistent with the description of the overall 
mechanism of decomposition. In particular no spatial 
coordinates are included, and the rate constant is not 
defined in terms of the observable processes of decompo- 
sition. An equation of this form will be applicable only 
in certain highly specific cases’? and will, in general, be 
invalid. 

In this communication we show that, provided certain 
readily verifiable conditions are met, meaningful kinetic 
data can be extracted from TGA eurves, The particular 
solid selected for experimental verification of the pro- 
cedure is manganous formate dihydrate. There are 
independent and reliable data for the activation energy 
of this solidt, and the mechanism formulated for the 
dehydration is based on direct microscopic observations. 
There is first a rapid nucleation and coverage of the {011} 
faces, g=0 to 0-15, followed by the anisotropic penetra- 
tion of the reaction interfaces into the hydrate matrix, 
2=015 to 1-0. In our analysis we restrict our attention 
to this latter range of «, noting that the constant, k 
(em s71), is defined as the rate of advance of the {O11} 
interfaces. 

For the isothermal dehydration of Mn(HCOO),2H.O, 
da/dt is known by experiment}*) to be a constant, say 
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k”, over approximately «=0-15 to 0-5; and it can be 
shown} from a treatment which takes into considera- 
tion both spatial and time coordinates that the slope of 
this linear portion, k”, has the same temperature de- 
pendence as k, the rate constant for interfacial growth as 


defined above. Thus 
q 
( oo) = Ee (3) 
“di “pn 


(The particle size distribution of the solid is of some 
significance, our unpublished results.) 

For a TGA curve the rate of loss of weight at a given 
temperature, (dm/dt}y, is directly obtained from the slope 
of the curve at the appropriate temperature. But 


fda) __ 1 (dm ; 
Nit ST gi Ma K di Jt (4) 


where m, is the initial weight of the sample. For 
Mn(HCOO),2H,0, in the region x=0-15 to 0-5, equation 
(3) should also be valid for a TGA run. Substituting 
equation (3) into equation (4) yields 


dm Le , 
Gr = em (5) 
This shows that the slope of a TGA curve is proportional 
to k”, so that a plot of log (dm/dt) versus 1/T should be 
linear in the range «= 0-15 to 0-5; further, the activation 
energy for the interfacial growth, as defined here, is 
ebtained from the slope of the plot. Because the slope 
of the TGA curve is proportional only to k, the true rate 
constant, no exact significance can be attached to the 
value obtained for the pre-exponential factor, which will 
generally be a function of particle size distribution. 

The Mn(HCOO),2H,0 was obtained by recrystallizing 
laboratory grade (British Drug Houses) material from de- 
ionized water. Powders which passed through a 100 mesh 
sieve were used, The TGA experiments were performed! 
in a dynamic vacuum of lu torr with a Cahn R.G. electro- 
balance. Samples of about 20 mg were used, their tem- 
perature being increased at a rate of 1° C minat. 

Fig. 1 shows a typical TGA curve obtained for the 
dehydration of the solid; Fig. 2 gives the corresponding 
Arrhenius plot. The region «=0+15 to 0-45 is linear, and 
a least squares analysis yielded an activation energy of 
15-74 2-5 kealories mole-!. This value agrees reasonably 
well with those previously obtained (Table 1), and with 
the value derived from a direct microscopic determination 
(our unpublished results). 

This work on TGA, and our previous treatment of DEA 
curves, shows that thermo-analytical techniques may, in 
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Fig. 2. Arrhenius plot derived from Fig. 1. 
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Table 1. SUMMARY OF ACTIVATION ENERGIES FOUND FOR Mn(HCOQ),2H,0O 
Activation energy Method Reference 
(kealories mole’) 

17-6 + 0-6 Isothermogravimetric 13 
17-8 + 0-6 Isothermogravimetrie 14 
16-5+ 0-5 DEA i4 
157425 TGA This work 


certain conditions, be used to arrive at kinetic data for 
clearly identifiable steps in thermal decompositions. 

It should, however, be emphasized that these techniques 
must be used in conjunction with previous, preferably 
direct microscopic observations of the reaction. 

We acknowledge the award of a maintenance grant 
to one of us (T. A.C.) by the Science Research Council, 
and the interest. of Professor S. Peat. 

T. A. CLARKE 
J. M. THOMAS 
Department of Chemistry, 
University College of North Wales, 
Bangor. 
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Very Long-range Structuring of Liquids, 
including Water, at Solid Surfaces 


Ix anticipation of a widespread interest in the existence 
and properties of “‘orthowater’’! we wish to draw atten- 
tion to a series of papers published during the period 
1932-48 by D. H. Bangham and colleagues relating to 
the anomalous structure of condensing vapours at solid 
surfaces. Derjaguin’s careful observations are well sup- 
ported by the observations and conclusions made in these 
papers, extracts from which are given here. 


From Reference 2 


“The adsorption isothermals of benzene and methyl 
aleohol vapours at the surface of mica are of sigmoid 
form, concave to the pressure axis until the first mono- 
layer is nearing completion. and thereafter becoming 
more and more steeply inclined to it as saturation ts 
approached. Though the adsorption energy decreases on 
completion of the first monolayer to a value very near the 
normal heat of liquefaction, the polymolecular films formed 
at saturation have properties quite different from the bulk 
liquids. This is strikingly demonstrated in a series of 
experiments we have recently carried out, a few of which 
are briefly recorded in this note. 

“When a freshly split mica plate is placed under a jet 
of the supersaturated vapour of benzene. methyl alcohol 
or water, condensation of bulk liquid does not occur until 
a film of critical thickness has been built up. By suitably 
controlling conditions, films of thickness less than this, 
yet thick enough to show interference colours, are readily 
produced. A drop of the same liquid, placed on such a film, 
may flatten, but does not lose its identity as a lens, show- 


ES! 


> 


ing that the angle of contact, though small, is finite. 
Methyl alcohol, which spreads rapidly on fresh mica im 
the open air, will not do so in the presence of its own 
supersaturated vapour; on the contrary, 4 spread film 
was found to break up into drops when brought under the 
vapour jet. The alternative view as to the origin of the 
film colours, namely. that they may be due to diffraction 
from a mist of invisible droplets, is not borne out by the 
facts: for example, we were able to float lenses of dif- 
ferent liquids right across the films without disturbing 
them in any way. Much evidence has been found by us in 
favour of Hardy’s view®4 that a drop of pure hquid placed 
on a clean solid surface invariably reaches a stable state 
only when a single lens is in equilibrium with an adsorbed 
film. Without permitting ourselves this degree of 
generality, we would emphasize the marked sensitiveness 
of the contact angle to changes in the degree of saturation 
of the vapour phase, and to the presence therein of even 
traces of a second adsorbable component; both these 
effects are often neglected in making measurements of 
contact angles.” 


From Reference 4 


“Incompletely wettable surfaces are not n ecessarily 
those which do not adsorb water, but those on which the 
pattern is incompatible with that of normal water. It is 
highly improbable that this pattern can be identified 
with that of ordinary ice, since this already exists in water 
at room temperature, and there is no evidence that contact 
angles decrease markedly below 4° C. Hysteresis of the 
contact angle (where real, and not due to contamination) 
would imply that the adsorbed film can exist in either of 
two configurations of equal stability. 

“By the use of a simple technique® it has been found 
possible to build up adsorbed layers of water and of 
organic vapours on mica to visible thickness (from super- 
saturated vapours) and demonstrate their incongruity 
with the normal liquids. The differences in behaviour 
between water and such substances as benzene and 
carbon tetrachloride were too slight to suggest that the 
more general aspects of the phenomena depend on the 
hydrogen-bond structure peculiar to water. 

“Though the heat of absorption in the outer layers is 
not necessarily equal to the normal latent heat (with 
methyl alcohol on charcoal it exceeds it) there are other 
cases where the difference is small, indicating that the 
‘abnormality’ lies in the entropy rather than in the energy 
of the film. 

“These observations may be helpful in connexion with 
the theory of solutions since they offer suggestions as to 
the nature of the configurational changes which take place 
in the near neighbourhood of solute molecules.” 


From Reference 7, Page 102 


“In view of the large number of papers written on the 
subject of adsorbed water it is astonishing how little 
experimental work is directed towards ascertaining its 
properties. Most writers are content. with being able to 
give a self-consistent account of a very small range of 
facts of which more than one explanation is possible. 
There are, however, awaiting solution a number of tech- 
nical problems which turn upon the behaviour of these 
films. and it is important that their nature should not 
remain merely a matter of conjecture.” 


From Reference 7, Page 113 


“Since (then) water adsorbed in coal (and other car- 
bonaceous solids) is structurally different both from ice 
and from bulk water, it is the more important to devise 
experiments to ascertain its properties as Bond, Griffith 
and Maggs? have done.” 

So far as we are aware. these observations and con- 
clusions have not as yet been generally refuted, so they 
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provide an independent account of a perplexing and 
important phenomenon. 

A list of some ten other references relating to this 
subject, together with reprints of refs. 2 and 5, can be 
obtained from us. 

A. D. Bancuam 
ARC Institute of Animal Physiology. 
Babraham, Cambridge. 

D. R. BANGHAM 
National Institute for Medical Research, 
Mill Hill, London. 
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BIOLOGICAL SCIENCES 


Oligosaccharides containing Glucose as 
Substrates for Hen’s Egg White 
Lysozyme 


ALTHOUGH the structure of hen’s egg white lysozyme is 
known in great detail'-*, information about its mechanism 
of action is limited. Lysozyme has been shown to act as 


linkages in chitin oligosaccharides’. To obtain more data 
on the specificity requirements and on the mechanism of 
action of lysozyme, we have investigated its action on 
oligosaccharides contaming glucose (all 8(1-»4) linked). 
These included cellodextrins as well as oligosaccharides 
containing both glucose and N-acetylhexosamine residues. 
The results obtained provide information on the specificity 
requirements of subsites C and D in the active site of 
lysozyme and allow further insight to be gained into the 
role of strain as a major factor involved in lysozyme 
catalysis. 

The cellodextrins were prepared by partial acid hydro- 
lysis of cellulose?. Oligosaccharides composed of glucose 
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N-acetylmuramic acid) were prepared by enzyme trans- 
glycosylation reactions catalysed by lysozyme*7. Com- 
pounds which formed during lysozyme-catalysed transfer 
of GleNAc or its cligomers to the nonreducing end of 
cellobiose {(Gle-Gle) were isolated from incubation mix- 
tures containing penta-N-acetylchitopentaose (GleNAc),, 
cellobiose, and lysozyme by chromatography on charcoal- 
celite followed by preparative paper chromatography. 
These transfer compounds had the general structure 
(GlcNAc) -Gle-Gle, where n=1, 2 or 3 (compounds I, H 
and II, respectively). GleNAc-MurNAc-Gle-Gle-Gle-Gle 
(compound IV) was obtained through preparative paper 
electrophoresis by reacting the cell wall tetrasaccharide 
(GleNAc-MurNAe-GloNAc-MurNAc, donor) with cello- 
tetraose (acceptor). Oligosaccharides containing one 
residue of glucose at their reducing end, and used as 
markers for paper chromatography, were also prepared by 
lysozyme-catalysed transfer reactions as already de- 
scribed. 

The isolated transfer compounds were homogeneous 
when analysed by paper chromatography in n-butanol- 


acetate-pyridine-water (2: 1:2, upper phase) and by 
high voltage paper electrophoresis at pH 6-5 and were 
characterized chemically for their molar ratios of GleNAc 
and MurNAc relative to glucose. GleNAec and MurNAc 
were determined after acid hydrolysis as the free amino- 
sugars, glucosamine and muramic acid, respectively 
(Beckman Spinco ammo-acid analyser). Glucose was 
measured either by the phenol-sulphurie acid test® with- 
out previous acid hydrolysis or after acid hydrolysis by 


with exo-8-N-acetylglhicosaminidase® which resulted in 
their complete digestion to GleNAc and Gle-Gle. This 
showed that the GleNAc residues are located at the non- 
reducing end of the saccharides and are 8-linked. The 
latter finding is supported by the low optical rotations of 
the three compounds. 

When compounds I, H, HH and IV were incubated with 
ton Lot Lys F647-B) and the incubation mixtures were 
analysed by paper chromatography, or in the case of 
compound IV by paper electrophoresis as well, various 
products were deteeted (Table 1). The appearance of 
products of cleavage of Gle-Gle bonds is of special signifi- 
cance. For example, GleNAc-Gle-Gle gave not only 





and N-acetylhexosamines (N-acetylglucosamine and trisaccharide was cleaved by the enzyme. 
Table 1. DIGESTION OF OLIGOSACCHARIDES CONTAINING GLUCOSE BY HEN’S EGR WHITE LYSOZYME 
Experi- Substrate Enzyme Incubation 
ment No. Substrate (mM) fmg/ml.} time ch) Products 
1 GleN Ac-Gle-Glei 1) 46 2 42 GleNAc(L 00: 1-00) and Gic-Ghei0-51, 0-43). 
GleNAc-Gie (0-47, (53) and Gle (0-81; 0-74) 
GHeN Ac-GleN Ac-Gile-Gic GF 18: 6-233, GieN Ae-Cile-Gie (b28: ORI 
3 GCN Ac-GleN Ac-Gile-Gle D 10 2 48 GicNAc and GicN Ac-Gle-Gic, a 
GHeN Ac-GleNAe (0-63; 0-72) and Gle-Gie, 
GleNAc-GieN Ac-Gle (032; 0°38) and Gle, 
GleN Ac-GieN Ac-Gle-Gle 
3 GleN Ac-GleN Aec-GleN Ac-Gle-Gle( Li) 2o i 3 CleNAc-GleNAc-GicN AC (037, 048) and Gle-tie 
GleoNac-GleN Ac and GleN Ac-Gle-Gle, 
GIcNAc and GleN Ac-CdeN Ac-Gle-Gle, . : ee 
GleN Ac-GicN Ac-GieN Ac-GleN Ae (0-23; 0-32), He Ae-GicN Ac-GicN AC 
Gle-Gle (0-05: 0-10) 
4 GiieN Ac-MurN Ac-Gie-Cile-Gle-Gict iv 5 ah 53 Gle N Ac-MurN Ad M © CRD and Gle-Gle-Gle-Gile (0-14: 0-04) 





GinN Ac-MurN Ac-Gle-Gle (Mr 0-60) and Gle-Gic 


GicN Ac-MurN AUEN 4e-MurNn Ae (MF 1-00) 


beme 


Alilysozyme digestions were carried out at 37° Cin Gi M ammonium acetate adjusted to pH 5-25 with acetic acid. A drop of toluene was added to every 
sample. Control experiments containing the saccharides in buffer or lysozyme aione in identical concentrations were run alongside with each experiment. The 
products of the reactions were analysed by paper chromatography in two solvent systems and in the case of GleNAc-MurNAc-Gle-Gic-Gle-Gle, by a 
combination of paper electrophoresis and paper chromatography (Fig. 1). The chromatograms were revealed by the silver nitrate”, sodium hydroxide"! and 


glucose oxidase?’ reagents. 


Whatman No. 1 paper in two solvent systems: ethyl] acetate-pyridine-water (2 : 1 


The figures in parentheses listed under products represent thelr Nopwa, values in descending paper chromatography on 


:2, upper phase) and x-butancl-acetic acid-water (25 : 6:25, upper phase) 


respectively. The values for any compound are only listed once: chromatographic mobilities varied slightly in different experiments but Roter ac values 
were consistently reproducible. The Rajewa: value for Gle-Gle-Gle (0-34; 0-11) is not listed here. In experiment 4, values are given for the cleetrophoretic 


mobility Mr relative te the cell wall tetrasaccharide, GlcNAc-MurNAc-GlceNAc-MurN Ac, 


For the substrate, GION Ac-MurN Ac-Gle-Gle-Gle-Gle, the Mt = 0-44, 


Wherever possible, corresponding hydrolysis produets are arranged in pairs to denote suggested cleavage patterns. Those products which indicate cleavage 


of Gle Gle bonds are underlined, 
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Semi-quantitative information on the relative sus- 
ceptibility of the different glycosidic bonds in the sac- 
charides was obtained from the relative yields of the 
products, as estimated visually from the intensity of the 
spots on paper chromatograms, revealed by the silver 
nitrate’? and the sodium hydroxide reagents". In experi- 
ments l and 2 (Table 1) digestion was very slow; most of 
the substrate did not react even after 48 h of meubation. 
A complex mixture of products was obtained which made 
it difficult to compare quantities of products formed. In 
experiment 3, digestion was considerably faster; most of 
the starting material disappeared after incubation for 
only 3 h. In this case, however, no glucose was observed 
(as revealed by the silver nitrate reagent or the glucose 
oxidase spray'?:1%). In experiment 4, where digestion 
of the substrate (compound IV) was complete after 26 h 
and the pattern of products simpler, we could make visual 
comparisons. The amount of cellobiose formed (silver 
nitrate reagent) was about 2-5 per cent of that of cello- 
tetraose (Fig. 1) which suggests that MurNAc linkage is 
cleaved about twenty to fifty times as fast as the glucosyl 
linkage. In the latter experiment no spots corresponding 
to glucose or cellotriose were observed on the paper 
chromatograms. Cellobiose, cellotriose, cellotetraose and 
cellopentaose were not hydrolysed by lysozyme in our 
experimental conditions (10 mg/ml. of saccharide, 5 mg/ml. 
of lysozyme; incubation for 48 h at 37° C and pH 5-25). 
Very slow hydrolysis of cellobiose was reported, however, 
by Rupley and Gates™, who carried out their experiments 
in extreme conditions (136 mg/ml. of cellobiose, 42 mg/ml. 
of lysozyme; incubation at 40° C, pH 5-0). 

The findings summarized in Table 1 can be examined 
in relation to the three dimensional model of lysozyme}. 
In this model the active site hes in a cleft on the surface 
of the enzyme; the cleft can accommodate six sugar 








Fig. 1. 
For experimental details see Table 1. 
MurN Ac-Gic-Gle-Gle; 
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residues designated A, B, C, D, E and F in corresponding 
subsites A to F with cleavage of substrate occurring 
between D and E. GicNAc-Gle-Gle and GleNAc-GicNAc- 
Gle-Gle are digested by lysozyme to yield glucose arnong 
other products, and so the cellobiose moiety of these 
saccharides must occupy subsites D and # and thus span 
the catalytic site. The cleavage of GleNAc-MurNAc- 

? into cellobiose and GleNAc-MurNAc- 
Gle-Gle indicates that this compound can occupy subsites 
A to F in the active site of lysozyme and that subsite C 
ean also be occupied by glucose in a productive enzyme- 
substrate complex. Furthermore, the pattern of products 
(Fig. 1) obtained from this compound strongly supports 
the suggestion that MurNAc cannot fit into subsite ©. 
Binding of a glucose residue at subsite C is, however, 
considerably weaker than that of a GlcNAc residue at the 
same subsite. This is based on recent measurements (our 
unpublished results) on the binding of lysozyme of oligo- 
saccharides containing glucose. It was found that the 
free energy of binding of GleNAc-MurNAc-Gle (~— AFG= 
4:4 kealories/mole) is 3 kealories/mole lower than that of 
GleNAc-MurNAc-GleNAc (ref. 15). This value is in 
reasonable agreement with that reported by Rupley et al.“ 
for the contribution of an acetamido group m sugar 
residue C, and with the assumption that this group 
interacts strongly and specifically with the enzyme? **’, 
Considering subsite D, recent evidence (our unpublished 
results) shows that when subsites A, B and C are occupied, 
the free energy of — AF3 binding for a glucose residue at 
this subsite is — 1-4 kealories/mole. This value is about 
1-5 kealories/mole higher than that for a MurNAec residue 
(— AFG= — 2-9 kealories/mole) at the same subsite. This 
indicates that the glucose residue, when bound to subsite 
D, is also strained or distorted but to a lesser extent than 
the corresponding MurNAe residue. In this connexion tt is 





) ) 
| | 
— CHROMATOGRAPHY 8:A:W(25:6:25) | 





Analysis of the enzyme digestion products of GieNAc-MurN Ac-Gle-Gle-Gle-Gie. 
M-1 markers: (a) neutral sugars; (b) GleNAc- 
{c) GleNAc-MurN Ac-Glc; 


S-1, substrate, GlcNAc-MurNAc- 


Gic-Gle-Gle-Gle with lysozyme, time zero; M-2, markers: (d) GleNAc-MurN Ac-Gle-Gic; (¢) 


GleNAc-MurN Ac; 


(f) GleNAc-MurN Ac-GleNAc-MurNAc; 8-2, 


GieN Ac-MurN Ac-Gle- 


Gic-Gie-Gle digested with lysozyme, 26 h; S-3, following electrophoresis, the area corre- 
sponding to the neutral sugar region (S-2, broken-line square) was cut out and sewn on to s 
second sheet of iter paper for chromatography; M-3, markers: (@) Gle-Gle-Gle-Gle; (5) 
Gle-Gle; M-4, markers: (k) Gle-Gle-Gle; () Gle. The positions of markers at M-1 and at 


M-4 are taken from separate experiments. 


The electropherogram was revealed by the 


sodium hydroxide reagent™ and the chromatogram by silver nitratet, 
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pertinent to note that conversion of MurNAe from the 
chair into the half chair conformation probably requires 
more energy than for a similar conversion of glucose. 
The additional energy needed for distortion of the sugar 
ring may explain the fact that the rate of hydrolysis of 
MurNAc linkages is greater than that of glucosyl linkages. 
Indeed, the release of cellotetraose from compound IV 
was twenty to fifty times as fast as that of cellobiose. 
Considerably greater rates of cleavage of GleNAc linkages 
as compared with glucosyl linkages have been previously 
reported by Rupley and Gates’? and very recently by 
Lowe and Sheppard”. 

Different strain energies in sugar residues bound at 
subsite D may not be the sole factor responsible for the 
difference in susceptibility of glucosyl and MurNAc bonds 
to enzyme attack by lysozyme. We have found, by 
measuring difference fluorescence spectra according to the 
method of Lehrer and Fasman™, that localized con- 
formational changes, additional to those occurring on 
binding inhibitors te subsites 4, B and C (refs. 1 and 20), 
also take place when subsites A B C D or the entire cleft 
region are occupied (our unpublished results). The 
existence of such conformational changes would neces- 
sitate a re-evaluation of the mechanisms proposed for 
lysozyme catalysis*!. Mechanisms which were previously 
excluded, for example, on the assumption that the con- 
formation of the active site of lysozyme is identical with 
that of the nonproductive lysozyme—(GleNAc), complex 
may still be acceptable. Differences in strain and con- 
formation. of both the enzyme and substrate®* can there- 
fore account for the different reactivity of glucosyl and 
N-acetylmuramyl bonds and there may be no need to 
invoke neighbouring group participation? **, 

We thank Dr J. Conchie for exo-8-N-acetylglucos- 
aminidase. This work was supported in part by a grant 
from the National Institutes of Health, US Public Health 
Service. J. J. P. is a predoctoral fellow of the National 
Research Council of Canada. 
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Delayed Death in Rats treated 
with Cyclophosphamide 


In a study of the therapeutic effect of eyclophosphamide 
on an SV 40 sarcoma in rat (ref. 1 and unpublished 
results of U. Stenram, E. Nilsson and R. Berg), we found 
that many of the treated rats died without tumour after 
about 2 months. This phenomenon seems to have been 
very little discussed in the literature, and so we began an 
investigation. This is cur first report. 

Male white rats (Sprague-Dawley strain, AB Anti- 
cimex, Stockholm, Sweden) of two different ages were 
used (Table 1). They were given one subcutaneous injec- 
tion of cyclophosphamide (‘Sendoxan’, supphed by AB 
Pharmacia, Sweden}, 65, 85 or 110 mg/kg body weight, 
dissolved in distilled water. The changes in the weights 
of the rats were recorded. White blood cell counts were 
made of blood samples taken from the tails of some of 
the animals. 


Table 1. MORTALITY OF RATS TREATED WITH CYCLOPHOSPHAMIDE 
Initial Dose Succumbing Surviving Total 
weight age (meg ke Days of death after No. of 
ig) (weeks) body weight) 10-19 45-91 92 daya rats 
55 3 0 i} 0 7 7 
55 : 85 1 g 4 14 
55 3 #5 2 11 3 16 
55 3 119 3 10 3 16 
176 6 iy Q ) 7 7 
170 8 65 1 5 1 7 
170 6 BS 1 5 2 8 
170 6 110 1 T 1 9 


All rats given cyclophosphamide showed an initial 
decrease in weight. After 2-4 days they began to get 
heavier, but a few of them died between days 10 and 19. 
The others showed roughly the same weight increase as 
the controls until the fourth to seventh weeks, when they 
began to lose weight. After 3 months most of them had 
died after progressive wasting. No rat died between day 
20 and 44, and no eontrol animals have died (Table 1). 

Peripheral white blood cell counts made on a few of the 
rats showed a decrease during the final weight loss in 
comparison with controls of the same age. At autopsy the 
rats treated with cyclophosphamide were found to have 
a small spleen and thymus. 

Compared with the published reports, the mortality 
encountered in these experiments was surprisingly high 
in relation to dose. Thus Brock? reported an LD, of 
110 mg/kg body weight and an LD of 160 mg/kg for a 
single, intravenous administration. These figures were 
obtained with rats weighing about 130-150 g each. 
According to Larionev® the single maximum tolerated 
dose was 80-100 mg/kg given intraperitoneally. Philips 
et al.* reported an LD, of 182 mg/kg when a single intra- 
peritoneal dose was given to rats weighing 190-330 g 
each. Skipper and Schmidt’ and Sehmidt et al.® gave 
slightly lower figures, different for different strains of 
rats, the total LD being about 63 and 86 and the LD,, 
was 104 and 130 mg/kg, respectively, for two rat strains. 
The drug was given daily for 5 days, and the experiment 
was terminated after 21 days. The other authors did not 
mention their observation times, and none of them referred 
to delayed death. We have found one paper’ according 
to which 66 per cent of cyclophosphamide-treated rats 
with lymphoma succumbed to progressive wasting after 
30-40 days. The rata weighed about 270 g each at the 
beginning of the experiment. They were given 10 mg of 
eyclophosphamide/kg daily for 14 days (personal com- 
munication from E. Miller). 

The rats which suceumbed late had a small spleen and 
thymus and a low peripheral white cell count. Delayed 
death might therefore have been caused by a toxic effect, 
perhaps on the haematopoietic system. The effect of 
cyclophosphamide on the peripheral white blood cell 
count is, however, said to have fallen off after about 
10 days®. The “second weight loss”, ascribed to the 
haematological effects of some alkylating agents, not 
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including cyclophosphamide, occurs after about 8-20 
days’. According to Larionov*, cyclophosphamide ceases 
to have an effect when the injection is repeated after 12 
days. These reports are not in accordance with our 
observations of delayed weight loss and death, and other 
explanations should perhaps also be considered. The 
progressive wasting of our animals resembles runt disease 
(homologous wasting disease) which is usually provoked 
by transplantation of homologous spleen cells to new- 
born animals, but can be induced by sterile bacterial 
vaceine™, virusit, ete. Because of the effect of cyclo- 
phosphamide on DNA” and its mutagenic effect", it 
seems possible that it might give rise to runt disease. 
This work was supported by grants from the Swedish 
Medical Research Council and the Swedish Cancer Society. 
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Metabolism of Testosterone and Action 
of Metabolites on Prostate Glands 
grown in Organ Culture 


TESTOSTERONE metabolites are found in the prostate gland 
in vivo! and preliminary experiments, briefly reported’, 
indicate that prostatic tissue grown in vitro metabolizes 
the hormone. The action of testosterone could be caused 
directly by the hormone, or indirectly through its trans- 
formation into metabolites, for example, through trans- 
hydrogenation‘, or to metabolites themselves’, 

The peripheral metabolism of testosterone makes it 
difficult to analyse this complex situation in vivo. Testo- 
sterone is metabolized by the liver into compounds which 
may act on the prostate, and the further metabolism of 
these initial products has characteristics of its own®. It 
was therefore decided to investigate the metabolism of 
testosterone In greater detail and to study the effect of 
metabolites using prostate glands grown in organ culture. 
In such a system the architecture of the gland and its 
response to hormones are preserved’. 

Ventral prostate glands of 5-6 week old hooded rats of 
a laboratory inbred strain were grown by Lasnitzki‘s 
method®:* in Parker’s medium 199 with either 10 per cent 
calf serum or 5 per cent horse serum. 

For the analysis of testosterone metabolism the explants 
were kept for 24 h in medium without hormones and then 
moved to fresh medium containing 1,2-5H testosterone at 
a concentration of either 5x 10-7 M or 5x10- M. Of 
these two concentrations only the higher one maintains 
the prostatic epithelium (Table 2). In both experiments 
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the explants were incubated for 24 h, and then both tissue 
and medium were stored at — 25° C before radiochemical 
analysis. More than 90 per cent of the radioactivity 
could be recovered from the medium: large amounts of 
testosterone and androstanolone (a reduced derivative 
of testosterone, 17$-hydroxy-5z-androstane-3-one) were 
found and some androsterone and 5a-androstane 3a,17{- 
diol were also identified. The prostatic tissue exposed to 
5x 10-5 M testosterone was homogenized and a nuclear 
fraction obtained by centrifugation at 800x10 gxmn 
which contained approximately a tenth of the radioactivity 
of the tissue. No testosterone was found in either the 
nuclei or the sap cell, but androstanolone and a stall 
unidentified non-polar compound in equal amounts were 
identified in the nuclei and an unknown polar component 
in the cytoplasmic fraction. The possibility that the 
effect of testosterone was caused by its metabolites had 
therefore to be tested. 








EFFECTS OF TESTOSTERONE AND METABOLITES (35 x 106 aD ON 
PROSTATIC EPITHELIUM IN ORGAN CULTURE 


Table 1. 





Height Secretion Hyperplasia 

‘Testosterone + ee 4 
Androastanolone as ow eo 
3a-Hydroxy-da-androstane-L7-one 

fandrosterone) + 2 = 
38-Hydroxy-5a-androstane-17-one + — + 
5a-Androstane-3,17-dione + a + 
Sa-Androstane-3a, 178-diol ~ $ i at 
58-Androstanolone on a ~ 
58-Androstane-3,17-dione ~ ~ + ~ 
58-Androstane-3a,176-dial = ~ es 


EFFECTS OF TESTOSTERONE AND ANDROSTANOLONE { = 10° af) On 
RAT PROSTATIC EPITHELIUM IX ORGAN CULTURE 


Table 2. 


Testosterone Height Secretion Hyperplasia 
i 7: & eo “te wee 
35 A $e + 
Androstanolone 
3°5 ~+ + as 
17:5 + m + a 
35 at ate ae a 


Prostatic explants were treated with testosterone or 
various metabolites in concentrations ranging from 3-5 to 
35x 10° M for 6 days and their effect on the glands was 
assessed by histological examination. The principal 
criteria of effect were height, secretory activity and in- 
creased proliferation of the prostatic epithelium. The 
results are summarized in Tables 1 and 2. It can be seen 
that 5$-compounds are not active, and in this context 
it should be noted that testosterone is not transformed to 
53-metabolites by prostatic tissue’. In contrast, the 5g- 
metabolites are active, but the effect of the different 
compounds varies according to their configuration and 
none of them maintains epithehal height or secretory 
activity as fully as testosterone. On the other hand, all 
5a-metabolites promote cell division though in varying 
degrees; among them androstanolone has by far the 
greatest effect and induces marked epithelial hyperplasia. 
Table 2 which compares the action of testosterane and 
androstanolone at doses ranging from 3-5 to 35 « 10-* M 
shows that androstanolone also stimulates cell prolifera- 
tion to a greater extent than testosterone, but that it has 
less or no effect on epithelial height and secretory activity. 

These results suggest that the action of testosterone on 
the prostate gland may be related to testosterone meta- 
bohsm, and that the actual “hormone” may not be testo- 
sterone itself. The local metabolism could provide various 
molecules with different actions attributed to testosterone: 
our results suggest that androstanolone is implicated in 
the control of cell division. 

This interpretation is supported by recent results of 
Bruchovsky and Wilson!!, who confirm the reduction of 
testosterone to androstanolone by the rat prostate, and of 
Anderson and Liao!*, who reported the selective uptake of 
this metabolite by prostatic nuclei. 

This work was supported in part by la Délégation 
Générale & la Recherche Scientifique et Technique, the 
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Conformations of Acetylcholine 


Canepa, Pauling and Sérum?! have reported the single 
crystal structure analysis of acetylcholine bromide and 
pointed out a corr elation between that structure and those 
of choline chloride and muscarine iodide, In particular the 
(CH,),N*-C-C-O— groups of all three are very similar in 
conformation with the ether oxygen atom gauche to the 
nitrogen atom. This correlation has been extended by 
Sundaralingam?, who has shown that in all molecules con- 
taining the N*-C-C-O— group the crystal structures of 
which are known (twelve) the oxygen atom is gauche to the 
nitrogen atom. Culvenor and Ham? have concluded, 
however, on the basis of a nuclear magnetic resonance 
study of acetylcholine in D,O, that although it is gauche, 
the conformation of the acetylcholine molecule i in solution 
is that of a normal primary ester? in which the plane of 
the acetyl group is rotated about the O1-C5 bond (indi- 
cated by an arrow in Fig. 1) so as to bisect approximately 
the H-C5-H angle. This would give a C6-O1-C5-—-C4 

torsion angle of approximately 180° instead of about 
+ 60° as observed in acetylcholine bromide. An important 
implication of this suggestion of Culvenor and Ham is 
that the spatial correlation between their proposed 
conformation of acetylcholine and the ob- 
served conformation of muscarine is much 
greater than the correlation between the 
conformation in acetyleholine bromide and 
muscarine®, 

As part of our investigation of the crystal 
structures of molecules affecting eholiner gic 
nervous transmission systems? we have 
completed the single crystal X-ray analysis 
of the structure of pi-lactoylcholine iodide 
((CH,);NCH,CH,O(CO)CHOHCH,)). Crys- 
tals are monoclinic, spacegroup P2,/e, four 
formula units per unit cell, a= 9-891 + 0-006. 
b= 12-286 + 0-008, ¢=10-150+0-005A, B= 
90-65 +0-03°. Nine layers of three-dimen- 
sional diffraction data were obtained photo- 
graphically and the intensities were measured 
on a flying spot densitometer. The struc- 
ture was solved by Patterson and Fourter 
methods and refined by least squares with 
anisotropic thermal parameters for the Fig. 2 
iodine atom and isotropic thermal para- 
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Fig. 1. <A drawing of one enantiomorph of acetylcholine in crystals of 
the bromide! indicating the C6-01-C5-C4 torsion angle which has been 
the subject of some discussion®**, 


meters for the other atoms until the residual R = 0-08 over 
670 observed data. The conformation of the L enantiomorph 
in the crystal is shown im Fig. 2. It ean be seen that the 
Shea of theatoms common to thea acet ty! E group of o 


one Tea to give the pee ion, “suggest ted 
by Culvenor and Ham for acetylcholine im solution, 
There are no hydrogen bonds or other strong inter- 
molecular forces that stabilize this conformation and 
so we conclude that there are at least two more or less 
equally stable conformations of acetyleholine and acetyl- 
choline-like molecules. 

This observation is consistent with a theoretical con- 
formational analysis of acetylcholine by Liquori, Damiani 
and de Coen’, who have calculated the total van der Waals 
energy of the molecule as a function of the various single- 
bond torsion angles. They coneluded that four conforma- 
tions are approx imately equally stable, two with the ether 
oxygen atom gauche to the nitrogen atom and two with it 
frans. The two gauche conformations have now been 
observed in the solid state in acetylcholine bromide and 
lactoyleholine iodide. The two extra atoms of lactoyl- 
choline do not affect this result because they are so far 
away from the rest of the molecule as to contribute very 
little to the total van der Waals energy. The energy term 
stabilizing the gauche forms relative to the trans forms 1s 
not van der Waals in nature but involves the electrostatic 
interaction between the ether oxygen atom and the 
charged nitrogen atom and the interaction between this 
oxygen atom and a proton of the methyl group CI forming 
a heterocyche six mem ring OL-0O5-C4-N-CI-H in 
the chair conformationt®™®, Kier’ has also carried out 
a theoretical conformational analysis of acetylcholine 
using extended Hiickel theory molecular orbital caleula- 
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A drawing of the n enantiomorph of laetoykholine in crystals of the iodide. 
Some -interatomic distances and angles are shown. The Lenantiomorp ihis thatanalogouas 


to the active L(+ }-muscarine. 
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Fig. 3. A drawing of the active L(+)-muscarine in crystals of the 
iodide*, ‘The correlation of the muscarine conformation with that of 
lactoylicholine is very high. 
tions. In terms of three torsion angles of the molecule 


he concluded there was one stable conformation of acetyl- 
choline. This calculated conformation is not that found 
in acetylcholine bromide but is that found in lactoyl- 
choline iodide. 


Table 1. THEORETICAL AND ORSERVED TORSION ANGLES OF ACETYLCHOLINE- 
LIKE MOLECULES 
02-C6-01-C5  C8-01-C5-C4 01-C5-C4-N 

Acetylcholine bromidet 0° 79° 77” 
Lactoyicholine iodide 1° 157° 85° 
L(+ )-Musearine jodide* — 344" 7: 

NMR’ ~ ~ 1807 ~ 60 

yan der Waals TTGT’ o° 178° 74° 
van der Waals TGOGT’? 0” 75° fe 4a 
Molecular orbital® ~ O° ~ IRO? ~ 80° 


The torsion angle of atom group Al-A2-A3-A4 is the angle between the 
planes Al A2 A3 and A2 A3 A4 viewed down the A2-—A3 bond from the 
direction of Al. The signs of all angles refer to the enantiomorph analogous 
to L(+ )-muscarine, The other enantiomorph has torsion angles with reversed 
sign. 


Table 1 lists three torsion angles of the conformation 
of acetylcholine-hke molecules calculated by confor- 
mational analyses, as concluded from the nuclear magnetic 
resonance study and observed in acetylcholine bromide, 
lactoyilcholine iodide and musecarine iodide. The 
02-C6-01-C5 torsion angle in the free molecule is 0° 
because of the partial double bond character of the C6-01 
bond'. The C6-Ol-C5-C4 torsion angle can be either 
+ 60° or about 180°. Both have been observed crystal- 
lographically and both are stable according to the van der 
Waals energy analysis. The 180° value has been ceon- 
cluded from the NMR study and from the molecular 
orbital energy analysis and correlates well with the 
structure of muscarine. Liquori et al? found the energy 
difference between the two conformations to be 03 
keal/mole with the 180° value slightly more stable. 
We estimate from their results’ and others® that the energy 
barrier between the two forms is about 3 kcal/mole. 
These two forms are those which allow a maximum 
interaction between a hydrogen atom of the methyl group 
Cl and either of the two tetrahedral electron pairs of the 
ether oxygen atom. The O1-C5-C4-N torsion angle has 
been observed? to vary from about 60° to about 85°. 
The difference from the ideal molecular value of 60° is 
caused by the overcrowded steric interaction between the 
ether oxygen atom Ol and. the methyl group Cl. A 
“best” observed value for this torsion angle in cholinergic 
molecules is about + 74°. 

As a comparison of Fig. 2 with Fig. 3 shows, the correla- 
tion between the conformation of the acetylcholine 
residue of lactoylcholine (without atoms C8 and O3) in 
crystals of the iodide is almost exact with that of muscarine 
iodide. Up to the carboxyl carbon atom C6 the molecules 
are essentially identical. The methyl groups C7 are in 
slightly different positions and the carboxyl oxygen atom 
and hydroxy! oxygen atom O2 are also in slightly different 
positions. The distances between N and C6, N and C7 and 
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N O2 in lactoyleholine iodide and muscarine iodide are 
4-56, 5-44, 5-15 and 4-50, 5-40 and 5-56 A respectively. The 
maximum standard deviation of these distances is about 
0-08 A. We consider this to be the active conformation of 
muscarinic molecules. The active groups, configuration 
and conformation of molecules relevant to other choliner- 
gic systems cannot yet be specified with any assurance. 
We thank the Medical Research Council for supporting 
this work, Professor B. V. Rama Sastry for the crystals 
of piL-lactoyleholine iodide and Mr John Cresswell for 
the drawings. 
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Human Serum Beta-Lipoprotein 
THe insolubility of delipidated beta-lipoprotein {beta- 


tion. A soluble succinyl derivative of beta-apoprotein 
(s-beta-apoprotein) has been prepared’? and we now 
contrast its properties with those of a soluble non- 
succinylated beta-apoprotein®. This latter preparation, 
in contrast to s-beta-apoprotein, closely resembles the 
parent lipoprotein in immunological properties and 
structural conformation. 

Beta-lipoprotein was prepared by ultracentrifugation 
alone or by precipitation with heparin and manganese 
followed by ultracentrifugation between densities 1-019 
and 1-063 (ref. 3). The beta-lipoprotein preparations were 
immunochemically pure. 

Applying techniques similar to those used for the 
delipidation of s-beta-apoprotein**, beta-apoprotein was 
completely solubilized by incubation for 16 h at 37° with 
60 mM sodium decyl sulphate in 0-13 M tris buffer (0-01 
per cent EDTA), pH 8-3. The preparations of beta- 
apoprotein were then dialysed against the same buffer 
system using 0-2 mM sodium decyl sulphate without loss 
of solubility. 

Chemical analysis showed both s-beta-apoproteim ancl 
beta-apoprotein contain 98-5 per cent protein with 
approximately l] per cent phospholipid. No cholesterol 
and no triglyceride were detected by thm-layer chromato- 
graphy. l l 

The antigenic properties of beta-lipoprotem and its 
derivatives are summarized in Table 1, where the reactions 


Table 1. IMMUNOCHEMICAL REACTIVITY OF BETA-LIPOPROTEIN, BETA- 
APOPROTEIN, AND THEIR SUCCINYLATED DERIVATIVES 
Antigens 
Antisera Beta- Beta- a- Bata - 2- Beta- 
prepared against: Plasma Hpo- apg- Hpo- ERO 
protein protein protein protein 
(1) Beta-lipoprotein + + + + + + Oar + Oto + 
(2} s-Beta-lipoprotein Oto + Ota + Q + + + to + 4 
(3) Beta-apoprotein + + + + bb A or + {} 
{4} s-Beta-apoprotein Ü to + Oto + 0 + + fp + + 


+ + =strong; + =weakly: + =<ineonsistently and weakly. 
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indicated represent tests by both immunoelectrophoresis 
and double diffusion on Ouchterlony plates. Beta-lipo- 
protem and beta-apoprotein reacted with antibodies 
made to either; with several antibodies they appeared 
immunochemically identical. Addition of a succinyl group 
to either beta-lipoprotein or beta-apoprotein partially or 
completely removes this identity. 

Previous optical studies have demonstrated that beta- 
lipoprotein contains a mixture of a-helix and random 
structure but little or no detectable 6-structure?*, and 
shows an altered protein conformation when lipids are 
removed’. We have since observed, however, similar 
circular dichroic (CD) spectra for beta-apoprotein and 
native beta-lipoproteim. A single negative band at 216- 
218 my (Fig. 1) was characteristic of a pleated sheet 
B-structure®. Values for [6'],,, of beta-lipoprotein and 
beta-apoprotein were — 12,400 and — 8,000, respectively. 
Distinct negative Cotton effects at 208 and 222 mu, 


which are characteristic of the «-helix", were not definitely 


10 


05 
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Fig. 1. Circular dichroisan of beta-lipoprotein (——-—), beta-apoprotein 
(... ), #beta-apoprotein (— > — -), and beta-lipoprotein plus 20 mM 
sodium decyl sulphate (— --—--). Measurements were made with a 
Cary 60 spectropolarimeter at protein concentrations of 0-2 (apoproteins) 
or 0-4 (lipoproteins) mg/ml. in 50 mM potassium phosphate buffer (with 
0-1 per cent EDTA), pH 7-9. Sodium decyl sulphate was present where 
indicated, The light path was 0-5 mm, Observed values were corrected 
for the refractive index of the solvent and were used for calculation of 
reduced mean molar ellipticities, 0, The temperature was 23° C 
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Fig. 2. Electron micrograph of delipidated /-apoprotein, negatively 

stained with neutral 2 percent potassium phosphotungstate on ‘Formvar’ 

carbon-costed 400 mesh grids. Experimental conditions: 0-1 mg protein/ 
mi. in 5 mM tris buffer, 0-01 per cent EDTA, pH 83. (x 110.000.) 


identified, although a small shoulder at 208-210 my did 
suggest some helical content. The addition of 20 mM 
sodium decyl sulphate changed the CD spectra of beta- 
lipoprotein and beta-apoprotein significantly by reducing 
the negative trough at 216-218 muy, producing a new 
negative trough at 205-208 mu (Fig. 1). Our spectra for 
beta-lipoprotein and beta-apoprotein were comparable 
in the absence of detergent, and so spectral changes 
observed after delipidation could have been caused by 
the presence of sodium dodecyl sulphate’. 

The CD spectrum of s-beta-lipoprotein was also similar 
to that of native beta-lipoprotein, but the spectrum of 
s-beta-apoprotein was quite different. The trough at 
216-218 mu was reduced and a new negative trough 
appeared at 205 mu with [0]: of — 8,800 (Fig. 1). 

These findings indicate that while delipidation reduces 
the [0] of beta-lipoprotein by 25-30 per cent and thus 
possibly increases the disordered structure, the resulting 
beta-apoprotein still retains the characteristics of pleated 
sheet $-structure. s-Beta-apoprotein does not retain the 
configuration of native beta-lipoprotein but develops a 
random or disordered structure. These data are sup- 
ported by infrared spectroscopic measurements. Beta- 
lipoprotein exhibited a major infrared absorption peak at 
1,617-1,620 cm- and a shoulder at 1,680—-1,685 em-, 
characteristic of the antiparallel chain type of 8-structure™, 
A small shoulder at 1,650 cm~ suggested relatively less 
helical content. A definite maximum at 1,617-1,625 cm~? 
was identified in the infrared spectrum of beta-apoprotein 
but not in that of s-beta-apoprotein, which instead had 
its principal maximum at 1,640-1,650 cm, 

Examination of negatively stained preparations of beta- 
lipoprotein or sucemylated beta-lipoprotein under the 
electron microscope demonstrated the presence of homo- 
geneous spheriform particles measuring 216-220 Å in 
diameter‘. Preparations of beta-apoprotein appeared to 
contain fibrils (Fig. 2), but these may have been the 
result of the method of preparation, although it is of 
interest that no similar fibrillar structures were detected 
in preparations of s-beta-apoprotein. 

In the analytical ultracentrifuge, both s-beta-apoprotein 
and beta-apoprotein exhibited heterogeneity, sedimenting 
as two peaks in the presence of 20 mM sodium decy! 
sulphate (Fig. 3). Beta-apoprotein (Syp.jw=5-0, 6-6 at 
1-9 mg/ml.) sedimented more rapidly than did s-beta- 
apoprotein (Sw =3:5, 4:1 at 1-9 mg/ml.). 
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Fig. 3. Schlieren sedimentation velocity patterns of beta-apoprotein 
(upper) and s-beta-apoprotein (lower) in 20 mM sodium decyl sulphate. 
ixperimental conditions: 1:9 mg of protein/ml. in 0-13 M tris buffer 
(0-01 per cent EDTA), 20 mM sodium decyl sulphate, pH 8-0; tempera- 
ture, 20° C; rotor speed, 59,780; time after reaching speed was 37 min. 


We thank Mrs Marial Birnbaumer for technical assist- 
ance and Dr Wayne Kielly for helpful discussions. 
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Antibodies of the ABO System and the 
Metabolism of Human Spermatozoa: 
Metabolic Changes induced by Cooling 
and Freezing 


ANAEROBIC glycolysis of washed human spermatozoa 
is inhibited by incubation with ABO isoantibodies when 
semen donors are of A or B secretor phenotype'. If this 
differential is related to the fertilizing capacity of 
affected cells*“, a bias would be expected in the trans- 
mission of the A and B genes in the population. On this 
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basis and on the basis of other data on fertility in the 
ABO system*-'*, a mechanism which could account for 
the stability of the ABO polymorphism in terms of 
natural selection against gametes and intrauterine 
zygotes has been proposed". 

If this polymorphism were balanced, at least in part, 
by gametie selection, the mode of selection might be 
changed and the balance altered by subjecting the sperm 
to ultralow temperatures before insemination. These 
experiments were intended to demonstrate whether 
differential metabolic function by spermatozoa in ABO 
antisera is altered by cooling or freezing the cells prior 
to incubation with the antisera. 

Forty-one semen specimens were obtained from donors 
of the phenotypes A secretor (17), B secretor (9), B non- 
secretor (5) and O seeretor (10). After the sperm were 
counted, the whole semen specimen was diluted x2 
in Ringer’s solution containing 15 per cent V/V glycerol 
and 100 mg per cent glucose. Three 1-5 ml. aliquots were 
provided: one was not treated; one was subjected to ther- 
mal shock, that is, cooling over liquid nitrogen vapour 
from + 22° C to 0° C at the rate of 20° C per min; the third 
was cooled from 0° C to — 196° C at an approximate aver- 
age rate of 200° C/min. After thawing, each aliquot was 
further partitioned into three 0-5 ml portions, which 
were placed in micro Warburg vessels: 0-5 ml anti-A 
was added to one, anti-B to the second and normal 
(group AB) serum to the third. There were all combin- 
ations of temperature treatment and serum. 0-1 mil 
was withdrawn from each and deproteinized for determ- 
ination of initial lactic acid content*’. 


Table 1. LACTIC ACID, MG/10* CELLS/3 h PRODUCED BY SPERM IN ALL 
COMBINATIONS OF SERUM AND TEMPERATURE TREATMENT 
Serum 

Cooled to Specific to Non-specific to Normal 
donor RBC donor RBC (group AB) 
+22°C 0-677 + 0-098 0-533 + 0-080 0-166 + 0-085 
oc 0:510 + 0-002 0-313 + 0-074 0-239 + 0-129 
— 196° ¢ 0-064 + 0-088 — 0:041 +0103 0-606 + 0-129 


Antisera used in all experiments were ortho undiluted 
immune group B anti-A and group A anti-B. Only one 
lot of each was used. Normal serum was provided from 
a single group AB blood donor. 

Specimens were incubated for 3 h in a Warburg bath 
at 35° C and afterwards final lactic acid and the frequency 
of motile cells were determined. 

The hypothesis is that glycolysis of human sperm, 
measured as mg lactic acid produced, is altered as a 
function of (a) incubation with ABO isoantibodies, 
(b) exposure to low temperatures, or (c) by both. It was 
tested by covariance analysis, to show whether there is 
a significant regression of lactic acid production on 
temperature for each serum, and whether the adjusted 
means for lactic acid differ between sera. Sera were 
categorized for this purpose as specific to the ABO blood 
phenotype of the semen donor, non-specific and normal 
(group AB). 

This analysis shows a negative regression of glycolysis 
on temperature in sperm incubated with either specific 
(r= —0-06, P<0-001), or non-specific (r= — 0-05, 
P < 0-001) antisera. There is, however, a positive re- 
gression of glycolysis on decreasing temperatures for 
cells in normal serum (r=0-05, P<0-01). Comparison 
of regression and residual sums of squares shows that the 
regressions differ (F=17-57, P<0-05), although the 
common regression is also significant (r= — 0-02, P < 0-05), 
Comparison of adjusted means shows that effects of 
specific and non-specific sera were similar, but that 
treatment with normal serum resulted in glycolytic 
rates for all specimens which differed from those in 
specific and non-specific sera. Analysis indicated that 
the major changes occurred as a result of sperm freezing 
to —196° C, although the direction of these changes 
was apparent after the sperm cooled to 0° C. 


il 
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These experiments demonstrate that low temperature 
treatment, of the kind entailed by freezing preservation, 
alters the glycolytic function of human sperm in the pres- 
ence of ABO isoantibodies. These alterations are sig- 
nificantly different from those which occur as a result 
of incubation with isoantibodies without application 
of low temperatures. It is possible that prezygotic 
selection exists in the ABO system!*4, and that the 
direction of this selection may be changed by exposure 
of the sperm to low temperatures. 

This work was supported by US National Institutes 
of Health and Ford Foundation grants. 
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5-n-Buty!-2-dimethylamino-4-hydroxy- 
6-methylpyrimidine: a Systemic 
Fungicide 


DURING a search for systemic fungicides it was found that 
5-n- butyl -2-dimethylamino-4-hydroxy-6-methylpyrimid- 
ine (I) gives exceptionally good control of powdery mildew 
(Sphaerotheca fuliginea (Schlecht)) on cucurbits, particu- 
larly when applied to the soil as a liquid or in granules. 
The compound has very low mammalian toxicity, with 
LEDs, values (female rats) of 200-400 mg/kg (interperi- 
toneal) and > 4,000 mg/kg (oral). 


Me, ZÀ „OH 
l (I) 


5-n-Butyl-4-hydroxy -6-methy]-2-methylthiopyrimidine 
reacts with dimethylamine acetate to give 85 per cent 
(F), which is also obtained (50 per cent) by condensation 
of ethyl-a-n-butyl acetoacetate with NN-dimethylguanid- 
ine sulphate in the presence of sodium methoxide. 5-n- 
Butyl-2-dimethylamino-4-hydroxy-6-methylpyrimidine (1) 
forms colourless needles, melting point 
102° C, from ethanol. We found: C, 
63-1 per cent; H, 9-2 per cent; N, 20-2 per 
cent, and calculated for C,,H,.N,0; C, 63-0 
per cent; H, 9-3 per cent; N, 20-3 per 


cent. The ultraviolet spectrum (in meth- 
anol) exhibits two major peaks, Amax 
229 TEL (Emax 15,500) and Amax 304 mu COOH 


(Emax 7,700); infrared absorption in the 
1,500-1,700 cm~ region occurs at 1,650, 
1,600 and 1,530 (pyrimidine) em. 
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In trials in commercial glasshouses, 0-25 g of (1), 
applied in 20 ml. of water around the base of cucumber 
plants when the first spots of mildew appeared on the 
foliage, eradicated the infeetion and maintained the plants 
free of the disease for at least 6 weeks. 

Very efficient. disease control obtained with one or two 
such treatments improved the quality of the fruit, 
markedly increased the yield, and prolon ged the hfe of 
the plants, in comparison with standard fohage fungicide 
treatments. 

Preliminary experiments suggest that this compound 
is leosely adsorbed onto soil particles, which act as a 
reservoir from which it is slowly taken up through the 
roots into the transpiration stream, afford) ng prolonged 
disease control at extremely low concentrations in the 
leaves. After treatment with 0-25 g per plant, residues 
in cucumber fruits have been below the present limit of 
detection (0-2 p.p.m.). 

The combination of systemic action, low mammalian 
toxicity, and lack of detectable residue in the fruit offers 
the prospect. of a novel and valuable method of control 
of powdery mildews on cueurbits. 
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Amino-acid Conjugation in Bacteria 


We have shown! that Arthrobacter simplex is capable of 
converting chohe acid into 4-(2-carboxyethyl-5-oxo- 
iaf,y(#)-dimethyl-3ac-hexahydroindan-1$-butyric acid (1). 
Our continued interest in defining the intermediates and 
reaction sequence, involved in the complete oxidation of 
the cholic acid molecule, has prompted us to investigate 
the metabolism of the acid (1), A. simplex is not able to 
utilize (I) as the sole carbon source at a significant rate. 
It has been found, however, that Corynebacterium equi, 
cultured in a medium containing (I) as the sole source of 
earbon, produces a mixture of the conjugates of amino- 
acids with (I) and the further degradative products of (I) 
and that one of the conjugates is (IIa), N-{40-(2-carboxy- 
ethyl)-5-oxo-7a$,y(R)-dimethy]-3aa-hexahydroindan-1 f- 
butyryl ]-L-alanine?. Hutzinger and Kosuge? hav : described 
the similar isolation and identification of N -(indole-3- 
acetyl)-L-lysine formed from indole-3-acetic acid by cul- 
tures of Pseudomonas savasianoi. 

Continuing our study, we found that exposure of (I) 
to C. equi produced at least three amino-acid conjugates 
besides (ITa). These products, except for (IIb), could 
not be isolated as crystals, but comparisons by infrared 
and/or nuclear magnetic resonance methods of the pro- 
ducts and their methyl ester derivatives with the authentic 
(IIa) and its methyl ester suggested that these products 


are conjugates of amino-acids with (I). Furthermore, when 


Io, R=-CHs 
COOH co b, R=—CHə- CHo- COOH 
= 2 NH c. R=~CHg:CH2- CONH, 
CH:R d, R=~CHp-CHg- OAc 
d COOH e, R=-CHz-CH20H 


COOH 
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these products were hydrolysed with hydrochloric 
acid, the first product gave glutamic acid and (1), the 
second gave glutamic acid, ammonia and (I), and the last 
gave homoserine, homoserine lactone and (I). In the last 
case acetyl was also detected. On the basis of these 
data the structures of the products were assigned as 
(IIb), (IIe) and (Hd), respectively, and these structures 
were confirmed by partial synthesis, as follows. The 
dimethyl ester of (I) was first converted into 4a-(3-hydroxy- 
propyl) - 56 -hydroxy - 7a$,y(2) - dimethyl - 3ax - hexahydro- 
indan-i8-butyric acid as deseribed before®. This acid 
was condensed with N-hydroxysuccinimide inm the 
presence of dicyclohexylearbodiimide according to the 
method of Lapidot et al.*. The resulting ester (melting 
point 144°-147-5° C) was oxidized with chromic anhydride 
to yield the half-ester of (1), 1-(1(2)-methyl-3-succinimid- 
oxycarbonylpropyl)-5-oxo-7a8-methyl-3a«-hexahydro- 
indan-4a-propionic acid (melting point 124-5°-126° C). 
Then a synthetic method of N-acyl-amino-acids by Lapi- 
dot et al.* was applied to this half-ester to yield the com- 
pounds (Hb), (IIe) and (Ie). The t-glutamic acid con- 
jugate (IIb) could be crystallized only as its sodium salt 
with a melting point of 188°-195° C and [a]?? + 18-0 + 1-2° 
(c= 0-471 in water) and the t-glutamine conjugate (IIc) 
gave an amorphous powder with melting point 56°- 
59° C and [a]} +176 + 1-0° (c=0-563 in ethanol). The 
methyl esters of these compounds (IIb) and (IIc) were 
completely identical in all respects (infrared and nuclear 
magnetic resonance spectra and mixed thin-layer chroma- 
tography) with the esters of the products (IIb) and (IIc), 
respectively, obtained from the incubation mixture. The 
L-homoserine conjugate (IIe) was obtained as its sodium 
salt with melting point 155°-157° C and [a1 +76 + 05° 
(c= 0-986 in water). (IIe) was treated by an O-acetyla- 
tion method for hydroxy-amino-acids®, and gave an oily 
mixture of (IId) and the lactone of (IIe). The mixture 
was esterified with diazomethane, chromatographed, and 
gave the pure oily dimethyl ester of (ITd), ekg 3,420 
(NH). 1,737 (acetate and ester), 1,703 (ketone), and 1,674 
and 1,502 (amide) em-!. Identity with the ester of the 
product (IId), obtained from the incubation mixture, was 
determined by infrared and nuclear magnetic resonance 
comparisons and mixed thin-layer chromatography. 
The L-configuration of alanine in (IIa) had been con- 
clusively established®, and so the configuration of amino- 
acids in the products (IIb)—(IId) could be t-configuration. 
Further studies on this optical isomerism of amino-acids 
and the further degradation of (I) are in progress. 

Such amino-acid conjugates may not be normal inter- 
mediates in the degradation pathway of (I) by C. equi 
and the function of the conjugation in the bacterium is 
unknown. The isolation and characterization of these 
products, however, might be interesting with regard to 
comparative biochemistry, because the conjugation of a 
foreign compound with glutamine which is known in 
animals® has also been observed in the bacterium. 
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Recovery of Normal Capacity to form 
RNA in Acriflavine by Bacteria 
damaged by Ultraviolet Light 


THE acridine dye, aecriflavine, in a concentration which 
has no effect on unirradiated bacteria, limits the increase 
of RNA in a culture of Escherichia coli strain Bjr exposed 
to ultraviolet hght!-*. Setlow4 has shown that dyes of 
this class repress excision of pyrimidine dimers, and it 
seems probable that the dye limits the formation of RNA 
by this mechanism, and that the photochemical lesion 
involved is the pyrimidine dimer. I> have shown, how- 
ever, that acriflavine inhibits the formation of DNA in 
bacteria damaged by ultraviolet hght through interaction 
of the dye with some non-photoreversible lesion which is 
presumably not a dimer, and I supposed’ that such 
damage could also be responsible for the effeet of the 
dye on RNA formation. In this investigation [ have 
sought to determine the nature of the photochemical 
lesion responsible for the effect of the dye on RNA 
formation in bacteria damaged by ultraviolet light by 
investigating the photoreversibility of this effect in strains 
of E. colt both with and without the capacity for photo- 
enzyme splitting of the pyrimidine dimer. I have also 
sought to show that recovery of RNA formation through 
dark repair processes’ is complete by studying the recovery 
of the normal capacity to produce 305 and 508 ribosome 
in the presence of the dye. 


Table 1. EFFECT OF LIGHT EXPOSURE ON ACRIFLAVINE LIMITATION OF RNA 
ACCUMULATION WITH E. coli STRAINS Hir 30 ap Hir SOR EXPOSED fo 
ULTRAVIOLET LIGHT 


Relative amount of RNA with incubation Gnin} 
An me 160 


Strain and treatment 60 al} 


Hir 30 (nonphotoreversible} 


CV 1-53 70 2-33 2°36 
UV+PR 145 1-79 2°08 2°47 
UV+AC 1-2 132 1°28 1-25 
UV+PR+AC 1:22 1-36 1-28 1-26 
A/r 30R (photoreversible) . 
UV 1°40 1-79 2-08 2°29 
UV+PR 1-45 1:96 2:45 306 
UV+AC 1-28 1-34 1-34 1-4] 
UV+PR+AC 1:42 1-82 1:05 2°32 


For H/r 30R, 1-0 equals 20-2 ug of RNA/ml. of culture. For Nir 30, 1-6 
equals 21:0 ug of RNA/ml. of culture. Culture growth procedures and 
irradiation techniques have been described before, Log phase cultures of 
these bacteria were divided into two subcultures after exposure to ultra- 
violet (UV) light (400 ergs/mm*). The subcultures were either exposed to 
intense white light (PR) or held in the dark for 80 min at &° C (ref. lih The 
subcultures were then rapidly warmed to 37° C, divided inte two parts and 
incubated with aeration with or without acriflavine (AC). They were sampled 
for RNA content at the indicated times. The acriflavine concentration was 
1 agimi. The technique for chemical and spectrophotometric determination 
of RNA has been described before**. Both Hir 30 and Hir 30R require 
arginine for growth and 20 ug/ml. L-arginine was added to the minimal 
growth medium. 


When acriflavine was added, immediately after exposure 
to ultraviolet ght, to an incubating culture of E. coli 
Hfr 30 (ref. 6) (a mutant strain lacking capacity for photo- 
reversal response because of loss of the enzyme required 
for the photoenzymatic splitting of the pyrimidine dimer’) 


a 


the start of incubation). The exposure of the culture to 
photoreactivating light before incubation did not modify 
the effect of acriflavine on RNA formation. With strain 
Hjr 30k (a revertant strain which has regained the 
capacity for photoreversal response’), however, exposure 
to photoreversing light before incubation with the dye 
resulted in almost complete recovery of the capacity for 
RNA formation. The most plausible interpretation of 
these results is that photoreversible pyrimidine dimers in 
the DNA are responsible for most, if not all, of the post- 
irradiation effect of dve on RNA formation. It is evident 
that the non-photoreversible damage induced at this dose 
which results in the blocking of DNA replication in the 
presence of the dye has little or no role in the effect of 
the dve on RNA formation. 
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Fig. 1. Recovery of capacity for incorporation of *H-uridine into ribo- 


somal components of a culture of E. coli strain Br exposed to ultraviolet 
light. The culture growth procedures and irradiation techniques have 
been described before, A log-phase culture of E. coli Bir was divided 
into three subcultures after exposure to 400 ergs/mm? of ultraviolet light. 
Acriflavine (1 gg/ml.) was added to one subculture immediately after 
irradiation (O-- ©). Toanothersubculture, acriflavine was added after 40 
min ofincubation following irradiation ( #§-—™@). No acriflavine wasadded 
to the third subculture({]---()). *H-uridine (New England NuclearCorp., 
Boston, Mass.) was added, to a concentration of 15 ugiml., and activity 
0-5 wCi/ml., to all three subcultures after 40 min of incubation and 
samples were taken after 90 min of incubation, ‘The cells were Ivsed with 
a chilled French pressure cel] at a controled pressure of 10.000 Ib/ 
in.®, The high resolution density gradient analysis technique of Britten 
and Roberts was used for separating the ribonucleoprotein particles 
and the soluble RNA. Radioactivity was determined by plating 0-1 mi. 
of each 0-5 mil. fraction (previously collected by the punctured tube 
drop method) onto filter paper disks and (after washing and drying 
the disks) counting therm in a Packard scintillation counter. The accumu- 
lation of an acriflavine~RNA complex as indicated by absorption of the 
fractions at 465 nm was determined for the subcultures which had 
received acriflavine at time zero ( A) and after 40 min of Incubation (A). 
The significance of this accumulation is unknewn but appears to have no 
relation to the effect of the dye on RNA formation. 


The results suggest that the process of repair-restitution 
which results in excision of the dimers and restoration of 
the DNA to its normal state also results in restitution of 
the capacity for normal formation of RNA, so that the 
dye is unable to affect this process. Recovery of the 
capacity to form the larger RNA macromolecules incor- 
porated into ribosomes in the presence of the dye would 
be an indication of the completeness of restoration through 
dark repair processes. The results show that recovery of 
RNA formation involves recovery of the normal capacity 
to form 308 and 50S ribosomes (Fig. 1). When acriflavine 
was added, immediately after exposure to ultraviolet 
light, to an incubating culture of E. coli strain B/r there 
was a considerable repression of incorporation of labelled 
uridine into the 305 and 505S ribosomes during the sub- 
sequent test period lasting from 40 until 90 min after 
exposure. When, however, the addition of acriflavine was 
delayed for 40 min, allowing time for dark repair and 
recovery of DNA replication! , incorporation of labelled 
uridine into the 305 and 505 ribosomal fractions equalled 
that of a culture to which no dye had been added. Thus 
restoration of the damage which resulted in the inhibition 
of ribosome formation was relatively complete in 40 min. 
The data suggest that the pyrimidine dimers left in the 
DNA because of the action of the dye interfere with RNA 
formation and that the elimination of dimers by dark 
repair mechanisms results in normal RNA synthesis and 
ribosome formation even in the presence of the dye. 
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Carcinogenic and Chronic Effects of 
4,4’-Diaminodiphenylmethane, an 
Epoxyresin Hardener 


4,4’- DIAMINODIPHENYLMETHANE (DDM) (I) has been in 
use in the rubber industry as an epoxyresin hardener 
and such like om an ever increasing scale for more than 
20 years. This compound belongs to the elass of aromatic 
amines, certain of which are known to be carcinogenie for 
animal and man, and to have been the cause of occupa- 
tional bladder cancer!. The hepatotoxic effects of DDM 
in man came to hght in the “Epping jaundice incident’? 
in 1965, in which eighty-four people became ill, some 
seriously, with jaundice after having eaten bread made 
from flour accidentally contaminated with DDM during 
transit. 

Following this incident, the long term effects of this 
compound were tested in a pilot experiment in which 
sixteen rats (eight males and eight females) were given 
four or five doses (approximately 20 mg/rat/dose) of 
DDM, by stomach tube, in the course of less than 8 
months, and then left without further treatment until 
they became ill or died. 

A hepatoma and a haemangioma-like tumour of the 
kidney was found in a male rat, killed 18 months after 
the first dose, and an adenocarcinoma of the uterus was 
present in a female rat that survived 24 months after the 
first dose. Less serious liver lesions (various degrees of 
fibrosis, infiltration of portal spaces and so on) were 
present in most of the rats’. 

The toxicological tests of DDM in various species of 
animals were reperted in 1966 (ref. 5) and these indicated 
great variations in species sensitivity to DDM. For 
example, in cats DDM can induce not only liver damage 
but also blindness. Long term studies of DDM given 
intragastrically five times weekly resulted in liver cirrhosis 
in all the forty-aght rats tested, four of which also 
developed hepatomata and others miscellaneous tumours®, 
Liver cirrhosis wes reported in 1951 in twenty-five rats 
after seven subecutanecus injections of DDM (25 mg each) 
in 5 months’. This evidence suggests that DDM resembles 
in action derivatives of arninofluorene® to which it is 
structurally related (Fig. 1). Although the carcinogenic 
activity of 3,6-diaminofluorene (IT) has not yet been 
reported, the acetyl-derivative of the isomeric 2,7- 
diaminofluorene (IIT) proved on repeated dosage to be an 
effective carcinogen for several organs of the rat®. Thus 
although a single exposure (as in the case of the Epping 
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jaundice incident) is not likely to have serious long term 
consequences, the hazard to workers exposed during the 
manufacture and in the repeated use of hardeners, con- 
taining 4,4’-diaminodiphenylmethane, deserves serious 
consideration. 
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Antineoplastic Activity of 
Clam Liver Extract 


In 1964, Schmeer! observed that extracts of the shucked 
hard clam, Mercenaria mercenaria, were capable of in- 
hibiting the growth of transplanted sarcoma 180 and 
Krebs 2 tumours in white Swiss mice. She named the 
inhibitor mercenene. Hegyeli? found that the amount of 
antitumour factor present in the clams was temperature 
dependent; larger amounts were obtained during the 
summer season and from clams which had been kept in 
warm seawater. We had been studying extracts of 
various species of mollusca for antimicrobial activity®, 
and our work was then extended to study the clam 
extracts for antineoplastic activity. Preliminary data on 
the prophylactic effect of these extracts against tumours 
induced by adenovirus-12 in hamsters obtained in our 
laboratory have been reported previously’. In 1966, 
Judge® reported that ammonium sulphate extracts of the 
clam retarded the appearance of leukaemia in mice infected 
with the Moloney virus and reduced splenomegaly of mice 
infected with Friend virus. 

In a previous communication’, the clam extracts 
showing antitumour activity were prepared from whole 
shucked clams. These extracts contamed large quantities 
of extraneous material which interfered with identification 
and purification of the active factor. More recently, Liu 
and Cipolla! found by using an influenza virus-chick 
embryo system that the liver (digestive diverticulum) of 
the clam contained most of the antiviral activity. Clam 
liver extracts were prepared in our laboratory and experi- 
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Clam liver 

'{1}) Homogenized in Waring blender with 

| distilled H,O (4° C) 10 ml./g, atirred 2 h 
i 


(2) Centrifuged 20 min at 2,000 r.p.m. (4° ©} 


o maaeennenmuanrimamaaricnaruonrian rantir aaa tanta aa aiaa anaa 4 


Residue 





Saperiats 
(discarded) Precipitated with cold EtOH F ponge- 
tration 70%. Stirred 3 h (4° 0) 
Centrifuged 
Precipitate Supernate 
Dissolved in 8% Natl idiscarded) 
(1 ml/g liver} pH 7-4 
Stirred 3 h {4° C} 
£ ie iii 26 min at 2.000 rpm, 
Precipitate Supernate 
(discarded) Dialysec against distilled HO, 48 h {4° i) 


Changecé water once after 24 h 
Filtered through No. 41 Whatman 
Filtrate lyophilized 


Fig. 1. Procedure for preparation of clam liver extract. 


ments conducted to evaluate the activity of these pre- 
parations against mouse leukaemia 11210 (ref, 7). 

Fresh clams were frozen in shells at — 20° C or ~ 50° C 
for 12 h or more and then thawed at room temperature 
for about 1 h before the liver was removed and freed from 
most of its surrounding tissues. The procedure for pre- 
paring the liver extract is summarized in Fig. 1. Average 
weight of a whole shucked clam, including mantle cavity 
fluids, was about 30 g, and the liver about | g. By using 
this procedure the final yield of the dried extracts was 
approximately 0-6 per cent of the wet liver or 0-02 per 
cent of the whole clam by weight. The powdered extract 
was stored at 4° C and resuspended in salme or water 
immediately before use. The chemical properties of the 
extract have been described already’. When extracts 
were autoclaved or heated at 160° C for 1 h the biological 
activity was destroyed. 

In certain doses the extract was also toxie for mice; 
the minimum lethal dose by the subcutaneous route was 
1 g/kg. When repeated doses of 100 mg/kg/day were 
given subeutaneousiy to mice, the site of injection showed 
some degree of localized swelling. The swelling dis- 
appeared soon after discontinuation of injections. At 
certain doses the treated animals did not gain as much 
weight as the untreated controls. 

The technique for testing compounds against £1216 
leukaemia in mice described by Goldin ef al.7 was used 
throughout the experiments. A 10 per cent suspension 
of splenic tissue from leukaemic mice was made and 
further diluted to 1:12 in Hanks balanced salt solution. 
In all experiments, 0:2 ml. of this dilution, containing 
7x 10°-9x 10° leukaemic cells, was implanted sub- 
cutaneously into the right hind leg of each male BDF, 
or DBA, mouse. This inoculum represented approx- 
imately 100 minimum lethal doses. Treatment consisted 
of three to ten daily subcutaneous injections of the 
extract into the left scapular region. Mice receiving no 
treatment or similarly treated with saline served as 
controls. All mice were weighed before treatment and 
again on day 7 after implantation of the leukaemic cells. 

The effect of subcutaneous treatment of the leukaemic 
mice with clam liver extract was extensively studied. 
This treatment was found capable of prolonging the 
mean survival time (MST) of the treated mice over that 
of the untreated controls with clear-cut dose responses. 
Results from a pera experiment with the initial treat- 
ment given on day 1 (1 day after tumour implantation) 
are shown in Table 1. In this experiment, the DBF, 
mice were used and untreated mice exhibited an MST of 
10 days. Treatment with a wide range of doses showed 
that 250 mg/kg/day for 10 days provided the highest 


MST (14 days), an increase of 40 per cent over the con- 
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Table 1. EFFECT OF CLAM LIVER EXTRACT ON L1210 IN DBF, MICE WHEN 
TREATMENT WAS STARTED ON DAY 1 


o Increase 


Group Dose (mg/kg) No. of MST of MST 
Daily Total mice (days) over controls 
1 309 3,000 & 95 —5 
2 250 2,500 & 14-6 40 
3 200 2,000 & 13-0 30 
4 156 1,500 8 115 15 
5 100 1,000 8 12-0 20 
§ 50 500 R 10-5 5 
T 0 20 10-0 0 
(Control) 


MST, Mean survival time, calculated according to the formula of the Cancer 
Chemotherapy National Service Center’, This table shows one typical test 
chosen from thirty positive antitumour tests for more than ten preparations 
of clam liver extracts, using thirty to sixty mice for each test (five to eight 
mice for each test dose). The results were all comparable, with an increase 
of 30-70 per cent of MST of treated mice over controls. The optimal dose 
varied from 70 to 250 mg/kg/day for 3-10 days. In some experiments 
treatment was delayed to 5 days after tumour implantation and MST of 
treated mice was similarly increased. MST in all experiments was caleu- 
lated according to the formula stated here. 


trols. This may be considered as optimal dose for the 
particular preparation. 

Ten additional preparations of clam liver extracts were 
made and similarly assayed, except that the schedule of 
treatment varied in each test. Every preparation showed 
definite antileukaemic activity. The experimental results 
obtained were comparable with those described ulready, 
indicating the consistency of activity exerted by clam 
liver extract. Extracts prepared from the whole clam, 
containing liver, also showed some activity in the same 
test system, in experiments not presented here. Potency 
of the latter preparations was not as high and the activity 
was not as consistent as those obtained with extracts 
made from the liver tissue alone. No special effort was 
made to determine the relative distribution of this activity 
in all organs of the clam other than livers. Preliminary 
studies, however, revealed that certain other parts of the 
clam body also contained the active principle. The liver 
was chosen for this work because it could be dissected out 
easily and probably contained the highest. amount of 
active material. The clam liver extract is not being sug- 
gested as an antileukaemic drug in man because of its 
toxicity and because its activity cannot match that of 
the currently available drugs, such as methotrexate. In 
fact, methotrexate was used for positive control in our 
experiments and it usually increased the MST by 110 per 
cent or more when the optimal dose, 3 mg/kg/day. was 
given subcutaneously to the leukaemie mice from day ] 
to day 7. The observation of antileukaemic activity in 
clam liver represents an interesting biological phenomenon, 
and further study on the origin and chemical nature of 
the active principle might lead to useful implications. 
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Plasma Spermine Oxidase 
in relation to Fermentation in 
Hippopotamus Stomach 


THE communication by Thurston, Noirot-Timothée and 
Arman! is of interest to the enzymologist. The authors 
relate the occurrence of ciliate protozoa in the stomach 
of Hippopstamus amphibius, a non-ruminant ungulate, to 
the fact that in this species, as in the ruminants, fer- 
mentation takes place in the stomach. 

Some time ago it was found that the spermine oxidase 
of blood plasma was essentially restricted to ruminants; 
all the members of the two sub-orders Ruminantia and 
Tylopoda that. were tested contained this enzyme. It is 
known that many non-ruminants contain a similar plasma 
oxidase without activity on spermine and related poly- 
amines. It was suggested that the ability to oxidize 
polyamines was connected with the type of fermentation 
peculiar to the digestive tract of these animals. 

A few occurrences of spermine oxidases in the plasma 
of non-ruminants, however, were noted. The first of these 
was the hippopotamus, where a plasma spermine oxidase 
was found. This finding, which is of particular interest in 
relation to the observations by Thurston et al., was dis- 
cussed in the hght of similarities between the digestive 
tracts of ruminants and the hippopotamus. 

Another interesting occurrence of spermine oxidase was 
in the blood plasma of two members of the order Hyra- 
coidea, Procavia capensis and Dendrohyrax dorsalis. These 
animals are less closely related to the ruminants than is 
the hippopotamus. The Hyracoidea, however, have a 
digestive tract which also differs markedly from the more 
usual mammalian pattern; it is characterized by the 
presence of a so-called “accessory caecum”. According 
to Grassé*, this compartment contains some unusual 
micro-organisms. 

Since the distribution of spermine oxidase was first 
studied?:*, much has been learnt of the ability of mam- 
malian tissues to synthesize their own polyamines; this 
has added fresh support to the idea that spermine oxidase 
is connected not so much with the presence of endogenous 
polyamines but with the fermentations that oecur in the 
digestive tract of those animals in which this plasma 
enzyme is present. 

H. BLascuKo 
Department of Pharmacology, 
University of Oxford. 
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New Human Haemoglobin Variant 
from Southern Arabia: G-Audhali 
(x23(B4) Glutamic Acid--Valine) and the 
Variability of B4 in Human 
Haemoglobin 


Ix 1966-67 a survey for eleectrophoretically abnormal 
haemoglobm variants was carried out in southern Arabia. 
Samples of venous blood were collected from 2,130 Arabs 
and examined for sickling and signs of thalassaemia, and 
the haemoglobins were screened by electrophoresis on 
cellulose acetate’. The subjects included 234 members 
of the Audhali tribe in whom three sickle cell trait carriers, 
five persons with 8 thalassaemia minor, and two with a 
similar haemoglobin variant were discovered; these two 
are the subject of this report. The variant moved 
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on electrophoresis at alkaline pH behind ` 
haemoglobin A, but faster than haemo- 
globin S in the position of haemoglobin G. 

It amounted to 25 per cent of the total 
haemoglobin. It was found in two men 
from different Audhali villages, and there 
was no known blood relationship; it was 
not seen in any of the other fifteen tribes 
examined, One family study was possible, 
and in this case the variant was found in 
the father and one brother, but not in the 
mother of the propositus. In none of the 
four persons with this haemoglobin was 
anaemia found or any other abnormality 
of the blood. 

It was possible to demonstrate on electro- 
phoresis that there were two haemoglobin ' 
bands in the region of haemoglobin A,: ~ 
one moving like haemoglobin A., and one 
behind it (Fig. 1). This suggested that the 
variant differed from haemoglobin A 
(&:ß:) in its a-chain (o%3,). With two 
æ-chains x and «* two haemoglobims A, 
would be expected: ,3, and «}§,. Subse- 
quently the variant was isolated and hybridized with 
canine haemoglobin®. The ag#nine human hybrid was in 
the normal position, but the «buman geanine hybrid differed 
from the corresponding hybrid formed from a haemoglobin 
A control. This confirmed that the difference between the 
haemoglobin variant and haemoglobin A was a result 
of one of their a-chains. 

The variant was isolated and fingerprints (peptide 
chromatograms) were prepared and examined for a possible 
amino-acid substitution according to methods recently 
summarized**, The fingerprint of the soluble tryptic 
peptides (Fig. 2) showed that «TpIV was absent and that 
a new more positively charged peptide had appeared 
instead. «TpIV contains residues 17-31 of the 141 
residues of the «-chain*, and it is the only peptide which 
gives positive staining reactions for histidine, tyrosine 
and arginine. The new peptide stained positively for 
these three amino-acids. Analysis showed this peptide to 
have the same composition as «ATpIV with one exception : 
it contained one residue of glutamic acid less, and one 
more of valine (Table 1). Table 2 shows that «ATpIV 
contains glutamic acid residues at positions 23, 27 and 30. 
To identify the residues which were replaced, the new 
peptide was digested with chymotrypsin. A chymotryptic 
peptide was obtained which had the same amino-acid 
composition as the first eight residues in aATpIV except 
that it contained an additional valine and that glutamic 
acid was absent (Table 1). It was concluded that the 
replacement of glutamic acid by valine had occurred at 
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Fig. 2. Fingerprint (peptide chromatogram) of the soluble tryptic peptides of haemo- 
globin G-Audhali. 


(1) Area where a4TpIV (residues 17-31 of the a-chain) is missing: 


(2) new peptide (aSTpIy). 


position 23 of the «-chain. Because haemoglobin až Glu+ 
Val 8, has not been described before we decided to name 
this new variant haemoglobin G-Audhali. 


Table 1, AMINO-ACID COMPOSITIONS (MOLAR RATIOS) OF TRYPTIC AND CHYMO- 


TRYPTIC PEPTIDES FROM HAEMOGLOBIN G-AUDHALI 


Tryptic peptides Chymotryptic peptides 


aiy a IV aS17-24 a417-24 
Glu 1-9 3 0 1 
Gly 3:2 3 2-2 2 
Ala 4-2 4 2-1 2 
Val 2-1 1 1:7 1 
Leu oo 1 0 0 
Tyr 07 1 8 l 
His Ov l 0-9 1 
Arg 1-0 1 0 0 
Total residues 15 15 8 ~ 


Table 2, 
Residue 
No. 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 
Val Gly Ala His Ala Gly Glu Tyr Gly Ala Glu Ala — Are 
| 


AMINO-ACID SEQUENCE OF OTpIV IN HAEMOGLOBIN A" 


G-Audhali Val 
Arrows indicate points of chymotryptic cleavage. 


The helical notation for «23 is B4, that is, it is the fourth 
residue in the B helix of the x-chain. Haemoglobin 
Memphis’ has its substitution in the same position: 
x23 Glu-—-Gln. 

While in the «-chain B4 is the twenty-third residue, the 
corresponding ones in the other chains are 822 Glu, 722 
Asp, and $22 Ala. The § and -chains differ in ten residues 
of their 146 (refs. 8-10) and B4 represents one of them. 
Furthermore, among the 146 residues of the 8, y and 
§-chains*-" there are four positions only where all three 
differ, and B4 (8,y,8-22) is one of these. 

Two §-chain variants of human haemoglobin are B4 
(622) Glu-Ala and Glu—>Lys respectively, namely, 
haemoglobins G-Coushatta'? and E-Saskatoon'®. One 
of the three known 8-chain variants of haemoglobin A, 
is haemoglobin A, Flatbush B4 (822) Ala—Glu™. Thus 
the substitution in haemoglobin G-Coushatta makes 
its -chain resemble the 3-chain, and that in haemoglobin 
A, Flatbush removes one of its differences from haemo- 
globin A. B4 is thus the most variable residue in human 
haemoglobin known so far—with three possibilities in 
the «-chain, differences between the three non «-chains 
8, y and 4, three possibilities for the $-chain, and two for 
the §-chain. 

The most likely explanation is not that the gene con- 
trolling B4 is a “hot spot’’ with more mutations than 
others controlling the human haemoglobin molecule, but 
that the place which B4 occupies is at the periphery of the 
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molecule, and has no part in the contact of the polypeptide 
chain with the haem or with the other polypeptide chains 
of the haemoglobin molecule!’. It does not seem to matter 
whether this position is occupied by glutamic acid, alanine, 
glutamine, valine, aspartic acid or lysine, and whereas 
natural selection presumably limits the variety of replace- 
ments at other parts of the haemoglobin molecule, it 
seems to give a freer choice to B4 of human haemoglobin. 


A. J. Marenco-Rowe* 
RAF Hospital, 
Khormaksar Beach, Aden. 
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Assessment of Compositional 
Relatedness between Proteins 


Ir is sometimes desirable to study the possible relation- 
ship of two proteins when sequence data are unavailable. 
Few methods are useful for such an analysis: molecular 
size, functional criteria, genetic localization, end group 
analysis, tryptic fingerprints all have serious shortcom- 
ings. Immunological criteria may be useful when eross- 
reactivity 1s found, but such cross-reactivity is frequently 
one of the earliest common features to be lost. A possible 
useful criterion is amino-acid composition. Despite con- 
siderable changes in protein structure brought about by a 
limited number of sequence changes, the overall composi- 
tion of evolutionarily related proteins can be expected to 
remain quite sunilar. We wish to present a simple method 
for assessing and describing such compositional related- 
ness. 

In our analysis we have treated all amino-acids equi- 
valently. Although in certain cases rare amino-acids such 
as cysteine or tryptophan may tend to be maintained 
through phylogeny, these usually make up such a small 
percentage of the total amino-acid composition that this 
tendency does not critically interfere with the analysis. 
In view of the ambiguity and degeneracy of the code and 
a total lack of information on the physiologically important 
code words in most cases, analysis 1s performed on the 
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Fig. 1. Distribution of DI for set of comparisons listed in Table 1. The 


Di for human haemogiobulin a versus 9 chains, and the range of the 
Dis for light versus heavy immunoglobulin chains ¢ Table 3} are indicated. 


amino-acid composition rather than on any presumed 
nucleotide triplets which code for it. The analysis simply 
calls for tabulating the mole fraction of each amino-acid 
per 100,000 g of protein. 

Two proteins are compared by determining the dif- 
ference in the fractional contents of each amino-acid. 
obtaining the sum of the absclute value of those dif- 
ferences and multiplying that sum by fifty. The result 
is a difference index (DI). Two proteins with no amino- 
acid in common have a DI of 100. Two proteins with the 
same composition have a DI of zero. A sample calculation 
is shown in Table 1. In this way we have compared the 
composition of various proteins and some subunits of 
proteins. Altogether 630 comparisons were made using 
a computer program. DIs for these are shown in Table 
2, and the distribution curve for the values is given in 
Fig. 1. The motive for developing this index originated 
from the suggestion of Singer and Doolittle’ (since sup- 
ported by further sequence data*) that heavy and light 
immunoglobulin chains might have a common origin. A 
comparison of light and heavy chain compositions per- 
formed at that time gave support to their proposal 
(Table 3). Another example of compositional data show- 
ing striking similarity is that for the enzyme triosephos- 
phate dehydrogenase (TPD)". DIs for human TPD 
versus the similar enzyme derived from rabbit, chicken, 
sturgeon and EF. colt are 2-9, 3-3, 5-4 and 7-5 (Table 1). 
respectively. 


Table 1. EVALUATION OF DIFFERENCE INDEX FOR TRIOSEPHOSPHATE 


DEHYDROGENASE OF MAN AND E. eoli 
Moles/10° g 


Amino-acid of protei ie Mole fraction 1 At 
Human #. coh Human E.coli 
Lysine TO 7a 00762 OO777 00015 
Histidine 25 15 80272 O-O161 HOLIE 
Arginine 25 30 O272 0323 0-0051 
Aspartic acid 115 128 00-4252 0-1324 0007 
Threonine 58 76 0631 ORZ 0-0189 
Serine 58 4l 0610 i442 -D168 
Glutamic acid 61 63 Ü- 0864 00-0680 00-0016 
Proline 35 25 0-0381 0-0269 QV OLT2 
Glycine GR BR 1067 09050 0-O117 
Alanine 90 103 0-0930 0-4112 0-0132 
Vatine 7E Sa HOBO 0-0950 0-0090 
Methionine 25 20 0-0272 OO215 0-0057 
Isoleucine 54 4s 00588 -O0518 0-0070 
Leucine 54 55 {+0588 0-O626 0-0038 
Tyrosine 25 23 00272 002485 TORZA 
Phenylalanine 3R 30 00413 00323 0-0090 
Tryptophan 10 23 -0108 0-0248 0-0140 
G18 926 1-14.96 


Difference index 50 x 0-1496 = 7-5. 


The DI seems to provide a useful way of expressing 
compositional relatedness. Needless to say, the interpreta- 
tion of such relatedness must be approached with caution. 
It can rule neither in nor out certain important relation- 
ships. For example, as may be seen in Table 2, hen egg 
lysozyme has a DI of 22-6 against bovine lact albumin. It 
has recently been shown™ that these two proteins have 
approximately 35 per cent sequence homology. Clearly 
such a relationship would have been unsuspected from 
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Table 3. COMPOSITIONAL COMPARISON BETWEEN IMMUNOGLOBULIN CHAINS 


Frequency of equi- 
valently low DI 


Protein Type Chains compared DI in set of 630 com- 
to, parisons (Table 2) 
aT yG-Horse y vs. light Lis 0-016 
38 vG-Rabbit y vs. light Od 60-0065 
BRA yG- Rabbit Fd* vs, light 9-8 0-0065 
39 vG-Human y vs. light T4 < 0016 
40 yM-Human u ys. light 74 < 00016 


Amino-acid composition data were obtained from the following sources: 
protein number: 387, 38, 39, 40: ref. 12: 838A: ref. 13. These data do not 
discriminate between x and 4 light chains. 


* Fd is that portion of the heavy chain which is found in the active (Fab) 
fragment of immunoglobulins. Present evidence suggests!-* that the heavy 
chain gene may have arisen through duplication of a gene coding for a poly- 
peptide the size of the Fd fragment. This latter gene may in turn have arisen 
from a still earlier gene which coded for a polypeptide 1/4 the size of the 
heavy chain (1/2 the size of the light chain) and which may have been the 
common ancestral gene for both the immunoglobulin chains. 


the compositional analysis. When judicially used, how- 
ever, it should be another helpful criterion for comparing 
proteins. 
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Simultaneous Recording of Membrane 
Potential, Calcium Transient and 
Tension in Single Muscle Fibres 


EXCITATION-CONTRACTION (E-C) coupling in skeletal 
muscle is a series of events leading from membrane 
depolarization to the production of tension’, One of 
the more important intermediary processes is a transient 
increase in the sarcoplasmic calcium concentration (cal- 
cium transient?) during the rising phase of tension, We 
have simultaneously recorded changes in membrane 
potential, calcium transient and tension during a single 
contraction of an isolated muscle fibre. 

Single musele fibres from the barnacle Balanus nubilus? 
were injected with the calcium-sensitive bioluminescent 
protein, aequorin, as described before*, except that the 
injection solution was potassium phosphate buffer, pH 6-1. 
The purification and properties of aequorm have already 
been described by Shimomura, Johnson and Saiga‘. The 
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muscle chamber which we described before? was re- 
designed to allow the vertical insertion of a dual intra- 
cellular electrode system. The intracellular stimulating 
electrode was a well-chlorided silver wire, its uninsulated 
region extending almost the full length of the fibre (1-8— 
2:0 em). The intracellular recording electrode was a 
platinum wire, with a small uninsulated region about 
8-9 mm from the tendon end of the fibre. The output 
from the recording electrode was connected to the input 
stage of a cathode follower. The calcium-mediated light 
output when the fibre was stimulated was recorded with 
an RCA 6342A photo-multiplier tube and the isometric 
tension responses monitored with an RCA 5734 mechano- 
electric transducer. In addition to these three channels, 
a fourth contained a lem calibration pulse and the 
stimulus mark. These four channels were connected to 
the input stages of a “Tektronix 565° oscilloscope and 
single sweeps were photographed using a Grass C4 camera. 

The results illustrated in Fig. 1 indicate the effect of 
increasing the stimulus strength at constant stimulus 
duration. Stimulus A resulted in just detectable light but 
no detectable tension. As the stimulus strength is in- 
creased, 6, C and D: the rate of rise of the membrane 
response and the maximum membrane depolarization 
increase; the rate of rise and the maximum height of the 
calcium transient increase; and the maximum rate of rise 
and the maximum height of tension increase. The 
maximum height of the calcium transient occurs soon 
after the cessation of the stimulus and corresponds 
temporally to the maximum rate of rise of tension. The 
maximum tension is achieved at the conclusion of the 
calcium transient and thus is increasingly delayed because 
the conclusion of the calcium transient is delayed. The 
time constant for the exponential fall of the calcium 
transient 1s approximately 80 ms. 

In Fig. 2, the results illustrated indicate the effect of 
increasing the stimulus strength at constant stimulus 
duration. This record was taken at a faster sweep rate 
but on the same fibre as Fig. 1, and shows the delays 
involved in the onset of both the calcium transient and 
tension. In single Balanus fibres, increasing the stimulus 
strength at constant duration results in a shorter delay 
(latent period) between the onset of the stimulus and the 
onset of tension®:*. The records shown in Fig. 2 indicate 
that the shorter latent period can be accounted for by a 
decrease in the delay between the onset of the stimulus 
and the onset of the calcium transient. 


> Bo 
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Fig. 1. Effects of increasing stimulus strength at constant stimulus 
duration. Trace 1, membrane potential; trace 2, calcium-mediated 
light output; trace 3, isometric tension; trace 4, 1 em calibration pulse 
and stimulus marks. Nominalstrengths: 4,20; B, 90; C,3-5; D, 40. 
Nominal duration: 200 ms. Calibration, vertical: 1, 20 mV; 2, 38x 
10-* lumens: 3, 6 g: 4, 1 V calibration pulse; horizontal, 100 ms. 
Temperature: 11°-12° ©. Fibre: 3.8.4.1437, 
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The results illustrated in Fig. 3 indicate the effect of 
increasing the stimulus duration at constant stimulus 
strength for a different fibre. In these conditions the 
delays between the onset of the stimulus and the onset of 
. the calcium transient and the onset of tension are constant. 
The calcium transient reaches its peak soon after the 
cessation of the stimulus and thus the delay between the 
onset of the stimulus and the peak of the calcium transient 
increases with increasing stimulus duration. At the dura- 
tions used in Fig. 3, the heights of the calcium transients 
increase with increasing stimulus duration. 

The delay between the onset of the stimulus and 
maximum tension increases with increasing delay in the 
fall of the calcium transient, while the peak of the 
calcium transient occurs simultaneously with the maxi- 
mum rate of rise of tension. 

When square current pulses are delivered by full fibre- 
length plate electrodes (from a low impedance source), the 
onset and the peak of the calcium transient are closely 
coupled to the onset and the cessation of the stimulus 
pulse? In the case reported here, where membrane 
depolarization is achieved by an intracellular stimulating 
electrode, the much longer time constant partially 
accounts for the increased delay between the onset of the 
stimulus and the onset of the transient. But it is important 
to point out that the delay cannot be accounted for solely 
by the time taken for the membrane to reach a fixed 
membrane depolarization (threshold) in order to inrtiate 
the calcium transient (Fig. 2). Similarly, the delay 
between the cessation of the stimulus and the beginning 
of the exponential fall of the calcium transient cannot 
be accounted for solely by the time taken for the mem- 
brane to repolarize to some fixed potential. Instead, it 
would seem that this delay, which becomes shorter at 
long stimulus durations, could be the result of some 
cumulative process occurring during the course of the 
depolarization. 

Thus the detailed relationship between the membrane 
potential and the § shaped rising phase of the calcium 
transient is undoubtedly complex, for this must account 
for the way in which the membrane depolarization (an 
electrical event) mediates the mobilization of intracellular 
calcium (a chemical event). 

The results given here substantiate our earlier sugges- 
tion of a limited relationship between the first derivative 
of tension and the calcium concentration during the rising 
phase of tension (ref. 2 and our unpublished results), In 
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Fig. 2. Effects of increasing the stimulus strength at constant stimulus 
duration. Trace i, membrane potential; trace 2, calcium-mediated 
light output; trace 3, isometric tension; trace 4, 1 em calibration 
pulse and stimulus marks. Nominal strengths: A, 2-0; B, 2-5; C, 3-5; 
DÐ, 40. Nominal duration: 200 ms. Calibration, verticali: 1, 20 mV; 
2, 38x10 lumens; 3, 5 g; 4, 1 y ealibration pulse (indistinct); 
horizontal, 50 ms. Temperature: 11°-12°C. Fibre: 3.5.4.1428. 
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Fig. 3. Effects of increasing the stimulus duration at constant stimulus 
strength. ‘Trace 1, membrane potential; trace 2, calclum-mediated 
light output; trace 3, isometric tension; trace 4, 1 em eallbration 
pulse and stimulus marks, Nominal durations (ma): 4, 50; B, 100; 
3 150; D, 200. Nominal strength: 4-0. Calibration, vertical: 1,20 my; 
2, 19x10 lumens; 3, 5 g; 4, 1V calibration pulse (inditineti 
horizontal, 100 ms, Temperature: 11°-12°C. Fibre: 2.5.2.1478. 





addition, these results show that this relationship extends 
over a considerable range of both stimulus strengths and 
stimulus durations. The calcium transient at these stimu- 
lus durations appears to be composed of at least two 
distinct phases: a rising phase which is mediated by the 
membrane depolarization, and a falling phase which is 
a simple exponential decay. 

This work was supported in part by a traimng grant 
from the National Institutes of Health, US Public Health 
Service, and by a Public Health Service grant to Dr 
Graham Hoyle. 
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L-Glutamate at Insect Excitatory 
Nerve-Muscle Synapses 


Tue release of acetylcholine from vertebrate motor nerve 
terminals has been demonstrated several times since the 
original observation by Dale and his colleagues im the 
1930s, and identification of acetylcholine as the trans- 
mitter at vertebrate nerve-muscle synapses now Booms 
well established. At locust and grasshopper musele 
synapses, however, where acetylcholine has no pharma- 
ecological action!.*, it has been suggested that L-glutamate 
mediates transmission at excitatory synapses*-* and 
y-aminobutyric acid mediates transmission at inhibitory 
synapses?*, This communication reports studies on the 
release of glutamate from endings of peripheral excitatory 
axons (motor axons) in the locust, Schistocerca gregaria. 
The effects of iontophoretic application of L-glutamate 
to locust muscle fibres have also been studied in an 
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Fig. 1. Relation between frequency of stimulation and the amounts of 

amino-acids appearing in the medium bathing a retractor unguis nerve- 

muscle preparation of the locust Schistocerea gregaria. The muscle was 

stimulated indirectly for 30 min at various frequencies, with an interval 

of 1 h between each period of stimulation. Note the relative increase in 

the amount of glutamate between the frequency range of 10/3 and 30/s. 
©, Alanine: A, aspartate; @, glutamate: [1], glycine. 


attempt to pinpoint the site or sites of action of this 
substance. 

Isolated metathoracie retractor unguis nerve-muscle 
preparations were usede”, A preparation was fixed in a 
perfusion bath and equilibrated with locust saline by 
continuous slow perfusion (approximately 250 ml./h) over 
a period of about 4 h. This procedure was adopted to 
ensure complete removal of amino-acids from the muscle 
extracellular space. This is a necessary precaution because 
locust blood contains high concentrations of amino-acids’. 
The flow of saline was then interrupted and the retractor 
unguis nerve was stimulated electrically at different 
frequencies for periods of 30 min. At the end of each 
period of stimulation the saline (approximately 2 ml.) 
surrounding the preparation was collected and tested for 
amino-acids, using an amino-acid analyser’. The pre- 
paration was rested for 1 h besween each period of 
stimulation and during this time it was perfused con- 
tinuously with saline. 

The amino-acid analyses of saline samples from one 
preparation are shown in Fig. 1. Results from other 
preparations differed only quantitatively. Four amino- 
acids were found in the bathing medium: glutamate, 
alanine, glycine and aspartate. In the absence of nerve 
stimulation only minute quantities of these substances 
were recovered from the bathing medium at the end of 
a 30 min test period. During nerve stimulation, however, 
the amount of glutamate released into the bathing medium 
mereased markedly. The concentrations of the other 
three amino-acids also increased but on a much smaller 
scale. The amount of glutamate released did not increase 
in direct proportion to the number of stimuli applied to 
the retractor unguis nerve, the release being maximal 
with a stimulation frequency of 15/s. 

10 w/v 5-hydroxytryptamine (5HT) completely blocks 
transmission at locust excitatory nerve-muscle synapses 
and, thereby, abolishes the indirect mechanical responses 
of the retractor unguis muscle fibres‘. When 10- w/v 
5HT was added to the bathing medium, about twice the 
normal amount of glutamate was released during stimu- 
lation at 10/s. The amounts of the other three amino- 
acids released during nerve stimulation were unaffected 
by this indolalkylamine. 

Nerve-muscle transmission in the locust is potentiated 
by calcium ions and depressed by magnesium ions®. Both 
these substances appear to aet by specifically controlling 
the amount of transmitter released from the motor nerve 
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terminals*. If glutamate is released from the terminals 
of locust motor axons, it seems reasonable to expect that 
the amount of this amino-acid appearing in the bathing 
medium during nerve stimulation will increase when the 
calcium concentration of the bathing medium is raised 
and decrease when the magnesium concentration is raised. 
When the calcium concentration of the bathing medium 
was increased from the normal level of 2 mM to 4 mM 
and 6 mM, respectively, the amount of glutamate 
released from the preparation, during stimulation of the 
retractor unguis nerve at 10/s, was markedly increased 
above normal (Table 1). There was also an increase in 
the amount of alanine released, although the concen- 
trations of glycine and aspartate appearing in the bathing 
medium did not change significantly. In the presence of 
low concentrations of magnesium ions (2 mM and 4 mM) 
transmission at locust excitatory nerve—muscle synapses 
is only slightly depressed®, yet the amounts of amino- 
acids released during nerve stimulation were so small 
in these conditions that they could not be measured 
accurately (Table 1). From these preliminary studies it 
seems reasonable to eonclude that glutamate and the 
other three amino-acids are released from the nerve 
endings. More detailed studies of the effects of mag- 
nesium and caleium ions on the release of glutamate 
during nerve stimulation at different frequencies are in 
progress. 


Table 1. RECOVERY OF AMINC-ACIDS, DURING NERVE STIMULATION AT 10/5, 
IN DIFFERENT CONCENTRATIONS OF MAGNESIUM AND CALCIUM IONS 


Norma 
Saline 2 Catt 4 Cate 6 Catt 2 Ca++ 2 Catr 
0 Mgt+ O Mgt O Mgt+ 2 Mgr 4 Myr? 
Alanine aoe C-OO07 OOO7T2 we - ae 
Aspartate G-O008 ©0004 om wo ane 
Glutamate B02 HOLA 0-0064 Shes we 
Giycine OT {0010 0-0021 omes “me 


_ Concentration of amino-acids in «m/mi. Concentration of inorganic ions 
ü The resting release of amino-acids was not measured in this experiment. 
The small amounts of glutamate released from resting 
preparations could be accounted for by the spontaneous 
release of transmitter from the endings of the motor 
axons, although the possibility that some of the resting 
release of glutamate originates from other structures 
cannot be discounted completely. There are, presumably, 
sufficient nerve endings to account for the quantities of 
glutamate found in the saline surrounding a resting 
nerve-muscle preparation, because insect muscle fibres 
are multiterminally innervated. The release, during nerve 
stimulation, of three other amino-acids along with gluta- 
mate does not affeet the validity of the suggestion that 
glutamate is the transmitter at locust excitatory nerve- 
muscle synapses, because both alanine and glycine are 
pharmacologically inactive at these synapses and aspartate 
is about 100 times less active than glutamate’. Also it 
seems probable from the results of these preliminary 
studies that the release of these three amino-acids from 
the endings of the motor axons is only loosely coupled to 
the release of glutamate. because the amounts of 
alanine, glycine and aspartate released into the bathing 
medium do not increase markedly as the stimulation 
frequency is increased. It is possible, however, that these 
amino-acids are reabsorbed by the nerve and jor musele 
tissue more rapidly than glutamate. It has been suggested 
that the observed decline in the amount of acetylcholine 
released from rat and guinea-pig isolated diaphragm 
preparations at high stimulation frequencies is caused by 
failure of nerve conduction™. This could also explain the 
decline in the amount of glutamate released from locust 
nerve-muscle preparations as the stimulus frequency is 
increased beyond 15/s. Alternatively, this decline could 
be a result of depletion of transmitter from the endings 
of locust motor axons. 

The effects of 5HT on the release of glutamate from the 
locust preparation are significant, because this substance 
is known to block transmission at insect excitatory nerve- 
muscle synapses, possibly by competing with the trans- 
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mitter for receptor sites on the post-synaptic membrane’. 
It follows therefore that the amino-acids appearing in 
the bathing medium during nerve stimulation must come 
from nervous rather than muscular tissue. The fact that 
addition of 5HT to the bathing medium increases the 
amount of glutamate released during nerve stimulation 
indicates that the glutamate-receptors on the post- 
synaptic membrane could be responsible for the destruc 
tion of this amino-acid. This argument is reinforced by 
the absence of any increase in the amounts of glycine, 
aspartate and alanine released in the presence of 5HT. 
Receptor inactivation by 5HT would 
accumulation of glutamate at the synapses 
increase in the amount of this substance 


and an 
released into the 











Fig. 2. (aand ò) Intracellular recordings 
to iontophoretic application of L-glutamate 
electrode close by an ext itatory nerve-muscle svnapse: 


sensitive sites, 
abolish contractions of muscle fibres during nerve stimulation. 


electrode. 


extracellular (middle trace) and intracellular (lower trace) responses to a small quantity of glutamate applied iontophoretically to the 
are illustrated. The glutamate ejection current is shown in the upper trace of this record 
the glutamate response, but transmission at the synapse below the extracellular recording electrode failed on this oi 


EPSP was recorded 


result in the 


hora 


(6) graded responses to increasing glutamate ejection currents, | 
(lower traces) and extracellular (upper traces) EPSPs recorded from retractor unguis muscle fibres w ith the extracellul 
Preparation perfused with saline containing 40 mM magnesium (substituted for sodium) to reduce height of EPSPs 
Retractor unguis nerve stimulated at a fr quency of 1/8 
recording electrode was moved a few microns away from the synaptic areas the extracellular EPSPs disappeared 
traces are superimposed to illustrate variable height of extracellular EPSP 
(e)and (f). These are miniature potentials resulting from the spontaneous release of transmitter at the sy napse below thi 

The intracellular recording electrode was too remote trom this sy napse t 
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bathing medium. Destruction of a synaptic transmitter 
by postsynaptic receptors 1s not a new lt has 
previously been proposed to account for the removal of 
acetylcholine and noradrenaline from cholinergic’ 
adrenergic!? synapses, respectively. In the locust ıt would 
seem possible that the enzyme responsible for the break 
down of transmitter is either associated with or incor 
porated into the receptors at the « xcitatory nerve—-mus { 
Glutamate decarboxylase‘ 


idea 


and an AMIMOLTAnS 


Synapses, 


erase? have been suggested as possible enzymes i 
volved in removal of glutamate from locust excitatory 


giutamate 


Transamination of L 
could account for the appearance of aspartate and alanine 
in the medium bathing the stimulated preparation 


nerve—muscle synapses. 
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l pper traces, monitored glutamate ejection currents 
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ar electrode ut utamat 
ji 
When the extracellular 
In (¢) and (f) a number o 
Spontaneous EPSPs accompany the response to stimulation 
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These results support the suggestion that glutamate 
is the transmitter at locust excitatory nerve-muscle 
synapses. It has already been shown that muscles of the 
locustë-5:7, grasshopper’, cockroach®* and mealworm 
larva (unpublished data of P. N. R. U.) are excited by 
topical applications of L-glutamate. The specific site of 
action of this substance has been pinpointed by applying 
L-glutamate iontophoretically to muscle fibres of locusts 
and mealworm larvae. The results were quite conclusive. 
Only very circumscribed areas on the muscle fibres were 
sensitive to glutamate, the magnitude of the glutamate 
response at these sites being directly proportional to the 
amount of glutamate ejected from the glutamate electrode 
(Fig. 2a and 6), and these areas coincided with excitatory 
synaptic sites (Fig. 20-7). The synaptic sites were identified 
by using an extracellular microelectrode to record the 
excitatory postsynaptic potentials (EPSPs) (Fig. 2c, e 
and f). u-Glutamate therefore acts only at the excitatory 
synapses and has no effect on the non-synaptic membrane 
of these insect muscle fibres. Because glutamate responses 
are obtained at the excitatory synapses when neuro- 
muscular synaptic transmission has been completely 
blocked by magnesium ions’ and glutamate sensitive sites 
are still found on denervated locust muscle fibres when 
the endings of the motor axons have degenerated, it 
seems reasonable to conclude that L-glutamate receptors 
are at least located on the postsynaptic membrane com- 
ponent of the excitatory synapses. It will now be necessary 
to show the storage and/or synthesis of this amino-acid 
in the terminals of the excitatory axons, so as to demon- 
strate convincingly that it is the excitatory transmitter. 

Part of this work was supported by a grant from the 
US Pubhe Health Service to P. N. R. U. 

Note added in procf. The results of iontophoretic 
application of Lt-glutamate described here confirm those 
recently obtained by Beránek and Miller (Beránek, R.., 
and Miller, P. L., J. Physiol., 196, 71P; 1968). 
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Absorption by the Rat of Alginate 
labelled with Carbon-14 


Sopium alginate is usually present in trace amounts in 
prepared foodstuffs but, because of its effectiveness in 
inhibiting strontium absorption, the addition of larger 
amounts to the diet has been proposed as a means of 
protecting a population exposed to dangerously high 
levels of strontium-90 in the food”. The fate of ingested 
alginate, however, has been the subject of relatively few 
investigations; one report® concluded that gastrointestinal 


NATURE, VOL. 219, SEPTEMBER 14, 1968 


absorption of alginate varies from 3-88 per cent. Experi- 
ments are described here, showing that there is no signi- 
ficant absorption of alginate by rats from a diet in which 
the alginate is present in the proportion used to inhibit 
strontium absorption. 7 

The brown seaweed Laminaria digitata was harvested 
from rocks at Branscombe (Devon) at low tide during the 
months of August and September. The algae were cut 
about 3 in. either side of the junction of stipe and frond, 
and the terminal portions of stipe and frond were dis- 
earded. The remaining growth zones were incubated in 
oxygenated seawater containing sodium bicarbonate 
labelled with carbon-14 for periods of up to 42 h, with 
intermittent exposure to hght. 

Alginic acid was extracted according to the method of 
Wold’, neutralized with sodium hydroxide, and water- 
insoluble material was removed by prolonged centrifuga- 
tion. Sodium alginate was precipitated from the clear 
supernatant with industrial methylated spirits. Two 
derivatives were prepared by partial hydrolysis of the 
extracted alginate with normal hydrochloric aecid™ for 
5 h and 18 h. 

The sodium content of the products was determined 
by flame spectrophotometry after wet ashing the P,O,- 
dried material. Limiting viscosity numbers were de- 
termined by extrapolating to zero concentration viscosity 
numbers determined in 0:1 N NaCl. 

The labelled alginates were fed as 10 per cent of the 
diet to 10 week old rats which had been starved for 24 h. 
In the first series of experiments the animals were housed 
overnight in metabolism cages, and collections of total 
urine and faeces were made separately. Seventeen hours 
after feeding, the rats were injected with a lethal dose of 
sodium pentobarbitone and about 5 ml. blood were col- 
lected from the abdominal aorta. The gut contents were 
washed out and combined with the faeces. 

In the second series of experiments the rats were housed 
in closed glass vessels and their expired carbon dioxide 
was washed through by a current of air and collected in a 
mixture of 20 per cent ethanolamine and 80 per cent 
2-methoxyethanol'. Blood samples were again taken 
after 17 h. Faeces and urine were not collected. 

The radioactivity in alginate, urine, faeces and plasma 
samples was determmed after complete conversion 
to CO, by oxidation with 50 per cent hydrogen per- 
oxide and concentrated sulphuric acid (ref. 12, and 
our unpublished results), The “CO, evolved was 
absorbed in ethanolamine/2-methoxyethanol and the 
activity was determined after the addition of scintillant 
(2:75 g PPO dissolved in 165 ml. of 2-methoxyethanol and 
diluted to 500 ml. with toluene). Samples (0-5 ml. or 
1-0 ml.) of plasma were transferred directly to the oxida- 
tion flask; the total urme which was collected was diluted 
to a known volume, and 10 ml. samples were dried before 
oxidation. Faeces were collected directly into a homo- 
genizing flask, gut contents were added, and the mixture 
was homogenized, diluted to a known volume, and aliquots 
were dried before oxidation. Preliminary experiments 
showed that there was no loss of activity caused by drying 
the urine and faeces samples. 

The expired carbon dioxide was collected m three 
samples of absorbent (250 ml., 50 ml. and 25 ml., respec- 
tively) connected in series. 

A total of 1-75 kg of weed was incubated and gave a 
total of 104 g of labelled sodium alginate. Of this mater- 
ial, 47-5 g was purified by centrifugation to give 31:2 g of 
an off-white fluffy solid (product 1). A further 30 g was 
hydrolysed for 5 h giving 14-2 g of produet, 10 g of which, 
after further purification, gave 7-7 g of a white powder 
(product 2). A further 20 g of the original alginate was 
hydrolysed for 18 h to give 4:8 g of a white powder 
(product 3). Results of investigations carried out on these 
products are shown in Table 1. The sodium analyses 
agree with an equivalent weight of 198 for the anhydrous 
sodium salt, and the limiting viscosity numbers of products 
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Table I. ALGINATE ANALYSIS 
Product Sodium content Limiting viscosity Specific activity 
(mg/g) number (c.p.m.) 
1 112 10-1 641 
2 113 O21 709 
3 113 0-13 698 
Table 2, PERCENTAGE RECOVERY OF CARBON-14 IN FAROES, URINE, PLASMA 


AND EXPIRED CO, 17 h AFTER FEEDING LABELLED ALGINATE TO 10 WEEK 


OLD RATS 
Product Faeces Urine Plasma/ml. CO, 
2 01-4 O-L1 0-007 — 
3 5-6 0-16 0-03 = 
2 m —_ 0-002 21 
3 ao — 0-007 0-42 


2 and 3 are of the same order as those reported for the 
alginate derivatives fed to rats and humans*’, 

Table 2 shows the recovery of radioactivity in faeces, 
urine, plasma and expired CO, from rats fed products 2 
and 3. Each value was the mean of two observations. 
Because of its very high viscosity product 1 was found to 
be an unacceptable dietary additive, 

Recoveries of carbon-14 in urine, plasma and expired 
carbon dioxide show that alginate absorption in these 
conditions of feeding is negligibly small. The 10-15 per 
cent loss of marker may be a result of incomplete recovery 
© of faeces, but the possibility of sequestration of material 
_ labelled with carbon-14 in tissues cannot be excluded. 

We thank Mr T. E. F. Carr for botanical advice, Dr 
G. E. Harrison for reading the typescript and Jill Pollard 
and Mark Loader for technical assistance. 
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MRC Radiobiological Research Unit, 
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_ Total Rate of Body Turnover of 

` Selenium-75 in Rats 

< Tae biological significance of selenium as an essential 
. micronutrient and toxic agent provides great impetus to 
< the studies of its metabolism’. The distribution of 
_ selenium in the various organs of the body has been 
= established’, and its metabolism—as determined by 
© methods based on its excretion in faeces, urine and 
exhaled air—has been reported?-*. Isotopically labelled 
selenium (Se) offers two methods for studying the 
metabolism of this element: direct measurement of radia- 
tion coming from an animal, and the difference between 
the injected dose and the cumulative activity in the excreta. 
The latter method is generally less satisfactory because of 
the errors caused by the inaccuracy in collecting the excreta 
in quantity. 

This report describes the total turnover rate of ™Se 
in the body by total body gamma counting in rats and its 
excretion in faeces and urine. Eight female rats of the 
Holtzman strain weighing 285 + 4 g were kept in individual 
cages at a temperature of 28° C, and fed a Rockland rat 
pelleted diet. Food and water were supplied freely. 
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Selenium-75 in an acid form (H,"°SeO,) was obtained 
from Squibb (New Brunswick, NJ) pharmaceutical 
laboratories. Each rat received 0-5 uCi of Se intraperi- 
toneally and was placed in a metabolism cage so that 
urine and faeces could be collected. Simultaneously, 
0-5 uCi of Se was diluted to 500 ml. and used as a 
standard. The total body activity of Se was determined 
using a 2 v liquid scintillation whole body counter? 
three times for the first 24 h, once daily for 5 days and 
once every other day for 10 more days. Faeces and urine 
were collected daily. The volume of urine and homo- 
genized faeces was made up to 500 ml. and the activity 
was assayed by the whole body counter. Sai 

A typical whole body count of Se is presented in Fig. 1. 
The A portion of the curve represents diffusion (mixing) 
of the “Se in the body. The B portion is an organ prefer- 
ential and hence a reciprocal of the differential uptake 
time of the different pooling centres within the body. 
In the portion C, body equilibrium-—that is, re-utilization 
and excretion at constant rates—had been reached. The 
C part of the curve is that period when the material has 
been “‘fixed”’ in the tissues of the animal body as defined 
by the effective half-life. 

Analysis of the A portion of the curve provides insight 
into the optimal method or methods of administration of 
Se. The B portion presents a picture of the reciprocated 
rate of uptake. By definition, these two portions A and 
are not measurements of the effective half-life, and their 
physiological meaning is not yet clear, so they were not 
subjected to further analysis. The total body turnover 
rate of Se (K) can be calculated from the linear com- 
ponent of the portion C extrapolated back to zero time. 
K=A,—A,,/15, in which A, is the natural logarithm 
of Se activity at zero time, and A,, is the natural logar- 
ithm of the activity at 15 days post injection. The 
exponential component: (K) is interpreted as the rate of 
degradation of the administered "Se or replacement of 
tagged by untagged selenium/unit of time, and is thus a 
measure of the turnover rate of selenium. An alternative 
expression for K is the biological half-time (Tp) of 
selenium. Tg is equal to the natural logarithm of 2 
divided by K. Tp is defined as the time required for the 
body to eliminate one-half of the administered dose of 
18e. This should not be confused with the effective half- 
life (T's) which is the time required for “Se, fixed in the 
tissue of an animal body, to be diminished 50 per cent’. 
The Tg results from the combined action of the radioactive 
(physical) decay (Tp) and the biological elimination 
(Tz) as shown by the equation 


In this study the mean Tg and T's were estimated to be 
12:2 and 11-1 days, respectively. The mean fractional 
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Fig. 2. Rate of excretion of Se in faeces (@) and urine (©). 


total body turnover rate (A /day) was 0-0567 (Table 1). 
This is conveniently expressed as per cent/day (K x 100). 


BIOKINETIC CHARACTERISTICS OF RADIOSELENIUM TOTAL BODY 
TURNOVER RATE IN RATS 


Tz (days) Kiday x 100 
11-1+0-92 (8) O67 + 0-06 (8) 


Table 1. 


Tz (days 
12-2 + 1-1 (8) 


Number between parentheses represents number of animals. 


Apart from the biokinetic characteristic values of 


Blincoe’, comparison of the data (Table 1) with previously 
published work is difficult because selenium metabolism 
was carried for periods of less than 50 h. Also, other 
studies measured excretion rather than retention and 
often ignored one of the three routes of excretion (urine, 
faeces and exhaled air). Blincoe® stated that total 
excretion of 48 per cent of the dose was shown in the 
first 24 h. The present study showed urime and faecal 
excretion to be about 28 per cent of the dose, however. 
The excretion in urine and faeces throughout the experi- 
mental period is shown in Fig. 2. It is surprising that the 
Se is excreted in approximately an equal amount in 
faeces and urine. The pattern of excretion was changed 
trom a very rapid rate during the first 4 days to a slower 
rate during the following 11 days. This pattern corre- 
sponds nicely with the point where the portion C of the 
curve in Fig. 1 begins. The higher rate of excretion in 
faeces in the first 24 h may be largely a result of the 
unabsorbed selenium which was not equilibrated in the 
various tissues. Still, it is not clear why the rate of faecal 
excretion was similar to that of the urine. This may be 
partially explained by rapid incorporation of selenium 
into organic forms and/or contamination between the 
faeces and the urine during the collection period. 
This work was supported by a US Public Health 
research grant from the Division of Environmental 
Engineering and Food Protection. 
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Histochemical Demonstration of 
Myoglobin in Skeletal Muscle 
Fibres and Muscle Spindles 


Most muscles are composed of a mixture of two types of 
muscle fibre which cau be shown to differ in myoglobin 
content. Slow type | fibres are narrow, contain numerous 
mitochondria and are poor in glycogen and phosphorylase. 
Fast type 11 fibres are broad, contain few mitochondria 
and are rich in glycogen and phosphorylase!. It has been 
assumed that type 1 fibres are rich m myoglobin and these 
are termed red. Type 11 fibres are assumed to be poor 
in myoglobin and are termed white. Similarly, it has been 
assumed that the large nuclear bag fibres of muscle spindles 
are poor in myoglobin and that they contract rapidly. 
The smaller nuclear chain fibres would be expected to be 
rich in myoglobin and contract slowly. No comprehensive 
survey of the myoglobin content of muscle fibres has 
previously been reported. Knowledge of the precise 
distribution of myoglobin in extrafusal and intrafusal 
fibres would throw light on the function of myoglobin and 
muscle spindle activity. 

Histochemicaliv, the peroxidase activity of myoglobin 
in tissue fixed with glutaraldehyde converts benzidine in 
the presence of peroxide to the primary reaction product 
(PRP) benzidine blue. Non-enzyme oxidation of the PRP 
to form benzidine brown, the final reaction product (FRP). 
then follows. Myoglobin has been demonstrated in the 
extrafusal and intrafusal fibres of the mouse, rat, guinea- 
pig, cat, rabbit, macaque monkey and man. Small blocks 
of muscle (1-2 mm) were fixed in a mixture of 10 ml. of 
25 per cent glutaraldehyde (K, 0-34) added to 100 ml. of 
0-067 M phosphate buffer at pH 7-4 for 4 h at room tem- 
perature. Blocks of tissue must not exceed this size if 
penetration is to be complete. Frozen transverse sections 
were cut 50u thick and floated into 10 ml. volumes of 
saturated aqueous solutions of benzidine, o-tolidine, 
o-dianisidine and 3-3’ diaminobenzidine. To each incu- 
bating medium 0-25 ml. of 6 per cent hydrogen peroxide 
was added and the reaction was allowed to proceed at 
room temperature for 30 min. Three minutes after the 
addition of the peroxide the sections turned green and 
within 10 min they turned brown. During the neubation 
period no reaction products appeared in the benzidine, 
o-tolidme and o-dianisidine media. The diaminobenzidine 
medium turned brown because of the diffusion of the 
FRP. Sections mounted in DPX are stable for at least 
a year. Sections incubated in benzidine, o-tolidine and 
o-dianisidine media showed the same pattern of staining, 
but benzidine was found to be the best substrate. 3-3’- 
Diammobenzidine FRP underwent diffusion and stained 
fibres poor in myoglobin. 

The degree of myoglobin staining in tissue fixed with 
glutaraldehyde was much greater than when formalin 
was used. Considerable deposits of benzidine FRP were 
present in some of the sxtrafusal and intrafusal fibres. 
Some fibres were not stained at all and this resulted in a 
clear mosaic pattern in mixed muscle sections. The 
stained fibres contained a uniform deposit of FRP through- 
out the cell when viewed in transverse section. In most 
of the muscles studied there were several grades of staining 
intensity. The smallest extrafusal fibres were usually the 
most strongly stained whereas a proportion of the largest 
fibres remained unstained in mixed muscles. Fibres of 
intermediate size exhibited several degrees of staiming 
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Photomicrograph of transverse section of cat tibialis anterior 
stained for myoglobin. Five degrees of staining can be seen. 


Fig. 1. 


intensity. In muscles of the mouse and rat there were no 
exceptions to this general rule. In some leg muscles of 
guinea-pig, cat and rabbit several of the largest fibres 
were unstained. Five grades of staining, judged arbi- 
trarily, were noted in the tibialis anterior (Fig. 1), adductor 
magnus and erector spinae. A more detailed account of 
the fibre populations of a large number of muscles and 
muscle spindles will be published elsewhere. 

The pattern of staining of the muscle spindles was 
varied. The possibility that these are different types of 
muscle spindle has been recorded before**. Few spindles 
were noted in white muscles. The most common pattern 
of staining in each of the species examined can be described 
as follows. In mouse and rat spindles the fibres were 
stained more than the extrafusal fibres. The nuclear bag 
fibres stained slightly more than the nuclear chain fibres. 
In spindles of guinea-pig and cat there was an intermediate 
degree of staining. In the guinea-pig, nuclear bag fibres 
were stained more than nuclear chain fibres. Some of the 
nuclear chain fibres were completely unstained. The 
distinction between nuclear bag fibres and nuclear chain 
fibres is greater in the guinea-pig than in any of the 
species examined. In the cat nuclear bag fibres were 
only slightly more heavily stained than nuclear chain 
fibres. Few spindles were examined, however. Rabbit 
spindles were well stained and closely matched the degree 
of extrafusal staining. Almost all the fibres stained 
equally well. It is claimed that all lagomorph spindle 
fibres are of the nuclear bag variety‘. 

Muscle fixed in formalin loses its red colour whereas 
when glutaraldehyde is used there is no change. Myo- 
globin is inactivated much more rapidly by formalin 
than by glutaraldehyde. Solutions (0-4 per cent) of horse 
myoglobin were added to samples of formol-saline and 
the glutaraldehyde preparation. After 4 h at room tem- 
perature the peroxidase activity in the two myoglobin 
solutions was compared by the benzidine method. Residual 
activity was much greater in the glutaraldehyde-treated 
myoglobin solution. 

It has been claimed that myoglobin is bound to the 
myofibrils, but it is possible that this represents a false 
localization®. Inactivated sections of mixed muscles 
incubated in a used 3-3’-diaminobenzidine—-peroxidase 
medium show uniform staining of the muscle fibres. 
Benzidine brown does not stain inactivated sections and 
myoglobin is not bound to tissue sections from solution in 
the presence of glutaraldehyde. 

Previous attempts to localize myoglobin in muscle 
fibres have usually entailed the use of formalin fixed 
tissue®-1!, In these conditions, the microcrystalline 
deposits could be caused by mitochondrial cytochrome ¢ 
peroxidase®!%13, Glutaraldehyde eliminates this possible 
artefact, for cytochrome c is destroyed by this fixative". 
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Peroxidase methods are more sensitive than the in- 
direct fluorescent antibody technique which failed to 
differentiate between myoglobin-poor and myoglobin-rich 
fibres in mixed human muscles*. 

It has been suggested that the in vivo function of 
myoglobin is to augment oxygen diffusion in the same 
way that this pigment augments oxygen diffusion in vitro 
between permeable membranes'*-!*. The essential feature 
of this theory is that myoglobin is free to undergo trans- 
lational movement. The histochemical evidence seems to 
suggest that myoglobin is unable to undergo such move- 
ment. 

It may prove that myoglobin-rich fibres contract more 
slowly and for longer periods than myoglobin-poor fibres. 
On this basis the nuclear bag fibres would be expected to 
contract slowly and the nuclear chain fibres rapidly. This 
has recently been suggested and would explain results of 
earlier physiological experiments?’ *, 

The present nomenclature is both inconsistent and mis- 
leading. The terms red and white should refer specifically 
to myoglobin-rich and myoglobin-poor fibres demon- 
strated histochemically, and not to a specific fibre type. 


NicEL T. James* 
Department of Human Anatomy, 
University of Oxford. 
Received April 1; revised June 25, 1968. 
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Influence of Decompression Procedure 
on Heart Viability after Long-term 
Storage using Hyperbaric Oxygen 
and Hypothermia 


HYPERBARIC oxygen associated with hypothermia seemed 
to be a valuable procedure for the preservation and storage 
of organs destined for transplantation, as assessed from 
functional studies of transplanted kidneys stored with or 
without perfusion’. This technique has been used suc- 
cessfully for the preservation of hearts for prolonged 
periods (up to 48 h) before heterotopic transplantation, 
unfortunately without any assessment of cardiac con- 
tractility*-*. It has also been used for shorter periods 
before orthotopic transplantation, with some long-term 
survivals’-*. Under normothermia, after exposure to 
oxygen at pressures of 3-5 atmospheres absolute (ATA) 
even for relatively short periods (1-4 h), intact mammalians 
showed marked and irreversible heart and lung changes’®. 
If the toxicity of oxygen determines tissue alterations to 
some extent, the decompression per se must be investi- 
gated and assessed separately because it may contribute 
to bubble formation which is one source of tissue damage. 
The importance of the decompression procedure was 
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stressed by the authors, who were trying hyperbaric 
oxygen in patients with myocardial infarction". The 
purpose of this investigation was to compare the fate 
of rat heart heterotopic transplants after prolonged 
storage under hyperbaric oxygen and associated hypo- 
thermia when two decompression procedures were used. 

Donors and recipients of Lewis outbred strains were 
used. The hearts were perfused immediately after removal 
with a cold (6+ 2° C) Ringer solution. to which low mole- 
cular ‘Dextran’ and tris (hydroxymethyl) aminomethane 
were added. The pH of the solution at 20° C was 7-4; 
1 per cent Lignocaine (10 ml.) and calcium heparinate 
(100 ml.) were added to each 500 ml. of the solution. 
After complete lavage the heart was immersed in the same 
solution and transferred to the pressure tank. Storage 
conditions were as follows: 100 per cent O, 5 atmo- 
spheres absolute pressure, +4° C+1° C for 17 to 234 h 
duration. In nine experiments (series A) decompres- 
sion was done stepwise, periods of 5 min decompression 
being alternated with 30 min stops; the total decompres- 
sion period lasting about 1 h. In eight other experiments 
(series B) decompression was of the anaphrotropic type 
lasting from 1 h 45 min to 2 h 30 min (Fig. 1). In three 
control experiments, hearts were kept for 17 to 24 h in 
the tank under hypothermia without pressure. The trans- 
plantation technique as originally described by Abbott et 
a. was modified in such a way that end to side aorto- 
aortic and cavo-pulmonary anastomoses were per- 
formed'*-4, Graft function was assessed regularly by the 
rate and rhythm of the heart beat and by electrocardio- 
graphic tracings. No immunosuppressive therapy was 
attempted. Animals were killed at various intervals from 
6 h to 6 days. Transverse and longitudinal sections of 
heart were prepared and stained by haematoxylin and 
eosin, Masson’s technique and silver impregnation. Six 
additional hearts which had been preserved in the same 
way and decompressed according to either method A or 
B were examined 15 min to 2 h after transplantation. 

The three control transplanted hearts preserved under 
hypothermia alone showed no pulsatile activity. In series 
A only three transplants showed sustained electrical 
activity after the operation (24-48 h). Only one trans- 
planted heart maintained a regular rhythm after 24 h 
(Fig. 2). 

All of the eight transplants of the B series resumed 
their contractions immediately after release of the aortic 
clamp, and within the observation period (up to four days 
postoperatively) they maintained a regular rhythm with 
only one exception. The rate of the transplanted heart 
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Fig. 1. Decompression schedule used after rat heart storage. Curve A 

corresponds to predetermined steps (nine experiments); curve B joins 

the mean values of pressure levels (+ S.D.) at various times during pro- 
gressive decompression (eight experiments). 
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Fig. 3. Progressive inerease in the rate of contraction of a transplanted 
heart after heterotopie transplantation (series #), progressive decom- 
pression), 


varied greatly from one animal to another. Fig. 3 illus- 
trates the progressive changes in heart rate observed in 
one animal of series B. In this B series only one trans- 
planted heart was not beating when the recipient rat was 
killed at 48 h after the operation. Two grafts of series B 
had a grossly normal appearance at the time the rats 
were killed 100 h after the operation. 

An early postoperative interstitial oedema was found 
in sections of the myocardium of the animals killed soon 
(15 min-2 h) after the transplantation; four of these 
were hearts decompressed in stepwise fashion (series A) 
and two were hearts progressively decompressed (series 
B). In the latter oedema was more prominent, a striking 
contrast with the better heart contractility observed in 
this series. Such an oedema may be a transient phen- 
omenon, because it was not seen in sections prepared 
from the two well-preserved grafts of series B which were 
still functioning when the rats were killed 100 h after 
transplantation. Apart from the beginning of the rejection 
process, these two transplants had a normal myocardial 
appearance as seen in Fig. 4. A diffuse necrotic process 
was consistently observed in the other grafts from animals 
killed at 48 h whatever the decompression schedule, the 
left ventricle being overwhelmingly involved (Fig. 5). 
Intrasarcoplasmic haemorrhages were also commonly 
found; no bubbles were seen in either vessels or fibres. 
In every case a cellular histiomonocytic infiltration was 
detected beginning at the forty-eighth hour along with 
the early stage in atrophy of the myocardial fibres. 

Several factors, including the washing procedure, 
trauma and massage, must be taken into account when 
the pathogenesis of the tissue damage seen in these pre- 
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Fig. 4. Rat 483, 4 days survival (series B, x 48), There is no myocardial 
alteration in the left ventricular myocardium, Subepicardial cellular 
infiltration in relation to an early rejection process may be observed. 





Fig. 5. Rat 293, 48 h survival (series A, haematoxylin and eosin stain, 
x 48). Myocardial fibre’s necrosis. Severe interstitial oedema and myo- 
cardial necrosis, 


served hearts is considered. Left ventricular necrotic areas, 
either superficial or deeper in the heart tissue, have been 
observed, in fact, only occasionally by us and others'*-'* 
in non-preserved transplants of either the isogenic or 
allogenic type. Thus the heterotopic transplantation 
technique used seemed adequate for the testing of the 
storage procedure itself. The restart of the heart action 
after release of the aortic clamp, and above all the main- 
tenance of a regular rapid heart rate, were the best means 
to assess viability. The persistence of electrical activity, 
however, does not necessarily mean that the contractile 
mechanism has been perfectly preserved. From this point 
of view the hearts submitted to progressive decompression 
appeared to be in much better condition than the hearts 
stored in the same way but abruptly decompressed. 
Nevertheless, except in the two instances where the 
integrity of the heart after 4 days was histologically 
demonstrated, all of the progressively decompressed 
hearts were severely damaged. Neither arterial nor 
venous thrombotic phenomena were seen but alterations 
in the fibres (sarcoplasmic vacuolization and/or sarcolysis, 
nuclear pycnosis, irregularity or loss of striation) which 
may culminate in a total necrosis were observed. 

Preservative effects of hyperbaric oxygen on tissue or 
organs remain controversial, and some authors have 
challenged the so-called ‘“‘metabolic inhibition” supposedly 
caused by high pressure oxygen. We have found that 6h 
storage under hypothermia alone did not induce any 
detectable change in the postoperative behaviour of 
transplanted rat hearts. Storage for 24 h, however, under 
deep hypothermia alone used in our control experiments 
did not protect the heart against oxygen lack. 
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Although there are still no precise studies on optimal 
conditions of myocardial preservation with hyperbaric 
oxygen and hypothermia, our results emphasize the 
possible part of the decompression process itself. It is 
possible that a continuous anaphrotropie schedule will 
reduce the hazards inherent in decompression, that 1s, 
bubble formation, and it also may reduce the decompres- 
sion time’?. In fact, the poor results obtained in series A 
may be partly the result of the shortness of the 
decompression stage according to the long duration of 
storage. 

Concerning the decompression schedule, our experiments 
with orthotopic heart transplantation in dogs after storage 
periods of 17-24 h (9 atmospheres absolute, 4° C+ 2° C) 
gave results comparable with those in the heterotopic 
transplants of rat heart reported in this communication. 
No heart was resuscitated after stepwise decompression. 
In contrast, progressive decompression after 4 to 6 h 
storage resulted in successful resuscitation in every 
instance. 


But-Monc-HunNG 
M. VIGANO 

J. LEANDRI 

D. LAURENT 
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New Hypothesis of Insulin Secretion 


RELEASE of insulin from beta cells of the islets of Langer- 
hans occurs as a result of the movement of secretory 
granules to the surface of the cells. Here the membranous 
sacs encasing the granules fuse with the plasma mem- 
brane, rupture and liberate the granules into the extra- 
cellular space’. This process is called emiocytosis. 
Although glucose represents the most important physio- 
logic stimulus for the release of insulin from the beta 
cells, it has been shown recently that the rates of secretion 
of insulin are also altered in the presence of a wide variety 
of other agents*. So far, little information is available 
concerning the relationship between the biochemical 
effects of these agents and the process of emiocytosis. 
We suggest here a working hypothesis for the events 
which occur between biochemical stimulation and the 
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It has been shown that colchicine at concentrations of 
10-* M may specifically disrupt the microtubule system 
both in the mitotic spindle as well as at other sites within 
the cells‘. Thus the finding that colchicine inhibits the 
secretion of insulin in response to high concentrations of 
glucose is consistent with the hypothesis that a micro- 
tubule system might be involved in the translocation of 





Fig. 1. Schematic representation of events in the secretion of insulin. 

It is proposed that the granules are interlinked to the plasma membrane 

by a microtubular-microfilamentous system. As a result of stimulation 

th glucose, contraction of this system would result in fusion of the sacs 

encasing the granules with the plasma membrane and ejection of the 
granules into the extracellular space. 


liberation of secretory granules into the extracellular 
space. 

In our earlier ultrastructural studies? we observed that 
granules appear to be released in tandem at specific loci 
on the cell membrane, resulting in the formation of con- 
cavities on the cell surface with cytoplasmic projections 
between the focal areas of release (Fig. 1). Based on these 
observations, we suggest that there is an internal cyto- 
skeleton in the beta cell which would link some of the ie. EEE Ni dnni _ 
beta ules to the cell membrane and would provide g- & A ypical microtubules (arrow) present in the cytoplasm of the 
indie ak ‘ewan Gf weitecllad movement Pa the beta cell of a rat islet of Langerhans, (x e. 40,000.) 
granules within the cell. Thus the internal cytoskeleton 
may be composed of microtubules and contractile fila- 
ments of actomyosin-like material. 

Careful examination of electron micrographs indicates 
the presence of microtubules within the beta cell (Fig. 2) 
and in a few cases a filamentous structure was observed 
linking the sac around a beta granule to the plasma 
membrane (Fig. 3). Because colchicine binds to micro- 
tubules‘ and interferes with mitosis*, phagocytic activity 
of leucocytes* and movement of melanin granules in 
melanophores’, the effect of this agent on insulin secretion 
in the isolated islet was examined. 

The method for the isolation of the islets of Langerhans 
by collagenase digestion of the pancreas has been de- 
scribed previously*. In the experiments reported here, 
islets obtained from Wistar rats weighing 300-500 g were 
incubated in groups of five for 1 h at 37° C in a bicarbonate 
buffered medium containing bovine albumin (2 mg/ml.). 
Glucose (0:3 or 3-0 mg/ml.) and colchicine (Sigma Chemical 
Co., St Louis, Missouri) in concentrations of 10-* to 
10-* M were added to the medium. After incubation, the 
medium was removed and its insulin content was de- 
termined by the immunoassay technique of Morgan and 
Lazarow’. 

The results of these studies are shown in Table 1. 
Colchicine (10-* M) significantly inhibited the secretion 
of insulin in response to glucose although this was not 
the case at lower concentrations of colchicine. Preliminary 
studies indicated that colchicine did not affect rates of 
incorporation of “C-leucine into insulin by the isolated 
islets which suggests that colchicine is acting only on 
the process of release. Electron microscopic examinations 
of the incubated islets indicated no toxic effects of col- Fig. 3. The membranous sac around the secretory granules appears 
chicine on the o rganelles of the beta cells. to be linked to the pence ee eae Dy a filamentous structure 
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Table 1. EFFECT OF COLCHICINE ON INSULIN RELEASE BY RAT ISLETS OF 
LANGERHANS 
Rate of release No. of P value for 
Additions to of insulin obser- differences from 

incubation medium #U/5 islets/h* vations 3-0 mg/ml. glucose 
{Glucose 0-3 mg/ml. 183 +17 il 0-005 
Glucose 3-0 mg/ml. 352 + 46 i2 coe 
Glucose 3-0 mg/ml. + 

colchicine 1 x 10-* M 154421 ii poos 
Glucose 3-0 mg/ml. + 

colchicine } x 10-7 M 2091 +78 § N.S, 
Glucose 3-0 mg/ml. + 

colchicine 1 x 10- M 386 + 80 6 N.S. 


* Means + S.E.M. 


the beta granules within the cells. it is of interest that 
granule movement within melanophores, which also 
possess a microtubule system’, is sensitive to the action 
of colchicine’ and that cyclic AMP may also influence this 
movement'!. With regard to the beta cells, cycle AMP 
has recently been shown to stimulate the secretion of 
insulin??, 
Investigations of the concentration of microtubule 
protein within the islet cells, and of the presence of 
myosin by the use of fluorescent-antibody tochniques are 
in progress. A microtubule-microfilament system within 
the beta cells, as illustrated schematically in Fig. 1, might 
be responsive to high energy intermediates of glucose 
metabolism, and would be consistent with the morpho- 
logical data described earlier. In addition, it would fulfil 
the criteria of sensitivity as well as rapidity which are 
characteristic of the insulin secretion process in vivo. 
This work was supported in part by grants from the US 
National Institutes of Health. 8. L. H. thanks Eli Lilly 
and Co. and the Wellcome Trust for financial assistance. 
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Nicotine, Smoking and Cortical 
Activation 


EvIDENCE has recently been presented which suggests 
that acetylcholine (ACh) is an inhibitory synaptic trans- 
mitter in the feline cerebral cortex':?, Nicotine and 
tobacco smoke, in addition to ACh, have now been shown 
to depress cortical neurones’, and as a result of this finding 
Phillis and York have suggested that “the actions of 
nicotine on humans are a result, at least in part, of an 
action on cortical neurones”. It should be emphasized, 
however, that the doses of nicotine (100-1,000 pg/kg 
injected intravenously or 1-20 ug close arterially) used 
in the experiments of Phillis and York are far in excess 
of those likely to be attained during cigarette smoking. 
The crucial point in any study concerning the relevance 
of the pharmacological properties of nicotine to human 
tobacco smoking is the dose of nicotine necessary to 
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Fig. 1. A, Control electrocorticogram of encéphale isolé cat (2-0 kg) 

in the sleeping state. B, 4 min later immediately following adminietra- 

tion of eighth 2 mi. puff of tobacco smoke. C, 3 min after the tenth 
and final puff of tobaceo smoke. 


produce the pharmacological response’. Armitage, Hall 
and Morrison? have calculated that each time a cigarette 
smoker inhales a puff of tobacco smoke he can be expected 
to receive a dose of nicotine roughly equivalent to between 
l and 2 ug/kg administered intravenously. They have 
also shown that forty such injections given at 30 s intervals 
consistently desynchronized the electrocorticogram in 
cats and increased the amount of acetylcholine collected 
in a cup placed on the exposed cortex. 

Phillis* has previously commented that “the cortical 
arousal system may be cholinergic and the release of 
transmitter from this system is largely responsible for 
ACh at the cortical surface’. Nevertheless, Phillis and 
York’ dismiss the suggestion from previous evidence that 
nicotine may act at some sites by releasing ACh’: despite 
the fact that it has been reported that small intravenous 
doses of nicotine (2—4 pg/kg) release ACh from the cerebral 
cortex’. 

It has been reported briefly® that nicotine (2 ug/ke/30 s) 
causes cortical activation and behavioural arousal in the 
encéphale isolé preparation and in the conscious un- 
restrained cat. Thus the same dose of nicotine which 
caused cortical activation and release of ACh in the 
anaesthetized cat also caused cortical activation and 
behavioural arousal in preparations uncomplicated by the 
presence of an anaesthetic. We now wish to report some 
preliminary observations which confirm that tobacco 
smoke can cause cortical activation and behavioural 
arousal in the cat encéphale isolé. 

A smoking pump has been devised which takes a stand- 
ard 25 ml. “‘man-sized”’ puff of cigarette smoke., The 
facility is available for sampling from 1 to 5 ml. of the 
25 ml. puff. Samples of tobacco smoke can then be 
injected at 30 s intervals directly into the airway from 
the respiratory pump, thus ensuring immediate passage 
of the smoke to the lungs. Chemical analysis of the 
smoke samples has shown that the 2 ml. sample of tobacco 
smoke contains approximately 7 pg of nicotine (approxi- 
mately 2 ug nicotine/kg for a 3 kg eat). 

The encéphale isolé was prepared by transection of the 
spinal cord at Cl under halothane anaesthesia. Following 
infiltration of all wound margins with 2 per cent xylocaine 
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and implantation of cortical recording electrodes, the 
preparation was allowed to recover from the effects of 
the halothane. Two hours later, when the preparation 
had lapsed into sleep (spindle and slow wave activity in 
the electrocorticogram (Fig. 1A), complete immobility of 
the head, eyes closed), 2 ml. “puffs” of cigarette smoke 
were introduced into the lungs. During the eighth puff, 
electrocortical activity became completely desynchronized 
indicating cortical activation (Fig. 1B). Three minutes 
after the final and tenth puff of smoke, the electrocortico- 
gram again became synchronized, exhibiting slow waves 
and spindle activity (Fig. 1C). If the administration of 
tobacco smoke was continued, behavioural arousal also 
occurred. The eyes opened, reacted to visual stimuli 
often accompanied by movement of the ears, jaws and 
vibrissae. In some preparations only three 2 ml. puffs 
were necessary to cause desynchronization and after seven 
or eight puffs behavioural arousal was also observed. 

We believe that these observations are more relevant 
to the pharmacology of tobacco smoking than those 
reported by Phillis and York*. We have been unable to 
modify electrocortical activity by the prolonged topical 
application of nicotine to the exposed cortex although 
nicotine passes readily into the cortical tissue. We would 
not dispute that an action of nicotine on cortical neurones 
may contribute to the overall effect on the brain and 
indeed such an action could be related to our own findings. 
If nicotine indirectly releases ACh from cortical tissue, 
this may result in depression of cortical neurones, them- 
selves inhibitory in nature. Removal of such inhibitory 
influences would result in activation of other cortical 
structures. 
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Arthropod Succession and 
Decomposition of Buried Pigs 


THE decomposition of animals after death is of limited 
aesthetic appeal but very important. Several recent 
papers'~* have described aspects of the ecology of carrion 
on the soil surface or other exposed locations. With the 
exception of a few medico-legal papers*-* that discuss 
arthropods of tombs and graves, little or nothing is known 
concerning the processes of decomposition of animal 
bodies beneath the soil. 

We used baby pigs, Sus scrofa Linnaeus, which were 
stillborn or which died soon after birth and which were 
stored in plastic bags in a freezer until required. 

At Clemson, in the South Carolina Piedmont, we dug 
five burial pits (37x45 em, with depths varying from 
50 to 100 cm) in clay soil of a mixed mesophytie hardwood- 
pine community. A tightly fitted board frame inside 
each pit, near the bottom, prevented the collapse of the 
dirt walls. We put a test animal on the bottom of a pit 
(Fig. 1), then placed a wooden top over the pig and 
covered it with soil. This arrangement formed a coffin 
for the pig. A nylon pipe (4 cm inner diameter) was fitted 
through the centre of each wooden cover and made to 
penetrate the soil surface. Ropes passed through the 
pipe permitted periodic weighing of a carcass by a suspen- 
sion-type balance placed above; the pipe was kept tightly 
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stoppered except when in use. In addition, we placed four 
pigs in wooden boxes and buried them at a depth of 90 
em for observations of their attracted fauna. 

On one coffin we used a transparent acrylic plastic top 
instead of a wooden top, and used lights for obtaining 
a photographie record of decay. Regularly (usually at 4 
or 8 h intervals) we weighed each carcass and observed 
physical condition, colour and odour of carcass, and the 
number and kinds of arthropods on or near the carcass. 

Pig decomposition is a continuous and complex process 
involving five principal stages. Each stage is determined 
by the general physical condition of the carcass and the 
arthropods present. The following generalized description 
is based on observations of nine pigs buried from June 
to November 1966. 

The first stage (fresh) was the period between death and 
initial bloating and lasted approximately 3 days. Ants 
(principally Prenolepis imparis (Say)) arrived at the 
carcass 3-6 h after placement and fed actively on blood 
and exposed, moist skin of the mouth, umbilical cord, 
abdomen and ears (Fig. 2A). Internal tissues began to 
decompose in this stage; diffusion of body fluids resulted 
in blotches of pinkish, bluish and greenish skin diseolora- 
ation. 

The second stage (inflation) began with the visible bloat- 
ing of the abdomen and scrotum, and ended with the start 
of deflation and general decomposition of these areas. 
Even the ears, legs and jaws of the buried pigs became 
bloated. In some cases, bloating was so severe that the 
skin of the abdomen ripped or tore where ants had made 
small punctures while feeding (Fig. 28). Ants and flies 
were the dominant insects in the inflation stage. Sphaero- 
cerids, Leptocera spp., and phorids, Dohrniphora incisuralis 
(Loew) and Metopina subarcuata Borgmeier, arrived by the 
third day and fed on the bloated carcass fluids. 

Bubbles of foam appeared at the ant-feeding sites, and, 
more commonly, at the eyes, mouth and nose. Carcasses 
sometimes had a glossy appearance, probably as a result 
of moisture and oils forced from compressed tissues. 
Psychodids were observed on buried pigs by the fifth 
day. Larvae of sphaerocerids and phorids were actively 
feeding by the seventh day, as deflation began. 

The third stage was marked by deflation and decomposi- 
tion. The extent of feeding by ants and maggots appar- 
ently determined the time and rate of deflation. Escaping 
blood and other fluids congealed on the carcass and soil. 
and discoloration proceeded rapidly (Fig. 2C). The odour 
of decomposition became very strong. By the tenth day, 
flies and maggots were very numerous. Staphylinids’, 
Oxytelus insignitus Gravenhorst and Aleochara spp., 
appeared on carcasses in this stage and fed on the small 
maggots. Only two hymenopterous parasites’, a cynipid 
and a diapriid, reached the buried pigs. 

Fluids were escaping continuously by way of the mouth, 
nose, ears, anus and ant-feeding punctures. Fungal and 
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Fig. 1. 
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bacterial colonies became established on the congealed 
fluids that escaped from body openings. 

In the fourth stage, disintegration, maggots and flies 
were numerous. The maggots of psychodids, phorids 
and sphaerocerids were especially active around the soft 
tissues most of which were now devoured. The outline 
of bones could be seen by the third week after burial 
(Fig. 2D). Arthropods appearing for the first time in this 
stage included mites, collembola, eryptophagids and 
sciarids. Even millipedes*:*, Cambala annulata (Say), 
occupied the carcass, usually after maggots had removed 
most of the body tissues. Colonies of fungi and bacteria 
literally covered the carcass, 

In the latter part of this stage, when most soft tissues 
were gone, the remaining maggots began to migrate from 
the carcass into the soil. Maggots were sometines observed 
in the dark-coloured patches of congealed liquids in the 
surrounding soil. Mites*-*, Caloglyphus sp., and collem- 
bolans'®, Folsomia fimetaria Linnaeus and Hypogastrura 
armata Nicolet, were the principal scavengers from day 
30-60. Mites, especially, were so numerous that they 
gave the carcass a mottled appearance. By the end of this 
stage, most of the bones were exposed; and much of the 
skin and hair was fixed to the bones and to the soil. 

In the final, fifth, stage of the decomposition sequence 
(skeletonization), the hair, skin and remaining tissue 
fragments were disposed of, leaving only the skeleton 
(Fig. 22). Ants, flies, collembola and mites were the 
dominant fauna; but some spiders, centipedes and milli- 
pedes were collected from denuded skeletons. Fragments 
of flesh, hair and skin were gradually worked into the soil 
by insects and mites. Numerous white fungal colonies 
grew on the exposed bones. The soil immediately beneath 
the carcass was so discoloured by putrefying products of 
decomposition that it appeared to cast the pig's 
“shadow” (Fig. 27). The many dead insects scattered 
about on the floor of the pit were frequently eaten by 
ants. 

We collected forty-eight arthropod species (from twenty 
families), twenty-two of which had been collected from 
dead pigs placed on the soil surface in a previous study at 
the same site*:*. Twenty-six of the forty-eight species 
were not implicated in above-ground carrion succession, 
but were found only on buried pigs. Among these twenty- 
six (confined to buried pigs and including four species not 
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Decay curve showing the loss of weight of pig carrion when 
buried during the summer and fall of 1966, Clemson, South Carolina, 


previously described) were two families of mites, Uropo- 
didae and Acaridae, six collembolans, one carabid, one 
scatopsid, one cecidomyiid, four phorids, three sphaero- 
cerids, two milichiids, one drosophilid, one cynipid and 
one diapriid. 

Previous studies have documented the rapid rate at 
which insects dispose of dead bodies on the soil surface*-’, 
but no systematic records have been taken for measuring 
the rate of buried carrion removal. An important objec- 
tive of our research was therefore to determine the rate 
of underground carrion removal; four buried pigs, weighed 
regularly, gave the necessary data (Fig. 3). 

Little removal of carrion occurred in the fresh stage. 
Losses during the first 4 days resulted from the activity of 
ants. In the inflation stage, beginning 4-6 days after 
placement, weight losses became apparent. Many ants 
and small flies, present by this time, helped reduce weight; 
but during days 5-10, the most important cause was loss 
of body fluids—probably the result of bacterial activities 
within the carcass. The sharpest decrease of weight 
occurred between days 10-35, a drop of about 90 per cent 
of original weight to about 40 per cent. This relatively 
rapid loss, chiefly the result of the feeding of dipterous 
larvae, was not really apparent until the beginning of the 
third week. It took several generations of flies to reduce 
the carcass to 20 per cent of the original weight, 6-8 weeks 
after placement. In contrast to the long time required for 
underground carrion removal, 90 per cent of pig carrion 
exposed to insects above ground was removed in 7 days*-*. 

This research was supported in part by an Alumni 
Fellowship from Clemson University, Oak Ridge Associ- 
ated Universities Fellowship, and a grant-in-aid of 
research from the Society of the Sigma Xi. 
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Evolutionary Significance of the 
Thoracic Duct 


In mammals lymph vessels draining the abdominal viscera 
and lower half of the body converge just below the 
diaphragm to form the thoracic duct, a single major 
channel which ascends through the chest and enters the 
venous system on the left side of the neck. Although it 
is recognized that the lymphatic system collects plasma 
protein, absorbed lipid and immunologically active cells 
and protein, the physiological advantage of transporting 
these substances from below the diaphragm through the 
chest to the neck is still obscure. It is usually conceded, 
for example, that surgical ligature of the duct at any 
point in its course is harmless and entirely without 
sequelae. This report clarifies the functional significance 
of the thoracic duct by tracing its evolutionary develop- 
ment to selection of a mechanism which pumps lymph 
into blood. 

Lymph transport: in amphibia, bony fishes and in 
reptiles is accomplished by a series of two chamber 
pumps or lymph hearts which communicate directly with 
lymph cavities at one end and veins at the other. A 
valved thoracic duct and complete absence of lymph 
hearts is first encountered phylogenetically in birds but 
reaches its highest development in mammals. The 
evolutionary pattern suggests that as lymph hearts 
became less efficient relevant to the needs of higher 
vertebrates, nature selected a new evolutionary device 
consisting in part of a valved intrathoracic lymph duct. 

Previous studies concerning comparative aspects of the 
mammalian lymphatic system disclosed two curious 
exceptions to the established evolutionary trend. Jn 
1912 Sylvester found that in South American monkeys 
“... the thoracic duct and right lymphatic duct are much 
reduced. They drain the heart and lungs and the anterior 
portion of the thorax. The diaphragm and posterior 
portion of the thorax are drained back into the posterior 
cava through the lumbar trunk™!. Sylvester also pointed 
out that in New World monkeys lymph from the 
splanchnic area enters the venous system in the abdomen 
at the confluence of the renal veins with the inferior vena 
cava. The second exception described 16 yr later by 
Wislocki? and again in 1965 by Azzali and Dido? occurs in 
tree sloths native to Central America and parts of Brazil. 
According to Wislocki, ‘‘the sloth possesses no thoracic 
duct in cornmunication with abdominal lymphatics and all 
the lymph from the lower extremities and the abdominal 
viscera enters the veins of the abdomen” 

In both the New World monkey and the tree sloth the 
departure from a well established evolutionary pattern 
seems remarkable in view of the fact that (1) Old World 
monkeys studied by identical techniques possess a well 
developed thoracic duct, and (2) animals closely related 
to the tree sloth, including members of the same order 
and suborder and infraorder, the anteater and armadillo, 
also possess a well developed thoracic duct. 

These observations led to the question of whether the 
tree sloth and New World monkey share any functional 
characteristics. The answer in each case is that the 
animal is arboreal and spends much of its life suspended 
upside down from the branches of trees (personal com- 
munication from Michael Simon). 

The bat, a third mammal that characteristically hangs 
upside down, is unrelated in close ancestry to either the 
sloth or the monkey. We have completed preliminary 
studies in four different species cf bat provided by the 
American Museum of Natural History’. The animals were 
examined by methods similar to those used in monkeys 
and sloths, consisting of the administration of coloured 
particulate dye and radiopaque contrast material directly 
into a mesenteric lymph node. Because these studies were 
carried out in preserved specimens of bat, white mice 
were killed, preserved in a solution similar to that used 
for the bat and then examined as controls. The results 
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demonstrate that in all species of bat examined thus far 
the thoracie duct consists of a thread-like structure which 
is barely visible in either the gross specimen or an X-ray 
and that its intrathoracie course appears to terminate in 
the lower third of the chest. In contrast, mice have a 
relatively huge thoracic duct, well developed throughout 
its course from the abdomen to the neck. 

The bat, the New World monkey and the tree sloth 
therefore possess thoracic duets that can only be regarded 
as rudimentary. This designation reealls Charles Darwin’s 
original concept: “Rudimentary organs are either 
absolutely useless or they are of such slight service to the 
present possessors that we can hardly suppose that they 
were developed under the conditions which now exist. 
In order to understand the existence of rudimentary 
organs we have only to suppose that a former progenitor 
possessed the parts in question in a perfect state and that 
under changed habits of life they became greatly reduced 
either from simple disuse or through the natural selection 
of these individuals which were least encumbered with a 
superfluous part’. 

If it is conceded on the one hand that the unique fune- 
tional characteristic shared by all three species is nothing 
more than the habit of hanging upside down and on the 
other that the thorace duct in all three is rudimentary,’ 
then these functional and structural characteristics are 
in all hkelthood related. It seems reasonable to speculate 
that the inverted posture of these three forms allows 
gravity to provide the force for return of lymph into a 
o venous An ane renders & thoracic duct 


brates n are devod of lymph ae the ihördeit 
duct functions primarily as a component of some mech- 
anism which returns lymph against the force of gravity. 
With the recession of lymph hearts and the emergence of 
valved tubular lymphatics lymph flow became dependent 
on exercise, tissue turgor, proximity to a pulsatile arterial 
system and respiration, all mdirect and haphazard sources 
of energy. Specific development of a transthoracic path- 

way as part of an evolutionary device to promote flow is 
clearly related only to respiration. In the same way that 
the respiratory cycle augments the return of venous blood 
to the right heart, intrathoracic suction plus abdominal 
compression during inspiration promotes lymph flow from 
the abdomen into the thoracic cavity. Rise in intra- 
thoracic pressure during expiration then forces thoracic 
duct lymph out of the chest and into the neck. Tem- 
porary impairment to lymph flow at the lymphatic 
venous junction during expiration results in a gradient of 
pressure between the lyinphatic and venous systems. 

With the next mspiration venous pressure in neck veins 
falls and lymph enters the venous system. This mech- 
anism sequentially sueks lymph into the chest and then 
flushes ib out into the neek and into blood. 

„Pimpi ngatur of the thor acic duct does not eliminate 
Ligature is rapidly 
followed by rerouting: of cones ‘through collateral path- 
ways around the ligature. Complete experimental 
obliteration of the thoracic duct and all collateral lymph 
channels from the abdomen through the chest is achieved 
only rarely, but when suceessful results in lethal abnorm- 
alities®. Effects similar to those produced by complete 
experimental obstruction also occur in some disorders in 
man and consist in part of accumulations of lymph in the 
lower extremities and the abdominal and/or thoracic 
cavities. When the thoracic duct is intact but its capacity 
ig overtaxed by excess formation of lymph a different 
derangement results which may also be lethal but is 
secondary to displacement of plasma volume’. 

Temporary suppression of respiratory pumping activity 
leads to reduction in lymph flow which is physiologically 
significant in the lung rather than in the thoracic duet’. 
Alveolar spaces then accumulate excessive amounts of 
capillary filtrate and such patients manifest a so-called 

“wet lung” 
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Carcinogenicity of Tobacco Smoke 
Condensate to Mouse Skin 


In his review of the recently published book Tobacco and 
Tobacco Smoke by Wynder and Hoffmann, Professor Passey* 
draws attention to the discrepancy between results of 
painting cigarette smoke condensate on the skin of mice 
in the United States and Great Britain. Results of 
Wynder et al.*, who obtained in America 44-4 per cent of 
skin carcinomata from a group of eighty-one mice, are 
compared with 3-5 per cent obtained by workers in Great 
Britain. Day’s work is quoted in support of these low 
percentages’, and a figure of 3 per cent of 7,875 mice seems 
to confirm the apparent very low carcinogenicity. This 
total, however, includes 1,320 untreated controls and 
660 mice treated with the solvent control. 

A true comparable incidence can be obtained from the 
figures for the three doses of stored smoke condensate 


(Table 1). 


Table 1 


Date of Initial Tumour-bearing 
Dose start of No. of animals 
experiment animals Total Carcinoma 
Small (75 ma/week) October 880 5:8% 11% 
Medium (150 mag/week) 1962 660 I 3% 4-4% 
Large (300 mg/week) | 660 32-68%, 149% 


Two subsequent experiments (to be published later) 
involving similar material have shown no significant 
alteration of carcinogenicity (Table 2) in contrast to the 
finding of a marked decline in carcinogenicity reported by 
Wynder and Hoffmann‘. 


Table 2 
Date ofstartot Initial No. Tumour-bearing animals 
Dose experiment of animals Total Carcinoma 
300 mg/week August 1964 240 29-6%, 15-4°% 
*300 mg/week August 1966 165 30:4% 13:3% 


* After treatment for 92 weeks (four surviving animals), 


One of the problems of using a relatively weak skin 
carcinogen such as tobacco smoke condensate is to main- 
tain the animals in good health long enough to enable 
skin tumours to appear. It is interesting that Wynder 
et al.* varied the treatment of mice in the later stages of 
the experiments by painting denicotinized solutions or 
reducing the painting by merely treating the lesions, and 
not as we did, painting the whole of the back. It is possible 
that by altering the painting regime in this way, an even 
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higher incidence of skin carcinomata in our series might 
be obtained. 
R. F. DAVIES 
T. D. Day 
Tobacco Research Council Laboratories, 
Harrogate. 
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Plastids of the Venus Flytrap 
(Dionaea muscipula) 


THREE different kinds of plastids have been observed ın 
Venus flytrap, each in cells which perform a unique 
function in the plant. In the same cells, however, there are 
other organelles (for example, mitochondria) which are the 
same in all cells of the plant and similar to those in cells of 
most other plants. We have compared the fine structure 
and its relationship to the respective function of three 
types of plastids : the chloroplasts of the leaf cells, the 
plastids of the cells of the digestive gland, and the plastids 
of the cells of the trigger hairs. 

Venus flytrap is an insectivorous flowering plant. The 
leaf consists of two parts, a broad petiole and a two lobed 
blade hinged down the middle. This blade 1s especially 
suited for trapping insects and can enclose an ant in less 
than 1 s after it has stimulated two of the three sensitive 
trigger hairs which are located on the surface of each lobe. 
After entrapment, the insect is crushed and digested 
during a further 7 to 10 days by the secretions from the 
numerous digestive glands located on the surface of each 
lobe. Although the insectivorous habit is not a necessity 
for survival the intake cf insect or protein material seems 
to produce more healthy plants. 

Standard electron microscopic methods were used in the 
preparations discussed here and have already been 
described in detail?. The samples were fixed in glutar- 
aldehyde/osmium tetroxide or potassium permanganate. 
Plants were maintained in soil sphagnum moss or grown 
in an incubated chamber (26° C) with 14 h of daylight 
supplied by ‘Gro-Lux’ lamps placed 12 in. from the plants’. 

Fig. 1 is an electron micrograph of a chloroplast which 
is representative of those observed in the photosynthetic 
tissue of the leaf of the flytrap. In this case, the cell was 
part of the leaf mesophyll tissue. The most striking 
feature of the chloroplasts is their complete lack of grana 
or of structures resembling the grana of other higher 
plants’. Although some thylakoids appear on occasion 
to form a loose association, no evidence of even rudi- 
mentary grana has been observed. The thylakoids are 
poorly organized, but are predominantly parallel and 
appear to surround the large osmiophilic globules which 





ig. 1. Chloroplast from a flytrap eaf showing the numerous lipid 
M, Mitochondria: 


Fig. 
globules (L) and the poorly organized thylakoids. 
W, cell wall: V, vacuole. Scale line = 1x. 
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are numerous in all flytrap plastids. These globules are 
completely absent in sections which have been fixed with 
permanganate, so we conclude that they are composed 
of lipid material. Occasionally, small starch deposits are 
observed. The stroma is usually without any structure 
and has the same electron density as the vacuolar matrix. 
The chloroplasts are usually about 3 x 10u long, while the 
osmiophilic globules within the chloroplasts are ovoid 
and vary from 0-5 to 1-0u in their long axis, : 

The plastids observed in the cells of the digestive glands 
(Fig. 2) resemble young chloroplasts of aetiolated leaves'. 
The plastid shown in Fig. 2, however, is from a mature 
plant and can therefore be considered fully developed, 
even though it is 35x 2u (irregular) in size. The few 
thylakoids observed within the fine grained stroma 
can usually be traced over the entire length of the plastid 
and appear to be continuous with the membrane of the 
inner plastid. Osmiophilic globules are usually concen- 
trated around a prolamellar body which resembles the 
tubular complex of bean root tip plastids’. These globules 
disappear after fixation with permanganate, so they are 
considered to be lipid materials. The digestive plastids 
are enclosed within double unit membranes similar to 
mitochondrial membranes observed in the same cells. 

The cells of the sensitive trigger hair contain numerous 
plastids (1-5 x 3u in size) characterized by several promin- 
ent features (Fig. 3). Most striking are the internal 
lamellae, which develop into a stacked array. In every 
plastid of the trigger hairs there is at least one stick of 
three to four lamellae which appear to be folded in half, 
and which as a group resemble a granum of higher plant 
chloroplasts®. Furthermore, this “granum” is always 
partially enclosed in a vacuole so that only the ends of 
each lamella are in contact with the stroma. Usually in 
close proximity to the “granum” there are several very 
dense lamellae which extend about three-quarters of the 
length of the plastid and are similarly partially enclosed in 
vacuoles. As in the other two plastids of the plant, this 
plastid is also characterized by the presence of dense 
osmiophilic lipid globules. In contrast to the plastids 
and the chloroplasts of digestive glands, the plastids in 
trigger hairs are enclosed in envelopes which consist of 
several loosely associated unit membranes; it is often 
difficult to define the limits of these plastids. 

Because the plant probably has some advantage for 
survival (albeit obscure) in its ability to trap and digest 
insect material, it is a reasonable assumption that this 
advantage provides a better or additional source of reduced 
nitrogen. This hypothesis is supported by observations 
that the plant has a very poor root system and cannot 
tolerate nitrate (personal observations and growing 
instructions from North Carolina Biological Supply 
Company, the supplier) and therefore suggests that the 
carnivorous ability might be related to procurement of 





Plastid from a digestive gland cell showing thylakoids e 
optie 


Fig. 2, ; 
tubular complex (TC) with aa aa lipid globules (arrows), 
ine = lp. 
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Fig. 3. Plastid from a sensitive trigger hair cell. The internal lamellar 
structures (arrows) appear to be partially enclosed in vacuoles (V). 
Lipid globules (L) are also observed. Scale line = lu, 


reduced nitrogen. There are unfortunately few reports 
of studies of the nitrogen metabolism of the plant. A 
relationship between chloroplast structure and carni- 
vorous ability could be a reason for the lack of grana. 
The latter could have occurred following the ability to 
digest insect material. 

The plastids of the digestive glands look similar to the 
storage plastid observed in bean root tip®. The only 
materials observed in this plastid which could be termed 
storage products, however, are the lipid globules, whereas 
plastids of bean roots contain protein sacs and starch 
deposits. Thus the plastids of the gland cells, if they are 
storage plastids, are probably simpler than those of bean 
roots and apparently involved with only lipid storage. 

The lamellar “‘granum-like” complex observed in the 
plastids of trigger hairs is probably involved in the 
response of the plant to stimulus. Indeed, the analogy 
should not at this stage in research be limited to the 
chloroplast grana, for similar lamellar complexes are 
observed in the rods and cones of the retina and have been 
described in the electric organ of the electric eel?:*. The 
arrangement of the lamella in the ‘“‘granum-like” complex 
is therefore consistent with structures observed in sensory 
or stimulatory organs or both. Because trigger hairs are 
strictly touch receptors, however, these plastids probably 
function more as capacitors than as photoelectric cells®, 

These plastids pose a challenge. Clearly, as a flowering 
plant. Venus flytrap is relatively high on the evolutionary 
scale; yet it contains a chloroplast that appears primitive, 
a plastid in some ways associated with the digestive 
process at least as storage organelles, and another type of 
plastid which is probably related to a stimulus response. 

We thank Dr L. J. A. DiDio for suggestions and for 


reviewing our manuscript. 


J. SCALA 
D. W. SCHWAB 
E, Stwmons 


Fundamental Research, 
Owens-Illinois Technieal Center, 
Toledo, Ohio. 


Received July 19, 1968. 


| Lioyd, E., The Carnivorous Plante (Chronica Botanica Co., Waltham, 1942). 

* Seala, J., Schwab, D., and Simmons, E., Amer. J. Bot., 55, 649 (1968). 

+ Park, R.,in Plant Biochemistry (edit. by Bonner, J., and Varner, J. E.), 124 
(Academic Press, New York, 1965), 

*Miihlethater, K., and Frey-Wyssling. A., J. Biophys. Biochem. Cytol, 8, 
507 (1959). 

* Newcomb, E., J. Cell. Biol., 38, 143 (1967), 

e Weier, T. E., and Benson, A. A., Amer. J. Bot., 54, 389 (1967). 

7 Luft, J., Erp. Cell Res., 5, 168 (1958). 

§ Moody, M. FE., and Robertson, J. D., J. Biophys. Biochem. Cytol., 7, 87 
(1960), 

*DiPaima, J, R., Mohi, R., and Best, jun., W., Science, 188, 878 (1961). 

18 Palma, J. R., MeMiehael, R., and DiPalma, M., Science, 152, 539 (1966). 





NATURE. VOL. 219. SEPTEMBER 14, 1968 


BOOK REVIEWS 


SWEDISH EDUCATORS 


Educational Research and Educational Change 
The Case of Sweden. By Torsten Husén and Gunnar 
Boalt. Pp. 233. (Wiley: New York and London; 
Almqvist and Wiksell: Stockholm, 1968.) 108s. 


“Taury order these things better in Sweden” has long been 
an assumption among educational theorists. The value of 
this book is that it provides English readers for the first 
time with a detailed discussion of some of the investiga- 
tions on which the Swedish contribution to current 
educational thinking has been based. As in many com- 
pilations of this sort, the level at which the different 
chapters are pitched implies a very varied readership. 
Much of the first chapter and the first part of the third 
chapter form an excellent general introduction to the 
problems of school reform for the general reader, but may 
be tediously familiar to the specialist. The second 
chapter on curriculum research and particularly the sixth 
chapter on assessing the reserves of ability, in which 
Harnqvist’s researches using the “probability” method 
are described and criticized in great detail, will leave the 
general reader somewhat baffled but are of great interest 
to the specialist. 

The parallels with our own problems, particularly in 
connexion with the move towards comprehensive 
secondary education, are very clear. If it is true, and 
obviously true, that one cannot apply Swedish findings 
blindly to Enghsh situations, it is equally true that the 
areas and methods of enquiry described in this book 
provide many suggestions for English theorists and 
reformers. Particularly interesting here is the short 
chapter on ‘Teachers’ Attitudes”. There is a problem 
here which our reformers have not seriously investigated 
and which perhaps they should. The evidence from a 
great number of enquiries on streaming in schools, 
reported in the Unesco survey edited by Alfred Yates, is 
inconclusive except in so far as it indicates that any 
system in which the teachers operating it fervently 
believe is likely to work better than any system which they 
conceive to have been imposed on them. Because, in 
general, teachers believe, perhaps not fervently but at least 
tenaciously, in the system to which they are accustomed, 
while a majority are likely to consider any new system as 
one which has been imposed, it might be possible to 
conclude that no system should ever be changed. The 
Swedish evidence does not bear out this gloomy conclu- 
sion. While initially the reforms met with very consider- 
able opposition from teachers, Marklund’s investigations 
showed that this diminished as the reforms were better 
understood. More recent reports appear to indicate that 
within the space of ten years the opposition has almost 
faded away. 

The book, then, is a valuable small addition to an 
educational library. Its main theme is the statistical 
analysis, to which we have become accustomed from 
Swedish educators, of the inter-relation between social 
class and educational opportunity, but it is useful to have 
the details of so many investigations brought together in 
English and in convenient form. What is disappointing is 
the price and the carelessness of the production. If more 
than five guineas is charged for a book of 233 small pages. 
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it would surely not be unreasonable to expect an index. 
The proof reading has been lamentable. Ag 

price it really will not do to spell Ejnar Neymark once as 
Neymark and once as Newmark in the same paragraph 
(page 87). ‘True, the book is in a foreign language and 
the authors cannot be blamed, but an undergraduate 
hired by the publishers for the cost of one copy could have 
corrected at least twenty misprints. 

A. D. C. PETERSON 


COMPLEX FUNCTIONS 


Complex Function Theory 
By Maurice Heins. (Pure and Applied Mathematics: A 
Series of Monographs and Textbooks, No. 28) Pp. 


xv +416. (Academic Press: New York and London, 
1968.) 93s. 4d. 


PROFESSOR HEINS started his career as a pupil of the 
doyen of American analysts, Marston Morse, and collabor- 
ated with him in research. He has a high reputation both 
as teacher and as investigator. In 1962 he contributed to 
the Athena series an exposition of ‘Selected Topics in the 
Classical Theory of Functions of a Complex Variable” 
which kindled the interest and widened the range of young 
graduates. He now presents a systematic course of 
complex variable theory. Mathematicians will expect 
from Professor Heins a book which is both scholarly and 
well conceived pedagogically, and their expectations will 
be fulfilled. 

The presentation of complex function theory to honours 
classes in the years after 1945 (say) changed its character 
from the prevailing pre-war pattern. In the 1980s it 
came to be recognized that topological rigour must be 
observed besides analytical rigour. For instance, the 
index of a circuit y for a point ¢ came to be defined as 


l | dz 


whereas it had formerly been apprehended from a diagram 
as “the number of turns that y takes round c°. Moreover, 
the essence of Cauchy’s theorem came to be seen as the 
invariance of f f for displacements of the curve y within 
the region in which f was analytic. 

The outstanding evangelist of the 1950s was Ahlfors 
whose Complex Analysis (1953), based on his Harvard 
lectures, fulfilled his declared aim to be “eoneise and 
rigorous, teachable and readable’. Another different 
presentation was adopted by H. Cartan in Paris from 
1957 and the English text of his course appeared in 1960. 
For the past ten years, homology and/or homotopy have 
been de rigueur for any writer who is expounding complex 
function theory as pure mathematics and not simply as a 
tool for calculations. 

The book of Heins is in two parts. The first is designed 
as a basic course of complex function theory and covers 
in about 200 pages (chapters 1 to 7) what any undergradu- 
ate (or young graduate) must learn. The first part also 
contains chapter 8 on meromorphic functions and the 
ninth chapter in which the student is rewarded with the 
bonne bouche of the prime number theorem. 

In forming an impression of the first part it is natural 
to scrutinize the fifth chapter which contains Cauchy's 
theorem and some of its immediate consequences. The 
proof of Cauchy's theorem. in the “hom otepic form”, 
uses a neat argument of F. M. Stewart. In this chapter, as 
elsewhere, many theorems are stated as exercises, with or 
without outlines of solutions. My preference would have 
been for a more systematic chain of theorems, with 
proofs, which would have formed a clear framework for 
the average honours undergraduate. For instance, 
Cauchy’s integral formula and the startling property that, 
if a function has a derivative of the first order, it has 
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derivatives of every order, though, of course, included, 
are not made conspicuous. In fact, a teacher is a necessary 
accompaniment to the book, and a lone worker might 
flounder. Given a teacher who will guide, explain and 
help, the student will find the book a good and lively 
account of the subject. 

The second part (chapters 10 to 18) continues chosen 
topics beyond the level of the first part. The density of 
exercises is less than in the first part and moreover greater 
maturity may be assumed in the reader. He will find the 
accounts of such subjects as subharmonic functions, 
Picard’s theorem, the Riemann mapping theorem and 
Riemann surfaces an exhilarating study. 

The book is very well printed and bound, and the price 
is reasonable. J. C. BURKILL 


FORCES BETWEEN MOLECULES 


Intermolecular Forces 

Edited by Joseph O. Hirschfelder. (Advances in Chemical 
Physics, Vol. 12.) Pp. xi+643. (Interscience (Wiley): 
210s. 


New York and London, 1967.) 


VoLUuME 12 of Advances in Chemical Physics is, like a 
number of preceding volumes, on one theme—in this 
instance intermolecular forees—-which has been the subject 
of much research activity in recent years. This volume 
contains ten chapters, all by authors who are aecknow- 
ledged experts in their subject. 

The first six chapters are devoted to advances in the 
theory and the remainder to experimental methods of 
determining intermolecular forces. The introductory 
chapter to the theoretical section by Hirschfelder and 
Meath surveys the nature of intermolecular forees and illus- 
trates the complexity of this subject by a very detailed 
analysis of the forees between two hydrogen atoms in their 
ground states. In the following chapters a number of more 
specialized topics are treated in detail. Buckingham dis- 
cusses the interactions of simple molecules in terms of 
their electric multipole moments, permanent and induced. 
Dalgarno outlines the methods available for the calcula- 
tion of long range forces between atoms. The data for 
the coefficients of the leading term in the dispersion 
energy given in this chapter are perhaps the most impor- 
tant quantitative results of the theory of intermolecular 
forces obtained in recent years. Forces at very long range, 
where retardation effects are significant (>100 A), are 
treated by Power. Linder expounds the reaction 
field theory, well known in electrostatics, which can be 
extended to provide a very general interpretation of most 
features of long range intermolecular forces within one 
theoretical framework. Finally, in this section Sinanoglu 
tackles the formidable problems posed by the non- 
additive behaviour of intermolecular forces in dense 
matter. The key to his approach is the definition of 
“effective pair potentials” in liquids in terms of two-body 
potentials estimated from gas phase studies and the 
refractive index of the liquid. Quantitative assessment 
of this procedure must await the determination of accurate 
two-body potentials. 

The introductory chapter, by Mason and Monchick, to 
the experimental section of the book is a general review 
of both theoretical and experimental methods, and it is 
one of the areas of the book that should prove of most 
value to the non-specialist reader. The results obtained 
from low-energy beam scattering are summarized by 
Bernstein and Muckerman. This will provide a useful 
source of reference for workers :n the field, though at the 
present time, with few exceptions, the beam results have 
not been of sufficient accuracy to shed new light on inter- 
molecular forces. Birnbaum discusses the use of miero- 
wave pressure broadening which can be used to study the 
interactions of anisotropie molecules and provides a useful 
method of estimating molecular quadrupole moments. 
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The scope of NMR in the study of intermolecular forces 
is surveyed by Bloom and Oppenheim in the final chapter 
of the book. 

The cover asserts that “the reader will be impressed by 
the progress being made”, and this is a fair statement of 
the position as far as the development of techniques and 
methods is concerned. Little progress has been made, 
however, in the quantitative description of the forces 
between molecules, and there is no modern substitute for 
the “Lennard-Jones parameters“ which have been used 
with such zest and misplaced confidence by a generation 
of research scientists. 

This book is, in the editors words, “intended to delve 
deeply and technically into recent advances”, and much 
of its content is directed toward those who have some 
acquaintance with the subject. Selected portions, in- 
cluding the chapter already mentioned, will be of interest, 
however, to the non-specialist reader. E. B. SMITH 


SELENIUM SYSTEMS 


Selenium and Selenides 

By D. M. Chizhikov and V. P. Shehastlivvi. Translated 
from the Russian by Eugene M. Elkin. Pp. xvi+ 403. 
(Collet’s {Publ): London and Wellingborough, 1968.) 
152s. 6d. 


THE unique physical properties of selenium and some of 
its binary selenides have long been exploited commercially, 
but the experimental techniques necessary to gain a full 
understanding of processes such as rectification and photo- 
conductivity have only recently been developed and have 
not, as yet, been applied with rigour to selenium systems. 
On the other hand, new and careful X-ray studies have 
elucidated the nature of the many erystalline modifications 
and non-stoichiometrie phases to be found among the 
selenides, and these results have now laid the basis for 
more detailed physical studies. It was at this juncture 
that the authors considered that a comprehensive collec- 
tion of both the electrophysical and crystallographic data 
would be timely. All the known selenides of the main 
group, transition and rare earth elements are included and 
some 2,200 references to the original literature are given. 
A chapter devoted to bonding and structural types gives 
the necessary feel for the compounds. 

A welcome emphasis has been placed on the preparation 
and handling of the high-purity samples demanded by 
modern electrome technology. Thus a chapter on the 
commercial retrieval of selenium leads on to one about 
the production of high purity selenium, and finally to a 
section on the preparation of single crystals of selenium 
and the selenides. 

The value of this reference work has justified its transla- 
tion from the Russian and, because of the collection 
of data from both Western and Soviet sources, the 
usefulness of the English edition will not be impaired. 
The book should provide a basis for the further advance 
of the science of selenium and its solid state compounds. 

N. N. GREENWOOD 


AMINO CHEMISTRY 
The Chemistry of the Amino Group 


Edited by Saul Patai. (The Chemistry of Functional 
Groups.) Pp xui+813. (Interscience (Wiley): London 
and New York, 1968.) 200s. 

Tms is the fourth volume to appear under the editorship 
of Professor Saul Patai in this series of large monographs 
on the chemistry of individual functional groups. As 
with previous volumes, it has been necessary to go to 
press minus several promised chapters, in this case those 
on “Photochemistry of the Amino Group”, “Syntheses 
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and Uses of Isotopically Labelled Amines”, and “‘Ena- 
mines”, of which the last at least is a considerable 
loss. 

Among the chapters that are present, the one on 
“Substitution at an Amino Nitrogen” (72 pages) by 
Drs Challis and Butler of St Andrews really constitutes 
the core of the book. It is a useful collection of mformation 
laid out in a logical pattern and could well have been 
afforded more space at the expense of some of the other 
contributions. The chapter by Dr Chuchani of Caracas on 
“Directing and Activating Effects’ is also well done 
and most useful. Of the first four chapters, entitled 
“General and Theoretical’, “The Intreduction of the 
Amine Group”, “Basicity and Complex Formation”, and 
“Detection, Determination and Characterization of 
Amines”, the first three merit the space they take up 





and provide useful insight into fundamentals; the 
analytical chapter seeks to be comprehensive—a vir- 


tually impossible task~-and thereby takes up more space 
(83 pages) than it probably warrants. There are also 
chapters on “Cleavage of the Carbon-Nitrogen Bond”, 
“Rearrangements involving Amino Groups” (an excellent 
contribution), “Biological Formation and Reactions of 
the Amine Group”, “Carbon-Nitrogen and Nitrogen- 
Nitrogen Double Bond Condensation Reactions”, and 
a rather more specialized one, ““Tetraaminoethylenes”. 
The provision of references is extensive, though there 
is no specific indication of the date up to which the 
literature has been reviewed; this appears, in fact, to be 
1965 with an extension to approximately mid-1966 in 
some cases. There is a useful author index to the whole 
volume and also a complete subject index, though the 
latter is not really sufficiently comprehensive. Hardly 
surprisingly with so many authors, the style and level of 
sophistication vary a good deal from one chapter to 
another, some offering purely a catalogue, for example, 
“Protection of the Amino Group’’, while others seek to 
use examples in order to develop a more reasoned 
theoretical approach to the particular subject under 
discussion. In this context one feels that rather tighter 
editing and perhaps a little more thought about exactly 
who is going to use such a volume and how they are 
going to use it could, in the future, produce volumes of 
greater value. PETER SYKES 


CREEP OF SOLIDS 


Mechanical Behaviour of Crystalline Solids at 
Elevated Temperature 

By Oleg D. Sherby and Peter M. Burke. (Progress in 

Materials Science, Vol. 13, No. 7.) Pp. 325-390. (Per- 

gamon: Oxford, London and New York, 1968.) 25s. 


In order to justify vet another review on creep, the authors 
must offer something new or different from previous 
publications. Sherby and Burke set off on the right foot 
by broadening their scope to include all crystalline solids. 
This turns out to be somewhat pretentious, but it is not 
their fault because there are relatively few data on 
erystalline non-metals. 

The first section on creep of pure metals and compounds 
covers temperature and stress dependence of creep. Here 
the authors develop in considerable detail the thesis that 
diffusivity and creep rate are interrelated and this is cer- 
tainly a worthwhile feature. Recent work on Herring- 
Nabarro creep 1s emphasized with regard to its importance 
in ionic and covalently bonded structures and the possi- 
bility of its operation m metals. Later in this section 
Professor Sherby’s proposal for a universal creep equation 
is discussed in detail. Even though this concept is not 
accepted by all workers in the field, the discussion should 
provide a stimulus to new ideas. 

The section on the creep of solid solution alloys is worth- 
while since the authors propose a new interpretation of 
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available data and again provide some stimulating ideas. 
Finally, a short discussion is given of creep in two phase 
alloys where the limitations of existing knowledge are 
clearly pointed out. W. J. McG. TEGART 


MATERIALS FOR ENGINEERS 


Radio and Electronic Materials 

By N. P. Bogoroditskii and V. V. Pasynkov. Translated 
and edited by R. C. Glass. Pp. 350. (Ilffe: London, 
1967.) 63s. 

Tars book is in two parts: the first part, which deals with 
dielectrics, is about twice as long as the second part, which 
deals with conductors, semiconductors and magnetic 
materials. It is obvious where the weight hes, and 
perhaps it might not be too misleading to suggest that 
the book gives the appearance of being primarily one on 
dielectrics to which other, more hght weight, sections 
have been added. Certainly the section on sermiconduc- 
tors, which extends over 36 pages, seems disproportion- 
ately small in relation to the importance of its subject. 
matter; a more extensive treatment. of this section would 
have enhanced the value of the book. 

Those who are interested in both the engineering use of 
materials, and in knowing why they behave the way they 
do, will be pleased by the manner in which this book 
bridges the gap between theory and practice. Books 
dealing with the fundamental submicroscopic physics 
which underlies the observed behaviour of materials 
tend to run to the kind of weighty quantum mechanics 
which makes most engineers turn elsewhere. When they 
do, the only alternative often seers to be the kind of 
handbook listing specification tests for oil-soaked press 
board. This book gives a theoretical treatment which, 
though on the whole qualitative and perhaps over-simmpli- 
fied in places, does at least point the direction for those 
who wish to make a more thorough study. On the practi- 
cal side, it contains much useful information, some of it 
of a distinctly picturesque kind. For example: “To 
determine the type of silk which is being used in the 
insulation of a conductor it is only necessary to take the 
yarn and light it with a match: natural silk gives off an 
odour of scorched horn, and viscose gives the smell of 
scorched paper”. 

The book is a useful addition to the literature on the 
properties of materials used in electrical engineering, and 
provides a convenient survey for the engineer-physicist 
working in the field of materials. J, H. CALDERWOOD 


POLYMER SCIENCE 


Advances in Polymer Science and Technology 
(Comprising papers (with discussions) read at a Jomt 
Symposium organized by the Plastics and Polymer Group 
of the Society of Chemical Industry, the Institution of 
the Rubber Industry and the Plasties Institute, held on 
September 20-22, 1966. SCI Monograph No. 26.) Pp. 
iv +396. (Society of Chemical Industry: London, 1967.) 
100s. 


THE symposium is divided into four sessions. The first 
is about the structure of polymeric systems and is intro- 
duced by a review paper on erystallization and the 
structure of erystalline polymers. With the exception of 
one paper on the solvent crystallization of amorphous 
polyethylene terephthalate, however, the rest of the 
session is about the properties of amorphous polymers 
such as the effect of chain branching on the melt viseosity 
of copolymers of butadiene and divinyl benzene. 

The second session is devoted primarily to the pre- 
paration and examination of the properties of polymers, 
including crosslinking reactions in films and adhesion to 
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metal substrates. Of particular interest in this session, 
perhaps, was the work on the use of metal chelates as 
catalysts for the pclymerization of a-olefins and olefin 
oxides. The cross-linking studies are confined to one 
paper on reactions which occur on heating films of poly- 
vinyl alcohol; similarly, only one paper on the reaction of 
certain coatings with metal substrates is included in this 
session. 

The third session takes as its theme the thermal de- 
gradation of polyvinyl chloride and other polymers with, 
in some eases, particular reference to the modification of 
certain physical properties by heat treatments. Of par- 
ticular interest, perhaps, is the attempt to use gas-liquid 
chromatography in an analysis of the products and the 
light they throw on the structure of the polymers and 
copolymers. 

The fourth and final session deals with the very difficult 
problem of examining the results of rheological measure- 
ments. Thus flow defects in fabrication are discussed in 
terms of the melting, homogenization, drawing, blowing 
and so on, by one author; and by another, flow defects in 
a commercial extruder are analysed in relation to their 
melt indices. These realistic studies of fabrication of 
polymers are supported by papers of a slightly more 
theoretical character where, for example, melt viscosities 
are examined in terms of a simple equation. 

In general terms, this conference attempted to span a 
very wide range of polymer interests, with the result that 
no one subject was covered in depth and the sessions 
tended to be rather heterogeneous. This, of course, has 
the advantage that there are some papers of interest to 
most workers in the polymer field, but it is possible that 
a reader may be a little disappointed that his particular 
area is not discussed in sufficient detail. R. H. PETERS 


ISOTOPES AND SOIL STUDIES 


Isotope Studies on the Nitrogen Chain 

(Proceedings of the Symposium on the Use of Isotopes in 
Studies of Nitrogen Metabolism in the Soil-Plant—Animal 
System, Vienna, August 28-September 1, 1967. Proceedings 
Series.) Pp. 343. (International Atomic Energy Agency: 
Vienna; HMSO: London, 1968.) 181 schillings; 49s. 6d.; 
$7; 28 DM. 

THE symposium of which this volume is the record is 
one of a series convened by the International Atomic 
Energy Agency and the Food and Agriculture Organiza- 
tion of the United Nations, together with the Joint 
Committee on Applied Radioactivity. It is stated in the 
foreword that the purpose of the symposium was to bring 
together specialists m soil science, plant physiology and 
animal nutrition to discuss the application of nuclear 
techniques to studies of nitrogen metabolism, and to 
stimulate further co-operation. There is no doubt that 
the symposium in bringing together workers in diverse 
but related fields has performed a very useful function. 
To attempt to limit it, however, to the application of 
nuclear techniques is much more questionable. While 
emphasis on techniques may be necessary in the earliest 
stages of development of these, the use of isotopic tracers 
is now so widespread that this approach is no longer 
desirable. In fact, the papers in the symposium illustrate 
this point very well. Several of them do not involve the 
application of nuclear techniques at all. Of the rest, 
some are concerned with the stable nuclide nitrogen-15, 
the others with various radioactive tracers, principally 
earbon-14 and sulphur-35. 

A clearer indication of the scope of the symposium is 
given by the opening lecture, which is on the world’s 
present and future resources of protein available for 
human nourishment, and the possibilities for utilizing 
these resources. This sets the theme for the whole 
programme, which consists of papers on various stages of 
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the nitrogen chain from the soil via the plant to animals 
and man. 

As is customary in this series, the papers are printed 
in the original language, French (2), Russian (4) or 
English (17), with an abstract and discussion in English. 
The volume has been printed by composition typing and 
photo-offset lithography for speed of publication. Some 
of the tables have very small print as a result, although, 
in general, the standard of reproduction of the tables and 
figures is adequate. Fortunately there are few photo- 
graphs, the two which are included demonstrating, at 
least in my copy, that little useful purpose is served by 
them. 

The opening lecture, in French, is a comprehensive 
aceount of protem sourees, from land plants and animals 
to fish and other marine sources. Methods of increasing 
protein yield are discussed and an extensive bibliography 
is provided. Then follow nine papers on soil science and 
plant physiology. This section includes several studies of 
nitrogen fertilizer uptake, both in effects on plant growth 
and in relation to protein synthesis. In the section on 
animal physiology and nutrition, also of nine papers, 
considerable attention is given to the importance of a 
diet which will supply the essential amino-acids in suitable 
proportions, The main emphasis in this section is on 
experiments of a biochemical nature. Three papers on 
techniques include a useful survey of methods of evalua- 
tion of nitrogen utilization together with details of tech- 
niques used by the authors. Finally, there is one paper on 
plant. breeding in relation to protein quantity and quality. 

Clearly a symposium of this kind, covering as it does 
such a wide field, will have few papers of direct interest 
for the specialist. It is of much greater value in providing 
an opportunity for research workers to meet, particularly 
in informal discussions. The published record is therefore 
only of secondary importance. It is useful, however, 
for all research workers to be reminded from time to time 
of the broader aspects of their work and this volume 
could well do this. For those not so closely associated 
with this field the extent and complexity of the whole 
chain involved in human nutrition are illustrated. The 
symposium, on the other hand, does not present a survey 
of isotopic techniques as such, and less emphasis could 
well have been laid on this aspect. R. P. MARTIN 


ECOSYSTEM FUNCTIONING 


Functioning of Terrestrial Ecosystems at the Primary 


Production Level 
Edited by F. E. Eckardt. (Proceedings of the Copenhagen 
Symposium.) Pp. 516. (United Nations Educational, 
Scientific and Cultural Organization: Paris, 1968.) 94s. 


THe forty-five or so papers printed in this book were 
presented at a symposium held in 1965 under the joint 
auspices of Unesco and the Royal Academy of Science 
and Letters of Denmark, as part of the Uneseo pro- 
gramme aimed at defining the scientific basis for the 
rational use of the biosphere. The announced (and 
laudable) intention of this meeting was to study the 
functioning of the ecosystem “at the primary production 
level”, but in the event we are confronted with a series of 
papers on the relation between growth and environment, 
frequently handled in terms of energy flow. One of the 
contributors to the discussions admits as much—‘‘Now, 
this symposium is concerned with the relation of environ- 
ment to plant growth.” If we could accept a definition of 
environment as light, temperature, water and carbon 
dioxide, this meeting and its published proceedings must 
be rated a valuable and successful follow-up to other such 
gatherings as the Canberra conference. Many of the 
important people in the growth : environment world were 
there, and the papers are substantial and authoritative 
statements of research completed or then in progress, 
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ranging from the simple procedures of growth analysis to 
the highly sophisticated technology of controlled environ- 
ment experiments on photosynthesis and respiration. We 
can incidentally agree with Monteith when he writes, “In 
helping to achieve a happy marriage of results in crop 
ecology and plant physiology, the meteorologist has an 
important part to play’? because it has been the mter- 
vention of the meteorologist which has led to such 
spectacular advances in this subject over the past ten or 
fifteen years. There are also some very useful papers on 
matters all too frequently left out of these symposia, such 
as three on the choice of experimental sites, an analysis of 
the “built-in” errors of measuring systems and two on 
root production. 

From all this one would conclude that the functioning 
of terrestrial ecosystems at the primary production level 
is simply a matter of energy flow and weather. Only 
Ovington and Olsen discuss nutrient cycling, and the 
possible limitations to primary production resulting from 
deficiencies of organic nutrients scarcely attract further 
attention. What is worse, there 1s no discussion of the 
roles of either grazing or decomposing organisms in the 
control of primary production. Perhaps the argument is 
that these are secondary producers, and so not relevant, 
but the separation of primary and secondary production 
is artificial and can do great disservice to the study of 
ecosystem functioning. With the possible exception of 
ecosystems held at extremely early stages in succession, 
such as some agricultural crops, primary production is 
closely related to the activity of “secondary” organisms, 
and to forget this is similar to studying the production of a 
herbivorous species without paying any attention to its 
associated carnivorous predators. 

A good symposium with the wrong title, or a well 
chosen subject inadequately considered? It all depends 
on your view of primary production. For me, regretfully, 
a lost opportunity. J. N. BLACK 


PRODUCTION BY VEGETATION 


Production and Mineral Cycling in Terrestrial Vegetation 
By L. E. Rodin and N. I. Bazilevich. Translated by 
Scripta Technica. English translation edited by G. E. 
Fogg. Pp. 288. (Oliver and Boyd: Edinburgh and 
London, 1968.) 147s. 


ALTHOUGH measurements of the annual production of 
dry matter by vegetation and the turnover of mineral 
nutrients were made nearly a century ago in Germany 
by Ebermayer, Ramann and Weber, it is only since 
1950 that ecologists have recognized the need to extend 
such measurements to a wide range of types of vegetation. 
The translation of this book shows the very large contribu- 
tion made by Russian workers to our knowledge of produc- 
tion by vegetation and makes their work readily available 
in English. Publication at this time is particularly 
appropriate in view of the emphasis on studies of produce- 
tivity in the International Biological Programme. 

The book is written in the style of a detailed and critical 
review which covers not only Russian work but also most 
important contributions from elsewhere. There is no 
attempt to describe analytical methods, but all terms 
and concepts are carefully defined in a brief introduction. 
There are then six chapters each devoted to one of the 
six main latitudinal zones of vegetation including the 
tundra, coniferous and mixed forest, deciduous forest, 
steppe, desert and tropical forest and savanna. Each 
chapter contains tables and figures which provide a large 
number of measurements of the production and accumula- 
tion of organic matter by vegetation, the concentrations 
of mineral nutrients in vegetation, litter and humus, 
- and estimates of the rates of uptake and release of twelve 
- mineral elements. In the seventh chapter the authors 
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point out that although there are large areas of the world’s 
vegetation which have not been investigated, there is 
now enough information to attempt certain generalize- 
tions. This leads them to the development of a classifica- 
tion of the main types of cycles of mineral elements and 
nitrogen in vegetation. 

The book is very well organized and presented and it 
has been translated most successfully. The lst of refer- 
ences is extensive. C. D. Pieorr 


TREE PESTS 


Pests and Diseases of Forest Plantation Trees 

By F. G. Browne. An Annotated List of the Principal 
Species occurring in the British Commonwealth. Pp. 
xi + 1,330. (Clarendon Press: Oxford; Oxford University 
Press: London, 1988.) 300s. 

Proressor M. V. LAURIE in his preface to this book says 
that at the Eighth British Commonwealth Forestry 
Conference (1962) a resolution was passed to the effect 
that an annotated cheek-list of the pests and diseases 
of all forest plantation species in the Commonwealth 
should be compiled and published before the ninth con- 
ference, due to be held in 1968. The man selected to 
draw up this list was Mr F. G. Browne, a forester and an 
entomologist well known for his work on the Scolytidae 
and Platypodidae. The wonder that an individual could 
be found to undertake such a colossal task is only exeeeded 
by the outstanding success the author has achieved and 
by the fact that he met his deadline. 

The main substance of the book, running to more than 
a thousand pages, is contained in parts 1 and 2 which 
comprise a series of notes on the organisms injuring trees, 
Part 1 deals with animal pests of trees and part 2 with 
pathogenic viruses, bacteria, fungi and higher planta. 
Within each part the organisms are listed alphabetically. 
Each note is a beautifully compressed account giving 
geographic distribution, host range, importance, a short 
description of the damage caused, and a very brief 
description of the organism. No critical descriptions are 
given nor are control measures usually indicated. A very 
few key references are included in each note. Anyone 
who has compiled a literature review will appreciate what 
the author has done in dealing with such a vast assembly 
of very diverse organisms. ‘To do so requires unusual 
powers of critical selection, and these are convincingly 
demonstrated all through the book where information 
culled from the literature is married to data obtained 
by sending questionnaires to all forest services and research 
institutes in the Commonwealth to vield descriptions that 
are concise, accurate, well balanced and up to date. As 
well as being so informative the notes make fascinating 
reading, partly because the author has achieved a lively 
style and partly because the juxtaposition of such varied 
organisms tempts one to keep on dipping into the text. 
Our random inspections of these descriptions throughout 
the book have convinced us that there are no important 
omissions or mistakes. They would seem to be equally 
useful to a forest manager requiring to know the essentials 
about a pest or disease and to a student or research worker 
seeking a lead into the literature. 

Part 3 forms a cross-reference to the first and second 
parts and gives a list of tree species, each with its pests 
or pathogens divided into broad taxonomic groups. 
The fourth part is a glossary of common names of trees 
and harmful organisms, and part 5 is the well chosen 
bibliography of key references. 

The author is to be congratulated on the way he has 
fulfilled his terms of reference and has produced something 
unique of its kind and of high value to forestry, while all 
concerned in the production of the volume deserve praise 
for the clear format and for its being conspicuously lacking 
in typographical errors. Although it may sound rather 
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like crying for the Moon, we have some twinges of regret 
that the subject matter is restricted to the geographic 
boundaries of the Commonweaith. So excellent is the 
treatment that we feel it could very profitably have been 
widened in scope to include, if not the world, at least the 
United States whose inclusion would not have raised any 
language difficulties. It is pertinent to note that this 
gap is to some extent filled by a fairly recent publication 
(Important Forest Insects and Diseases of Mutual Coneern 
to Canada, the United States and Mexico. Edited by A. G. 
Davidson and R. M. Prentice, Ottawa, 1967). This 
publication deals, however, only with a very limited 
number of insect and fungal pathogens and with some 
parasitic higher plants, 89 that it is not really comparable 
with Browne's all-embracing review. 

MYLES CROOKE 

J. S. Murray 


LESSON IN NON-SPECIALIZATION 


Nerve Cells and Insect Behavior 


By Kenneth D. Roeder. Revised edition. (Harvard 
Books in Biology, No. 4.) Pp. xii+238. (Harvard 
University Press: Cambridge, Mass.; Oxford Univer- 


sity Press: London, 1967.) 528. 6d, 

PROFESSOR ROEDER himself deseribes the objective of this 
book as “to record in readable form a rather personal 
exploration of some of the nervous mechanisms responsible 
for insect behavior”. It is difficult to phrase a more apt 
description. A subsequent, almost apologetic statement. 
that it is therefore “one-sided” is not so justified, for a less 
one-sided investigator is hard to imagine. 

The author is very much concerned with techniques. 
At the outset he analyses the established methods for 
investigating behaviour and nervous mechanisms. He 
emphasizes the virtues and lumitations of each, with special 
attention to the different ways in which observation 
influences the responses of the subject. But whereas 
most workers are drawn to one approach by personal 
inclination, Roeder himself remains scientifically free, 
rejecting any title ending with “‘-ologist’”’ and refusing to 
let technique select the problem to be studied. 

His story centres around the detection and avoidance 
of predatory bats by nocturnal moths, and two large 
chapters on this phenomenon have been added to the 
otherwise little changed text of the 1963 edition. Although 
this subject is fascinating in its own right, if is especially 
amenable to analysis because the entire sensory input 
(‘neural parsimony” with only two neurons from each 
ear) can be completely defined and because the response 
is largely mediated by the single pterothoracic ganglion. 
But this does not make the study simple and a wide 
variety of techniques is used in turn to unravel it. 

Field observation establishes the complexity and 
variability of the response, instrumental experiments 
determine its sensitivity and latency, while neurophysio- 
logical recording with microelectrodes gives the sensory 
code, the range of possible information received by the 
ganglion and the responses of some of the internuncial 
neurons. The beauty of the work is not only in the skill 
with which it is performed, or oven in the ingenious 
directness of the methods, but in the enviable clarity with 
which pertinent questions are continually asked and the 
problems redefined. The author turns from screened cage 
to the field and back again, never in a “blind alley”, 
always seeing neurons as parts of “a living creature .. . 
going about its natural business” 

If even this should seem one-sic: ed, the story is put into 
a broad context by comparison with other nervous mechan- 
isms m grasshoppers, cockroaches, praying mantis and 
vertebrates. The literary style is admirably clear, light 
and often humorous ... “the motor neuron (of vertebra ate 
® spinal cord) is a position analogous to that of an ad- 
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ministrator. It is tempting to liken the intimate 
anticonvulsive feedback provided by the Renshaw cell 
to the administrator's wife’. In the end the author 
“withdraws” still further and achieves a curiously effective 
insight into some aspects of the individual life and affairs 
of an insect. The result is not a textbook of insect neuro- 
physiology, although ideal reading for undergraduates, 
not a mere source of facts but a stimulus to enthusiasm 
for research and for the fascinating problems posed by 
living animals. One is left hoping that further editions 
will appear regularly, keeping the reader up to date with 
future progress. J. D. PYE 


BLOOD FLOW 


Blood Flow through Organs and Tissues 

Edited by Wiliam H. Bain and William Harper. (Pro- 
ceedings of an International Conference, Glasgow, March 
1967.) Pp. xx + 515. (Livingstone: Edinburgh and 
London, 1968.) 84s, 

Tars book represents the proceedings of an international 
conference on blood flow held in Glasgow in March 1967. 
The first papers are about the measurement of blood flow 
in vessels and further sections are devoted to the measure- 
ment of blood flow in the heart and lungs, brain, muscle 
and skin and other organs. Each paper is followed by a 
detailed report of the subsequent discussion. This is 
very useful in revealing the reservations that authors 
may have about their techniques, which are not always 
evident in their papers. 

As much of the interest in this book is the problem of 
applying to man existing methods for measuring blood 
flow, the first section will be of great interest to surgeons 
and clinical physiologists. There are a number of papers 
dealing with indicator dilution techniques, using dye or 
thermal dilution, together with a critical discussion of 
their limitations. It seems that there is still a large area 
of disagreement over the conditions for mixing and the 
extent of the error in measuring flow. The use of strain 
gauge and electrical impedance plethysmography is 
described, and for those with more expensive tastes the 
advantages and problems of electromagnetic flowmeters. 
The description of two velocity probes built into the tips 
of very small catheters seems to offer a technique of great 
promise. 

The section on the heart and lungs contains full and 
clear descriptions by a number of authors of the teeh- 
niques of measuring cardiac output by precordial counting, 
after the injection of radioactive iodinated serum albumin 
or Xet, Brain blood flow is dealt with in two com- 
prehensive sections. The first describes attempts to 
measure flow in different parts of the brain by clearance 
of hydrogen gas, radioactive inert gases and by heat 
clearance, which has become fashionable again although 
the problems of calibration and linearity remain difficult. 
The validity of the clearance of inert gases is examined 
in great detail both in theory and in model systems, 
and the limitations of the techniques are clearly defined. 
The second section on brain blood flow describes the 
regulation of cerebral blood flow in animals, the main 
po blan being the mechanism of cerebral autoregulation. 
There are also some interesting papers on cerebral blood 
flow in man in various diseases. 

The rest of the conference was concerned with a few 
papers on skin blood flow by clearance methods, the 
measurement of masele blood flow, particularly in exercise, 
pancreatic blood flow, gastrie mucosal flow and renal 
autoregulation. An account of renal blood flow after 
transplantation and rejection is of special interest. 

The book is easy to read, very well uUlustrated and 
contains a large amount of information in its 515 pages. 
Tt will be extremely useful for those interested in blood 
flow and is worth careful study. D. MENDEL 
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BIRDS OF SURINAM 


Birds of Surinam 

By F. Haverschmidt. Illustrated by Paul Barruel. Pp. 
xxix +445+70 plates. (Oliver and Boyd: Edinburgh 
and London, 1968.) 252s. 

Tue author of this sumptuous volume is a well known 
ornithologist who has now retired to the Netherlands from 
the post of Chief Justice in Surinam. Here he summarizes 
what he has learnt about the birds of that little-worked 
country during more than twenty years of service. His 
account is based largely on first- hand knowledge, and in 
drawing on such other sources as there are he has on 
principle refrained from using extralimital information 
about the included species (except for terse indications of 
total range). 

Only a few parts of South America, richest continent of 
all in its birdlife, are as yet covered by comprehensive and 
up to date ornithological publications. There was thus a 
need for this book, although the present state of knowledge 
leaves many gaps to be filled. Aceording to the author, 
there are at least 100 species that one would expect to find 
in Surinam but that have not yet been recorded there; 
and of the 542 species already known, other than as 
migratory visitors, breeding s data are so far only available 
for 234. Even on these aspects alone there is therefore 
much to be done by future observers, for whom an 
invaluable baseline is here provided. 

No native species is known to desert Surmam for any 
part of the year, but local wanderings are common and 
there are occasional irregular movements. In addition, 
60 species of migrants are visitors to the country, mostly 
from the north and predominantly waders; a very few 
are visitors from the south, subspecifically distinct from 
the resident birds. 

The book opens with very brief general seetions on 
topography, climate, ornithological history, breeding, 
migration, future research and = conservation. The 
subsequent treatment of cach species is under the heads, 
as far as applicable, of identification, habitat and habits, 
nesting, recorded food and range. The author has 
collected about 8.700 skins (537 species), now mostly in 
Leiden Museum, and his identification particulars include 
the colours of the “soft parts”, length of wing and body 
weight. 

Most of the species are finely illustrated either in colour 
or in line. There are photographs of typical habitats and 
of some nests and nestlings; there is also a map. 

LANDSBOROUGH THOMSON 


OBITUARIES 


Professor Otto Hahn 
THe death of Professor Hahn on July 28 has removed the 
doyen from the circle of classical radiochemists. Hahn 
was born in Frankfurt in March 1879; at secondary school 
he was already attracted to chemical science. He studied 
in Marburg, was awarded a PhD for his thesis on bromo- 
eugenol and became an assistant to Professor Zincke with 
the duty to prepare demonstrations for the professor’s 
lectures. During this period he was offered a post in a 
chemical firm, Kalle and Co., provided he spent some time 
first in England to learn the language. Professor Zincke 
wrote to Sir William Ramsey, and Hahn was given 
laboratory space in the Chemistry Department of Univer- 
sity College, London. Sir William suggested to the visitor 
he extract the radium contained in a sample of barrum 
bromide by fractional crystallization. Hahn soon noticed 
that the decay curve of the emanation showed a contribu- 
tion of the short living thoron. He was able to extract the 
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thorium contamination which was responsible for the 
thoron. As the discoverer of this new nucleide he was 
entitled to name it: radiothorium. 

Hahn was keen to learn more in this new field; Ruther- 
ford’s laboratory in Montreal was the place to do so. On 
the basis of his discovery of radiothorium Rutherford 
accepted him. In the autumn of 1965 with his Rd-Th and 
a specimen containing actinium, both presents from Sir 
William, he went to Montreal. During the nine month 
period there he discovered radioactintum and Th’. 
During the summer of 1906 Hahn returned to Germany 
under Professor Emil Fischer (the famous organie chemist 
and director of the University Chemical Laboratory of 
the University of Berlin}, who accommodated him in the 
institute’s carpenter shop (1906-12). There Hahn found 
mesothorium, estimated its half-life and just missed the 
discovery of the parent of radium, ionium, which was 
found by Boltwood in the United States. 

In 1907 a young lady physicist, Liese Meitner, jomed 
the group provisionally for a period of two years which, 
however, was extended to thirty years. One of their 
investigations (with O, V. Bayer) Snare the energy 
distribution of electrons emitted in beta decay. They 
used a simple magnetic spectrometer and discovered 
distinct lines; later studies showed that the lines were due 
to internal conversion and not to disintegration electrons. 

In 1912 the Kaiser-William Institute for chemistry 
was built with a small independent department for Hahn. 
In this non-contaminated laboratory very weak activities 
such as the beta rays from K and Rb could be examined, 
From the decay constant of Rb and the Sr assay of a 
sample of Rb mica he was able to calculate the age of 
the mineral (see Hahn: “Was lehrt uns die Badio- 
aktivitaét über die Geschichte de Erde”). 

The still uncertain origin of actinium was attacked by 
extracting from pitchblende a fraction following tantalum 
as carrier which was found to produce actinium emanation 
on decay. Hahn and Meitner named it protactinium. Under 
the supervision of Hahn the Radiumfabrik in Joachunatal 
was able to extract 0-5 g of Pa from five tons of pitch. 
blende residue. 

In 1921 Hahn made the remarkable discovery of 
uranium Z which has the same mass and charge as UX, 
but different radiative properties. Historically, this is the 
first case of nuclear isomerism. Only after the discovery of 
artificial radioactivity in 1939 were new cases of isomerism 
found; they are of considerable importance for the know- 
ledge of nuclear structure. 

Nothing has been said of the many methods developed 
by Hahn and his collaborators to use radioactivity as a 
tool to solve many chemical and physical problems. His 
book Applied Radioactivity contains much information of 
this kind. 

A most exciting and exasperating period started for 
Hahn when Fermi and his collaborators published results 
on the irradiation of uranium with slow neutrons. The 
latter were known to be the most effective agents to induce 
radioactivity in almost any nucleus. In contrast the case 
of uranium was most complex: many different activities 
were observed in bedies with widely varying chemical 
properties: roughly they behaved as ‘alkalis, alkaline 

earths, rare earths, heavy metals or rare gases. Those 
which followed barium when Ba was used as carrier in 
precipitation were labelled Eka barium where the Eka 
referred to the next higher period of the periodic system 
(not actually known). The formation of the series 
resembling noble metals was understandable as it was 
beheved at the tame that the sequence of elements follow- 


Ing uranium would have metallic properties. The 
existence of radioactive chains was experimentally 


established; > Eka Ra Eka GTE 


Eka Ir Eka Pt. Eka Au. Such a process would involve 
a stepwise increase of the nuclear charge from 92 for U to 
97 for Eka Au. ‘Because similar parallel chains mvolving 


for example: U +n- 
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the same nuclei, but with different half- lives, were observed, 
one was compelled to assume that isomeric states were 
propagated along the chain. It seemed unavoidable to 
regard this as anything but the formation of the trans- 
uranium elements, because no nuclear process could be 
imagined by which much lighter nuclei could be produced 
on interaction of U with neutrons. Hahn and Strassmann, 
however, made the following observation. If a mixture of 
barium and mesothorium bromide (radium isotope) were 
fractionated by crystallization, the mesothorium was 
found to accumulate in the end fraction, while a similar 
test made with barium and Eka-barium mixture left the 
latter evenly distributed among the various fractions (a 
similar result was obtained by I. Curie and P. Savitch in 
the case of Eka-lanthanum). Hahn and Strassmann 
pursued this method with all possible means, taking the 
greatest care to eliminate any possible errors. In 1939 
they published a paper entitled “Nachweis der Entstehung 
aktiver Bariumisotope aus Uran und Thorium durch 
Neutronenbestrahlung’’ with the subtitle “Endgiiltiger 
Beweis für das Entstehen von Barium aus dem Uran”. 
On this basis Frisch and Meitner could make their proposal 
that the uranium nucleus splits. More than four years 
elapsed before the question of the chemical nature of the 
irradiation products of uranium was settled. For their 
persistent and meticulous effort Hahn and Strassmann 
were awarded the Nobel Prize for chemistry in 1944. 


CORRESPONDENCE 


Who Does What ? 


Srr,—-Your correspondent (Nature, 219, 783; 1968), in 
pointing out the usefulness of the British publication, 
Scientific Research in British Universities and Colleges, 
1967-68, directs attention to certain inconsistencies and 
irritations, such as deficiencies of the subject index. This 
publication would lend itself to a computer-based opera- 
tion and, if certain contributors could be persuaded to 
write more descriptive entries, a KWIC or KWAC subject 
index could readily be prepared. Most of the entries are 
particularly suitable for this type of indexing. The branch 
of the Department of Education and Science which pro- 
duces the publication, OSTI, should be in a position to 
organize such an index and would gain a practical stake 
in automated index production. 


Yours, ete., 


PETER Brown, 
Secretary. 
British Nutrition Foundation Ltd, 
Alembie House, 
93 Albert Embankment, 
London SEL. 


On the Science of Science 
Sre,—-In your editorial “The Magie of Numbers” (Nature, 
217. 798; 1968) and in the letter of Gennadi Dobrov and 
Alan Mackay (Nature, 219, 662; 1968), important ques- 
tions were raised that deserve further comment. Taking 
issue with Professor D. J. de S. Price’s essay, Research on 
Research (Journeys in Science, University of New Mexico 
Press, 1967), the editorial questions the methods of the 
“science of science’, which seem to be based on the assump- 
tion “that the part of the individual in scientific discovery is 
either so predictable or so negligible that it can be 
altogether ignored”. | E 

No competent student of the science of science would 
suggest that the individual is unimportant in science. 
To the editorial’s question, “Can it seriously be supposed 
that if Archimedes, Newton and Einstein had never 


? 
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existed, the present state of science would no different 7” 
the answer is an emphatic no. The individual in science 
as in art is paramount. Professor Price writes that “If 
Beethoven had not existed, other men would have written 
quite different symphonies; Beethoven's private property 
is unmistakable”. But so is Newton’s and Darwin’s and 
Einstein’s. “If Planck, however, had not made his par- 
ticular discovery”, Professor Price continues, “somebody 
else would have to have made it and... rather quickly”’. 
That may be, but without Planck physics would be dif- 
ferent today. Another man may have made the dis- 
covery, but the total creation that was uniquely Planck’s 
would have been lost to science. This does not mean that 
the scientist and his work cannot be studied in the 
context of his society, Government support of research, 
the evolution and influence of professional societies, the 
social origins and education of scientists, are significant 
elements in the growth of science, and they are being 
studied by historians and sociologists. Such indices as 
numbers of scientific journals and papers published in 
them or the percentage of GNP devoted to research and 
development do not indicate the quality of the science 
being done or tell anything about the working of a 
scientist’s imagination, but they do give some measure of 
scientific activity relative to economic, political and 
social conditions. It may be, as the editorial contends, 
that “the science of science has far to go before it attains 
respectability”, but the sooner we understand the factors 
that influence the development of science the sooner we 
may use science and technology more intelligently than 
the evidence indicates we have in the recent past. 

Dobrov and Mackay ask “is it possible to characterize 
live scientists and real scientific institutions by quanti- 
tative indices which summarize information and illum- 
inate key features of the system 7”. The answer is surely 
yes, with the reservation that these indices cannot capture 
the illusive elements that make up so much of the per- 
sonality and the creative imagination of a scientist. The 
historian-sociologist of science works to define and under- 
stand these elements, using whatever methods are avail- 
able. If statistics will help, they should be used. For 
those responsible for the planning of scientific research 
the science of science may eventually be of great value 
even though, as Dobrov and Mackay note, “a broad 
theoretical understanding of the phenomena of science 
may not result. . .”. 

Yours, ete., 


H. EFRUCHTBAUM 
Clare Hali, 


Cambridge. 


CORRIGENDUM. In the article “Rosalind Franklin and 
the Discovery of the Structure of DNA” by A. Klug 
(Nature, 219, 808; 1968) the following further corrections 
should be made: page 809, column 1, lines 25-28 should 
read ““, , . structure in which the orientation of the helical 
molecules in the unit cell of the crystal is analysed and 
a detailed picture of the arrangement of the phosphate 
groups is proposed’; page 843, column 1, line 66, ‘“‘chains 
are” should read “chains appear to be’; page 843, 
column 2, lines 17-18, should read **. data made it 
possible to propose an orientation for the helical mole- 
cule ...°: the last line of the legend to Fig. 2 should 
read “Drawing adapted from ref. 9 which is based on the 
1953 models”. 


CORRIGENDUM, In the article “Formation of Dimer 
Cations of Aromatic Hydrocarbons” by B. Badger and 
B. Brocklehurst (Nature, 219, 263: 1968), values of K 
for excimers (the excimer/monomer fluorescence ratio) 
were mistaken for Ke (the equilibrium constant) in 
quoting from references 5, 6 and 7. The order of magnitude 
of the values calculated for dimer cations and the qualita- 


tive conclusions are not affected. 
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International Meetings 


September 23-25, Nucleonic Instrumentation Confer- 
ence and Exhibition, University of Reading (Conference 
Department, Institution of Electrical Engineers, Savoy 
Place, London WC2). 


September 23-27, Electronics Design, University of 
Cambridge (TEE Electronics Division, Institute of Elec- 
tronic and Radio Engineers, 9 Bedford Square, London 


WC2). 


September 23-27, Vacuums and Interstitials in Metals, 
Julich (Dr Werner Schilling, Kernforschungsanlage Julich, 
Institut für Festkorper und Neutronenphysik, Postfach 
365, 5170 Julich, Germany). 


September 23-27, Utilization of Natural Gas, East- 
bourne, Sussex (R. Jackson, Institute of Fuel, 18 Devon- 
shire Street, Portland Place, London W1). 


September 24-26, Progress in Nuclear Instrumenta- 
tion, University of Oxford (Conference Department, 
Institute of Electrical Engineers, Savoy Place, London 
WC2). 


September 25-27, Stresses in Composite Materials, 
Cranfield (The Meetings Officer, The Institute of Physics 
and the Physical Society, 47 Belgrave Square, London 
SWI). 

September 26-29, Detection of Cancer, Spa (Dr Albert 
Liegeois, c/o Civil Hospital of the Verviers, Liège, Bel- 
gium). 


September 27-28, Refrigerating Technology, Ostend 
(Congress Secretariat, Zeedijk 101, Ostend, Belgium). 


September 30-October 2, Tropospheric Wave Pro- 
pagation, Institute of Electrical Engineers (Institute of 
Electrical Engineers, Savoy Place, London WC2). 


October 2, Engineering Design and Performance 
Testing, Manchester (The Plastics Institute, 11 Hobart 
Place, London SW1). 


October 2-4, Reinforced Plastics, Freudenstadt (Ar- 
beitsgemeinschaft Verstarkte Kunststoffe B.V., Blit- 
tersdorffplatz 37 11, Frankfurt am Main, Germany). 


October 4-8, Diseases of the Chest, Washington 
(Murray Kornfeld, American College of Chest Physicians, 
112 E Chestnut Street, Chicago, Illinois 60611). 


October 6-10, Hazard and Race Phenomena in 
Switching Circuits, Bucharest (Gr. C. Moisil, Institutil 
de Matematica, 57 Str. Milhail Eminescu, Bucharest 3, 
Rumania). 


October 7-8, Multivariable Control Systems, Dus- 
seldorf (Dr G. Ruppel, International Federation of Auto- 
matic Control. Postfach 1139, 4 Dusseldorf 1). 


October 7-10, Plastics and Elastomers Congress, 
Milan (Secretariat, Plast 68, Viale Teodorico 19/2, Milan). 


October 10, Technical Information for Engineers : 
What they Need and What they Get, London (The 
Conference Department. The Institution of Mechanical 
Engineers, | Birdcage Walk, London SWI} 


October 22—25, 35th annual conference of the National 
Society for Clean Air, Harrogate (National Society for 
Clean Air, Field House, Breams Buildings, London EC4). 


November 18-28, Caribbean Research and Resources, 
Cura: ao, Netherlands Antilles (Office of Oceanography, 
Uneseo, Place de Fontenoy, Paris 7e). 


November 25-29, New Protein Sources in the Human 
Diet, Amsterdam (Symposium Bureau, Voorlichtings- 
bureau voor de Voeding, Laan Copes van Cattenburch 44, 
The Hague, The Netherlands). 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the public} 


Tuesday, September {7 


O BRITISH OCCUPATIONAL HYGIENE SOCIETY 
Engineering Department, The University, 
“Health Hazards in Agrieulture’. 


fin Lecture Theatre No, 1, 
Cambridge)-——Conference on 


Tuesday, September 17—-Thursday, September 19 


Farapay Society (at the University of Liverpool)—Genersa] Discussion 
on “Homogeneous Catalysis with special reference to Hydrogenation and 
Oxidation”. 


Wednesday, September [8 


O On AND COLOUR CHEMISTS’ ASSOCIATION (in the New Engineering Block, 
University College London, WC1), at 6.30 pmm~Mr A. R. H, Tawni “New 
concepts in Polymer Architecture”. 


Thursday, September 19 


INSTITUTION OF MINING AND METALLURGY (at the Geological Society, 
Burlington House, Piecadilly, London, W1), at 5 p.m.-—-Mr K. E. Mackay 
and Mr N. Gibson: “Development of the Pilot Commercial Torco Plant at 
Rhokana Corporation, Ltd, Zambia’; Mr J. C. Hood and Mr H. R. 
Korpershoek: “Proving Reserves and Mine Planning of the ‘Peeble’ Deposits 
at Cassinga Iron Ore Mines, Angola”, 


Thursday, September !9-— Friday, September 20 


_ BIOCHEMICAL Society (at the University of Aberdeen)—-486 Meeting. 
Programme will include a Colloquium on “Structural Differences in Poly- 
morphic Proteins” on Thursday afternoon. 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before the 
dates mentioned: 

LECTURER or ASSISTANT LECTURER IN PHARMACOLOGY~-The Registrar, 
University of Manchester, Manchester, 18, quoting Ref. 159/68/Na (Sep- 
tember 18). 

CHAIR OF Botany—The Registrar, The University, Sheffield (September 
23). 
RESEARCH ASSISTANT or SENIOR RESEARCH ASSISTANT (with a degree or 
equivalent qualification in physics or applied science) in SOLID STATE PHYSICS, 
to join a group working on various aspects of the electronic and magnetic 
properties of rare-earth metals, alloys and compounds-—The Registrar and 
Secretary, University of Durham, Old Shire Hall, Durham (September 23). 

LECTURER in the DEPARTMENT OF BrocHEMIsTRY—The Secretary, Chelsea 
College of Science and Technology (University of London), Manresa Hoad, 
London, SW3 (September 25). 

LECTURER/SENIOR LECTURER (with an honours degree in either mining 
engineering, metallurgy or metallurgical engineering, and preferably some 
industrial experience) in MINING and METALLURGY at the University of 
Sydney, Australia—The Association of Commonwealth Universities (Branch 
Office), Marlborough House, Pall Mall, London, SW (September 27}. 

READER in PLANT PHYSIOLOGY—The Registrar, University of Liverpool, 
PO Box 147, Liverpool, quoting Ref. R'V/588/N (September 30). 

LECTURERS/SENION LECTURERS (2) (economic geographers with additional 
qualifications or experience in economics) in the SCHOOL OF GEOGRAPHY, 
University of New South Wales, Australia--The Association of Common- 
wealth Universities (Branch Office), Marlborough House, Pall Mall, London, 
SWi (Australia and London, October 1). 

SENIOR LECTURER or LECTURER (preferably with interest snd experience 
in some aspect of lasers and/or plasma physics) in the DEPARTMENT OF 
APPLIED Prysics—The Registrar, The University, Hull (October 1). 

DEMONSTRATOR (graduate, preferably with a higher degree and research 
experience in industry, a university, or government research establishment} 
in the SCHOOL OF Puysics—The Registrar, The University, Newcastle upon 
Tyne (October 3). a 

MICROBLOLOGIST (with a veterinary degree or BSc (Hons.) in microbiology, 
and postgraduate experience in a microbiological laboratory) in the VETER- 
INARY RESEARCH LABORATORIES of the Ministry of Agriculture, Stormont, 
Belfast, for diagnostic and research work in a routine bacteriological labora- 
tory-—The Secretary, Civil Service Commission, Stormont, Belfast, Northern 
Ireland, quoting Ref. SB 94/68/64 (October 4). 

FULL PROFESSOR OF ORGANIC CHEMISTRY to assist in undergraduate and 
graduate teaching up to PhD level, and to lead in the development of high 
grade research in organic chemistry and/or biochemistry--Chairman, Depart- 
ment of Chemistry, York University, Downsview, Ontario, Canada ( Oetoher 
12). 

LECTURER (with a degree in forestry, geology, botany or soil scienee with 
experience in soil science and forestry) in SOIL SCIENCE ( for Forestry) at 
Lincoln College (University College of Agriculture), New Zealand—The 
Secretary-General, Association of Commonwealth Universities (Branch 
Office), Marlborough House, Pall Mall, London, SW1 (October 15}. 

CHAIR OF COMPARATIVE PaTHOLOGY-—The Registrar and Secretary, 
University of Bristol, The Senate House, Tyndall Avenue, Bristol, 2 (Qetober 
26). 

Tasna DIRECTOR (with a wide general knowledge of plant pathology 
and mycolouy, administrative ability, an interest in esclentifie documentation. 
and some knowledge of modern languages) of the COMMONWEALTH Ayt- 
LOGICAL INsTiTuTe, Ferry Lane, Kew, Surrey— The Secretary, Common- 
wealth Agricultural Bureaux, Farnham House, Farnham Royal, near Slough, 
Bucks{ October 31). i 

CHAIR OF ANTHROPOLOGY AND SOCIOLOGY in the RESBARCH SCHOOL OF 
Pacific Srepigs, Institute of Advanced Studies, Australian National 
University--The Association of Commonwealth Universities (Franch 
Office}, Marlborough House, Pall Mall, London, SW1 { Getober 31}, 

ASSISTANT EXPERIMENTAL OFFICER (with a degree In physics, eleetrica) 
engineering, metallurgy or materials science) to train to operate a scanning 
electron microscope for research on defeets in semi-conducting materiais— 
Dr D. B. Holt, Metallurgy Department, Imperial College, Prince Consort 
Road, Landon, SW7. 
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BIOCHEMICAL TECHN CIAN (preferably with rat experience) for parathyroid 
mong research—Dr G. A. Rose, St Paul’s Hospital, Endeli Street, London, 


CHAIRMAN (preferably quantitative ecologist) for the DEPARTMENT OF 
BioLogy—-The Dean of Arts and Seience, Trent University, Peterborough, 
Ontario, Canada. 

DEMONSTRATORS (3) (with research experience) in ORGANIC CHEMISTRY— 
The Registrar, The University, Liverpool, quoting Ref. RV/646/N, 

EXPERIMENTAL IMMUNOLOGIST or BIOLOGIST {with previous research 
experience) in the TUMOUR IMMUNOLOGY LABORATORIES at Sutton, Surrey, 
to take part in studies on the mechanisms, cellular and hormonal, involved 
in tumour immunity in experimental animals-—~The Secretary, Institute of 
Cancer Research: Royal Cancer Hospital, 34 Sumner Place, London, SW7, 
quoting Ref. 300/G/35. 

LECTURER (man or woman graduate with special interests in cytology and/ 
or experimental taxonomy) in the DEPARTMENT OF BoTany-—The Registrar, 
The University, Leicester. 

RESEARCH ASSISTANT in THEORETICAL CHEMISTRY to assist with very large 
calculations on molecular wave functions—Professor D. W. J, Cruickshank, 
CHEMISTRY DEPARTMENT, The University of Manchester Institute of Science 
and Technology, PO Box 88, Sackville Street, Manchester. 

RESEARCH ASSISTANTS (with a good honours degree or equivalent) for 
polymer research (current research topics include polymerization, polymer 
modification, properties and applications}—Dr D. A. Smith, National 
College of Rubber Technology, Northern Polytechnic, Holloway Road, 
London, N7. 

SENION LECTURER or LECTURER (honours graduate preferably with teaching 
and research experience) in PHARMACOLOGY —The Registrar, Brighton College 
of Technology, Brighton, Sussex, quoting Ref, N, 

TECHNICIAN/SENIOR TECHNICIAN in the MICROBIOLOGY LABORATORIES of 
the DEPARTMENT OF PHaRMacy-——Superintendent of Laboratories, Depart- 
ment of Pharmacy, Chelsea College of Science and Technology, Manresa 
Road, London, SW3. 


REPORTS and other PUBLICATIONS 


(not ineluded in the monthly Books Supplement) 


Great Britain and Jreland 


The University, Technology and Society. A series of four lectures: 
Science and International Understanding by Dame Kathleen Lonsdale; 
The Next Generation of Scientists and Technologists by Dr F, 8. Dainton: 
Science and Politics by Lord Wynne-Jones: Science and Government by 
4 Harry Melville. Pp. 83. (Edinburgh: Heriot-Watt University, ies 

58. 58 

Department of Education and Seience. Building Bulletin 42: The 
Coordination of Components for Educational Building. Pp. 42. (London: 
H.M. Stationery Office, 1968.) 54. 9d. nes. {158 

Forestry Commission. Report on Forest Research fer the year ended 
March 1967. Pp.x+194+10 plates. 17s. 6d. net. Bulletin No. 40: Rooting 
and Stability în Sitka Spruce, By A. I. Fraser and J. B. H, Gardiner. 
Pp. 28+ 20 plates. 8s, 6d. net. Bulletin No. 41: Forest Management, and 
the Harvesting and Marketing of Wood in Sweden. By B. W. Holtham, 
E. 8. B. Chapman, R. B. Ross and M. G. Harker. (Report on a visit of four 
Forestry Commission Officers to Norway and Sweden in May 1965.) Pp. 
Vili+85+4+43 plates. 18s. 6d. net. (London: H.M. Stationery Office, 
1987.) [158 

British Antarctic Survey (formerly Falk'and Islands Dependencies Survey). 
Scientific Reports. No. 47: The Geology of the South Shetland Islands. 
IV: The Geology of Livingston Island. By G.J. Hobbs. Pp. 3448 plates. 
278, 6d, net. No. 53: The Stratigraphy of Part of North-East Graham Land 
and the James Ross Island Group. By J. S. Bibby. Pp. 3745 plates, 
30s, Od. net. No. 60: The Vascular Flora of the Falkiand Islanda. By 
Dr D. M. Moore. Pp. 202+6 plates. 75s. net. (London: British Antarctic 
Survey—-Natural Environment Research Council, 1966 and 1968.) [158 

Proceedings of a Symposium on The interaction of the Laboratory Animal 


w 


with its Associated Organisms, held in Cambridge on 6 October 1967. (Col- 
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NORTHWICK PARK HOSPITAL 
AND CLINICAL RESEARCH 
CENTRE 


DIVISION OF CLINICAL CHEMISTRY 


CHIEF I TECHNICIAN 


A Chief I Technician is required for the 
Hospital subdivision of the Division of 
Clinical Chemistry, The laboratory will be 
fully automated. The Hospital, near Har- 
row in’ North London, will, in 1974, have 
800 beds. The first phase will open early 
in 1970. 


An @arly appointment is required so that 
the Chief I Technician caa assist with the 
development of second generation automatic 
equipment which will ultimately be used in 
the new Hospital, Unti the hospital Opens, 
laboratory accommodation will he arranged 
in the London ares, 


There will be close association with the 
other subdivisions which will be staffed by 
the Medical Research Counci and con- 
cerned with research in automation, general 
Clinical Chemistry and basic Biochemistry. 
Colaboration will also be maintained with 
the MR.C, staffed division of Computing 
and Statistics and that of Bio-Engineering. 


Experience in the running of an amo- 
mated Clinical Chemistry Laboratory is 
essential and a knowledge of the applica- 
tion of computers desirable, 

Application forms, returnable by Novem- 
ber 1, 1968, and further information, from 
the Group Secretary, Northwick Park Hes- 
pital and Clinical Research Centre, 144 
Tottenham Court Road, London WIP 9LH. 
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ZOOLOGICAL SOCIETY OF 


LONDON 
Applications are invited for posis as recorders 
for the Zoological Record. utes include 


abstracting and classification of scientific Hiera. 
ture and will be undertaken at the British 
Museum (Natural History) or at London Zon. 
Applicants should possess either a degree in 
Zoology, or sufficient knowledge of modern 
languages to read and translate scientific papers. 
Salary, according to age and experience, within 
scale, at present under review, £852 to £1,343 
plus £125 London Weighting. 


Society of London, Regent's Park, London, 
NOW. (869) 


DEPARTEMENT DE PHYSIQUE 

ANNONCE POUR LE RECRUTEMENT 

Applications are invited for positions ranging 
from Assistant Professor to Full Professor in the 
fieids of Biophysics, Plasma Physics, Solid State 
Physics and Astrophysics. Research activities in 
the Physics Department presently include the 
above fields. Computing facilities include a 
CDC-3400 commuter. 

Send résumé and reprints of three significant 
papers to Le Directeur, Département de Physique, 
Université de Montréal, Case postale 6128, Mon- 
trgal 3, Canada. (8023 
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CSIRO 
MATHEMATICIAN/ 
AUSTRALIA PHYSIOLOGIST 


DIVISION OF PLANT INDUSTRY 


GENERAL The Division of Plant industry of the Commonwealth Scientific and 
industrial Research Organization located at Canberra, A.C.T. carries out research in a 
wide range of plant sciences on problems fundamental to agricultural! production, 
Members of the Plant Nutrition Section are engaged in research on the effects of 
deficiency and imbalance of plant nutrients on pasture and crop production, Studies 
are being made on the role of the Specific nutrient elements in the physiology of the 
plant, including plant growth and metabolism, and of the diagnosis of nutrient 
deficientes, 


DUTIES The appointee wilt be required to develop a mathematical description of 
plant growth under conditions of defined nutrient supply, which can take account 
of the effects of varying environmental conditions. The aim in the work is to develop 
a means of predicting and evaluating responses of plants to nutrients under different 
environmental conditions. 


QUALIFICATIONS Applicants should have a Ph.D. degree, or relevant post- 
graduate research experience of equivalent standard and duration supported by 
satisfactory evidence of research ability. A strong formal training in mathematics and 
biology is essential. 


SALARY Depending upon qualifications and experience, the appointment will be 
made within the salary range of Research Scientist, $A5,250~ $A6,622 p.a. or Senior 
Research Scientist, $A6,892~$A7,974 pa. Salary rates for women are $4428 pa. 
less than the corresponding rates for men. A reasonable rental subsidy on furnished 
accommodation may be paid to a married male appointee. Promotion within CSIRO 
to a higher classification is determined by merit, 


CONDITIONS The appointment will be intially for a fixed term of three years, 
after which, if mutually desirec, either an extension of tenure or appointment for an 
indefinite period will be considerd. The appointment will be conditional upon passing 
a medical examination and an initial probationary period of twelve months may be 
specified. Fares paid for the appointee and his dependent family. Further details 
supplied on application. 


Applications, quoting Appointment No: 130/937, and stating full name, place, date 
and year of birth, nationality, marital status, present employment, details of qualifications 
and experience, together with the names of not more than four persons acquainted 
with the applicant's academic and professional standing, should reach: 


Mr. R. F. Turnbull, 

Chief Scientific Liaison Officer, 
Australian Scientific Liaison Office, 
64 Kingsway, 

LONDON, W.C.2. by the 11th October, 1968 


{853} 


Scientific 
| Advisers 


Salary to $16,900 

Food and Drug Directorate 
Government of Canada 
Ottawa 


The Food and Drug Directorate has the statutory respon- 
sibility for the enforcement of the Food and Drug Act 
and Regulations and related legislation. To meet this 
responsibility, graduates in pharmacology or physiology 
are needed to participate in a programme of evaluation 
and consultation relating to drugs. They will act as 
specialist advisers to government and industry and may 
have an opportunity to participate in research. 
Pharmacologists and physiologists with an advanced degree 
and related experience in research or advisory work are 
invited to apply, 

Send complete résumé of education and experience to the 
Bio-Physical Sciences Program, Public Service Commission, 
Ottawa 4, Ontario, Canada. 


Piease quote file reference 68-1018. (899) 
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Making Miracles Come True 


THE publication last week of the annual report of the 
British Post Office (HMSO, 16s. 6d.) is bound to provoke 
the question whether it is wise that the unrealized and 
unimagined benefits of the new communications indus- 
try should be left in the hands of the dull organizations 
which at present have command of them. In Britain at 
least, the time is plainly ripe for a re-examination of the 
arrangements at present in force for pushing ahead in 
telecommunications. For one thing, if the Govern- 
ment can find time in the coming crowded parliamen- 
tary session, the Post Office will cease to be a Govern- 
ment department and will become a nationalized 
- industry in its own right in about a year from now. 
-o Between now and then, it is plain that the Post Office 
will be preoccupied with all kinds of problems which 
are inevitably created by its constant interaction 
with the public—the row which there has been over 
the entirely sensible proposal that there should be two 
classes of service for the delivery of letters sent through 
the mail is only one example of how the new industry’s 
energy will be dissipated. 

But it is also clear from the latest annual report that 
the Post Office has not properly appreciated the scale 


on which research and development must be carried 


on if new opportunities are to be exploited to the full. 
There is hardly an echo in the report of the ways in 
which, as Dr John Pierce, director of research at 
the Bell Laboratories, suggested in Nature last week, 
the quality of civilized life may be transformed by 
better communications. Instead, there is merely a 
fatuous attempt to classify the expenditure of the 
Post Office on research and development, which 
amounted to £8-31 million in 1967-68, into categories 
which are best suited for the collection of telephone 
charges. It is possible to glean from the laconic figures 
< that the greatest increase in research and development 
© expenditure has gone on devices for mechanizing the 
mails, but there is no way of knowing whether the 
increase of £1-5 million in research expenditure between 
1966 and 1967 is to be explained by the changing 
= relationship between the Post Office and its principal 
> suppliers of equipment. Certainly there is nothing 
to suggest that the Post Office has taken to heart the 
criticisms in the report by the Select Committee on the 
Nationalized Industries at the beginning of 1967 which 
pointed out that only ten per cent of the Post Office’s 
expenditure on research and development could 
properly be described as basic research. 

Unfortunately there is, of course, no reason to expect 
that the Post Office as it is at present organized will 
quickly be able to increase the scale of its expenditure 
to match the scale on which these things are under- 
taken in the United States. The select committee, 
when it examined this problem, was much exercised 
by the comparison between the British Post Office and 


the Bell system and seems quite properly to have 
been chastened by the discovery that something like 
$300 million was spent on telecommunications research 
within the Bell system in 1966. In the same year, 
British expenditure including Post Office subvention 
to industrial companies and contracts with universities 
and other organizations worked out at nearly £15 
million—-one-sixth of what was being spent in the 
United States. It is true, of course, that the scale of 
the telephone business differs vastly from one country 
to the other, and what the British Post Office spends 
is quite a creditable proportion—roughly two per cent 
—of its revenues from telecommunications. But the 
real issue to be settled is whether some method can be 
found of increasing these expenditures to the point. 
at which Britain and the British telecommunications 
industry can continue to rub shoulders with the giants 
abroad. And beyond this, of course, is the question 
whether the pace of development can be so accelerated 
that the potential benefits of new devices in communi- 
cations can be realized before those who conceived 
them are in their graves. 

As luck will have it, the means exist for what would 
seem to be an entirely workable solution to the problem 
of rapidly expanding the effort in research and develop- 
ment directly in support of the Post Office. For several 
months now, the British Government has been exercised 
to know what should be done with some of the 
research establishments which have outlasted the 
tasks for which they were originally established. In 
the event, a great many of these establishments are 
ones which have particular skills in telecommunica- 
tions. The Royal Radar Establishment at Malvern, 
for example, is the place at which the most daring 
innovations in radar technology were undertaken 
during the Second World War. This is a large labora- 
tory, bigger even than the Post Office’s own research 
establishment at Dollis Hill in London, soon to be 
moved out into Suffolk. 

It is a long time since Malvern was fully stretched by 
the needs of defence. But the Signals and Electronics 
Research Laboratory at Christchurch m Hampshire, 
although smaller, is also chiefly engaged on develop- 
ments which bear closely on what the Post Office is 
doing or should be doing, and hardly fully occupied 
by the now truncated defence programme. The 
Radio and Space Research Station at Slough is a 
different case but still relevant. The laboratory was 
founded when problems of radio propagation had great 
practical importance in the decades before the Second 
World War, and it has since grown into the kind of 
place which knows more about the ionosphere than. 
anybody else and possibly more than anyone needs to 
know as well. Dependent as it is on the Science 
Research Council, the Radio and Space Research, 











1196. 


Station is likely to look to somewhat academic develop- 
ments to keep itself employed and the impending 
arrival of Professor F. G. Smith as deputy director 
should ensure that there is plenty of work to keep 
everybody happily engaged. But is there any reason 
why Slough should not also be regarded as one of a 
group of publicly owned laboratories which, for the 
next decade, would be almost exclusively concerned 
with direct support of the development of telecom- 
munications ? 

All this implies that the Government could do a 
great public service and at the same time solve a great 
many of its domestic housekeeping problems in 
research and development by creating a new organiza- 
tion for research and development in telecommunica- 
tions which would at least be able to hold a candle 
to the organizations which have been so brilliantly 
successful elsewhere. To be sure, there will be objec- 
tions to proposals of this kind. The Post Office, no 
doubt, will say that it is doing very nicely, thank 
you, and has no need of outside help, especially when 
this is not directly linked either with the operation of 
the telecommunications network or with the manu- 
facture of components. Yet the pace of development 
and the prospects which are now opening up suggest 
that there is actually a need for two tiers of research 
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and development—one concerned with immediate 
problems and one more deliberately pointed at the 
future. This, after all, is where the laboratories have 
been particularly successful, and a tight and imagina- 
tive grouping of superannuated defence laboratories in 
Britain could play an exactly similar part in Britam— 
it could force the pace. It will also, of course, be 
objected that there is no need for a separate organiza- 
tion of these laboratories because their work is already 
coordinated with that of the Post Office. But every- 
body knows that no amount of committee work can 
adequately substitute for a single-minded and properly 
run research laboratory free to set its own goals and 
to attain them. Then, of course, there are problems 
of geography and organization—where would the head- 
quarters be and who would occupy them—but these 
are matters which governments exist to deal with. 
The truth is that there exist, almost by accident, 
laboratories whose jomt efforts could enormously 
improve the quality of research and development in 
Britain. With luck, such a combination could be 
strong enough to subvert the necessarily conservative 
habits of thought into which the Post Office has fallen. 
More than any other easy step, it could help to make 
sure that the benefits of the whirlwind of innovation 
in telecommunications are not lost. 


Britain, Europe and the Accelerator 


Nosgopy will envy the British delegation to the council 
of CERN the visit it will have to make to the next 
meeting at Geneva on October 3. Now that the 
Government of West Germany has agreed to contribute 
to the building of the 300 GeV accelerator, there is at 
least a chance that Britain will be conspicuous as the 
only black sheep. To be sure, some of the Scandinav- 
ian contributors to existing projects under the CERN 
umbrella may yet drag their feet. or even say no. 
There is also still a possibility that the Austrian 
Government will back down now that the chances 
seem remote of persuading the builders of the 300 
GeV machine that the Austrian site is the most suitable 
in Europe, although there seems to be no foundation 
for the reports that the Austrians have already said 
as much to CERN. The truth is, however, that with 
Germany, France and Italy committed, the council of 
CERN at its next meeting will be free, if it wishes, to 
embark immediately on the next stage in the con- 
struction of the large accelerator. On the face of things, 
at least, there is little the British delegation can add 
to the firm no which Professor Flowers was required 
to pronounce in June. 

In circumstances like these, recrimination is not 
simply legitimate but potentially constructive. In 
retrospect as at the time, the way in which the British 
Government chose to say no was needlessly uncom- 
promising. One of the anxieties which seems to have 
corroded the Government’s goodwill, for example, 
was the fear that costs at CERN would escalate beyond 
the estimate of roughly £150 million (for construction). 


To judge from the letter which the German Govern- 
ment has sent to CERN, the British Government is 
not alone in this concern. The German Government, 
however, seems quite prepared to put responsibility 
for keeping within the budget squarely where it belongs, 
on the shoulders of the management at CERN. And 
there is, of course, no reason why governments should 
not ask that their contributions to the new machine 
must be fixed once and for all at the beginning, so 
that the machine operators have no choice but living 
within their means. 

In exactly the same way, the British Government 
could, if it had really tried, have won cast-iron assur- 
ances that the cost of paying for the 300 GeV accelera- 
tor would be compensated for by a run-down of activity 
at the two large British accelerators—Nimrod and 
Nina. For does not the one who pays the piper call 
the tune ? And in any case, it will be surprising if the 
first of these machines can remain continuously in 
service for the next decade, when the new CERN 
accelerator will be assembled. By this means, however, 
the Government could have kept expenditure on high- 
energy physics more or less within a fixed budget and 
not simply within the nebulous but less restrictive 
criteria laid down by the Swann Committee on the 
subject. But these, of course, are only some of the 
options which were never properly explored. It would 
also have been profitable to consider the international.” 
ization of all the European accelerators. There is no 
reason why Britain, still untouched by anything 
resembling an economic miracle, should have continued 









NATURE, VOL. 219, SEPTEMBER 21, 1968 


to contribute a quarter of the cost of operating CERN. 
In other words, there were several avenues to explore. 
To ask for further time would not have been unreason- 
able. In the long run, by not exploring these possi- 
bilities, the damage done to the British reputation for 
willingness to collaborate with the mainland may be 
the most serious lasting consequence of this tactless 
decision. 

It is only fair also to acknowledge that CERN itself 
could have been much more accommodating than it 
has been. The first attempts to win public support 
for the big accelerator made quite unrealistic demands 
that more spending at CERN should be accompanied 
by more spending domestically, and this gaffe has 
never been openly repudiated. But in the past year, 
the management at CERN has been unreasonably 
inflexible in its belief that the design approved by the 
European Committee for Future Accelerators in June 
1967 must be the last word on the subject. The fear 
that flexibility might be interpreted by governments 
as irresolution seems to have engendered a tendency 
towards pigheadedness. In reality, CERN’s case 
would have been strengthened by a readiness to learn 
from the experience which Dr R. R. Wilson has been 
accumulating at Weston, near Chicago. Certainly 
it does not make a good impression that the British 
decision not to participate in the new machine was 
followed almost immediately by a reduction of the 
estimated cost by virtually the whole extent of the 
vanished contribution. By all accounts, six per cent 
has been shaved off the initial cost of the machine, 
and further economies will apparently be possible in 
the first few years by running at 200 GeV, not the full 
energy, and by postponing the building of a second 
experimental hall. But if these economies are sensible 
now that Britain has withdrawn, should not govern- 
ments have been given the option of a cheaper pro- 
gramme right at the beginning ? 

To raise these questions now is only worthwhile so 
long as there remains a chance that the British decision 
may at some point be reconsidered. On the face of 
things, the prospects are not bright, but there is a 


9 * ad 
Mr Webb’s Windmill 


THE resignation of Mr James Webb as chief executive 
of the National Aeronautics and Space Administration 
is at once a strong hint of failure and an opportunity 
for striking a better balance in the conduct of space 
research and development in the United States. Openly 
to admit as much is cruel and there is of course no 
doubt that Mr Webb has done as well as anybody 
could have done to realize the ambitions with which 
NASA has been preoccupied ever since the surprise of 
the first Sputnik in 1957. Moreover, there is no 
evidence to suggest that Mr Webb has been especially 
+» importunate in foisting the Apollo programme on the 
. American taxpayer. Rather he has cut the figure of a 
diligent and dutiful public servant and it is only the 
perfectionists who will insist that what the public 
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slim hope that something may be done to avoid what 
threatens to be a nasty setback for the cause of Euro- 
pean collaboration in science. To expect that the 
British Government will be able to go back on its 
decision until there is some marked improvement 1 

the balance of payments would be unrealistic, but a 
vear from now the economy may be looking much 
more cheerful. So one obvious possibility is that 
arrangements could be made at the council meeting 
a week from now to reconsider British membership 
when planning is further advanced but before final 
decisions have been taken about the scale and speed 
of operations at the new machine. To be sure, the site 
for the accelerator could not then be in Britain, but 
Mumford has never seemed a particularly hopeful 
starter. It would be still better if the council meeting 
could agree that the reduced budget now being talked 
about really constitutes a new proposal which is 
sufficiently different from the original proposal to 
qualify for the British Government's promise that 
the alternative proposals would be cheerfully recon- 
sidered. 

Ideally, however, the council of CERN should look 
beyond the building of the new machine to the situation 
there will be in Europe if the project to build the new 
accelerator goes ahead without the nation which has 
made a conspicuous part of the running in the develop- 
ment of nuclear physics in the past half century and 
which was, in particular, one of the moving spirits in 
the creation of CERN as such. Although it may be 
hard to understand why the British Government has 
behaved at CERN as it has done, there are the strongest 
reasons for helping it out of the hole which it has dug 
for itself. The best course of all would be to make a 
serious examination of the possibilities for a thoroughly 
international organization for supporting research in 
high-energy physics. This is not merely a device for 
resolving the trouble about the new accelerator but 
also a means by which the budgets for high-energy 
physics could be permanently contained. And if 
people mean what they say about international collabor- 
ation, that is a goal worth working for in its own right. 


interest has really required this past decade is a chief 
administrator able to proclaim that going to the Moon 
is not merely a waste of money but a waste of time as 
well, And the truth is, of course, that such a prophet 
would not have kept his job for long. NASA has had 
the administrator that it and its backers sought. This 
is the strongest reason why Mr Webb’s departure now 
must be taken as a sign that NASA is once more at the 
crossroads. 

What has gone wrong? Mr Webb said earlier this 
week that he was unhappy with the increasingly un- 
flattering comparisons which are being drawn between 
the pyrotechnical achievements of the United States 
and the Soviet Union. The Russians, so Mr Webb 
believes, have larger booster rockets and the resources 
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to send them above the atmosphere more frequently. 
Plainly he is impressed and downcast by the talk there 
has been, in recent months, of the possibility that a 
Russian or two may reach the Moon about the middle 
of 1969. If that should turn out to be true, the United 
States will lose the race which President Kenned y 
inaugurated in 1960 with his ill-considered view that 
the journey to the Moon was necessary because the 
Moon, like Everest, “is there”. 

Recently, however, it has been seeming very much as 
if neither of the competitors could win. Even though 
the American programme has been delayed by some 
bad Juck—most obviously the fire which killed three 
astronauts in 1967—it has also come to seem increas- 
ingly a pious hope that everything would be ready for 
the journey to the Moon before the end of 1970. The 
flight of Apollo 7 which is due to take place from 
Florida on or soon after October 11 will be the first 
live test of the newly designed capsule. The hope that 
it would be possible in December to test what is called 
the landing module has been frustrated by the need 
for further modifications of design, but that occasion 
should at least be a chance at Jast to try out the rocket 
which will actually be used for going to the Moon and 
not the smaller versions which have been in service 
in previous flights. But is it credible that within 
twenty-four months of the rocket flight now planned 
for December, it will be possible to test all the equip- 
ment and procedures which will need to funetion to 
perfection if a journey to the Moon and back is to be 
successful ? Prudent manufacturers would not risk 
putting a motor car on the market in such a brief 
spell. Mr Webb has nobody but himself to blame if his 
resignation at this critical stage in the affairs of NASA 
is interpreted as an admission that the gap between 
promise and reality has now become intolerable. 

NASA will no doubt be unwilling to admit as much, 
but that is beside the point. It is, however, worth 
recalling that financial stringeney can be no excuse 
for any failure there may be to deliver the promised 
goods. It is true that the NASA budget has been cut 
severely in the past six months—and even now the 
echeeseparing in Congress is not entirely at an end. 
In practice, however, Congress has been respectful of 
Mr Webb’s pleading that it would be foolish to ask 
people to fly to the Moon without providing them with 
the equipment to do the job. The most serious cuts 
have fallen on the plans for using the equipment 
developed during the Apollo programme to launch 
more ambitious interplanetary exercises. although 
science and other comparatively good works have also 
suffered. Even so, the budget for the current financial 
year is unlikely to be reduced by more than fifteen 
per cent from the peak expenditure of $5,100 million 
three years ago. In other words, if NASA fails it 
cannot blame what mortals call penury. The trouble 
is that it has been tilting at a windmill. 

It is therefore an absorbing question to know what 
Dr Thomas O. Paine, Mr Webb’s deputy for several 
months and acting administrator at least until October 
7, will make of the new situation. No doubt one 
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immediate problem is to know how to broach first 
with the Bureau of the Budget and then with Congress 
the need for money to keep Apollo going between now 
and the point at which a journey to the Moon seems 
feasible. To begin with at least, it would be asking 
figuratively for the Moon to expect that NASA would 
promptly cancel its commitment to Apollo. The time 
for a technical reappraisal is not now but in March or 
thereabouts, when more should be known about the 
real awkwardness of the problems which remain to be 
solved and the potentialities of the hardware. Beyond 
that time, however, there is the strongest possible case 
for a drastic reduction in the programme of manned 
space flight. And the truth is, of course, that nothing 
which has happened in the past decade has clothed 
President Kennedy’s hope in flesh and blood. The way 
that international events have gone, it seems quite 
plain that high jinks in space are an irrelevance. 
Spin-off is a cold shower. And the United States, at 
long last, is in the mood to solve problems by deliber- 
ately spending money on their solution—not simply 
by spending money. 

In the circumstances, it would be entirely proper if 
NASA decided in the spring to volunteer a reduction 
of the scale of its activities by something like ninety 
per cent. There are some useful jobs still to be done 
in the development of Earth satellites for practical 
purposes. Scientific work could profitably be expanded 
~-though some of the experimental work supported 
out of the present straitened budget is trivial or even 
worse. Within $500 million a year, NASA could lead 
quite a respectable existence. Nobody need fear that 
such modesty implies that the exploration of space is 
over and done with. The truth is that the time for 
it is not vet ripe for it to begin. 


UNIVERSITIES 


Columbia’s New Head 


Tue fact that Mr Andrew Cordier, the new president 
of Columbia University, is 67 years old suggests that 
he will be little more than a caretaker at the sprawling 
and troubled university. Yet in hardly a fortnight in 
office, Mr Cordier has presided over changes that could 
help many of Columbia’s 21,500 students feel that the 
university sympathizes with their problems and pas- 
sions. First, Columbia announced that it would not 
press charges against a good number of students appre- 
hended during last spring’s rebellion. Then, last 
Thursday, a committee composed jointly of students, 
administrators and teaching staff voted to guarantee 
the students’ right to demonstrate to support their 
views. (The committee also spelled out what students 
should not do—-block doorways, invade offices and use 
violence in general—and suggested penalties for those 
who disobey which range from probation to expulsion.) 
It is too soon to predict that Mr Cordier, the former 
dean of Columbia’s School of International Affairs, 
will become the Pope John of Morningside Heights, but 
he has already warned the hierarchy that it must pay 
more attention to the human beings beneath it even if 
this entails cutting back on “research work and off- 
campus commitments’. 
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The change of command at Columbia should silence 
anybody who believes that students have power only 
to make noise. Dr Grayson Kirk, the retiring president, 
was forced to resign simply because the students did 
not like him. He himself appeared not to realize this 
when he called in the police force of New York City 
to throw the students out of the university buildings 
which they had occupied last spring. The police 
responded to the call with a gusto w hich cost Dr Kirk 
his job. The teaching staff, whieh until then had 
tended to be critical of the students’ revolt and its 
irrelevant insistence that the university should not 
build a gymnasium overlooking the slums of Harlem, 
swiftly turned against their boss. Dr Kirk had to go 
and conceded as much when he announced his retire- 
ment, a year ahead of plan, in the interests of “more 
normal university operations during the coming 
academic year”. 

The sad fact is, however, that Dr Kirk has critics 
who feel that he did something much worse for the 
health of his university than to call in the police to 
throw out students who had, after all, invaded his 
office and vandalized his per sonal papers. In the hope 
of vast revenues, he committed the university to an 
uneasy liaison with an unproven cigarette filter with- 
out consulting the distinguished men at Columbia’s 
medical school—and made the news publie at a hasty 
press conference which caught the faculty as much 
by surprise as it did the New York Stock Exchange. 
That arrangement was quietly dropped several months 
later. 

Jolumbia, like most of America’s large private uni- 
‘versities, is desperately in need of new sources of funds, 
and Dr Kirk, to his credit, had raised about half the 
$200 million goal set in the current fund drive. (He 
will continue to run the drive in his new post of 
president emeritus.) Meanwhile, speculation is buzzing 
over the possibilities for Mr Cordier’s successor. 
Senator Eugene McCarthy has been named as one who 
might prefer to be president of a university rather 
than president of his country. As the search goes on, 
it is interesting to ask people outside Columbia if 
they can remember who held the job before Dr Kirk 
took over in 1953. (The answer, as at least Senator 
McCarthy will remember, is General Dwight Eisen- 
hower.} 


RESEARCH COUNCILS 


Developing the Environment 


REORGANIZATION and development are once again the 
themes of the annual report of the Natural Environ- 
ment Research Council, now three years old (HMSO. 
12s. 6d.). Plans for future research in geology and geo- 
physics are now largely complete, and the provision 
of new premises seems to be all that is required to 
implement them. 

Within the Institute of Geological Sciences, the 
Geological Survey of Great Britain will maintain its 
present importance, but other projects are being 
developed. The mineral resources division has expanded 
to include a mineral assessment unit to survey reserves 
of useful minerals at home and abroad. There is also 
to be more emphasis on geochemistry, and a new 
division devoted to this subject has been set up from 
the former atomic division, the age determination 
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group and parts of the mineral resources division. A 
small unit is also planned to carry out applied geo- 
chemical work in the field. 

The marine sciences have been another important 
field of activity during the past year. New plans have 
resulted from a survey carried out by the council in 
participation with an ‘interdepartmental committee of 
present and future plans and their justification. There 
is to be more emphasis on inshore environment, which 
is in urgent need of more intensive research in view of 
the consequences of human activity in this part of the 
sea. 

The Plymouth Laboratory of the Marine Biologica! 
Association, which is already engaged in research into 
pollution, is now overcrowded, and negotiations with 
Plymouth Corporation are in progress concerning a site 
for a new building. The new laboratory of the Seottish 
Marine Biological Association at Oban, which is pro- 
gressing W ell, will house a project concerned with 
finding effective methods of fish pda A survey of 
suitable locks for growing fish is already in progress. 
The laboratory at Milport will eventually lose a sub- 
stantial proportion of its staff to Oban, and the future 
of Millport is “under consideration”. 

The newly formed Institute of Hydrology, promoted 
from the Hydrological Research Unit, will undertake 
a research project to cost about £200, 000 to collect and 
analyse existing data concerned w ith the occurrence 
of floods in the United Kingdom. This is just part of 
the increased interest that the council intends to take 
in the development of hydrology. This subject is also 
to be encouraged in the universities, and this year the 
council has given £100,698 in research grants for hydro- 
logical research. The largest of these grants is £76,000 
to Mr T. O’Donell of Imperial College for a study of 
the hydrology of laboratory catchments. 


LEARNED SOCIETIES 


European Federation 


Tue European Physical Society will almost certainly 
come formally into existence next Thursday (Septem- 
ber 26) at Geneva, when a meeting of delegates from 
various physical societies throughout Europe will put 
what it is hoped will be the finishing touches to the 
constitution and elect an executive committee to carry 
on the business of the European society until it makes 
its first claim on publie attention at a conference in 
Florence on April 11 next year. The biggest wn- 
certainty remaining is the extent to which the new 
society, which is constitutionally a federation, will 
include representatives from Eastern Europe. Discus- 
sions have so far involved delegations from most 
countries in the east and from the Soviet Union as 
well, and there has been a plan for opening an office 
in Prague to complement that to be established in 
Geneva oe at the same time, to get round the problem 
of exporting cash from the Warsaw countries 

The constitution of the new federation has few 
terrors for the meeting next week. The couneil of 
forty members will eventually be nominated by the 
member societies, none of which may have more than 
five representatives. Day to day business will be the 
responsibility of a smaller executive committee, even- 
tually to be appointed by the council. Provision has 
been made for individual membership, largely because 
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there may be many countries in which working 
physicists are not adequately represented by national 
societies. Because of the great diff rences of size 
among the national societies—the British Institute of 
Physics and Physical Society, as it calls itself, is the 
largest—subscriptions will be paid on a non-linear 
scale by means of which a member society will pay an 
amount which is roughly inversely proportional to 
the square root of its size. As yet, there are no plans 
for launching a series of European physics journals 
(although there will be a newsletter farly soon), but 
a sub-committee is hard at work on this part of the 
problem. The pattern of mectings and exchanges 
which the society hopes to stimulate will become 
clearer when there has been time to work out subject 
groupings under the umbrella of the federation, and 
there should be some progress to this end at the 
Geneva meeting. It will be a great surprise if Professor 
G. Bernadini, who has provided much of the impetus 
for the European Physical Society during the past 
two years, does not emerge in a prominent position 
among the officers. 





NAVAL ARCHITECTURE 


Brunel’s Great Britain 


A CAMPAIGN was opened last week for funds to refloat 
the Great Britain, one of the three major ships designed 
by Brunel. The object is to tow her back from the 
Falkland Islands to the Bristol shipyard where she 
was launched in 1843. The Great Britain was the 
first ocean-going iron ship and the first to be driven by 
propeller. 

Since the late 1880s, the Great Britain has been 
moored in the Falkland Islands, and now lies rusting 
on a sand-bank in Sparrow Cove, near Port Stenley. 
Attention was drawn to the ship’s historic and engineer- 
ing importance by Dr Euan Corlett, a practising naval 
architect, in a letter to The Times last year, and has 
led to the setting up of a committee for the retrieval 
and restoration of the ship. The costs of making 
minor repairs to the hulk and towing her some 7,000 
miles are estimated at £150,000. Back in place at the 





Jefferies Dock in Bristol, the substantial cost of restora- 
tion is expected to be defrayed by volunteer labour. 

The first of Brunel's ships, the Great Western, was 
paddle-driven and built of wood. The Great Britain, 
besides its iron construction and propellers, incor- 
porated revolutionary features such as the bolted 
rudder post which relieved pressure on the rudder and 
is standard design in most modern vessels. Brunel's 
third ship, the Great Eastern, had a double skin, a 
feature which other designers ignored until the sinking 
of the Titanic some fifty years later. 

The history of the Great Britain was closely linked 
with that of the British Empire. The ship was the fore- 
runner of the iron merchant vessels and battleships 
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which in the latter half of the nineteenth century gave 
Britain her mercantile and naval supremacy. Brunel 
intended the ship to carry passengers of the Great 
Western Railway, of which he was a director, to New 
York, but the Great Britain made only a few trans- 
atlantic voyages before running aground in Dundrum 
Bay in Ireland. Brunel managed to refloat the ship, 
which for the next 20 years carried emigrants to 
Australia, She was withdrawn from this service to be 
used as a troopship in the Crimean War and during 
the Indian Mutiny. 





The interior of the Ureat britain 


In 1875, the Great Britain’s engines were removed 
and she was converted to sail, plying between Liverpool 
and San Francisco until put out of service by a fire 
near the Falkland Islands. Her final duty was to serve 
as a floating warehouse, Despite the ship’s age, her 
structure is still sound enough to survive the journey 
back to Britain, should the necessary funds be raised. 


DISEASE 


Leprosy al Bay 


by our Social Medicine Correspondent 


More than five hundred people from seventy countries 
are attending the ninth International Leprosy Congress 
at Imperial College in London this week. The last 
conference was held five years ago in Rio de Janeiro 
Among the topics to be discussed are the clinical and 
neurological aspects of leprosy, and its chemotherapy 
But the subject which has advanced the most rapidly 
in recent years and which is likely to be the high- 
light of the congress is the successful experimental 
transmission of the disease to animals, 

Failure to grow end propagate the bacterium (Myco- 
bacterium leprae) in non-human has, until 
recently, been one of the chief setbacks in the fight 
against leprosy. The significance of the developments 
in transmission is that the susceptibility of the organism 
to chemotherapeutic agents can in future be studied 
without endangering human life. Though effective 
chemotherapeutic agents are obviously desirable—and 


tissues 
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Dapsone (diaminodiphenylsulphone) is the most effec- 
tive so far—the ultimate aim must be the development 
of a safe vaccine to be used as a preventive rather than 
a cure. Here again, the successful propagation of the 
bacterium in animals is probably an important step 
forward in this direction, but it may be some time 
before the aim is fully realized. In the meantime 
there is a possibility that leprosy may respond to 
BCG vaccine for the prevention of tuberculosis, but 
this has not been established beyond all doubt. 


ASTRONOMY 


Bright Future for Infrared 


from our Astronomy Correspondent 


ALTHOUGH the prediction of what is likely to happen 
in astronomy in the future is a hazardous undertaking 
just now, it seems increasingly obvious in astronomical 
circles that infrared astronomy is going to be an im- 
portant field of investigation during the next few years. 
The subject has so far been neglected chiefly because 
of problems with detectors but also because it promised 
comparatively little. The enthusiasm throughout 
astronomy has now, however, led astronomers to believe 
that important discoveries are just as likely to be made 
in this new branch as in any other. Progress with 
infrared devices has given the subject substance. 

There is a wealth of problems to be tackled. One of 
the successes of infrared astronomy so far has been 
the detection of what seem to be very cool stars— 
strong emitters in the infrared but weak at visible 
wavelengths—which probably represent stars and 
planetary systems in the early stages of formation. 
The quasar problem has also received its fair share of 
attention from infrared astronomers, who have found 
that quasars are brighter in the infrared than their 
visible spectra might tend to suggest. So far the 
significance of this observation to the underlying 
mechanism of quasars is not understood. 

In Britain, much of the progress in infrared astron- 
omy is likely to come from a group now being set up 
at Imperial College, London, by Professor J. Ring. A 
proportion of the group is planning to continue Profes- 
sor Ring’s studies at the University of Hull on pheno- 
mena near the Earth, Balmer line emission from the 
night sky and the zodiacal light, but new infrared 
telescopes and spectrometers are taking shape as well. 

One interesting development has been the introduc- 
tion by Fellgett of a technique known as multiplex 
spectrometry, which makes possible the delineation of 
the infrared spectrum of faint astronomical objects 
in spite of the low sensitivity of infrared detectors. The 
essence of multiplex spectrometry, as used by the 
group at Imperial College, is a Michelson interferometer 
in which one of the mirrors is moving, thus imparting 
a sinusoidal modulation to the emergent light. The 
point is that the modulation is different for each 
spectral element, and the signals from the many 
spectral elements are recorded by the detector with no 
further dispersion. The spectrum can then be re- 
constituted from the modulation pattern on the record, 
so that the technique is analogous to the multiplexing 
of telephone conversations. Apart from the advantage 
of making efficient use of the detector, the size of the 
aperture is not limited to the same extent as it is in a 
conventional spectrometer. 
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Infrared astronomy is best carried out at high 
altitudes. Except for a few narrow ranges of wave- 
lengths, water vapour in the atmosphere absorbs a 
large proportion of the infrared radiation and emission 
by the atmosphere itself also matters. This has led to 
the introduction of instruments which automatically 
compare the signal from the astronomical object under 
observation with the signal from an adjacent region of 
the sky. The group at Imperial College is at present 
using a site high in the Italian Alps at Testa Grigia, 
but it is looking out for other more suitable locations. 


SCIENCE POLICY 


No Best Seller 


Ir is hard to see a best selling future for the recent 
report on United States science policy produced by 
Unesco (National Science Policies of the USA, Unesco, 
$3.5; 21s.). For one thing the Uneseo report contains 
less information than that produced by the Organiza- 
tion for Economic Cooperation and Development 
(OECD) earlier this year. For another, the Unesco 
document seems content merely to define the important 
issues of American science policy without paying much 
attention to how they could or should be tackled. The 
stimulus of the OECD examiners at least made the 
OECD report something more than a colourless collec- 
tion of statistics, even if the burden of their questions 
went unanswered. 

The director of the US Office of Science and Tech- 
nology, Dr D. F. Hornig, has remarked that there is 
no such thing as a national science policy which 
can be isolated from the other policies of government. 
The OECD report bluntly observes that the total 
expenditure related to external challenge of one form or 
another accounts for more than 80 per cent of US 
government spending on research and development. 
The Unesco report, which bears no name on its title 
page but has apparently been compiled by the US 
National Science Foundation (NSF), is somewhat less 
forthright on this issue, although a section on the 
history of science policy in the United States describes 
the stimulus to government interest presented by the 
Second World War and the launching of the first 
Russian satellite in 1957. 

A principal feature of science policy in the United 
States is the division of responsibility for research 
funding between the various mission oriented agencies, 
the role of the National Science Foundation bemg to 
support the areas of basic research which it considers 
have been poorly done by. The Unesco report points 
out that the task of deciding how and where this 
compensation should be made is a matter of consider- 
able importance, but in view of its authorship it is not 
surprising that the report avoids discussion of the case 
for strengthening the role of the NSF. 

The report discusses the “internal” brain drain of 
the United States, but has little to say about the 
external brain drain, a subject of primary interest to 
the other members of Unesco. The Korean Institute 
of Science and Technology was established jointly by 
the United States and Korea with the specific intention 
of encouraging Korean scientists to work in their own 
country; it would be interesting to know how success- 
ful this experiment has been and whether it is likely 
to be repeated. 





1202 


ENGINEERING DESIGN 


More Leverage for Engineers 


SPURRED on by the achievements of the Council of 
Industrial Design (CoID), British engineers at a con- 
ference in 1967 proposed a similarly constructed body to 
coordinate work on engineering design. A committee 
sponsored by the Couneil of Engineering Institutions 
(CEI) to consider this proposal has now recommended 
that a National Design Council should take over the 
activities of the ColD, stimulate work on engineering 
design and attempt to integrate the two. 

The committee, with members from the chief British 
industries, the CoID and the Ministry of Technology, 
under the chairmanship of Mr H. G. Conway, starts 
from the view that design is a vital necessity for 
countries working to compete internationally. The 
design council, it says, should act as a “stimulant to 
innovation” compensating to some extent for the lack 
of stimulus from large scale scientific programmes such 
as the USA and USSR space programmes. The com- 
mittee also considers that there is a need for reappraisal 
of the training facilities available for designers as 
well as for education in industry and among the 
public. 

The proposed council could attempt to fulfil these 
needs by cooperating with the Government and pro- 
fessional institutions in training engineering designers 
and by arranging a permanent display similar to that 
supported by the ColD for consumer goods. A con- 
sultancy service could be established to advise on 
modern design techniques and aids, the use of com- 
puters and design office management. The council 
could also administer the existing award for capital 
goods to encourage better design in industry and could 
make grants and prizes to individual designers or 
teams. 

The committee has rejected the possibility of setting 
up a separate Engineering Design Council in parallel 
with the CoID, principally on the grounds that design 
is, or should be, a coherent whole which cannot be 
broken down into separate problems. The committee 
was also convinced that it would be cheaper, quicker and 
more efficient to build on the foundation of the CoID. 
If the committee has its way, the outcome will be a 
National Design Council with two main industrial 
streams-—one concerned with engineering and one with 
industrial design. The committee considers that a 
relatively modest sum of £250,000 will be needed to 
run the engineering design section. The present budget 
of the CoID is £800,000 of which £500,000 is by Govern- 
ment grant and the rest earned, and the committee 
hopes that the new council will do at least as well. 
With luck, it should. 





ARTS 


State as Patron 


A REPORT on the arts issued last week by the Depart- 
ment of Education and Science gives a rather self- 
satisfied account of progress made towards the British 
Government’s aim of enabling (in the Prime Minister’s 
words) “all our people, not least our young people, to 
live and grow up with the ability to enjoy and with the 
means of enjoying all that the arts can provide”. 
This year the Government will spend about £10-5 
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million on the national museums and art galleries, 
which last year catered for nearly 13 million visitors. 
Building work recently completed includes two new 
and two reconstructed galleries and a lecture theatre 
at the British Museum and major improvements to the 
Victoria and Albert and Science Museums. New 
projects are the move of the Ethnography Department 
of the British Museum to Burlington Gardens and exten- 
sions to the National and Tate Galleries and to the 
Royal Scottish Museum. The Minister for the Arts 
has asked inspectors of schools to survey the educa- 
tional work of museums. 

Grants to the Arts Council total £7-75 million and 
32 per cent of this will go to the four national companies 
—the National Theatre, the Royal Opera House, the 
Royal Shakespeare Company and Sadler’s Wells, 10 
per cent on “housing the arts” and on central admini- 
stration, and the remainder will be divided between the 
regions (London, 14 per cent; England, 29 per cent; 
Scotland, 9 per cent; Wales, 6 per cent}. The Arts 
Council now has the Hayward Gallery (leased from 
the GLC) for its London exhibitions and also supports 
a number of travelling exhibitions. Awards made to 
authors and artists amounted to nearly £91,000 last 
year. 

xovernment support is given to other arts bodies 
such as the British Film Institute, which has been 
encouraging the development of regional film theatres 
and provides grants for making experimental films. 
Three new regional arts associations have been estab- 
lished in the last year and the number of arts centres 
has been increased to about 100. London's new centre, 
Nash House, is the headquarters of the Institute of 
Contemporary Arts, and in Basildon the first multi- 
purpose arts centre has been designed and built. 

Some local authorities are quite generous with their 
support, but most are concentrating on keeping their 
rates down and possibly regard such expenditure as 
frivolous. The GLC is contributing to a number of 
important projects, including a sum of £3-75 million 
towards the new National Theatre on the South Bank. 
(The Government will contribute another £375 
million.) 


HYGIENE 


Contamination by ice Cube 


ALTHOUGH few bacteria flourish at low temperatures, 
contaminated ice has nevertheless been the source of 
bacterial infection on more than one occasion. In 
tropical countries, where ice is still occasionally 
dragged along roads, it is not really surprising that 
cultures from ice have grown entero-pathogenic 
Escherichia cole (which grows at a wide range of 
temperatures). The purity of ice from modern ice 
machines is, however, seldom in doubt, which is 
perhaps a mistake in view of the report in the current 
Lancet of an outbreak of infection in the cardiothoracic 
unit at Papworth Hospital, Cambridge. This was 
eventually traced to a badly plumbed ice machine. 
Dr S. W. B. Newsom, consultant bacteriologist at the 
hospital, describes how six patients were infected with 
the same epidemic strain of Pseudomonas aeruginosa 
as defined by pyocine, serological and bacteriophage 
typing methods. Three of the patients were simul- 
taneously infected with Enterobacter cloacae. Pseudo- 
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monas aeruginosa was isolated from the waste traps of 
sinks in the patients’ rooms, the ward service rooms and 
two sinks in the theatre suite. The organism was also 
present in dust taken from the floor of a room three 
weeks after an infected patient had left it and in dust 
from the ward vacuum-cleaner. Æ. cloacae was found 
on a table-top, the surface of a ventilator and in two 
sinks, all in the rooms of infected patients. Blease 
ventilators and the suction pumps were free from 
contamination. Most of the recovered Pseudomonas 
organisms were pyocine, type H. 

When melted ice from the ice meschine in the 
operating theatre suite was passed through a “Milli- 
pore’ filter, a confluent mucoid growth of coliform 
organisms appeared on the filter after overnight 
incubation. The principal organism was E. cloacae. 
Although two different strainsof Pseudomonas aeruginosa 
were isolated, neither was of the epidemic type. The 
most likely reason for this, Dr Newsom suggests, is 
that organisms of the epidemic type had probably quite 
literally gone down the drain following prompt dis- 
connexion of the machine when the first sample had 
been taken. 

Five of the patients had been given ice to suck and one 
patient received iced drinks. It seems that after this 
initial infection, sinks in the patients’ rooms and the 
ward service rooms became contaminated. Failure of 
intensive chemotherapy to eliminate the microbes 
from the throats of the first three patients was probably 
a result of repeated infection. Although theatre staff 
used ice from the machine to cool their drinks, none 
of them was infected. Dr Newsom suggests that this 


tion by bacteria. 

The ice machine at Papworth Hospital has since 
been re-plumbed and the ice raised higher above the 
sump by moving the metal tray; overflow water has 
also been diverted to prevent it splashing back onto 
the ice. 


FOUNDATIONS 


Swings and Roundabouts 


Tue Nuffield Foundation, like many other dependants 
on the British economy, has had a lean year. The 
latest report from the foundation, published last week, 
records a considerable decline of income which is only 
partly masked by the way in which the report spans 
the whole of 21 months. During the period to Decem- 
ber 31 last year, the foundation’s income worked 
out at £3-64 million, compared with £3-38 million in 
the period of one calendar year finishing in March 
1966. Most of the decline seems to be attributable to 
the lower dividends on shares in the British Motor 
Corporation, which was the origin and is still the back- 
bone of the foundation’s investment portfolio. Although 
the new report makes it plain that the trustees and 
officials of the foundation have worked miracles of 
housekeeping by spinning out their income, there have 
no doubt been times in the past year when pleasure at 
the prospect of the merging of BMC with Leyland 
Motors (which promises a more rosy future) has been 
alloyed with regret about the agreement which binds 


1203 


the foundation not to sell its motor shares. Although 
the foundation has for some years been salting away. 
10 per cent of its income in a greater diversity of 
investments, this is a slow business and there is now at 
least a danger that it may lose its pride of place as 
the nearest entity in Britain to the Ford Foundation. 
The Wellcome Trust, for example, is likely to have 
£1-5 million to spend this year. 

Despite its size, the Nuffield Foundation remains as 
diverse in its interests as any other foundation. It 
remains deeply committed to education (and allocated 
more than £500,000 to educational projects during the 
21 months covered by the report). The peak of the 
foundation’s expenditure on curriculum development 
projects, especially in science, has obviously been 
passed, and now there may even be a prospect of a 
modest return in the way of royalties, but this has not 
prevented the foundation from allocating £60,000 to a 
new project for developing a curriculum in the humani- 
ties and social sciences for secondary schools. 

The biological sciences still take the lion's share of 
the £424,000 spent on science during the period covered 
by the report, with the Department of Machine Intelh- 
gence at Edinburgh (£70,000) and the Department of 
Zoology at Glasgow (£50,000) high on the list of grant 
recipients. The foundation is also continuing to 
spend money on research in food safety, and has 
spiced its allocation of a further £122,000 to the British 
Industrial Biological Research Association with the 
tart comment that “the food industry itself, with a 
few praiseworthy exceptions, seems not yet willing 
to accept its own due share of responsibility for promo- 
tion of relevant research’. With the prospect of 
inereasing public interest in the division of responsi- 
bility for food safety between the private and public 
sectors, nobody will be surprised that the foundation 
proposes to call a halt to its work on food safety. 





GEOMAGNETISM 


Astronomers Hand Over 


As part of the reorganization following the Science and 
Technology Act 1964, responsibility for research im 
geomagnetism financed directly by the British Govern- 
ment has been transferred from the Royal Greenwich 
Observatory to the Institute of Geological Sciences— 
a dependant of the Natural Environment Research 
Council. Now, the end of an era, seems an appropriate 
time to review the long history of the study of the 
Earth’s magnetic field by Astronomers Ro yal and their 
staffs. 

The Royal Observatory at Greenwich was founded in 
1675. Although the interests of John Flamsteed, the 
first Astronomer Royal, were mainly astronomical, 
observations of magnetic declination were carried out 
there between 1679 and 1716. The geomagnetic studies 
of Edmund Halley, Flamsteed’s successor, are, of 
course, well known. He was given command of a Royal 
Naval pink for the express purpose of improving know- 
ledge of “‘variation’—that is, declmation—at sea, 
Halley’s objective was to test his earlier theories, but 
his analysis of these and other available observations 
led to the publication in 1701 and 1702 of his famous 
isogonal charts of the Atlantic Ocean and of the World. 
These charts reflect the first known use of isopleths for 
this purpose. 
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John Bradley, the third Astronomer Royal, also made 
a number of observations of declinations at Greenwich, 
but after his death in 1762, interest seems to have 
flagged for more than 50 years until John Pond started 
daily declination observations in 1817. Although the 
schedule of four observations a day was not always 
maintained, very few days were missed until the series 
was discontinued in May 1824. 

Until about 1830, magnetic observations throughout 
the world had been on an irregular basis, but, inspired 
by the formation of the Göttingen Magnetic Union, a 
number of purpose-built observatories came into being, 
Greenwich among the first dozen. First, in the spring 
of 1838, a small magnetic observatory was built at 
Greenwich under the direction of George Airy. To 
begin with, observations were made by eye at two 
hourly intervals and more frequently in times of 
disturbance. Visual observations on this scale proved 
excessively expensive both in money and manpower, 
and the British Admiralty was persuaded by Airy to 
put up £500 for a design of satisfactory apparatus for 
automatic continuous analogue recording of magnetic 
and meteorological elements. Charles Brooke won 
the award for a set of photographie recorders identical 
in principle with those widely used today. The appa- 
ratus, the first of its kind anywhere, was installed in 
1846, and was in continuous operation from 1847 to 
1913. Although Airy, in 1855, expressed bewilderment 
at “the capricious form of the photographic curves”, he 
later made several thorough analyses of the data. One 
notable result was the detection of the very small 
magnetic effect of the lunar atmospheric tide. 

Extensions and additions to the main buildings of 
the astronomical observatory in 1891-99 forced the 
move of the magnetic absolute pavilion to another site 
in Greenwich Park, followed in 1913 by the recording 
pavilion. The increase and spreading of man-made 
artificial modulations, particularly from electric trac- 
tion, necessitated further moves to Abinger, Surrey, 
in 1925 and to Hartland, Devon, in 1957. 

Correlations between the magnetic observations 
and those from the Solar Department set up in 1873 
led to important work between 1880 and the early 
1950s on solar—terrestrial relationships by, in turn, 
William Ellis, E. W. Maunder, H. W. Newton and 
their collaborators. 

During the First World War, the Greenwich magnetic 
department became responsible for the collection and 
analysis of world-wide magnetic data and preparation 
of manuscript British Admiralty World Magnetic 
Charts. This assignment inspired research on the main 
magnetic field by Frank Dyson and Harold Spencer 
Jones, the ninth and tenth Astronomers Royal. 

At present, research is concentrated on the global 
aspects of the lunar effect, the main field and its secular 
change. Charts and models of “Greenwich” origin 
are widely used in navigation, surveying, geology and 
magnetospheric physics. No doubt this will continue. 


INDUSTRY 


Everybody’s Colossus 


SHOULD the nationalized industries in Britain be more 
tightly controlled now that they are in aggregate 
responsible for roughly ten per cent of the gross domes- 
tic product ? Or should they be sold back to private 
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shareholders, as Mr Enoch Powell, the maverick of the 
Conservative Party, has been saying in the past few 
weeks? Unfortunately, the politicians who will be 
up to their necks in this issue during the political 
season now beginning are unlikely to have time to 
read with any care the review now produced by the 
House of Commons Select Committee on the National- 
ized Industries of the machinery by which the Govern- 
ment at present controls these industries (HMSO, 
3 vols., Report, £1; Evidence, £4: Appendix, £1 2s. 
6d.). The committee, which dates back to 1957 and 
which paved the way in the House of Commons for 
select committees such as that now concerned with 
science and technology, has won an enviable reputation 
for objectivity and thoroughness. Its latest effort 
will do more to throw light on the working of the 
government machine than any recent document, the 
Fulton Report notwithstanding. In the circumstances, 
there is no reason why the committee should be despon- 
dent if nobody takes seriously its chief recommendation 
that there should be a ministry exclusively concerned 
with policy for the nationalized industries. 

The evils which prompted this suggestion are, 
however, all too real. The starting point for the inquiry 
was the question how to balance the temptation of 
ministers to supervise too much detail and the need 
to leave the industries in charge of their affairs, 
Although practice seems to vary considerably from 
one industry to another, the committee’s report is full 
of evidence of how ministers have failed to bite off their 
tongues when straying beyond matters of general 
policy. Industries in deficit seem to have been particu- 
larly at risk of interference, and the committee does a 
useful job by showing this distinction to be illogical; 
if prices are controlled and if industries such as the 
railways are asked to continue uneconomic services at 
the instruction of the Government, a deficit is not a 
proof of inefficiency or even of uneconomic activity. 
It may be easier to win acceptance for this principle 
now that Mrs Barbara Castle, the activist, has left the 
Ministry of Transport. 

But is there any likelihood that the industries will 
ever be able to decide without application to the 
Government on simple matters such as the purchase of 
new underground rolling stock, the installation of new 
signalling equipment. on the nationalized surface lines 
and the choice of oil, coal or uranium as a fuel at new 
electricity generating stations? The report is full of 
detailed case histories of how matters like these have 
been negotiated between the Government and their 
dependent industries. The trouble, of course, is that 
governments have recently been studiously anxious 
to control the capital expenditure of these industries, 
which is at present roughly equal to the total capital 
expenditure of the private sector. Readers of the 
report will be impressed by the way in which this 
interaction between the industries and the Treasury 
has thrown up all kinds of incidental benefits, and 
particularly the doctrines of, first, discounted cash 
flow and, now, marginal cost pricing, which have 
provided a rationale for decisions on capital invest- 
ments. At the same time, the report is bursting with 
proof that some way should now be found for letting 
these industries function more independently. If the 
Government does not listen to the drift of what the 
select committee is saying, it may find that Mr Powell 
wins the day. 
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NUCLEAR POWER 


Perm any Two from Three 


Tue first result of the Ministry of Technology's de- 
termination to reorganize the nuclear power industry 
emerged this week with the announcement of the 
formation of a new company to design and build 
nuclear power stations. The ministry has decided that 
there shall be two such companies in place of the 
three consortia which exist at present. The company 
announced this week will be controlled by the three 
companies which made up the Nuclear Design and 
Construction consortium, and there will also be a 
shareholding by the Industrial Reorganization Corpora- 
tion and, for the time being at least, by the Atomic 
Energy Authority. The most important holders of 
stock in the new company will be Babcock and Wilcox 
and English Electric, each of which will take 25 per 
cent of the share capital. Taylor Woodrow, the civil 
engineers, will take 4 per cent, and the IRC will hold 
26 per cent. The remaining 20 per cent will be held by 
the Atomic Energy Authority, although the intention 
is that this share will eventually be sold to the nuclear 
fuel company which also forms part of the reorganiza- 
tion plan. 

The announcement means that the NDC consortium 
will now be not a consortium but a company, with its 
shares owned by the same firms which originally formed 
the consortium. In order to fit in with the ministry's 
plans, the other two consortia, Atomic Power Construc- 
tions Ltd, and the Nuclear Power Group, will have to 
be boiled down into a single company, with its shares 
owned by at least some of the companies which now 
make up the consortia. On the electrical side, the 
mergers are already well under way, and it seems likely 
that the crucial issue will be to arrange agreement on 
the rationalization of the boilermaking side of the 
industry. Three boilermakers are involved—Clarke 
Chapman, John Thompson, and International Combus- 
tion. The three companies are already negotiating, 
and the expectation is that the talks will lead to the 
formation of a single boilermaking group to form the 
core of the second design and construction company. 
It would then be possible for the combined boiler- 
making company to come together with the AEA and 
the IRC to form the second company. 

A smaller shareholding in the second company might 
perhaps be found for Fairey Engineering, which at the 


PUGWASH, 1968 


Pugwash in Good Shape 


from our own Correspondent 


Nice, September 16 

Jupeine from the atmosphere among the old hands 
at this year’s Pugwash Conference, the eighteenth, 
Pugwash has generated a new lease of life. For one 
thing, its finances are now on a sound footing. In the 
past year, national groups have guaranteed annual 
contributions well above the previous shoestring level. 
The Russian and American groups, for example, have 
doubled their contributions, and although this system 
in part relies indirectly on money from national 
governments, it has not yet compromised the organiza- 
tion’s independence. It has meant, however, that 
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moment forms part of APC. But there is no compelling 
reason for the inclusion of electrical companies, if the 
Central Electricity Generating Board is serious in its 
intention to move away from turnkey contracting. 
The new company could easily contract work out to 
electrical companies, and this may well be the pattern 
decided on. It is also improbable that civil engineers 
will take a large holding in the new company. 

There are still some uncertainties. The IRC intends 
that the 20 per cent shareholding taken by the AEA 
will be sold to the fuel company, but the AEA gives 
the impression that it would be interested in retaining 
a share of some sort in the company. The IRC intends 
to dispose of its shareholding to “one or more of the 
other shareholders”, and says that it is not the intention 
that the AEA should be given a chance of buying 
these. Thus, if all goes as the IRC intends, the AEA 
will be left with no shareholding at all in the two 
companies. 

The other doubt is about the strength of the new 
company. For one thing, it is doubtful whether its 
capital value will be large enough to give it a proper 
backing in world markets. The TRC will not say 
exactly what it is going to pay for its 26 per cent share 
of the equity (and indeed this is uncertain until the 
full details of the company are worked out) but con- 
firms that it would be around £1 million. This means 
that the total capital value of the company will be 
less than £4 million, little enough when dealing with 
international contracts worth perhaps £80 million, in 
competition with General Electric (USA) and Westing- 
house. The other doubt arises because the new company 
has very little work todo; much will depend on whether 
it wins the contract for the nuclear power station at 
Hartlepools. Fortunately, this does seem likely to 
happen. The CEGB has agreed to let NDC announce 
that it is negotiating design and construction details 
for the Hartlepools station. Although this does not 
mean that NDC—the new company, in fact—has the 
Hartlepool contract sewn up, it does suggest that it 
has by far the best chance of winning it. 

As soon as the new company is set up, it will be free 
to recruit staff from the AEA. Because it is the first 
in the field, the new company may well gain an advan- 
tage. The IRC is quite unrepentant about this, and 
goes as far as to hope that it will encourage the other 
companies to agree quickly to merger terms. An 
announcement can be expected quite soon. 


Professor J. Rotblat has been able to forget the thoughts 
he had of resigning from the secretarv-generalship. 
Furthermore, Pugwash can now afford a full-time 
executive secretary, Dr C. F. Barnaby, and central 
offices in London as the result of the generosity of an 
American supporter, Mr W. Schwarz of Chicago. 
Except for Dr T. Nemec, the secretary of the Czecho- 
slovak Pugwash group who has been travelling abroad 
this summer, the Czechoslovaks invited were not at 
Nice to appreciate the support the Pugwash conference 
provided for them. One conjecture was that they had 
absented themselves through fear of worsening their 
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conditions at home; silence and protest could have been 
equally dangerous. The three East German members 
were also absent, having been refused visas by the allied 
authorities in Berlin—a happening with which Pugwash 
is familiar. 

After the initial plenary session, notable for revealing 
that both the Russian and American groups fall into two 
camps over the issue of the deployment of anti-ballistic 
missile systems, the conference divided into four private 
working groups. One dealt with the ritual theme of the 
basic issues of disarmament, the others with regional 
disarmament, current problems—in other words, 
Vietnam, Czechoslovakia, the Middle East and Nigeria 
—and the fourth with technical and scientific manpower 
in developing countries. The proceedings of the 
working groups are private. 

None the less, it is clear that Pugwash still suffers 
from the pretence, belied so often in the past by some 
of its statements, that when scientists act as diplomats 
and politicians they do it scientifically and therefore 
better. Social scientists who are increasingly a part 
of Pugwash could be heard complaining at those who 
prefaced their remarks with “But as scientists... ” or 
“With scientific objectivity . ‘and the like. But 
the social scientists, of course, have yet to be recog- 
nized as more than useful sources of the odd piece of 
information by many of their colleagues, and the 
perhaps inevitable preoccupation with the parapher- 
nalia of diplomacy and diplomatic language makes it 
idle to pretend that a Pugwash conference is any 
longer just a simple meeting of scientists to diseuss 
straightforwardly political issues. It has often been 
said that Pugwash participants speak as individuals, not 
ambassadors, which can be taken seriously only by believ- 
ing that some members from all countries are extraordin- 
arily content with the policies of their governments. 

Naturally enough, Czechoslovakia was uppermost 
in everybody's mind and overshadowed all other issues. 
The working groups spent hours debating the issue and 
thrashing out a report acceptable to all sides. The 
general feeling seems to have been that two strong but 
opposed reports would help no one, but that a unani- 
mously agreed compromise, however unsatisfactory 
to individuals, might help the Czechoslovaks. 

By Sunday morning all the working groups had 
reached significant agreement and their reports were 
presented in plenary sessions. As expected, there was 
an appeal for the negotiation of a treaty of general and 
complete disarmament, but more realistically the 
working groups urged that recent events should not be 
used as a pretext to postpone discussions on the 
deployment of ABM systems. There were also renewed 
suggestions for a comprehensive test ban treaty which 
was considered to be feasible now that nuclear and 
natural seismic events can be distinguished, for declara- 
tions that nuclear powers would not attack non-nuclear 
powers, limitations on the sale of conventional arms. 
and at least token cuts in conventional arms and 
military expenditure. 

The working groups, end indeed the conference as a 
whole, seemed to welcome the British Government's 
initiative in raising the issue of biological weapons 
at Geneva. Because biological weapons are not vet 
operational and because they are, once developed, a 
poor man’s weapon, there are enough incentives to 
hope that the major powers could reach agreement. on 
their control now. One interesting point that emerged 
from one of the papers was that there is already a 
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procedure for investigating in some circumstances the 
alleged use of chemical or biological weapons. <A 
country which considered itself attacked could call in 
the World Health Organization on the grounds that 
it was suffering a public health emergency, and WHO 
would eventually identify the source. The working 
group on regional arms control discussed such ideas as 
regional security commissions, a European security 
commission along the lines of the Eeonomic Commission 
for Europe, for example, restriction of the sale of 
conventional arms to small countries and the old 
ideas of setting up nuclear free zones and neutral zones. 
The failure of so many countries, and in the eyes of 
Eastern European members especially the failure of 
West Germany, to ratify the non-proliferation treaty 
was seen as a major stumbling block to progress along 
these lines. 

The working group on scientific manpower in the 
developing world stressed the importance of self- 
reliance and of concentrating on problems of local 
importance. It thought the policy as in France of 
allowing service overseas as an alternative to national 
military service should be extended and it put forward 
the idea of an international science corps at post- 
doctoral level. 

The report of the working group on current. problems 
raised most of the emotion. The report has a sentence 
on Vietnam to the effect that “As a precondition for 
peace, it is of the first importance that there should be a 
full and unconditional stoppage of the bombing of 
North Vietnam. It is increasingly clear that only this 
will lead to progress in the talks in Paris”. And on 
Czechoslovakia: “We were unanimous in the belief 


In the open session, the debate on this part of the 
report was repeatedly attacked. For example, Profes- 
sor Paul Doty from the United States wanted to add 
the words “. . . unimpeded by whatever changes may 
have been instituted by the occupation”. Another 
called for a more precise condemnation on Vietnam 
and for a sentence asking that the withdrawal of troops 
from Czechoslovakia should come first. At one time it 
seemed as if the report might be withdrawn and re- 
placed by a simple statement that the problems had 
been discussed. 

The optimists at Pugwash believe that the concessions 
made on all sides were as great as could be hoped for. 
Few were happy about the Czechoslovak situation, but 
were glad that Pugwash has not broken over it. And 
only the completely blinkered will leave with exactly 
the opinions with which they arrived. At the final 
session of the meeting, Dr Nemec, the sole Czecho- 
slovak present, said his compatriots would recognize 
the report as a painful compromise but believed it 
would help them. He asked that scientists should 
assist Czechoslovak scientists and students abroad, but. 
also explain that their place was in Czechoslovakia. 
He asked for all possible scientific cooperation, and 
Academician Millionshchikov of the USSR, the 
president of the meeting which is to take place in 
Georgia next year, took it on himself to pass on every- 
thing which had been said. 
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Protests about Czechoslovakia 


In the past few days there has been news from several quarters of protests against recent events in Czechoslovakia. 
The first of the documents which follows was signed by a group of scientists meeting at the XIYth International 
Conference on High-Energy Physics in Vienna on September 5, 1968. The second document is a letter from the 
president of the Czechoslovakian Academy of Sciences to the President of the Academy of Sciences of the USSR. 


High-energy Physicists 


Y 


Vienna, September 5, 1968 


To the scientific academies : 

The recent dramatic world events give rise to a deep 
feeling of alarm within the international community of 
scientists. We witness today, as we have witnessed 
before, that overwhelming military might has been 
used to impose a political order on the populations of 
small countries against the will of their peoples. 

The community of scientists has always striven for a 
better understanding between different nations and 
ideologies. The common interest in the discovery of 
fundamental laws of nature constitutes a strong bond 
between the scientists of the entire world, a bond 
which has brought people together across political 
barriers and which often has initiated a better under- 
standing and collaboration, even in non-scientific fields. 

The recent abuses of power constitute an affront to 
human values and human dignity. In particular these 
abuses threaten to break the bonds which have kept 
scientists together. We urge all scientific bodies to do 
their utmost to counteract this trend and to use their 
influence towards a resolution of conflicts by mutual 
help and understanding. 

A. Pats, New York (United States); E. L. Gonp- 
WASSER, Chicago (United States): Pu. MEYER, Orsay 
(France); J. M. Cassers, Liverpool (United Kingdom): 
M. Nixotic, Belgrade (Jugoslavia); V. F. WEISSKOPF, 
Cambridge (United States); N. Zovxo, Zagreb (Jugo- 
slavia); Y. GOLDSCHMIDT-ĈLERMONT, Brussels (Bel- 
gium): G. KALLEN, Lund (Sweden): J. PRENTKI, Paris 
(France); P. T. MarraeEws, London (United Kingdom); 
E. Amatpr, Rome (Italy); P. LEHMANN, Orsay 
(France); R. Witsox, Chicago (United States): 
Y. NE'EMAN, Tel-Aviv (Israel); T. G. Prckavance, 
Chilton (United Kingdom); W. JENTSCHKE, Hamburg 
(Federal Republic of Germany); S. WOUTHUYSEN, 
Amsterdam (The Netherlands); F. GURSEY, Ankara 
(Turkey); M. L. GOLDBERGER, Princeton (United 
States); W. PauL, Bonn (Federal Republic of Ger- 
many}; W. TaumeRINa, Vienna (Austria); G. SALVINI, 
Rome (Italy); D. H. Perxrss, Oxford (United King- 
dom); A. LAGARRIGUE, Paris (France); A. SALAM, 
London (United Kingdom): C. N. Yana, Stony Brook 
(United States); G. F. Cnew, Berkeley (United States); 
G. Exspong, Stockholm (Sweden); M. G. K. Menon, 
Bombay (India). 


Sorm to Keldysh 


Dear Comrade Keldysh, 

Our people have received the occupation with shock 
and indignation and reject this violent act. which 
perhaps has no historical precedent. Our people do 
not grasp how it is possible that a sovereign inde- 
pendent socialist state becomes without warning, and 


contrary to the will of all its people, the subject of 
military occupation by those whom until then it 
considers its true friends. 

The brotherly feelings which the Czech and Slovak 
people have always maintained for the peoples of the 
Soviet Union and which sprung from centuries of 
tradition have caused sharp feelings of injustice and 
hatred which may persist for decades. With a deep 
feeling of sadness we see Soviet soldiers, young boys 
who do not understand what is going on, who do not 
understand the expressions of indifference and repul- 
sion with which they are received by all citizens of our 
country, acquire a sense of disgrace which will infiuence 
relations between our nations for years to come, 

I should like you, Comrade President Keldysh, to 
realize that the reports about the state of affairs hirour 
country and about the attitudes of both our nations 
which are being furnished to the Soviet public are 
quite erroneous and at variance with truth. The 
military oceupation has cemented together all our 
people without regard for political persuasions. 

One expression of this unity is the fact that the 
plenum of the national assembly, which was legally 
elected in 1964, has been in session since the beginning 
of the oceupation in unbelievably difficult: conditions. 
In spite of these difficult conditions, there are present. 
at the meeting two thirds of deputies who have 
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country in whom our people have full confidence. 

The occupation has gravely lamed our science, The 
building of the Czechoslovak Academy of Sciences, in 
which you were a guest of honour, has been ground- 
lessly occupied by Soviet personnel. Members of the 
academy and staff present were expelled out of it 
under points of guns. 

Dear Comrade President Keldysh, with full respon- 
sibility as a deputy of the Czechoslovak national 
assembly and as a public figure as scientist, 1 solemnly 
declare that our country has not been threatened by 
counter-revolution and that we have always had 
sufficient power to prevent any excesses which could 
occur in our country. In the name of my country for 
whose advancement I have always striven, and in 
in the name of a foreign member of the Soviet Academy 
of Sciences and of other academies of countries 
belonging to the Warsaw Pact, I urge you to use 
your influence so that our country will be free from 
occupation and that it can independently build social- 
ism in our country in the interests of socialist ideas in 
the world. ACADEMICIAN F. Sorm 

President of the Czechoslovak 
Academy of Sciences, 

Foreign Member of the Academies in 
Poland, Hungary, Buigaria, German 
Democratic Republic and Soviet Union 
August 25, 1968 
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FRENCH UNIVERSITIES 


Quiet on the Boulevards 


from our Paris Correspondent 


Tue Latin Quarter has seemed empty for a couple of 
months. The revolutionary posters have gradually 
disappeared from the walls and the few attempts at 
demonstrations (which used to be a regular thing on 
Saturday evenings) have easily been thwarted by the 
police. In the past few days, however, the streets 
adjoining the Boulevard Saint-Michel andthe Boulevard 
Saint-Germain have again seen their usual activity. 
Will they also see again the upheavals of last spring ? 
In the immediate future this seems unlikely. 

The Government has taken a number of precautions 
to avoid a return to disorder and it has made no secret 
of them. Not only has it covered with road surfacing 
the cobblestones everywhere on the Left Bank which 
easily become missiles, but it has also put at the ready 
a police contingent unprecedented in the Ory of 
relations between the universities and the 
and there has often been violence since the Middle 
Ages. Thus there has appeared a kind of policeman 
missing so far from the colourful tradition of services 
controlled by the Ministry of the Interior. This is the 
beatnik policeman or hippy-—bearded, long-haired, 
dressed in jeans and roll-neck sweater—who ‘often at 
the start of a demonstration is something of a cheer 
leader and at the end takes part in arresting the 

“leaders”. Various extreme Leftist movements have 
already been broken up and their leaders arrested 
(though generally released through lack of evidence 
after a few days’ or weeks’ detention). 

The French Government, however, knows that purely 
repressive measures would not be sufficient to ensure a 
peaceful start to the term, and there is general agree- 
ment over the competence of M. Edgar Faure who 
succeeded M. Alain Peyrefitte (after a short period 
of M. Ortoli) as Minister for Education. M. Faure, a 
class negotiator and a university man himself—he 
was a law lecturer at Dijon and has had numerous 
contacts with all interested parties, both lecturers and 
their students, including the most “‘enragés’”—has put 
into practice all those things in the May movement's 
programme that could be conceded by a non-revolu- 
tionary state. Thus he has conceded the participation 
of students in the running of universities (not enough 
for extremists but nevertheless very liberal): the 
breaking-down of France's traditional centralization: 
the continuing reform of an examination system that 
everyone knows is deficient: and, above all, the 
abandonment of the rigid methods of selection which 
used to eliminate a large number of young people from 
higher education wit hout offering them alternative 
openings appropriate to their capabilities. Further- 
more, M. Faure has clearly stated that polities have a 
place in university life. Obviously this does not mean 
that he will give his blessing to hanging up black flags 
or pictures of Chairman Mao in the lecture halls, but 
it does mean a clean break with the idea of a “neutral” 
and aseptic university. 

The minister's good intentions have already been 
translated into deeds. New posts have been created to 
alleviate the financial hardship of lecturers. New 
building has been accelerated, and certain courses have 
been reorganized in such a way as gradually to under- 
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mine the feudal nature of professorial chairs and to 
favour interdisciplinary approaches. Although much 
remains to be done, most of those in the revolt last May 
seem now to be resigned to deriving satisfaction from 
these initial measures. And though here and there 
(for example, at the Faculty of Medicine im Paris) 
there are pockets of resistance, the beginning of the 
university term will be calmer than expected. Most 
students have agreed to sit the examinations they 
could not take on the normal dates in June. 

The unions and related organizations, whose attitudes 
are harder, are forced in their strategy to bear in mind 
two new factors. First, the economic situation, which 
is better than anyone expected, does not suggest that 
any major social upheaval is forthcoming. If univer- 
sity people made a move, they would doubtless not 
find the workers at their side and they would therefore 
be In a situation of eomplete political isolation, con- 
fronted by well-organized repressive measures from the 
police. On the other hand, “apolitical” organizations, 
visibly inspired or supported by the Government, 
have grown up rapidly in the past three months and 
have absorbed a huge number of hesitant or moderate 
students. In the event of conflict, their followers 
would not therefore be so easily attracted by the spirit 
of the msurrection as they were last spring. 

The relative calm which seems to be taking over is, 
however, superficial and could be violently disr upted. 
In the first place, the threat of an economic crisis is 
far from being eliminated. Second, the reform plans 
of M. Edgar Faure could come unstuck. Most of the 
Gaullist party relies on an electorate which is too far 
to the right to approve of the new Minister’s programme 
which ther efore often comes under violent attacks 
from people who ought to support it. Despite the 
support of General de Gaulle (reaffirmed by the latter’s 
press conference on September 9), M. Faure’s plans 
are threatened by sabotage. 

On the research side, the problems will be less spec- 
tacular but will arise more rapidly. No doubt there will 
be some short term advantage to be gained from the 
participation of research workers in decision making, 
whether at the laboratory or national level. Then, 
because urgent professional matters are preoccupying 
people (it is necessary to make up for time lost in work 
during May and June and aggravated | ov holidays), a 
fairly calm end of the year is expected. Be vond that, 
however, the future looks rather gloomy. In order to 
finance the programmes agree d to in education and 
the large salary increases given to all civil servants, the 
Government will have to make some rather depress sing 
cuts in other areas of the budget. We already know 
that civil research in 1969 will be a poor relation. 
Investment grants will be substantially cut. The 
slight increase for government departmental spending 
will be absorbed mostly by the salary increases already 
agreed to. There are in the budget plans no new posts 
to be created at the National Scientific Research Centre 
(CNRS), nor at the National Institute for Health and 
Medical Research (INSERM). 

It is not therefore surprising that one begins now to 
hear the gnashing of teeth. The SNCS, the largest 
union of research workers, has just voiced a protest 
against the budget proposals and asked its members 
to be “watchful” Only a few reprisals against 
workers who pla ayed a leading part in May could 
make the situation very dangerous indeed. 
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NEWS AND VIEWS 


Crystals to Grow Bigger 


Tue MRC Molecular Biology Laboratory at Cambridge 
seems to have brought off yet another scoop. On page 
1222 of this issue, Clark, Doctor, Holmes, Klug, Marcker, 
Morris and Paradies describe how they have been able 
to erystallize a species of transfer RNA. This is the 
first time that any {RNA molecule has been obtained in 
a crystalline form, and it is now possible to think of 
using X-ray crystallography to determine the tertiary 
structure of the kinds of RNA molecules which scem 
to play the most active part in the process of protein 
synthesis—that of singling out amino-acids and arrang- 
ing them in the order in which they are strung together 
in protein molecules. The particular species of transfer 
RNA which has been crystallized is that which, in the 
bacterium Æ. coli, is responsible for carrying the formyl 
methionine units which are, in turn, involved in the 
initiation of protein synthesis. To be sure, the crystals 
which have so far been obtained are only microcrystals 
a few microns in diameter and therefore too small for 
the single crystal X-ray analysis from which detailed 
structural data must be collected. There is every 
chance, however, that the method which has been 
worked out for growing microcrystals can somehow 
be modified to obtain larger specimens from which 
structural information can be won. 

Even with the preparation of randomly oriented 
microcrystals embedded in a structureless matrix 
which is now available, Clark and his colleagues have 
been able to calculate the size of the unit cell of (RNA 
and the number of molecules in it. For these purposes, 
the microcrystal preparation gives a typical powder 
diffraction pattern. Preliminary calculations suggest 
that the unit cell contains four {RNA molecules in an 
orthorhombic array, the dimensions of the three sides 
of the rhombus being 118A, 43-2A and 53-2A. 

With luck, it is even possible that when large single 
crystals have been grown the tertiary structure of this 
species of {RNA may be determined without recourse 
to the heavy atom substitution procedure necessary for 
the elucidation of the structure of proteins by X-ray 
erystallography. For the base sequence of this species 
of {RNA is known and, if it is assumed that the nucleo- 
tide chain folds so as to maximize the number of Wat- 
son—Crick base pairs, this generates the familiar clover 
leaf structure of {RNA and eliminates many possible 
alternatives which would otherwise have to be con- 
sidered. In other words, the sequence of bases in a 
nucleic acid molecule tells a great deal more about the 
structure of that molecule than does knowledge of the 
sequence of amino-acids inta protein. 

There remains, of course, the old question of whether 
the crystal structure of a biological molecule is relevant 
to its structure in the living organism. For proteins, 
it is becoming increasingly obvious that the structure 
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in solution closely resembles that in the crystal state, 
for enzymes will still function when they are crystal- 
lized. Furthermore, the properties of concentrated 
solutions of enzymes in conditions close to those used 
for crystallization indicate that molecules in solution 
probably have the same conformation as in a crystal. 
It will be a surprise as well as a disappointment if the 
structure of transfer RNA in the erystal is not closely 
related to the structure of RNA which is effective 
during protein synthesis. 


SPONGOLOGY 


Cells which Stick Together 


Tue 54 delegatés.to the symposium on the biology of 
sponges held at the Zoological Society on September 
10 and 11, followed by two days of colloquia at the 
British Museum (Natural History), have made it 
clear that these animals have interest and value which 
transcend their function in the bath. It is a pity, 
for the sake of those participants at the conferences 
not belonging to the international spongological élite, 
that it was not possible to provide English abstracts of 
the papers which were delivered in F ench. „And as 
ever it was a pity that the seven Räisbians who were 
expected were unable to come at the last minute, 
Otherwise it seems to have been a highly successful 
meeting. 

Topics discussed included palaeontology, evolution, 
morphology and ecology. Dr W. D. Hartman of Yale 
University and Professor T. Goreau of the University 
of the West Indies introduced the idea that sponges 
are not only present in coral reefs, which has long been 
known, but that they are important in continuously 
consolidating the structure of the base of the reef. 
Six species of coralline sponge found off the coast of 
Jamaica are in places so abundant that they must be 
contributing more to the material of the reef base. than 
was realized before. Fossil evidence shows that 
sponges were once dominant as reef builders, and 
Professor Goreau thinks that the Jamaican sponges 
belong to a group which had preserved this function. 

Perhaps the biochemistry of sponges has the most 
obvious value to biology in general. Living sponges, as 
opposed to the familiar skeletal material which they 
contain, provide very suitable material for the study of 
development and cell aggregation—they are easily 
cultured and adept at reforming whole organisms after 
being broken up. It is no wonder that developmental 
biologists and immunologists have turned to sponges 
as experimental material. 

At the symposium, Dr A. P. Maclennan of the Micro- 
biological Research Establishment, Porton, raised the 
question why bacteriophage stick to cells in culture. 
He decided to investigate the properties of cell surfaces, 
and chose sponge cells as a suitable and convenient 
material. He has found that the poly saccharides which 
can be extracted from many species of sponge. have 
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serological specificity which can be detected on the 
surface of intact sponge cells by using antisera raised 
against the polysaccharides in rabbits to cause the 
sponge cells to agglutinate. The serologically active 
polysaccharides seem to be chemically similar to the 


carbohydrates ordinarily present on the surface of 


sponge cells. 

Work at Porton has failed to show that these poly- 
saccharides are involved in the aggregation of sponge 
cells, although polysaccharides do form a large part 
of the “aggregation factor’ discussed at the sym- 
posium by its discoverer, Dr T. Humphreys of the 
University of California. As a developmental biologist. 





Specimens of the sponge Sygon ciliatum (Fabricius) growing on 
a scallop shell. This sponge belongs to the Calcarea, a group 
whose growth, form and classi. cation were discussed during 
the symposium and colloquia. (Photograph by D. P. Wilson.) 


he is interested in the biochemical reactions occurring 
between cells. It has been known for more than 60 
years that sponge cells will quickly reaggregate after 
being sieved through silk. Dr Humphreys found that 


cells in a shaker flask containing seawater free of 


calcium and magnesium could aggregate at 22° C but 
not at 5° C. When the calcium and magnesium were 
replaced in the seawater, the cells would aggregate at 
5° C, which indicated that there is a factor for aggrega- 
tion which must be lost from the water when calcium 
and magnesium are taken away and which the cells can 
replace at 22° C but not at 5° C. 

The aggregation factor has now been isolated and 
seems to be a macromolecule of molecular weight about 
5x 10°, composed principally of polysaccharide with 
no more than 5 per cent protein. It is the protein, 
however, that is active in aggregation. In most cases, 
the factor isolated has been non-specific, so that the 
factor from one species can cause cells of another species 
to aggregate. It seems to be that only when sponge 
aggregation is completely species specific—which is 
not often—can a specific factor be isolated. 
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ANAESTHETICS 


Beyond the Sterile Screen 


from a Special Correspondent 


SOME 4,000 of the world’s 20,000 anaesthetists were in 
London last week attending the Fourth World Congress 
of Anaesthesiology, a get-together held every four 
years by the World Federation of Societies of Anaesthe- 
siologists which is comprised today of sixty national 
professional societies devoted to the task of making 
surgery easier for the surgeon and life less painful for 
the patient. Possibly because the federation had its 
origins in the United States, the organization prefers 
the lengthier ‘‘anaesthesiologist”’ to the term “‘anaesthe- 
tist” which is common in Britain. 

Besides the scientific matters more or less quietly 
discussed in and around the Festival Hall, congress 
speakers made some newspaper headlines with descrip- 
tions of transplantation surgeons hovering like ‘“‘vul- 
tures” over the bodies of dying patients, waiting 
impatiently to snatch vital organs from the newly dead. 
And on the last day of the meeting Sir Geoffrey Organe, 
professor of anaesthetics at Westminster Hospital, 
gave it as his opinion that the cost of such procedures 
as heart transplants and open heart surgery was quite 
disproportionate to the benefits of other less dramatic 
operations. “For the cost of one open-heart operation 
you can probably do 20 to 30 hernias,” he said. “I 
think we have rather lost our heads in this country 
[Britain] in going for the glamorous stuff to the detri- 
ment of other forms of medicine. My own allocation 
of priorities is that people suffering from these rare 
diseases should be allowed to die until we can save 
patients with more common diseases.” 

It all may have sounded like sour grapes from 
anaesthetists, annoyed at their colleagues on the other 
side of the sterile screen for getting all the publicity and 
the money. But the fact is that anaesthetists have 
been having a hard time keeping up the supply of 
suitably trained specialists in many parts of the world. 
Even the well-off countries—anaesthetically speaking 

do not have enough properly qualified men (and 
women) to do the work that modern medical practice 
now demands. As for the poorer countries and under- 
developed areas, anaesthesia, if it is known at all, is 
extremely primitive. 

Thus one speaker at the congress, Dr Robert A. 
Hingson of the University of Pittsburgh, said that 
more than two thirds of the world lacks proper anaes- 
thetic techniques and suitably qualified specialists to 
administer them. Although Dr Hingson is something 
of a controversialist in anaesthetic circles, there was 
no doubt of the concern of the congress about the 
present inadequate numbers of trained people. It 
seems that in Iraq there are only five anaesthetists 
and that in Nigeria 28 of the 40 in practice are foreign- 
ers. By comparison, Great Britain, whose population 
is roughly equal to that of Nigeria, has 1,100 fully 
qualified consultant anaesthetists and 700 in training. 

To improve this situation, the World Federation of 
Anaesthesiologists has started training centres in 
various parts of the world. The students, who are 
medically qualified, take two years off to study under 
expert anaesthetists from Britain, the United States 
or some other relatively well-off country. One centre 
has been in operation in Nigeria for six years and 
another has just graduated its first class in Caracas, 
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Venezuela. Plans are also being drawn up for two 
other centres, one in Manila and the other somewhere 
in French-speaking Africa. These centres are intended 
to provide instruction in anaesthetics for a few indi- 
viduals who will then return to their homes and in 
turn instruct the rank-and-file. Dr Hingson hopes 
that this bootstrap operation will eventually relieve 
the present shortage, but he predicted that it would 
be two generations before even a reasonable standard 
of practice can be attained. 

Funds for the centres come from the individual 
members and the member-nations of the federation. So 
far, Dr Hingson says, there have been no contributions 
from American foundations which normally support 
medical and health schemes. Quite plainly, the 
anaesthetists at the congress felt that if they were 
proposing to open centres for open-heart surgery or 
liver transplants, they would not have had this 
difficulty. 


INFECTIOUS DISEASE 


Detecting TB in Cattle 


from our Microbiology Correspondent 


ALTHOUGH tuberculin sensitivity has become the 
diagnostic method for the detection of bovine tuber- 
culosis, the search for an alternative diagnostic test has 
been intense. The potential advantages are several. 
The use of the tuberculin test has precluded the vaccina- 
tion of cattle against TB, because that would result in 
tuberculin sensitivity. The tuberculin sensitive re- 
sponse has also to be interpreted with caution because 
it does not necessarily indicate infection. Thus 
tuberculin-negative animals can quite frequently be 
found to have large tuberculous infections, an observa- 
tion which may implicate other growth phases of the 
bacillus such as L-forms as causative agents of the 
disease. Canadian microbiologists in particular have 
been aware of the need for other diagnostic tests and, 
while recognizing that serological tests would be ideal, 
point out that a reliable system has not yet appeared. 
This, no doubt, is why Wallace and his colleagues 
have persevered with the bentonite flocculation test. 
which they developed some years ago. 

Results of a survey of healthy and tuberculous cattle 
using bentonite sensitized with human old tuberculin 
(OT) and a purified BCG antigen (FI) are reported 
currently by Wallace et al. (Canad. J. Microbiol., 14, 
887; 1968). The production of the BCG FI antigen 
is also described (Diena et al., ibid, 14, 881: 1968). 
The antigen appears to be a carbohydrate free of any 
tuberculin-like protein. Nearly one thousand tuber- 
culin-negative and 141 tuberculin-positive animals were 
given the flocculation tests. In the tubereulin-negative 
control group, fifty-two per cent of the cattle produced 
a cross-reaction with the OT antigen. By contrast, 
only four per cent of the cows reacted positively with 
the purified BCG Fl antigen. The greater specificity 
of the Fl preparation is almost certainly related to the 
fact that BCG is a bovine strain. With the tuberculin- 
positive sample, the predictable increased level of 
positive titres was observed, but no significant differ- 
ence between OT and FI antigens emerged. The 
limitations of the flocculation test can be gauged from 
the failure to detect TB in cows shown to have visible 
lesions on post-mortem examination in seven and 
fourteen per cent of the OT and BCG FI sensitized 
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animals respectively. The results of the study are 
nevertheless encouraging for the detection of TB 
infections using BCG Fl-sensitized bentonite. 

The same group of workers has also investigated the 
duration of antibody response to mycobacterial anti- 
gens (Canad. J. Microbiol., 14, 921; 1968). Such 
information is obviously of value in deciding whether 
circulating antibodies are indicative of a previous 
patent or new tuberculous infection. In rabbits 
challenged with a variety of Mycobacterium strains, 
circulating antibodies were detectable after one week 
and began to disappear after the sixth week. High 
bentonite titres correlated with lesion development, 
and the in vivo proliferation of the bacillus was clearly 
implicated in the establishment of antibodies. 


BiO-DETERIORATION 


Southampton Conference 


from a Correspondent 

THE first International Bio-deterioration Symposium 
was held at Southampton from September 9 to 14 to 
consider all aspects of biological action leading to the 
deterioration of materials, products or processes of 
economic importance. There were approximately 200 
delegates from a very wide spectrum of industrial, 
research and teaching establishments, which reflected 
the many different ‘branches of science as well as 
specialized technologies involved in the study of 
bio-deterioration. The inter- disciplinary nature of the 
subject was further emphasized by the programme, 
which ranged from the bio-deterioration of traditional 
materials such as wood to the attack of synthetie 
polymers, and from considerations of the enzymology 
of the attack mechanism to practical problems in the 
use of proofing agents. 

Mr J. Knox of the British Ministry of Technology 
gave the opening address, and, in speaking of the need 
for international cooperative research, organized at 
government level if necessary, emphasized the economie 
importance of the problem. Delegates were later 
reminded of this when several speakers referred to 
the considerable cost of bio-deterioration to specific 
industries, 

The morning sessions of the symposium reviewed 
general problems of bio-deterioration. Dr H. J. Hueck 
in the first lecture argued for the real existence of this 
only recently recognized branch of science as a subject 
comparable to pathology, biosynthesis or toxicology. 
Dr T. G. Mitchell (for Dr J. M. Shewan) and Dr H. O. W., 
Eggins emphasized the way in which the traditional 
disciplines of taxonomy and ecology were essential to 
an understanding of bio-deterioration, and Dr G. 
Ayerst’s contribution on the prevention of bio- 
deterioration by control of environment illustrated the 
application of the ecological viewpoint. Most of the 
papers on prevention, however, represented the more 
conventional approach and dealt with all aspects of 
biocides. 

Many afternoon sessions expanded subjects which 
had been reviewed in the mor ning lectures. The 
diversity of interest was well illustrated by two sessions 
on the deterioration and protection of materials, which 
considered paint, PVC, paper, textiles, pharmaceuticals, 
industrial water, stone and works of art. A session on 
marine fouling was the only recognition given to bio- 
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deterioration caused by macro-organisms, and it is 
questionable whether this fairly reflects the economie 
importance of this type of bio-deterioration. Studies 
at present of macro and micro bio-deterioration seem 
to share a common approach only in the field of 
biocides. It is to be hoped that this difficulty will be 
resolved in time for the second international sym- 
posium. 


PHOTOMOLECULES 


New Vision 


~- from our Molecular Biology Correspondent 


PRESENT knowledge of the chemistry of vision derives 
almost entirely from the work of Wald and his group, 
who during the past fifteen or so years have delineated 
the steps involved in the bleaching and regeneration 
of the visual pigment. Wald’s Nobel lecture (see 
Nature, 219, 800; 1968) makes compelling reading. 
One avenue which this work has opened leads to the 
conformational behaviour of the rhodopsin molecule 
which, as Wald showed, displavs chemical differences 
when the prosthetic growp—the 11-cis retinal chromo- 
phore—is photoisomerized to the all-trans form and in 
due course detached, leaving the apoprotein opsin. 
Several workers have now shown that a change in 
optical activity accompanies this process, and a further 
interesting study, along complementary lines, has 
now been published by Heller. 

In the first of two papers (Biochemistry, 7, 2906: 
1968), Heller describes a procedure for making the 
disaggregated native pigment soluble. This has been 
a problem, because the protein exists naturally in a 
non-aqueous membrane environment and is unusually 
non-polar in character and insoluble in water. While 
anionic detergents (dodecyl sulphate) cause denatura- 
tion, Heller finds that a cationic detergent, cetyltri- 
methylammonium bromide, disrupts the pigment 
aggregates but leaves the protein in its native state, at 
least so far as can be judged by its unimpaired visible 
absorption spectrum (bleaching is always the first 
consequence of denaturation). The protein, which 
carries bound detergent, is essentially monomeric and 
can now be subjected to further purification by gel 
filtration (all, of course, in the dark). The product is 
homogeneous on the columns and in polyacrylamide 
gel electrophoresis. 

Amino-acid analysis confirms the unusually low 
content of charged residues. It also emerges that the 
rhodopsin is a glycoprotein, containing altogether 
some 4 per cent of carbohydrate—glucosamine, man- 
nose and galactose. The solubility of the preparation 
makes possible an estimate of molecular weight by 
means of the elution volume on a gel filtration column 
calibrated with a series of standard proteins. This 
method is at best approximate, and is here complicated 
by the necessary assumption that the cationic deter- 
gent, which must be present, will be bound by all 
proteins to proportionately the same extent. The 
procedure is, however. good enough to demonstrate 
that the molecular weight has the minimum value 
consistent with the composition—that is to say, it 
corresponds to one chromophore per molecule and is 
about 27,000. 

In a second paper (ibid., 2914), Heller examines the 
effect of bleaching on the protein. Wald and Brown 
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showed in 1952 that exposure to light is followed by the 
emergence of available cysteine residues, and a con- 
formational change in the protein has also been demon- 
strated. Heller has used a colour reaction (DTNB 
thiol reagent) to measure the concentration of new 
thiol groups after bleaching, and finds one per protein 
molecule. As a direct indication of a conformational 
change, he finds a small but very reproducible shift 
in the elution position on a gel filtration column. This 
is in the direction of an increase in hydrodynamic 
radius, and is unchanged when the loss of the isomer- 
ized chromophore from the protein is prevented by 
reduction of its Schiff base link to a lysine side chain. 
A mixture of bleached and unbleached material elutes 
clearly as two components. This parallels a situation 
encountered in several enzymes possessing prosthetic 
groups: the apoenzyme exists in a less compact, 
probably less ordered and certainly inactive state, 
more sensitive to denaturation and proteolysis, some- 
times apparently containing less a-helix. This condi- 
tion is reversed on addition of the cofactor. 


ENZYMES 


Thiol Groups Everywhere 


from an Enzymologist 


THIOL groups are the standby of many speculative 
enzyme mechanisms, and they have cropped up recently 
in contexts as disparate as ribosomes and nerve 
receptor protein. As the most potent nucleophile in 
the cell, this is perhaps inevitable, but in fact there has 
been little rigorous exploration of the behaviour of the 
thiol group when embedded in a macromolecule except 
for the frequent observation that individual enzyme 
thiols often react. faster—or slower—than they should. 

An attractive model system is described by P. 
Heitmann in the latest issue of the European Journal 
of Biochemistry (5, 3; 1968). He measured the Sn, 
reactivity of aqueous solutions of N-dodecanoyl-p1- 
cysteinate with various uncharged reagents. This long 
fatty thiol compound forms anionic micelles in water— 
a fair model of globular protein in that a hydrophobic 
core is sheathed by a layer of ionic groups. Dr Heit- 
mann has found that the thiol groups of the micelle 
have very low reactivity, but that when the micelle is 
made cationic by the addition of hexadecyltrimethyl- 
ammonium bromide, the thiols become hyper-reactive : 
with iodoacetamide, they are 60-100 times more reac- 
tive than a simple thiol group. The results are a 
powerful demonstration of the importance of specific 
microenvironment in thiol reactivity. Dr Heitmann 
proposes that in the transition state, juxtaposed 
positive charges assist the departure of the negative 
group in the cationic micelle, and that the reverse 
happens in the anionic micelle. 

The theme of thiol micro-environment is continued 
in a paper appearing in the European Journal's young 
stablemate Febs Letters (1, 25; 1968). Dr Eisele and 
Dr Wallenfels there describe an ingenious way of using 
thiol reactivity to probe protein conformation change. 
Previous papers from Dr Wallenfels’ laboratory have 
established that hydrogenases with A-stereospecificity 
with respect to their coenzyme react faster with 
p-iodopropionic acid than with its L antipode, and B- 
specific dehydrogenases do the reverse. The new paper 
shows that yeast glyceraldehyde-3-phosphate dehydro- 
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genase (B-specific) prefers the p antipode but, when 
NAD is added a common pattern is re- established, the 
L molecule acquiring the greater reactivity. The 
coenzyme, as it binds, evidently alters the geometry 
of the thiol environment in a quite precise way. The 
authors interpret their findings on an allosteric frame- 
work, though the results, as they stand, would seem to 
need no more ambitious explanation than induced fit. 
Also in Febs Letters (1, 133) comes a short but sur- 
prising paper from A. Curdel and M. Iwatsubo of Paris. 
They have starved growing yeast of zinc, but at the 
same time provided abundant cobalt. The resulting 
alcohol dehydrogenase was coloured green and had 
cobalt standing in for zinc, apparently ‘atom for atom. 
Many enzymologists will be itching to get their hands 
on the material, which is catalytically active, because 
the role of metal in this enzyme and its relatives has so 
far been inscrutable. Cobalt, with its paramagnetism 
and characteristic spectra, makes a ver y attractive 
deputy for zinc. 


PSYCHOBIOCHEMISTRY 


Depression Revealed 


from our Medical Biochemistry Correspondent 

THe search for metabolic abnormalities in patients 
with mental illness progresses slowly. Several studies 
have indicated that the transport of sodium across 
cell membranes is altered in psychotic depressions, but 
this has not been easy to demonstrate. Glen, Ongley 
and Robinson (Lancet, ii, 241; 1968) have now shown 
that this alteration in ion membrane transport affects 
the composition of the saliva in manic-depressive 
patients in a readily measurable way. Saliva is initially 
isotonic with plasma, but some ions are reabsorbed 
or secreted in its passage down the salivary gland ‘so 
that the final composition depends on the rate of flow 
and on the amount of ion transport which has taken 
place. Suction cups placed over the gland have 
enabled the investigators to collect saliva continuously. 
Measurements of flow rate, pH and sodium concentra- 
tion expressed as pNa were made twice for each indi- 
vidual, first after a resting period of 15 minutes, when 
there was no further fall in pH after 3 minutes, and then 
ten minutes after the administration of citric acid. 
The flow rate was if anything slightly lower in the 
patients than in the controls, but there seems to have 
been less reabsorption of sodium and bicarbonate 
ions in the patients (in both manic and depressed states) 
than in the controls. The mean pH values in the two 
observation periods were 7:27 and 7-38 for the patients 
and 6-39 and 6-72 for the controls. For the patient, 
the mean pNa was 1-92 and 1-81 compared with 2-64 
and 2-25 in the controls. When measurements were 
made on a group of patients who had recovered from 
their illness, the pH of their saliva was found to be in 
the normal range. 

Alterations in membrane permeability may also 
explain the increases of creatine kinase and aldolase 
in the serum of patients with acute psychoses (Meltzer, 
Science, 159, 1368; 1968). Such increases were found 
in nine out of eleven acute schizophrenics, four manic- 
depressives and one patient with periodic catatonia 
who were acutely ill at some stage in their illness. Of 
14 chronically ‘psychotic patients and 11 neurotic 
patients, only five had slight transient increases of one 
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or both enzymes, attributable to the muscle type of 
isoenzyme, but there was no correlation between 
weight loss and enzyme activity. Moreover, there was 
no increase of lactate dehydrogen. ase and glutamic- 
oxaloacetic transaminase, which normally increase 
in the serum after exercise because of enzyme loss from 
muscles. 

Several studies have also revealed disturbances of 
adrenocortical metabolism in depression. Thus it 
seems that many severe depressives have increased 
1]-hydroxy- corticosteroids in the blood, and that 
this level is not depressed by dexamethasone in B 
normal way (Carroll et al., Brit. Med. J., in, 275; 
1968). Twenty-seven severe depressives were com- 
pared with 22 psychiatric patients without symptoms 
of depression. Early morning measurements of the 
plasma steroids showed no significant differences, but 
the concentrations in recovered depressives and other 
patients were considerably lower than those in the ill 
depressives when measured in the afternoon. After a 
midnight dose of dexamethasone phosphate, the mean 
early morning concentrations were 5-3 ug per 100 em” 
in the recovered depressives, 4:8 in the other patients 
but 12-1 in the depressed patients. Only four of the 
control patients but half of the depressed patients were 
above 10 ug per 100 cm’. There was a significant 
correlation between the clinical rating of mental health 
and the concentration of corticosteroids after dexa- 
methasone o Conroy, Hughes and Milis 
(Brit. Med. J., iti, 405; 1968) have also found that 
a group of manic- E ane patients had uniformly 
greater amounts of 11-hydroxy-corticosteroids in their 
plasma than a group ‘of schizophrenics and other 
psychotic patients. The daily rhythm of steroid con- 
centrations was less regular in the manic- depressive 
patients. Treatment with anti-depressant drugs 
decreased the plasma corticosteroid concentrations. 
The concentrations found in the schizophrenics were 
very similar to those found in normal subjects, although 
there was a tendency for the maximum concentrations 
to be higher and the minimum concentrations lower. 


HUMAN GENETICS 


Death in the Womb 


from a Correspondent 


HarmĮmoLyTIC disease of the newborn resulting from 
a mother with rhesus-negative blood who produces 
antibody to her rhesus-positive baby in the womb 
is a familiar problem of modern medicine. It is less 
well known that this disease may also occasionally 
result from differences between the mother and the 
foetus in other blood group genes such as the ABO 
system. 

Recent investigations of an unselected sample of 
129,815 foetal deaths and 100,973 live births in Now 
York by B. H. Cohen and J. E. Sayre (Amer. J. Human 
Genetics, 20, 310; 1968) have made possible a detailed 
examination of the relationships between maternal 
blood groups, race, age and foetal death. White Rh 
mothers lose more babies than white Rh* mothers, as 
would be expected, but the pattern is unexpect tedly 
reversed for Negro mothers. White mothers of blood 
group O lost more babies than white mothers of blood 
group AB, as would be expected if group O mothers 
were more likely to react immunologically against their 
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babies, but once again Negro mothers did not show 
this trend. No compelling reasons for this racial 
difference can be given, but it is possible that, in 
Negroes, selective forces favouring heterozygotes may 
be more closely balanced by opposing selective forces 
operating against blood group differences between 
mother and child. 

From the results of the survey, ABO blood group 
differences between mother and child seem to have led 
to foetal deaths in the first 34 months of pregnancy, 
whereas Rh blood group differences tend to produce 
foetal deaths only in the later stages of pregnancy. 
Mothers of type O Rh- lose fewer babies than mothers 
of the type AB Rh- or O Rh*, which shows that the 
foetus has less chance of dying when it differs genetic- 
ally from the mother in both the ABO and the Rh 
blood group systems. Explanation of these observa- 
tions cannot yet be made and will require the best 
efforts of both population geneticists and immuno- 
logists. 


CIVIL ENGINEERING 


Are Norman Castles English? 


THERE is at last some prospect of a solution for a 
controversy about the origin of the design of the early 
Norman castles, which has exercised archaeologists 
since 1966. The sometimes bitter dispute began with 
the heretical suggestion of Mr Brian Davison, one of 
the three full-time archaeologists employed by the 
Ministry of Public Building and Works, that the 
motte and bailey castle, with a central mound or motte 
surrounded by a living area or bailey, was not intro- 
duced by the Normans but, rather, evolved im England 
after the conquest. The issue is important to histor- 
ians as well as the xenophobes, if only because the motte 
and bailey castle has long been regarded as one of the 
weapons which allowed the invading Normans quickly 
to put an end to Saxon resistance in the British Isles. 
The fact that fully developed motte and bailey castles 
were being built in England a few years after 1066 
seems, on the face of things, to support the traditional 
view that the design was imported into Britain from 
the mainland. 

Mr Davison’s argument rests on surveys he has 
made of castles built in England and France in the 
years before and after the Norman Conquest. In 
France immediately before the Conquest the castles 
built seem to have been simple ring works, not motte 
and baileys. Moreover, the first motte and bailey 
castles in England seem to have been thrown up only 
in 1068, when William I moved north to suppress a 
revolt in Yorkshire and the North of England which 
had been engineered by the Vikings. Mr Davison first 
put the cat among the pigeons in 1966, when he argued 
at the second Chateau Gaillard Conference that the 
motte and bailey design may have evolved in England 
from a fusion of the styles already in use in Saxon 
England with those brought by William’s army, 
recruited. as far afield as Sicily. 

The Royal Archaeological Society has now decided 
to launch a three-point programme to excavate pre- 
Conquest and immediately post-Conquest sites in 
England and to extend the surveys of pre-Conquest 
French castles. 

During the past four weeks Mr Davison has directed 
excavations at Sulgrave in Northamptonshire, where 
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Plan of the timber Saxon hall at Sulgrave showing the paved 

porch (left), opposite doorways, main living area with hearth 

site (stippled) and the dais area (right) with some stone foot- 

ings. The burh lies opposite the centre of the north facing long 
wall of the hall. 


there are remains of a small earthwork castle defended 
by a ditch and rampart. Between 1960 and 1963, Mr 
Davison made trial excavations and from these and coin 
and documentary evidence concluded that the site was 
continuously occupied from about 1000 to 1100, first 
by Saxon thegns and then by Ghilo—a knight from 
Picardy and one of William’s chief lieutenants. The 
excavations have revealed the plan of an unexpectedly 
sophisticated timber Saxon hall (Fig. 1), about 90 feet 
by 18 feet and divided into a porch, kitchen, living 
hall with a raised dais at one end. Judging from the 
stone footings there may have been an upper chamber. 
This basic layout is, of course, familiar from buildings 
of the twelfth to the fifteenth centuries, but this is the 
first time it has been found in Britain so early. Equally 
important, the Saxon hall was defended by a stone 
burh gate about 35 feet square and adjacent to the 
hall. Was the Saxon settlement surrounded by a pali- 
sade, a ditch or both ? With luck the excavations should 
answer this question. If there was a palisade, then the 
Saxon hall must have been a well defended place which 
in turn would support the recent suggestions that 
Saxon society was considerably more feudal than 
many historians would like to believe. 

Immediately after the Conquest, the Norman Ghilo, 
who was quite content to use Saxon domestic wares, 
pulled down the timber hall, rebuilt it, dug a ditch 
about 8 feet deep and raised a rampart 15 feet high. 
The Norman hall was a two storey building with a 
rectangular stone wall about 4-5 feet high on the Saxon 
foundations. This provided an undercroft for storage 
and a foundation for a timber hall with living accom- 
modation on top. The burh gate was built into the 
rampart and the stone footings under part of the 
Saxon hall were incorporated into a separate stone 
building. 

As well as providing a great deal of evidence of the 
domestic economy of the period, the excavation has 
already demonstrated the sophistication of the Saxon 
hall and of its means of defence. To judge from the 
buildings and the defensive systems, indeed, there 
seems less difference between Saxon and Norman 
feudalism than historians have been inclined to think. 
There is even a chance that the high feudalism of 
Norman society of which the motte and bailey castle 
is a symbol may have first evolved in England and then 
have been exported to France. Excavations now in 
progress at the castles of York, Hastings and Hen 
Domen should provide quite critical tests of what 
went on. 
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Cosmic Rays in Gold Mines 


by Four experiments have been set up underground to detect neutrinos. 


A. W. WOLFENDALE 


The results will be relevant to the search for the intermediate boson 


and the understanding of reactions in the solar core. 


University of Durham 


Recent observations of cosmic rays deep underground 
in various parts of the world have focused attention on 
two growing points of modern physics: the nature of 
that most remarkable sub-atomic particle, the neutrino, 
and the form of the interactions of very high energy 
protons with nuclear matter. Add to these a dash of 
astrophysics, because of the possibility of detecting 
neutrinos from the Sun, and there are all the ingredients 
of a fascinating and rewarding field of research. 


Origin of Cosmic Rays 


To discuss the underground phenomena a brief review 
must be given of what is known about the cosmic radia- 
tion. The origin of the particles comprising the primary 
cosmic rays is still a matter for conjecture, but it is known 
that many of the particles of low energies, below about 
10° eV, come from the Sun, while at least some of the 
high energy particles are thought to derive from the very 
energetic processes occurring inside supernovae such as 
the Crab Nebula. At the very highest energies (in excess 
of 1017 eV) it seems likely that many of the particles 
come from even more distant and energetic objects out- 
side the confines of the galaxy. Many of the primary 
cosmic rays are protons and those that enter the Earth’s 
atmosphere initiate a chain of reactions which, if suffici- 
ently energetic, give rise to secondary particles capable 
of penetrating to very great depths underground; indeed, 
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| Tar University of Utah experiment which Professor | 
Wolfendale mentions is described in Physical Review | 
Letters (19, 1487; 1968) by Bergeson, Keuffel, | 
Larson, Martin and Mason. What the Utah group | 
has done is to measure the intensity of cosmic-ray | 
muons as a function of depth and zenith angle. | 
The group says that, although there was excellent 
agreement with the accepted dependence of intensity 
on depth, there seemed to be no variation of inten- 
sity with zenith angle. The conclusion is that 
the bulk of cosmic ray muons having sufficient 
energy to reach the detector (> 10? eV) are produced 
either directly, or from the decay of a parent having | 
a very short lifetime. 

Nash and Wolfendale have challenged this view 
(Physical Review Letters, 20, 698; 1968). They have 
pointed out that ground-level measurements of the 
angle of arrival of muons support the notion that 
pions are responsible for the production of muons 

at the energies which are being considered. This is 
based on the momentum spectrum of muons as a 
function of zenith angle, determined by groups from | 
Nottingham and Durham Universities. The point | 
is that the spectrum at high zenith angles is similar 
to the anticipated spectrum if the muons originate 
only from pion parents. 


if attention is confined to the secondary neutrinos, they 
have such great penetration as almost always to penetrate 
the Earth completely. 

Returning to the energetic protons interacting in the 
atmosphere, most of the secondary particles are pions, of 
all three charges: positive, negative and zero. ‘The 
charged pions have a mean lifetime (when at rest) of 
2-6x 10- s. Each of those which decay before they have 
had a chance to strike another nucleus-~and being essen- 
tially the quanta of the strong interaction field, pions 
have a considerable affinity for nuclear matter—-gives 
rise to a muon and a muon neutrino. iene" the muon 
itself is unstable, with mean lifetime at rest of 2-2 x 10-* g, 
it differs radically from the pion in that it is devoid of a 
strong interaction with matter. Thus those energetic 
muons which live long enough are able to penetrate to 
ground level. The very energetic muons, of energies above 
some 1@? eV, are able to penetrate a mile or so under- 
ground and it is these particles which have recently been 
showing some rather remarkable properties. 

Besides the energetic muons and muon neutrinos present 
underground, there are also electron neutrinos, particles 
which are produced in association with electrons just as 
muon neutrinos are paired off with their muon counter- 
parts. At cosmic ray energies, that is above some 10° eV, 
the electron neutrinos are mostly derived from the decays 
of muons in the atmosphere, and are comparatively few, 
but at the much lower energies typical of nuclear beta- 
decay (a few 10° eV) the intensity increases by many 
orders of magnitude. The source of this increase is the 
Sun, where, in the extremely hot core, thermonuciear 
reactions are synthesizing helium from hydrogen. In 
these reactions, nuclei are being created which are tem- 
porarily too rich in protons and each of the excess bound 
protons undergoes beta decay into a neutron, an electron 
and an electron neutrino. In point of fact, this ie stall 
conjecture because the solar neutrinos have not yet been 
detected; but, as will be described later, a very intense 
search has been mounted and sore interesting conclusions 
have already been reached. 


Energetic Muons and Neutrinos 

What is the reason for the great contemporary interest 
in energetic muons and neutrinos? So far as the muons 
are concerned, and I refer to those muons which have 
been produced in the atmosphere—the so-called “atmo- 
spheric muons’’-—interest attaches to the information they 
hold about the high energy interactions from which they 
are derived. For example, an atmospheric muon detected 
in one of the deep goldmine experiments would probably 
have come from a parent pion generated in the inter- 
action of a primary cosmic ray proton of energy 10% eV-— 
an energy far in excess of that available from present day 
accelerators. Similarly, the muon neutrinos have higher 
energies than the machine-made variety and various 
neutrino interactions can be studied at these higher 
energies, The problem with the neutrino is its weak 
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interaction and the consequent difficulty of accumulating 
an appreciable amount of data; with large scale detec- 
tors, however, significant results can be obtained. 

In some ways the neutrino studies are more funda- 
mental than the atmospheric muon measurements, a state 
of affairs that is due largely to the possible existence of 
the so-called “intermediate boson”. To appreciate the 
significance of this particle it is necessary to take a global 
view of the whole of physics and look at the four known 
fields of force. These are: nuclear, electromagnetic, weak 
interaction {r sponsible for beta decay) and gravitational. 
The first two have “quanta” which are, respectively, the 
pion and the photon. As to the gravitational field, the 

“gravitation” has been postulated “but not yet observed, 
and similarly the weak interaction may have a quantum— 
ealled the interrnediate boson. The best way of searching 
for the boson is probably through neutrino studies and 
the particle has been energetically sought in machine 
experiments. It has not been detected there and in con- 
sequence a lower limit has been put on its mass; at 
present this is about 2x 10° eV. If it does exist, and 
provided its mass is not too far above this limit, it should 
be possible to detect it among the secondaries of cosmic 
ray neutrino interactions. 


Detection of Neutrinos Underground 

It has been remarked that the neutrino’s interaction is 
very weak and this means that it must be studied at a 
location where the background of other confusing events 
is small, The possibility of confusion at ground level is 
indeed very great because the only practical way of 
detecting the muon neutrino is to find the secondary 
muon which is produced when a neutrino-nucleus inter- 
action takes place. Two possibilities arise: to work very 
deep underground, where the background due to atmo- 
spheric muons is already relatively small and to confine 
attention to muons which arrive at large angles to the 
vertical and cannot possibly have come from the surface, 
or to operate equipment at a shallower depth and, with 
more sophisticated detectors, to look specifically at the 
secondaries of upward-moving neutrinos. Both methods 
are currently being used. 

The possibility of detecting neutrinos deep underground 
was in fact realized many years ago, but it was not until 
the discovery that there are two types of neutrino, the 
muon and the electron-neutrino, and the observation in 
the machine experiments that the interaction cross- 
section increases with neutrino energy, that it appeared 
that the rate of interactions might be high enough to 
enable their detection. The point here is that as we go 
to higher neutrino energies there is both a rise in cross- 
section and a more energetic muon, and because the 
muon interacts only weakly with matter, neutrino inter- 
action further and further away from the apparatus ean 
yield detectable muons. This increase in “target thick- 
ness”? goes some way towards offsetting the rapidly falling 
energy spectrum of the neutrinos and yields a total 
counting rate which is not trivially small—it is, in fact, 
one or two per year for a detector of 10 mê area. 

Two international experiments of this kind were started 
in 1965 and are still in progress. Both experiments are 
in gold mines, which are the deepest mines available. 
Groups from the Case Institute and Irvine University in 
the United States are cooperating with physicists from 
Witwatersrand University, Scuth Africa, in an experiment 
in the East Rand Proprietary Mine near Johannesburg at 
a depth of 10,500 feet. The second experiment, at 7,600 
feet below ground level in the Kolar Gold Fields of 
Southern India, is being carried out by physicists from 
the Tata Institute, Bombay, Osaka City University, 
Japan, and the University of Durham. Both groups 
reported the first detection of cosmic ray neutrinos in 
1965 and since that time there has been the slow accumu- 
lation of data. 

The original South African apparatus consisted of two 
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long rows of liquid scintillation counters on either side of 
the underground tunnel; coincidences between one 
counter on each side corresponded to the passage of 
particles travelling at large angles to the vertical and 
presumably originating in neutrino interactions. By the 
beginning of 1967 about twenty-five such part icles had 
been detected. 

The experiment in India is smaller but more sophisti- 
cated. It contains visual detectors. in the form of neon 
flash-tubes, in addition to the usual scintillation counters. 
In this way more information can be derived from the 
records, but the number of detected particles is corre- 
spondingly less. Beeause of the shallower depth and the 
geometry of the detector arrays, called “telescopes”. 
there is an appreciable flux of atmospheric muons as well 
as the muons of neutrino origin, but the two can be 
distinguished by their angular distributions—-muons at 
angles of more than 50° come only from neutrinos, whereas 
muons at smaller angles are mainly atmospheric. The 
telescopes contain an absorbing material and its pene- 
tration by the particles has confirmed that the detected 
particles are in fact chiefly muons. Another important 
result has been the observation of upward- moving par- 

ticles, their sense of direction being made clear from the 
diverging nature of the tracks when more than one par- 
ticle is seen. Such an observation is conclusive proof that 
neutrinos are responsible rather than some strange quirk 
of habit of the atmospheric muons. 

An analysis of the flash tube records for electromagnetic 
interactions produced by the muons has been used to give 
an indication of their mean energy; the atmospheric 
muons appear to be very energetic, having a mean of the 
order of 500 GeV, whereas the neutrino-induced muons 
seem to have a mean energy less than 30 GeV; this is 
as would be expected. 


South Africa and India 

Both the South African and the Indian experiments 
provide evidence for groups of particles and the flash- 
tubes in the latter offer several examples of inelastic 
interactions occurring within a few metres of the tele- 
scopes. These interactions are of great interest because of 
the problem of the elusive intermediate boson; indeed, 
the first multi-particle interaction detected had some of 
the attributes of the boson because it showed two non- 
interacting particles passing through one of the telescopes. 
(If an intermediate boson were produced we should expect 
to see two muons: one produced along with the boson 
and the other generated by the boson’s decay.) But the 
thickness of absorber penetrated was insufficient to allow 
muons and pions to be distinguished and there was thus 
the possibility that one of the particles could have been 
a pion, in which case the event could be understood 
without invoking the existence of the intermediate boson. 
Since that time (mid-1965), three more inelastic inter- 
actions have been detected in the Indian experiment and 
in all cases pion production seems more likely than double 
muon production. 

Allowing for the different sizes and geometrical arrange- 
ments in the two experiments, the rates of neutrino- 
induced events detected are about the same and the 
values suggest that the increase in the cross-section for 
neutrino interactions found in accelerator experiments 
continues at the higher cosmic ray energies. With better 
statistics it should be possible to study the form of this 
variation and this is one of the ams of the experiments. 


New Tunnel 


An interesting development in the South African 
experiment is the introduction of neon flash-tubes there 
also. A new tunnel has been cut at a slightly deeper level 
and the scintillators are being transferred and mounted 
in one long column with layers of neon flash-tubes on 
either side. To avoid the need to photograph the vast 
array of flash-tubes, electronice sensors are being mounted 
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on the ends of the tubes and these will pick up the flashes 
of light and convert them to electrical pulses which will 
in turn be recorded on tape. The whole array, which 
should be fully operational by the end of 1968, is expected 
to have a counting rate of some seventy-five neutrino 
events per year; clearly with a rate of this magnitude 
some of the problems thrown up by the smaller arrays 
should be solved rather quickly. 

Developments have also been taking place in the Kolar 
Gold Fields experiment. The emphasis has again been on 
sophistication and in mid-1967 two large magnetic 
spectrographs were brought into service. So far, two 
neutrino-induced muons have been detected, both of low 
momentum (2 x 10% eV/Ci and approximately 10? eV/Ci, 
the latter only passing through part of a spectrograph 
and the momentum being ul defined in consequence). 
These low values add weight to the suggestion from 
the electromagnetic interaction data mentioned earlier 
that the mean energy of the neutrino-induced muons is 
quite low. 

While the South African and Indian experiments have 
been in progress, a group at the University of Utah have 
been constructing a massive and complex detector at a 
rather shallow depth (1,800 feet) near Salt Lake City. 
This apparatus contains water Cerenkov counters, 
eylindrical spark counters and magnetized iron. The 
object is to look at the detailed characteristics of upward 
moving neutrino-induced muons-—particles of which the 
characteristics had previously been thought to be well 
understood. The Utah results seem to show that the 
number of underground atmospheric muons varies with 
angle to the vertical in such a way as to suggest that the 
bulk of them are not coming from the decay of pions as 
was thought, and which certainly happens at low energies, 
but are produced either directly in the nuclear inter- 
actions in the atmosphere or through the decay of some 
very short-lived intermediary. To produce weakly inter- 
acting muons in strong interactions is not an attractive 
idea and a short-lived intermediary is preferable. The 
intermediate boson at once becomes a distinct possibility, 
and the wheel has turned full cirele; it will be a remark- 
able paradox if the boson does turn up in this way—#in 
experiments carried out deep underground to enable 
neutrinos to be seen against the atmospherie muon back- 
ground, yet the background turning out to be more 
significant than the neutrinos themselves. 


Origins of Muons 


Having said this, it should be added that these results, 
although very carefully checked by the Utah group, have 
not yet been substantiated by other workers. Somewhat 
similar measurements have been made over a number of 
years on the angular distribution of atmospheric muons 
at ground level (rather than underground) by a number 
of workers, notably at the Universities of Durham and 
Nottingham, and these results are consistent with the 
usually accepted view that pions are the main source of 
muons, at least up to muon energies of 5 x 10% to 102 eV. 
The muons involved in the Utah experiments are all above 
5x 104} eV, however, with the bulk of the particles being 
above 10% eV, so that the degree of overlap, where there 
is conflicting evidence, is rather small. In fact, the Utah 
workers have recently suggested that there are some 
uncertainties in their data for the range 5 x 104-10! (but 
not at higher energies) which might eliminate the con- 
flict completely. Not surprisingly, the Utah results have 
created a great deal of interest and several experiments 
are under construction to study the effect further. 

In addition to the measurements on atmospheric muons 
the Utah detector will take up its original purpose—to 
search for neutrino-induced muons. In many ways it 
will be complementary to the Indian and South African 
experiments, having magnets of bigger collecting power 
but track-delineating detectors of somewhat poorer 
resolution; the results will be of considerable interest. 
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Low Energy Neutrinos 


Turning finally from energetic muons and muon 
neutrinos to low energy electron neutrinos, that is energies 
of the order of 108 eV, we enter the field of neutrino 
astronomy. It has already been remarked that the fusion 
reactions in the solar core provide a copious flux of 
electron neutrinos which are, in principle, detectable. 
The reason for searching for them is that they will give 
information about conditions in the solar core, the point 
here being that unlike the other emissions from the Sun, 
which because of absorption are only able to emerge from 
the solar surface, the extremely penetrating neutrinos are 
able to escape from their point of origin in the deep 
interior. The furthest advanced experiment is that in 
another gold mine-—-the Homestake Mine in South 
Dakota—-and is being undertaken by scientists from 
Brookhaven National Laboratory. The rationale of the 
method is to search for radioactive argon atoms produced 
when electron neutrinos are captured by chlorine nuclei, 
the latter being provided by 100,000 gallons of cleaning 
fluid (perchlorethylene). A principal feature of the 
method is the separation and counting of only a few 
radioactive argon atoms from this vast quantity of fluid, 
and the technique has been brought to fruition after about 
ten years of careful experimentation. The flux of the 
comparatively energetic electron neutrinos (10° eV) 
detected is singularly sensitive to the solar core tempera- 
ture and, if the number of interacting neutrinos can be 
determined, then, because the detection cross-section is 
known, the core temperature can be estimated. A 
preliminary experiment with only 1,000 gallons of fluid 
proved the feasibility of the method and an upper limit 
to the temperature of 18 milion °K was derived. It was 
anticipated that with the much larger apparatus, and 
assuming the theoretically expected core temperature of 
16 million °K, about three radioactive argon atoms 
should be created per day. 

The enlarged apparatus was brought into operation in 
the middle of 1967 and, most surprisingly, no radioactive 
atoms have been detected above the background of 6-5 per 
day, this limit being set by extraneous factors such as the 
secondaries of muon interactions. If this unexpected 
result is substantiated it will throw doubt on our whole 
understanding of processes in the deep solar interior. One 
possible explanation is that there is an error in the pre- 
dicted value of 16 million degrees due to a faulty assump- 
tion about the Sun’s composition or age. An alternative 
explanation is that the lack of neutrinos arises because 
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oblateness of its shape, rather than general relativity, 
which is responsible for the well known advance in the 
perihelion of the planet Mercury. 

Although “neutrino astronomy” has still not got off the 
ground, it may well turn out that the absence of solar 
neutrinos, at the expected rate, is more interesting than 
their presence would have been. 

Other techniques of detecting solar neutrinos are also 
being actively studied and in some cases quite large 
underground prototypes are being operated to get some 
idea of background levels. Similarly, new methods of 
detecting much higher rates of detected muon-neutrinos 
are being vigorously pursued. One promising approach 
is to search for the Cerenkov radiation produced by the 
muons generated in neutrino collisions in the deep ocean. 

It may well be that only with detectors that use vast 
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problem. Certainly there is no shortage of ideas in this 
challenging field of research. 
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ALL processes of grinding are inefficient if they are con- 
sidered from the point of view of energy expended versus 
surface energy of new surface produced. In mechanical 
grinding, much energy is wasted in friction of the moving 
parts, millstones, rollers, balls, pins and so on (Fig. 1). 
Rather than using steam directly or indirectly to move 
mechanical parts, one is inclined to ask if one could not do 
better by direct application of the steam to the material 
to be ground. This is indeed possible, particles to be ground 
being fed from the side of a jet of air or steam, such a 
device being known as an impact pulverizer, the action 
of which is briefly discussed later. 

Another difficulty of mechanical grinding occurs when 
a very fine product is needed. This cannot be obtained 
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The jet energy mill produces very finely ground material by use of 
the principle of fluid vortex motion. 


merely by leaving the same batch of material for a very 
long time in a mechanical mill. Experience shows that the 
size distribution of particles soon settles to an equilibrium, 
in which the break-up of large particles is balanced by the 
joining together of small ones. Once this stage is reached 
further expenditure of energy is useless. To obtain par- 
ticles of micron size from a mechanical mill it is most 
essential to provide some means of continuously removing 
the smaller particles (for example, by blowing a stream of 
air through the mill to carry away the small particles). 
The mills described here exploit the properties of a 
hydrodynamic vortex (maintained by jets of air or 
steam). It is possible to combine the operations of grind- 
ing, classification of size, return of over-sized particles, 
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Fig. 1. Huntington Mill (z. 19380) A great deal of energy is wasted in friction of the 
moving parts. 
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further grinding, and removal of the product into one 
steady operation involving no mechanical moving parts 
at all. 


Motion of a Solid Particle in a Stream of Fluid 


No exact expression is known for the motion of a fluid 
of finite viscosity round a solid particle, even for very 
simple shapes. The forces between a fluid and a solid 
particle in relative motion are, however, fairly well 
known. For high viscosities and low velocities, the force 
on a sphere of radius a moving with velocity V ina medium 
of viscosity 7 is very nearly equal to 


F, = 6nnaV (1) 


In the region of velocities for which equation (1) is valid, 
the motion is said to be of Stokes’s law type. If V, the 
relative velocity, is gradually increased, the nature of the 
fluid motion changes, the fluid in the neighbourhood of 
the particle develops eddies and becomes turbulent, this 
turbulence being mainly confined to the region that the 
body has traversed, known as the wake. In these circum- 
stances, the resistance is of the same order of magnitude 
as it would be if all the momentum of the fluid that 
collides with the body—that is, all the momentum inside 
a cylinder of radius a—were destroyed. For a fluid of 
density ps this would give 


(2a) 


This is an extreme case, such as might occur for a very flat 
body. For a body with rounded nose, such as a sphere, 
the law must be modified to 


Fp = Doma yV? (2b) 


where D is a quantity called the drag coefficient, which is 
of the order of 4 to 4 for nearly spherical bodies, but may 
reach higher values for flat-nosed bodies. Equations (1) 
and (2) mean that, for a given medium, the resistance 
becomes independent of the viscosity, 4, at a value of V 
given approximately by equating the resistance given by 
equations (1) and (2b) which gives 


Fp = prey? 


7 iD about 30 (3) 

The quantity on the left of equation (3) is known as 
Reynold’s number, and determines the nature of the 
motion. It is independent of the system of units em- 
ployed. For a particle 2u in radius in a fluid stream of 
1,000 feet/s (3 x 10t em/s), typical conditions in the mills, 
aV is about 6, while values of y and oy for steam at 150° C 
and atmospheric pressure are respectively 1-45 x 10- and 
5x 10-4. The value of 4/0 for air in ordinary conditions 
is of the order of 0:2. Thus we may conclude that, except 
possibly for the smallest particles, Reynold’s number is 
always of the order of 20 or more, so that the force on 
the particles is governed by law (2) rather than by law (1). 

One further point is of importance. If two of the dimen- 
sions of a body are very different—that is, if it is disk or 
rod-like rather than spherical—it does not, as one might 
at first expect, set itself in the position of least resistance 
(with its longest dimension along the stream) but rather 
tends to set itself across the stream, so that resistances 
have to be calculated with this in mind. The reason for 
this behaviour can be understood by reference to Fig. 2. 
If a body starts with its long axis along the stream and 
its direction is slightly deflected. the force at the leading 
edge A is in general greater than at the trailing edge B, 
so that there is a resultant couple tending to merease the 
deflexion further, so that the across stream position is 
stable, while the along stream is unstable. 


Comparison of Machines of the Jet Type with Impact 
Pulverizers 
In impact pulverizers, the raw material is practically 
at rest when it is fed into the stream of fluid. The grinding 
fluid, usually air or steam, is accelerated to a high speed 
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Fig. 2. The stream position of a disk-like particle. 
by passage through a suitable nozzle, and the material to 
be ground is fed in from the side. Then the rate af which 
energy is supplied by the fluid is 
Ey = §MrV/ 

where V; is the velocity of the fluid and My; is the mass 
supplied per unit time. If the material is supplied at a 
rate Mm. the velocity Ve of the combined stream (when 
the relative velocity of fluid and material has fallen to 
zero) is determined by the principle of conservation of 
momentum, so that 

MF; = (My+ Mme 
and the rate of transfer of energy to the material is 


My | 
= A y Sox - M setinnerntnennnatcitt tanner — Fe? 4 
Em 4 tim Ve $ m (Mp + Mn)? f ( ) 
If M; and Vy; are fixed, this quantity 1s a maximum when 


M n= Mg. 

While it is certain that the amount of new surface 
generated by impact of the material particles will increase 
with the velocity of impact, and therefore with the mean 
velocity V. imparted to all the particles, ib does not 
necessarily follow that the reduction in size varies in any 
very simple way with the impact energy. It is therefore 
possible that the condition for maximum reduction of 
size is slightly different from the condition found for 
maximum rate of supply of energy to the material, but 
the difference cannot be very great. 

The density of the material to be ground is several 
thousand times that of the grinding fluid, so very high 
velocities of the fluid, of the order of 1,000 feet/s, are 
necessary in order that Mm may be of a reasonable order 
of magnitude and yet satisfy the condition that My and 
M m are to be comparable. Such high fluid velocities mean 
that the rate of supply of material must be kept very 
uniform, otherwise there will be short periods of time for 
which the fluid stream is overloaded and the velocity Fe 
imparted to the material is consequently small, while for 
the remaining periods the stream is running “light” and, 
although the material attains high velocities, My, is far 
smaller than it need be. If the material is supplied at a 
low velocity, it inevitably enters the fluid stream in an 
irregular manner, and the state of affairs just described 
is practically unavoidable. 

On impact, only a small proportion of the material 
particles are reduced to the desired size. The over- 
size material is carried away from the grinding zone by the 
motion of the fluid, and some external means of classifying 
the particles and continually returning the oversize ones 
to the high-speed portion of the fluid stream must be 
provided. In general, a typical particle has to pass many 
times through the grinding zone before it attains the 
desired size, and this means that impact pulverizers are 
very bulky as well as being inefficient utilizers of the 


impact pulverizer. 
vortex motion rather than a linear stream. By suitable 
design it is possible to make the various portions of the 
vortex perform all these functions, and the various factors 
that operate will now be considered. There are various 
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Fig. 3. 


versions of the mill, differing greatly in geometry, but the 
basie principles are common to all. 


A Typical Jet Energy Mill 


The fluid vortex in the shallow cylindrical chamber 
that constitutes the mill is maintained by a number of 
jets the axes of which are inclined at about 45° to the 
cylinder radius. The material is introduced through a 
feed manifold, and enters the chamber from above through 
a number of inlets spaced round a circle of radius slightly 
less than that of the chamber. Fig. 3 gives a general idea 
of the arrangements. The fluid jet inlets are not in the 
muddle of the cylinder but very near the bottom. The fluid 
outlet, J, is at the top of the chamber while the product 
collector, K, is at the bottom. Both J and K project a 
little into the chamber. This is found empirically to 
improve the size classification. Various reasons can be 
suggested for this. 


Mode of Action of the Jet Mill 

The simplest possible geometry consists basically of a 
shallow cylindrical chamber (Fig. 3). Fluid flow is main- 
tained in the form of a large vortex by a number of jets 
the axes of which are parallel to the bottom of the chamber 
and inclined nearly tangentially to the circular section of 
the cylinder. The flow pattern is rather complicated 
because of the fact that the fluid in immediate contact 
with all the solid walls is necessarily at rest, so, seen in 
plan, the flow will be as shown diagrammatically in Fig. 4. 
A large vortex is formed in the central region of the cham- 
ber, and there will be smaller vortices near the walls 
which act in the manner of roller bearings. In the main 
vortex itself, other velocity gradients are imposed by two 
geometrical facts: that the path of a particle of fluid near 
the wall is longer than that of one near the axis, and that. 
in order to leave the chamber, any particle must eventually 
spiral inwards to the outlet tubes at the centre (J or K 
in Fig. 3). Bernoullis theorem shows that, because 
P+%pv* is roughly constant, velocity gradients are neces- 
sarily associated with pressure gradients. 

In Fig. 5, which shows the grinding chamber in eleva- 
tion, AA’ is the plane containing the jets, The intensity 
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A typical jet energy mill. 


of the vortex is necessarily greatest in this plane, so the 
pressure difference between centre and edge of the main 
vortex is necessarily more than the corresponding pressure 
drop in the plane BB’. The difference between these two 
pressure drops is used up in accelerating particles of solid 
or fluid from the periphery towards the central outlet. 
We conclude that, in addition to the main vortex, there 
must be a secondary circulation of material as indicated 
by the arrows in Fig. 5. This secondary circulation is 
exploited as explained below. 

The fluid vortex formed by the jets can be roughly 
divided into three parts, the outermost being the grinding 
or reduction zone, the middle one being the classification 
zone, while the inner one is the withdrawal zone, which 
will be diseussed in turn. 


The Reduction Zone 


The tangential velocity of the fluid is necessarily very 
high near the jets, but falls to zero at the walls. When 
there is a very steep change in the velocity with distance. 
as will occur near the side walls and near the bottom of 
the chamber, this implies a very high rate of shear of the 
fluid and the velocity pattern then changes from instant 
to instant, the condition being one of hydrodynamic 
turbulence. At any one instant, the velocity pattern would 
be probably something like Fig. 4, small vortices forming 
near the wall and rotating in the opposite sense to the 
main vortex. The boundary condition that the tangential 
velocity is zero at the wall can be satisfied if we suppose 
that the centres of the subsidiary vortices are moving 
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Fig. 4. Flow pattern in a jet energy mijil, 
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round in the same direction as the main vortex, so that 
these small vortices act like roller bearings. Two advan- 
tages result from the appearance of this turbulence. In 
the first place, the fluid and material are kept well mixed, 
so that the relative amounts of them are kept nearly 
constant from place to place, and the conditions every- 
where can be nearly optimum, a state of affairs very 
difficult to attain in impact pulverizers; second, the fluid 
velocity changes rapidly with time and place, so that a 
particle of material is likely to collide frequently with 
other particles of widely different velocities, which is 
just what is wanted for efficient grinding. The additional 
flows shown in Figs. 4 and 5 also ensure a steady stirring 
effect, helping to circulate the particles being ground. It 
is also possible that grinding occurs by collision of the 
particles with the eylinder walls, but the relative Import- 
ance of these two effects is uncertain. A third possibility 
is that particles are broken up by the actual impact of 
the fluid jets on them, but it seems much more likely that 
the fluid jets merely push the particles aside. 





The grinding chamber. 


Fig. 5. 


In addition to the effect of turbulence in keeping the 
mixture of material and fluid fairly uniform, another 
factor which tends to smooth out the inevitable irregulari- 
ties, which must arise from non-uniform feeding of the 
material into the reduction zone, is the kinetic energy 
stored up in the fluid in the main vortex, which acts as a 
flywheel. The motion everywhere, except in the reduction 
zone, should be streamline, that is, the velocity at any 
point should be nearly constant in time, in order both to 
get as big a “flywheel” action as possible (energy that has 
once appeared as turbulence is eventually converted into 
heat, and can never again appear as kinetic energy of 
streamline flow), and also to enable the classification 
process to work properly. Thus turbulence is an advan- 
tage in the reduction zone, but is undesirable in the 
remainder of the vortex. To avoid it, the walls in the 
classification zone should be smooth, and projections 
should be avoided as far as possible. 


The Classification Zone 


As has been already stated, the function of the classifica- 
tion zone is to return oversize particles to the grinding 
zone. The classifying action takes place in the following 
way. In addition to the tangential motion of the fluid, 
there is radial motion (Fig. 4) caused essentially by the 
viscosity of the fluid. Anything that increases the dissipa- 
tion of energy by friction increases this circulation, so 
that it is an essential feature of such a mill that the 
chamber is shallow compared with its radius. We now 
consider the forces on a particle under the simultaneous 
influence of the tangential fluid velocity V: and the radial 
velocity V,. We suppose, which may not be quite true 
but is certainly a fair approximation, that the tangential 
velocity of the material particle is also equal to Vy. Then 
the outward centrifugal force due to this rotation is (where 
om is the density of the material and a the effective 
radius of a particle and r is the distance from the centre 
of the vortex) 

| na? om Vee 

ak 3 r 
In regions where the radial velocity of the fluid V, is 
directed outwards, particles of all sizes will certainly be 
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subject to a resultant outward force and will all be carried 
outwards. In regions where this velocity is inwards there 
will be a certain size of particle for which the force due to 
the radial velocity V, just balances the centrifugal foree 
F.. By equation (2b) this is equal to 


Fp = Drag Vre 


for a particle with radial velocity zero. The radius of the 
particle a; for which these two forces just balanek 1 
therefore 


A E (9) 


If we consider conditions along any plane perpendicular 
to the axis of the chamber, V; and V: are probably 
roughly proportional to one another, for we can conclude 
from geometrical considerations that both vary nearly 
inversely with r. Thus only a particle of radius less than 
that given by formula (5), with r put equal to r, the 
inner radius of the classification zone, can ever reach the 
collecting zone. The classification zone may, however, be 
expected to retain particles between the values ay and 
arr, where a; and arr are given by 


BD eVi, 3D of V7? ð 
Ap aeee Fo, GE mera 
f Som V? ° a Som Ve 


where 7; and ro are the inner and outer radu of the classi- 
fication zone which may be expected to be roughly 
equal, respectively, to the collector radius and to the 
radius of the circle to which the axes of the jets are 
tangents (see Fig. 3). Anything larger than ar is rejected 
to the reduction zone for further grinding, while anything 
smaller than azr will reach the collector. Particles between 
these limits might, in theory, remain indefinitely in the 
classification zone, but, in practice, they will be jostled 
by neighbouring particles and either be subjected to 
further grinding or be knocked into the collecting zone. 
Equation (6) thus gives a measure of the range of size of 
particle to be expected in the collector. (If one assumed 
that the forces on the particles are of Stokes’s law type-— 
which is not probable except for very small particles— 
then the inward force would vary only as V: instead of 
as V2.2, and we must use equation (1) for the radial force 
instead of equation (2b). Instead of (5) we should have 


= ra (7) 


which again means that r depends on the size of the 
particle, so we still have a classification mechanism. ) 

The discussion can be extended to non-spherical particles 
of disk or rod shape, and it ean be shown that such particles 
cannot be expected to leave the classification zone before 
at least two of their three dimensions are below the value 
arı given by equation (6). 

Equation (5) shows how the size of the classified par- 
ticles varies with the other constants. pm cannot be 
altered, of can only be altered slightly by working at a 
different fluid pressure while the minimum value of r is 
conditioned by the radius of the product collector which 
cannot be made too small. Drag coefficients are always 
of the order 0-2-1-5, so that the fineness of grinding 
evidently depends mainly on the ratio V,?/V:?. This can be 
altered by altering the dimensions of the chamber or, for 
a given mill, by adjusting the fluid input pressure or the 
rate of material input. As V: increases V, increases also, 
but the increase is not proportional, so that V / Fe 
should decrease, and the mill may be expected to grind 
finer if the rate of material input is reduced or the fluid 
input pressure increased, as one would naturally expect. 


The Withdrawal Zone 


We may also think of the secondary circulation as the 
mechanism by which energy is conveyed away from the 
plane AA’, where it is supplied, to maintain the motion 
in the rest of the cylindrical chamber. The fluid near 
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Fig, 6. 


the plane BB’ may be thought of as being dragged round 
by viscosity, due to the motion in the plane AA’ (see 
Figs. 5 and 6). 

We now have to consider what happens when large 
solid particles are entrained by the gas. Because of the 
centrifugal acceleration caused by the particles being 
carried round by the vortex, they will tend to become 
concentrated adjacent to the outer walls, that is, in the 
grinding zone, where, as we have already seen, there is 
considerable turbulence which keeps the particles in sus- 
pension in a thin fluid layer at the boundary. This 
layer of fluid, together with its load of particles, is trans- 
ported upwards by the secondary circulation already 
described until it reaches a place (Fig. 5) where the radial 
velocity is inward. This inward velocity carries the 
smaller particles with it, in the manner described when 
dealing with the classification zone, while the oversize 
particles are left behind at the periphery to undergo further 
grinding. Thus only the smaller particles can reach the 
withdrawal zone, while particles of intermediate size are 
entrained by the secondary circulation. Fig. 5 shows that 
this eventually carries them outwards for further grinding. 


Input and Output 


There is little to say on these topies, the techniques 
used being fairly standard. The input feed is by a Venturi 
end injector. The pressure in the mill itself is normally 
only a few pounds above atmospheric, so the design of an 
injector that prevents “‘blow-back” is not difficult. The 
output follows standard practice, the remaining kinetic 
energy of the fluid being used to produce vortex motion 
in a cyclone, or several cyclones connected in series if 
extremely efficient collection of the product is required. 
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The loss of product can be brought down to well below 1 
per cent, In special cases (for example, where the product 
is pyrophoric, radioactive or toxic) complete recovery 
can be effected by grinding with steam and condensing it 
after thg eyclones. A cyclone collector is simply a hollow 
cone, the mixture of grinding fluid and fine solid particles 
being injected tangentially. By considerations quite like 
those already met in discussing the grinding and classifica- 
tion zones, we can show that there is always a force on 
solid particles towards the point of the cone. 


Various Possible Geometries 


The shallow cylindrical chamber is one of the many 
geometrical variants possible. For example, the design 
could, without detriment, be modified by expanding the 
circular plan into “race-track” shape. Between the two 
semicircles the particles of fluid (and solid) would simply 
move along practically straight paths. Furthermore, if 
we used a very wide collecting tube, the geometrical 
considerations would still hold, but the central region of 
the chamber would be practically inoperative. Thus we 
might expect, and it has been confirmed in practice, that 
the same principles would work if the plan of the grinding 
chamber were a hollow cylinder, collection of product 
taking place near the inner surface. Equally, we might 
expect a mull in the shape of a hollow torus to operate in 
an analogous manner, collection taking place at the inner 
side of the torus. 

Combining these two modifications, we can conclude 
that an elliptical torus, or two half-toruses connected by 
straight portions, should also work, and this has been 
verified in practice. Such a design has the advantage 
that it can be fabricated and joined up as lengths of pipe, 
rather than having to be produced as one or more circular 
castings of large radius and weight. It is quite possible, 
and very efficient, to attach the cyclone directly to the 
grinding chamber, or it can be connected up by hose with 
little loss of efficiency, 

With all these geometries, we have the same basic 
principle that the various portions of a fluid vortex main- 
tained near solid surfaces can give rise to a continuous 
process of grinding and size classification. It is easy to 
obtain a product of micron size, which is difficult to do in 
mechanical mulls. 

The principle has undoubtedly proved itself, and has 
been exploited by a number of firms in the United States 
but is, at present, little used elsewhere. 


Crystallization of Transfer RNA 


by 


B. F. C. CLARK 
B. P. DOCTOR 
K. C. HOLMES* 
A. KLUG 

K. A. MARCKER 
S. J. MORRIS* 

H. H. PARADIES* 


MRC Laboratory of Molecular Biology, 
Cambridge 


KNOWLEDGE of the spatial structure of transfer RNA 
(RNA) is needed to understand the relationship between 


* Present address: Max-Planck-Institut für Medizinische Forschung, 


Heidelberg. 


A bacterial transfer RNA (tRNA;'*) has been obtained in micro- 
crystalline form. 
deduced from X-ray powder photographs. 


Its probable unit cell dimensions have been 


its function and its structure. The well known clover-leaf 
model’ probably describes correctly the secondary struc- 
ture of RNA. In addition a very suggestive three-dimen- 
sional model has been proposed? for the anticodon loop. 
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Fig. 1 X-ray powder diagram (magnification 1-25) of a polycrystalline 
form of (RNA™*, The sample was sealed in a quartz capillary of 
diameter 0-7 mm, The photograph was taken with an evacuated 


Guinier focusing camera (specimen-—film distance 11-21 cm) using Cu Ka, 

radiation from a fine-focus rotating anode tube An aluminium screen 

over part of the film enables strong and weak lines to be measured off 
the same film. Exposure times ranged between 10 and 50 h. 


Nevertheless it has not 
clusively the detailed tertiary structure of any transfer 
RNA by a combination of model building and studies of 
tRNA in solution. It seems unlikely that this problem will 
be solved unless a particular transfer RNA is crystallized 
and its structure established by X-ray analysis. This has 
not so far proved possible because such crystals were not 
available. 

We report here the production of a microcrystalline 
form of the bacterial polypeptide chain initiator transfer 
RNA ((RNAP)* 
of X-ray powder photography (see, for example, ref. 6) to 
obtain the probable unit cell dimensions and space group. 

The starting material, unfractionated Æ. CA265 
tRNA, was prepared at the Microbiological Research 
Establishment. Porton. Wilts. The (RNA was purified 
by using countercurrent distribution im an ammonium 
sulphate solvent system? and DEAE-—‘Sephadex’ column 
chromatography*®. The details of the purification will be 
reported elsewhere (unpublished results of B. P. D.. B. J. 
Wayman, 8. Cory, P. S. Rudland and B. F. C. C.). The 
purified material, of which more than 100 mg was obtained, 
Was fully chargeable and the charged form, Met ARNAN, 
Wits capable of being fully formvlate l. 


heen possible TO deduce Cone 


We have analysed this by the method 


colt 


The purified (uncharged) (RNAP was dialysed against 
4x 10-*M EDTA (pH 7-0) and then against an aqueous 
solution 10°* M in MgCl, and KCI. Atter further extensive 
dialysis against water to remove the excess of inorganic 
ions the 4RNA solution was lyophilized. A 2-5 per cent 
solution of (RNAP*. made about 20 per cent v/v with 
dioxan. was placed in a quartz capillary. When it 
equilibrated with the atmosphere ot an aqueous solution 


Was 


of dioxan (35 per cent dioxan v/v) in a desiccator, spheru- 


lites* were produced in about 16 h. A microscopic study 


*See, for example, ref. 0 
RNA 


molecular weight 
heen observed before?’ tt, 


Spherulites of low 
principally from ribosomes, have 


yeast 


1223 


of the spherulites showed that on standing for several 
days they become microcrystalline In composition, al- 
though the overall spherulite shape was maintained. 
Microcrystals were also produced if the tRNA solution 
was equilibrated for several days with a lower concentra- 
tion of dioxan. 

A mixture of spherulites and microcrystals disappeared 
in about 30 min when a trace of solid ribonuclease A 
added to the mother liquor. The (RNAP when tested 
accepting after X-ray 
retained 85 per cent of its former charging ability 

X-ray powder photographs of clumps of microcry stalline 
spherulites sealed in quartz capillaries were taken with 


Wis 


for methionine activity analysis 


an evacuated Guinier focusing camera'®. The source ol 
X-rays was a fine focus rotating anode tube and a bent 
quartz monochromator. A typical powder photograph 1s 
shown in Fig. 1. Table 1 lists the observed and calculated 
spacings. The differences between the observed values Ë 
(1 /d*) suggest an orthorhombic unit cell with the dimen- 

a=118. bh=48-2. group P222, o1 
possibly P222, The indexing I5 facilitated by the presence 
of a long spacing at 1/d=0-0085 which, together with the 
doublet at 1/d=0-0231 and 1/d= 0-0247, right 


angled triangle in the reciprocal lattice with indices 100, 


SIONS c= 532. Space 


forms a 


Table 1 
hkl l «107A! «10? A~ lobs 
d calc d oba 
100 Usb Ux 
200 1-690 
001 L-88 
1o} 23-06 
01 0 2 r 
110 2-47 24 S 
201 2-53 
+oaoo 2.54 
231 0 2-87 Sy 
0 1 1 2-08 
I Sp 310 
+0 ] 1h 
. 1 1 4 oY e diff. band 
o a0 n 
;10 44 ih : 
oo 2 TB -=A m 
102 +85 
401 NX ai 8 
31] -Q9 
t10 10 he iff, 
00 1-24 1-24 r 
01 2 +-4] t-39 \ 
L x's t0 
$1] 4°51] 
30 2 4-54 
02 0 1-63 
501 4-04 
120 $7] t7 
2 4-3 1-73 
5 1 oO LRI 
ae A, t93 $4 
02 ] 5-00 
{0 2 5'6 
a 5-07 
60 0 5-08 
31 2 rog 
5 l l he Ea uü 
2 AD DSR 
320 o 28 
6 0 ] 5-42 
E |] 2 557 
t ] U Hoy m 
32] eH] 
003 » 4 diff, band 
50 2 bog W 
L103 wal 
ka U H74 í 
2-0 3 ya 
l are the reciprocal spacings of the observed reflexions. 
d obs 
l are the reciprocal spacings calculated for a cell with orthogonal axes 
d cale 
a=118 A, b=43°2 A, c=53-2 A. 
Liona are the observed intensities (vs, very strong: 8, strong; m, medium; 


w, weak: diff., diffuse) 


O10 and 110 respectively. The third axis is harder to find 
and the indexing must be regarded as provisional! 


Considerations of the molecular volume suggest that 
' . et 
there are four molecules of (RNA? “in a unit cell; that 
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is, probably one molecule in the asymmetrie unit. 

The sharpness of the spacings and the fact that they can 
be indexed show that, although the microcrystals are 
small, they are true three-dimensional crystals, and not 
liquid crystals. The amount of chargeable erystalline 
material obtained, the long spacings observed, and the 
disappearance of the crystals when treated with ribo- 
nuclease show conclusively that the crystals contain 
intact (RNA and that they are not merely an artefact, 
such as crystals of a dioxan salt of some kind. 

It is hoped that further crystallization studies will 
yield single crystals of 1RNA from which more detailed 
crystallographic data can be collected. 

B. P. D. is a research and study fellow of the Secretary 
of the US Army and H.H.P. holds a Max-Planck 
Gesellschaft fellowship. We thank Dr F. H. C. Crick for 
helpful and encouraging discussions and Mr B. J. Wayman 
and Miss Drora Perry for technical assistance. 


Convolution Camera to reveal 
Micrographs 


by 
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London 


‘THE analysis of electron micrographs by optical diffraction 
introduced by Klug and Berger! provides a very useful 
method for the detection of periodic spacings. We have, 
however, met with a situation in which optical diffraction 
did not reveal the expected periodicity; this periodicity 
was detected by another optical device which we propose 
to call a convolution camera. 

While studying the structure of negatively stained 
paramyosin filaments isolated from mollusean muscles. 
we noticed an array of white (unstained) globules located 
at 30-40 A intervals along the prominently visible trans- 
verse bands which are spaced 144 A apart (see Figs. 3 
and 5). By inspection it is not possible to decide whether 
the arrangement of the white globules is periodic or not. 
We therefore examined the optical diffraction pattern, 
but this failed to show an equatorial interference maximum 
corresponding to 30-40 A. Besides the small-angle 
pattern, a moderately strong continuous background was 
observed, indicating (as appears from inspection of Fig. 5) 
that there is marked random disorder. 
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Periodicities in Electron 


An optical convolution method is described and used to demonstrate 
a new periodicity in paramyosin filaments isolated from molluscan 
smooth muscle. 


The chief reason for the absence of the expected 
refiexion probably lies in the fact that the separation of 
the globules is of similar magnitude to their size. It 
therefore follows that the diffracted intensity will be 
very weak in the region where the interference maximum 
should appear. 

A function of the intensity distribution in an electron 
micrograph which is also capable of revealing period- 
icities, degrees of order, and so on, is the self-convolution 
function (also known as the folding or convolution square, 
or auto-correlation function; when applied to the electron 
distribution within a crystal it is the Patterson funetion). 
The convolution square is related to the intensity dis- 
tribution within the Fraunhofer diffraction pattern, for 
the Fourier transform of this latter function is the con- 
volution square of the original intensity distribution 
within the electron micrograph. The convolution square 
can be observed directly, without using Fourier trans- 
formation techniques, by means of simple optical arrange- 
ments*, To reveal periodicities in electron micrographs, 


Ground glass Mask (N holes) Mask {N holes) Photographic film 
STOO oe __ 
ee CC Se a 
: me T a m e | 
: See ca eas oa SEO VER SIN Iwi rae an E N 
Lamp i ae ——————___-"--’-n........... wi eee 
t ae T T NNNNA 1N ee 
| ps 
f 
i £ warner nner ntti Ap nen nn f aiii : p- 


Fig. 1. 


Convolution camera described by Hosemann and Bagchit. The masks shown are identical and consist of a row of equispaced holes. 


The image on the film represents the convolution square of the mask. 
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Fig. 2. (a), A model based on a two-dimensional net. The holes are randomly displaced horizontally from the net points (dislocation of thy 
first kind). (+), Convolution square of (a), showing the underlying two-dimensional order. (c), A model based on parallel, equidistant rows 
holes similar to those in (a), but without two-dimensional order. (d), Convolution square of (ec) The equatorial rows of (4) and (d) are identit 
but no two-dimensional order is present in(d). (e), An arrangement of holes with only short-range order (dislocations of the second kind 
(f). Convolution square of (e). The dominant feature is the ring the radius of which is the inter-hole distance which occurs most frequent 


Fiskin and Beer?’ have used a method which requires the 
preparation of two masks, one of which is on twice the 
scale of the other. We have used a device described by 
Hosemann and Bagchi*t in which the two copies are on 
the same scale. The technique is illustrated in Fig. 1. It 
consists essentially of a fixed-focus camera with photo- 
graphic film at the focal plane of the lens, in front of 
which is placed a mask representing the function, while 
a second mask is placed at a distance from the first equal 
to the focal length of the lens. This second mask is 
illuminated by light scattered from a ground glass screen 
in front of a 60 W tungsten filament lamp. For observing 
the convolution square, the two masks are identical! 
transparencies made from the electron micrograph. The 
required function is that of one mask convoluted with 
the other mask inverted through an arbitrary origin, and 
this is obtained on the photographic film if the two masks 
are set up parallel (in every sense) to each other. This 
alignment must be accurate. We have used a telescope 
lens of about 100 em focal length and 10 em diameter. 
The convolution square is produced on the same scale as 
the masks, whatever the focal length of lens used. It 
seems to be advantageous to use a more highly corrected 
photographic lens, say an f/2-5 anastigmat of much 
shorter focal length, for with a reduced focal length, 
diffraction (which blurs very fine detail) is reduced. 

The convolution square of a distribution of particles 
gives the distribution of interparticle vectors. The way 
this is done in the optical arrangement shown in Fig. | 
may be seen if, for example, each mask consists of a row 





of N equidistant holes. Rays parallel to the axis will then Fig rig. S 
go through all the holes in each mask, and will be focused 
by the lens to give an axial spot of intensity proportional Fig.3. Electron micrograph of part of the thick (paramyosin) fiar 

s , rm: i Nee . ; the white adductor muscle of the oyster Crassostrea angulata (reproduce 
to N. This spot is the origin peak of the convolution from Hanson and Lowy’). The period marked 144 A varies slight 
square; its intensity represents the number of inter- over the length of the micrograph 


particle vectors of zero magnitude. Rays so inclined that m ; a | 
i . ae ; Fig. 4. Convolution square of Fig. 3. Some distortion isintrodu 
they go through the ith hole of one mask and the è+ Ith the variation in scale referred to in Fig. 3 
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hole of the other mask will produce a spot the distance 
of which from the zero order spot is equal to the inter- 
hole spacing, and the intensity of which is proportional 
to N—1. This represents the number of holes distant one 
spacing from other holes. The whole pattern formed on 
the film represents the distribution of inter-hole distances 
on the masks. 
intensities on the masks, the recorded pattern can still be 
interpreted in the same way. 

The convolution square of a quasi-periodic structure 
may indicate in what way the structure differs from a 
periodic one*-*. If there are random dislocations from the 
ideal sites, but the underlying long range order is pre- 
served (dislocations of the first kind). the peaks in the 
convolution square can be followed for many orders, but 
are on a background (with a finite number of 
elements, of course, the intensity falls with increasing 
order) and the origin peak is relatively strong. If, on the 
other hand, the inter-element distances between nearest 
neighbours are subject to a statistical distribution, there 
is no long range order (dislocations of the second kind) 
and the convolution square will have a strong and sharp 
origin peak and a strong (though broad) first order peak, 
but the successive peaks will decrease rapidly in intensity. 
Fig. 2 shows some examples relevant to the problem of 
a possible 30-40 A periodicity in paramyosin filaments. 

Paramyosin filaments can be obtained from homo- 
genized molluscan muscles such as the smooth adductor 
of the oyster Crassostrea angulata. When examined with 
suitable positive or negative staining methods in the 
electron microscope, such filaments show a periodie net- 
work of “dots” and bands*:?, The most prominent of the 
bands is located transverse to the filament axis and shows 
avery well maintained 144 A periodicity (Figs. 3 and 5). The 
two-dimensional “dot pattern has been correlated with 
certain features of the small-angle X-ray diffraction 
pattern obtained from muscles in the dried state*. 

Because electron microscope studies show that the 
144 A periodicity is practically constant’, the horizontal 
rows in our two-dimensional models are made equidistant 
(Fig. 2). Fig. 5 shows a greatly enlarged portion of the 
electron micrograph of a paramyosin filament, and Fig. 6 
shows the corresponding convolution square, which clearly 
indicates that there is two-dimensional long range order, 
with random displacement in a direction normal to the 
c (fibre) axis, and that the net is orthogonal or nearly so. 
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As Fig. 3, but on a larger scale 


When there is a continuous gradation of 
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Fig. 6, 


The ¢-axis period of 144 A is 

clearly divided into three, and a transverse period 33-34 A can be seen 

across the whole picture, indicating a two-dimensional order of the small 
white objects in Fig. 5 


Convolution square of Fic. 5. 


The lateral distance between the closest peaks is 33-34 A. 
This is obtained by measuring the distance between a 
known number of such peaks and comparing it with the 
periodicity along the ¢ axis which is assumed to be the 
same as that observed in X-ray diffraction patterns from 
dried muscle specimens (144 Å). 

The two-dimensional net is a near-orthogonal one con- 
taining five units, with a=340 A, e=720 A (144 x 5) for 
dried oyster white adductor muscle!’, A fairly accurate 
value for a can be obtained by measuring the slope of the 
strong diagonal streaks in the convolution square of an 
electron micrograph on not too large a seale (Fig. 4). 
Again. assurning a ¢ axis period 720/5= 144 A we deduce 
from the geometry of the net that a=330 A. This is 
nearly ten times the spacing of the shortest lateral period, 
The small discrepancy can reasonably be attributed to 
experimental error. Thus the small objects seen in hori- 
zontal and vertical rows in Fig. 5 may 
subunits of the net. 

Comparison of the spacing of the subunits with recent 
data from X-ray diffraction studies" strongly suggests 
that these are pairs, not of molecular chains, but of two or 
three-stranded ropes. Further implications which follow 
from the finding of a periodicity associated with the 
molecular chains will be discussed in a fortheoming paper 
on the structure of paramyosin filaments. Here we have 
been chiefly coneerned to establish that optical convolu- 
tion is a useful and convenient method for revealing 
periodically repeating structures in electron micrographs. 

We thank Sir John Randall for facilities. Mr A. Fasoli 
for the construction of the convolution camera and Mr 
Z. Gabor for photographie work. One of us (J. M. 8S.) is 
in receipt of a postgraduate research grant from the 
Science Research Council, 
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Planarian Behaviour and Biochemistry 


by 
W. C. CORNING 


Animal Behavior Laboratories, 
Department of Psychology, 
Fordham University, 

Bronx, New York 


SIMON FREED 


Departments of Biochemistry and Neurology, 
New York Medical College, 
New York, New York 


Our interest in the biochemical events accompanying 
modifications in the behaviour of planarians was stim- 
ulated by earlier findings that a conditioned response 
could survive regeneration, and that ribonuclease could 
interfere with retention in regenerating animalsi, 
Although the planarian has continued to arouse consid- 
erable interest as a preparation for memory research, 
there is a relative paucity of information dealing with 
effects of training treatments on the biochemistry of 
the animal. 

To obtain biochemical information relating to experi- 
mental treatments and independent of such factors as 
diurnal variations, experimenter variability, changes in 
environmental conditions, and so on, It is desirable to 
present these treatments to all groups simultaneously. 
Furthermore, the usual biological and behavioural vari- 
ability requires that groups should be sufficiently large 
to permit adequate statistical handling of the data. 
These considerations led us to develop apparatus and 
techniques which would allow the simultaneous presen- 
tation of different experimental conditions to several 
groups each containing large numbers of subjects. 

Planarians can be classically conditioned by pairing 
light with shock®. Failures to replicate the conditioning 
studies have been reported, but in most cases there 
have been serious deviations in techniques or misinter- 
pretations of data’. Classical conditioning in planarians 
is supported here by our finding that paired hght-shock 
treatments have an effect which is different from that of 
random light and shock treatments—-a differentiation 
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Fig. 1. Container for mass conditioning of planarians, 


Analyses of nucleic acids from planarians removed at various stages 
of conditioning showed that the RNA/DNA specific activity ratios 
were significantly different in trained animals during the middle 
stages of training when learning was not pronounced. The ratios 
were, however, similar at the terminal stage when the conditioned 
response performance was high. 


which many critics have stated is necessary before 
conditioning is to be accepted at the level of Platyhel- 
muinthes. 

Fig. 1 shows the design of the apparatus which was 
used for the presentation of stimuli to large numbers 
of planarians. Several factors led us to adopt this par- 
ticular design. First it was necessary to prevent the 
animals from avoiding the shock by climbing on or behind 
the electrodes; second, they had to be prevented from 
assuming a certain orientation in the electrical field and 
thus from receiving a less than adequate stimulus; and 
third the animals had to be kept within as uniform an 
electrical field as possible. The worms were placed 
inside the porous earthenware ring that was affixed to a 
plastic base; the ring was positioned in a cylindrical 
erystallizing dish. Beeause of its porosity the ring per- 
mitted electrical conduction, but kept the planarians 
within prescribed areas of the electrical field. The shock 
waveform simulated that produced by a Harvard Induc- 
torium as we, as well as others, have found that its parti- 
cularly “noisy” waveform is best. for the conditioning of 
planarians. The voltage drop was alternated between 
two electrode pairs; this minimized any reduction of 
intensity that planarians could achieve by posttionimneg 
themselves at right angles to the field or by orentating 
themselves towards one pole. Details of the eleetronic 
circuitry used to control shock parameters, duration 
of stimuli, inter-trial intervals. and other aspects of the 
treatments have been presented elsewhere’:*. 

A further modification involved the use of a weaker 
light source as a conditioned stimulus, for naive planarians 
can sometimes be highly reactive to strong ight. A 7-5 
W frosted bulb which was suspended 8 inches above the 
dish provided the light source. With ambient Hurmm- 
ation less than 1 foot-candle and the hght source of 12 
to 20 foot-candles, we have been able to keep the innate 
light reactions low and still achieve a high level of response 
with conditioning. The plastic top which held the elec- 
trodes in position also served as a shield to reduce the 
heat emitted by the light. 

Thirty Dugesia tigrina were divided into three groups 
of ten subjects. Group LS, the classical conditioning 
group, received a series of 480 paired light and shock 
trials; each training trial consisted of 3 s of light and 1s 
of shock with the shock occurring during the last second 
of the light period. Group LO received a series of 480 
trials in which the light alone was given. Group RSL was 
a sensitization control and was presented with random 
stumulations of light and shock; they received the same 
amount of stimulation within any one experimental 
session as did group LS. All subjects of any one group 
were placed in a single dish and were presented with 
their respective experimental treatments together; all 
groups were run simultaneously. 

At specific stages, six subjects were selected at random 
from each group and were given them usual stimulus 
conditions Individually in the same dish as that which 
was used for group treatments. These trials constituted 
test trials and the subjects’ reactions to light were recorded. 
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Light responses consisted of a head waving, a sharp 
“U” turn and a longitudinal contraction. The stages 
selected for testing were: after habituation to light, 
and after 40, 160, 240, 320, 400, 440 and 480 trials. 

Experimental sessions consisted of two periods of 
twenty trials each day with the second period beginning 
4 h after the first. This spacing of trial sets is necessary 
with D. tigrina as they have a greater tendeney towards 
sluggishness than D. derotecephala, the species used in 
other phases of our planarian research. The interval 
between trials was 1 min. Before any of the previously 
described treatments were administered, all subjects 
were habituated for 3 days (120 trials), receiving light 
alone on each trial. This ensured a low initial response 
to light for all groups. 
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LO: W.group receiving light only during trials. H indicates habituation 
stage, 
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The results are shown in Fig. 2 and clearly show that 
as a consequence of pairing light and shock the response 
levels of group LS increase markedly over those levels 
shown by control groups RSL and LO. Statistical assess- 
ments (Fisher's exact probability test?) showed that 
after 480 trials the response levels of the trained group 
(LS) were significantly higher than those of either control 
group (group LS compared with group RSL, P<0-01; 
group LS compared with group LO, P<0-01).. When the 
480 trials were completed there was also no overlap 
between the distributions of responses of the trained 
subjects and those of either control group. The range of 
group LS was 13-20 during the last twenty test trials 
whereas group LO had a range of 0-4 and group RSL 
had a range of 2-7. 

The types of responses elicited by the stimuli were 
identical to those observed in previous work. The response 
that provides the best differentiation between trained and 
control groups is the “U” turn; in the test session, 
at 480 trials the LS subjects performed a total 
of 32 “U” responses whereas the RSL and LO groups 
performed only one each. These procedures were thus 
successful im replicating other classical conditioning 
studies where individual training was used. The inclusion 
of a random light and shock control group further estab- 
lishes the validity of conditioning. Shock did not appre- 
clably sensitize planarians to light, for there was little 
correspondence beween the performance of the LS and 
RSL groups at the 480 trial stage. 

With the development of efficient techniques for mass 
conditioning, the subsequent phase of the research was 
concerned with the measurement of nucleic acid charac- 
teristics in large groups of whole worms which were 
subjected to different experimental treatments. The 
goals were: to assess at several stages of the learning 
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process the quantities of RNA and DNA and their turn- 
over properties, using **P as a tracer; to compare these 
properties with control subjects; and to obtain an indi- 
cation of the permanency of any biochemical consequences 
of training. 

The procedures which were used for extracting nucleic 
acids were based on those described by Scott et alè. 
The animals to be analysed were plunged into liquid 
nitrogen, freeze dried at —20° C and stored in a dry 
ice chest until extractions were begun. The dried tissue 
was homogenized in 0-3 N cold perchloric acid, and was 
washed successively in 96 per cent ethanol, a 3:1 ethanol- 
ether mixture, a 1:1 methanol—ether mixture, ether, 
and was then hydrolysed in 1 N NaOH for 2:5 hat 25° C. 
After this, the pellets and supernatant were chilled and 
6 N HCl was added to the NaOH hydrolysate, and 
centrifuged. The supernatant (RNA fraction) was 
removed, washed again with more of the NaOH~HCI 
mixture, centrifuged and the combined supernatants 
were put aside for spectrophotometric determinations. 
The remaining material was resuspended in 1-6 N per- 
chloric acid and kept for 20 min at 50° C, chilled at ice 
temperature for 5 min and centrifuged. The supernatant 
(containing nucleotides from DNA) was used after a 
subsequent wash for spectrophotometric measurements. 
After the optical densities were obtained, the samples 
were assayed for radioactivity. 

From the behavioural data gathered in the mass 
conditioning study, it was decided to measure the nucleie 
acids at the following stages in training: habituation, 
160 trials, 340 trials and 460 trials. 


same manner as previously described. Group RSL (100 
D. tigrina) was given the random light and shock. Because 
the same number and kind of stimuli were presented to 
both groups of planarians, any differences in their 
biochemistry would be attributable to differences in the 
temporal relations of the stimuli. The planarians being 
trained, however, would contract more often as training 
progressed (to the hght as well as the shock) and could 
therefore be expected to show nucleie acid differences 
on the basis of more frequent responses. Some compen- 
sation for this was provided by randomly tapping the 
vessel containing the control animals (RSL), causing 
them to contract. The number of tappings was regulated 
according to the progress of the conditioned group in 
order to equate the groups with respect to activity. 

=P was used as the isotope for radioactive tagging of 
nucleic acids and was obtained as inorganic phosphate 
from Oak Ridge National Laboratory. The concentration 
used for loading the subjects was 20 uCi/ml. of pond 
water. Concomitant work in our laboratory had shown 
that adequate incorporation of P could be achieved in 
planarians by placing the tracer in their pond water 
(pH adjusted to approximately 6-0), and chromato- 
graphic and electrophcretic separations had established 
the nucleotide location of **P in the nucleic acid fractions. 
The animals which were to be analysed were not. exposed 
to “P until 3 days before each of the stages mentioned 
so as to minimize exposure to the isotope. Samples 
(18-24 worms) were removed from each of the two 
groups and placed in separate bowls each containing 
the isotope solution for the period of 3 days. During 
this loading time, one-half of each sample was presented 
with its usual treatments (A groups) while the other 
half was left alone (B groups). No “P was present in the 
pond water which was placed in the training vessels. 
At the end of 3 days the samples were killed imme- 
diately after their last experimental session and were sub- 
jected to the analytical procedures previously described. 
Because there was no **P present during the experi- 
mental sessions, the turnover of nucleic acids during 
the treatments would show up as a reduction in the 
specific activity of nucleic acid P. This holds true for 
the B groups also, for they were placed in an isotope- 
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free solution while the A groups were receiving their 
respective experimental conditions. 

The main groups LS and RSL were able to receive 
their experimental treatments uninterrupted by the 
loading procedures, and the mass conditioning apparatus 
permitted the simultaneous handling of all groups. 
The reasons for witholding any further stimulation of 
one-half of each sample (B groups) were to provide 
measurements of the effect of earher stimulation on P 
turnover. This allowed a comparison to be made of the 
degree of incorporation of P with and without stimu- 
lation during the 3 day loading period, and enabled 
estimates to be made of the permanence of any nucleic 
acid changes after the cessation of stimulation. 

To ensure that the effectiveness of the mass training 
techniques was replicated in these experiments, a testing 
session was introduced after 460 trials. Seven subjects 
in group LS and seven in group RSL were presented 
with their respective conditions individually in the 
training dishes and their responses to light were recorded. 
A total of twenty training trials was given to each subject 
from group LS, and a total of twenty light and shock 
exposures was given to subjects from the RSL group. 
The results showed that learning had been achieved, for 
the sample from group LS had an average response of 
81-4 per cent while the subjects from group RSL showed a 
25 per cent response level. The performance of the two 
groups was significantly different (P<0-01) and again 
there was no overlap in the distribution of responses. 


TREATMENTS 


& LS -A 
V LS -8 
@ RSL-A 
-O RSL-B 


RNA specific activity/DNA specific activity 





Q 160 340 460 
Trials 


Fig. 3. RNA/DNA specific activity ratios at four stages of conditioning 

in planarians. LS: groups receiving paired light and shock treatment; 

RSL: groups receiving random light and shock. The A samples were 

presented their usual stimulus conditions during the isotope loading 
period while the B samples were not. 


The biochemical data gave no significant changes in 
the total RNA or DNA as a consequence of the admin- 
istration of paired or unpaired light and shock. This 
was also true for the ratios RNA/DNA. The *P data gave a 
more interesting picture, however. Fig. 3 shows that 
when the results are expressed in terms of the RNA/DNA 
specific activity @*P/*!P) ratios, the conditioned animals 
of group LS-A showed differences when compared with 
the randomly stimulated animals of group RSL-—A at 
160 (P< 0-01) and again at 340 trials (P< 0-01). Because 
the same number and kind of stimuli were given to both 
groups of planarians, these differences can be attributed 
to the two methods of presenting ight: and shock. Because 
inereased turnover is represented by the loss of **P with 
the present loading procedures, these data suggest that 
paired light~shock treatments result in increased RNA 
turnover with respect to DNA turnover. 

To relate these biochemical data with the behavioural 
findings of the mass conditioning study, it can be seen 
that the groups differed with respect to the specific 
activity ratios at stages when the training techniques 
had yet to produce a high level of conditioned response 
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performance (see Fig. 2). After 160 trials and 320 trials, 
respectively, the light responses of the trained and control 
group were not yet significantly different, whereas in 
terms of the RNA/DNA specific activity ratios, they 
were different during this period of training. After 320 
trials the animals which were being trained showed 
prominent increases in their response to light until at 
440 trials they were at a high level of performance. At 
this period of conditioning, however, the specific activity 
ratios were approximately the same for all groups and 
close to those which were observed at the beginning of 
training. This suggests that the biochemical rates of 
transformation in nucleic acids correlative with traiming 
had been reduced. 

The B groups did not show the differentiation that 
was observed in the A groups. The specifie activity 
ratios of samples LS-B and RSL-A and B were similar 
at all stages. Because the B groups did not receive any 
further light and shock during the 3 day loading period, 
they had received 120 fewer light and shock experiences 
at the time of death. After 460 trials, however, when the 
LS-B sample had experienced 340 training trials, their 
ratios were unlike those observed in the LS~A sample 
after 340 trials and were close to the ratios obtained in 
the RSL samples. This shows that the consequences of 
paired light and shock trials are transient with respect 
to nucleic acids. The established transformations would 
appear adequate for the persistence of behaviour, for 
there is little loss of retention after 3 days-—in fact, they 
show considerable retention after 39 days®. 

The interpretation of these various observations cannot 
be readily related to the biochemistry of memory, for we 
were measuring nucleic acids in whole worms and were 
also analysing undifferentiated RNA, that is, messenger 
RNA, cytoplasmic RNA and so on. Furthermore, while 
previous research has implicated RNA in the memory 
process’, there is no compelling evidence that would 
lead one to assume that it is uniquely responsible for 
retention. The results do show that different relationships 
between light and shock treatment (paired and unpaired) 
can lead to transient differences in the turnover of RNA 
with respect to DNA. These changes precede the overt 
behavioural modifications, showing that in attempts 
to correlate biochemistry and behaviour, longitudinal 
investigations are necessary and that the end-point of 
training is perhaps not the best stage to make biochemical 
measurements. 

Concerning the findings that a transfer of training can 
be acheived with RNA”, these data show that the RNA 
obtained from trained animals has, at certain stages, 
undergone greater turnover. The relationship between 
this turnover and the capacity of the planarian to 
acquire a response remains tw be determined, 
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Site of Phenylalanine Ammonia—Lyase Activity and Synthesis 
of Lignin during Xylem Differentiation 


by 


P. H. RUBERY 
D. H. NORTHCOTE 


Department of Biochemistry, 
University of Cambridge 


THE cell walls of most secondarily thickened vascular 
tissues of higher plants contain lignin which is an aromatic, 
irregular polymer of hydroxylated and methoxylated 
phenylpropanoid residues. It is a structural material 
which together with hemicellulose and «-cellulose confers 
rigidity on the walls'. 

Both xylem and phloem differentiate from meristematic 
tissue; the apical meristems give rise to the primary 
body, secondary tissues are formed from lateral meri- 
stematic cells (cambium) which are found either within 
discrete vascular bundles, for example, celery petiole 
(Figs. 1 and 2), or as a complete ring, for example, woody 
perennials?. 

Studies with radioactive tracers have shown that lignin 
is formed from phenolic alcohols from cinnamic acid (for 
example, coniferol)* and a scheme such as that shown in 
Fig. 3 illustrates their metabolic relationships. In di- 





Differentiating xylem can 
alanine without a supply of precursors from cambium. 


probably synthesize lignin from phenyl- 


cotyledons the deamination of phenylalanine by phenyl- 
alanine ammonia-lyase (PAL) may be a principal source 
of the trans-cinnamic acid+-5. In the Gramineae, tyrosine 
as well as phenylalanine can act as a lignin precursor 
because it can be similarly deaminated to p-coumaric 
acid by tyrosine ammonia-lyase*. The lyases are found 
only in higher plants and some fungi (Basidiomycetes) 
but are not generally present in animals or lower plants*’, 
Their taxonomic distribution thus corresponds to that of 
lignin. Before the discovery of phenylalanine ammonia- 
lyase, it was thought that phenylpyruvic acid was con- 
verted to $-phenyllactic acid and then dehydrated to 
cinnamic acid** and that phenylalanine underwent a 
reversible transamination to give phenylpyruvate™” so 
that the amino-acid gave rise to lignin precursors because 
of this transamination reaction. It is now concluded, 
however, that phenyllactic acid is not a natural inter- 





Fig. 2. 


Section stained with safranin and picric 


Fig. 1. 
Fig. 1. Vascular bundle (TS) in the petiole of celery. 
aniline blue (x e. 98). 
Fig. 2. Isolated xylem tissue dissected from celery petiole (TS). 


Section stained with safranin 


and picriec aniline blue (x e. 154), 
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mediate in lignin synthesis because it can be converted to 
phenylpyruvie acid by glycollate oxidase an vitro, 

Phenolic alcohols also occur in cambium as glyco- 
sides!?!8 and radioactive [+C] coniferin is incorporated 
into lignin after removal of the sugar residue by a B- 
glycosylase, In vitro studies have shown that peroxidase 
oxidizes the phenolic alcohols and during the oxidation 
free radicals are formed which spontaneously polymerize 
in the presence of a matrix such as cellulose to give a 
lignin-like material’). 

We have shown that phenylalanine ammonia-lyase 
activity is concentrated in the xylem of sycamore trees 
(Acer pseudoplatanus), celery petioles (Apium graveolens) 
and pea roots (Pisum sativum). The enzyme is undetect- 
able in callus tissue of bean (Phaseolus vulgaris), Virginia 
creeper crown gall (Parthenocissus tricuspidens) and 
sycamore. Thus the lyase is found at high concentration 
in tissues that are synthesizing lignin and it is almost or 
completely absent in tissues where there is no lignification. 
The enzyme does, however, occur in some tissues (for 
example, potato disks after exposure to light) where, 
although there is no lignin formation, low molecular 
weight phenolic compounds are synthesized. 1L-[U-3H] 
phenylalanine fed to isolated xylem of celery petioles is 
also incorporated into lignin as is [U-*H] cinnamie acid 
when it is fed to isolated sycamore cells. 


Isolation of Tissues 


Xylem was isolated from all tissues by simple dissec- 
tion. Sycamore trees (about 8 years old) were felled in 
Madingley Wood, Cambridge, in July 1967 and May 1968 
and the bark was stripped. This exposed the cambium, 
which could be removed by gentle scraping. The young 
xylem cells immediately below the cambium could then 
be isolated by scraping with a razor blade held per- 
pendicular to the long axis of the trunk’’ (Figs. 4-6). 

The boundary between xylem and cambium can be 
seen under the light microscope as a gradual transition 
from large thick walled cells that are birefringent and 
fluoresce in ultraviolet light to small cells which do not 
have these properties. Transverse plugs of tissue were 
obtained by cutting the trunk with a razor blade and 
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thin transverse sections of this tissue stained with safranin 
and picric aniline bluet? showed a sharp discontinuity 
between xylem formed in the current year and that formed 
in the previous year. Lignified fibres, surrounding large 
vessels, were also seen in the newly formed xylem. The 
sensitivity of the stain used to detect lignification is 
enhanced by the use of ultraviolet light fluorescence 
opties. Even with these techniques, however, lignin 
cannot be detected nearer than about eight or ten cells 
from the cambium!?. Electron microscopic studies on 
sycamore stem have shown, however, that lignin deposi- 
tion is initiated in cells immediately adjacent to the 
cambium??. 

When the epidermis was stripped from celery petiole, 
the vascular bundles remained attached to it, and the 
xylem was then pulled out of this as a continuous strand. 
The vascular bundles split at the cambium layer so that 
only xylem cells were obtained and the cambiurs and 
phloem were left behind (Fig. 2). Similarly with the roots 
of 2 week old peas it was easy to remove the stele which 
contained the xylem simply by grasping the root with one 
hand and pulling with the other. 

The callus tissues were maintained on a simple salt 
medium” plus 10 per cent coconut milk with 6 ppm 
2:4 dichlorophenoxyacetic acid (2:4 D) and 2 per cent 
sucrose; the medium used for the crown gall tissue did 
not contain the coconut milk nor the 2:4 D (ref. 21). 
When the callus tissues from the bean and sycamore that 
had been grown on the medium supplied with coconut ` 
milk and 2:4 D were examined chemically and eyto- 
logically?? they showed no cells with secondary thickening 
or lignin formation. 

Acetone powders that gave active and stable prep- 
arations of phenylalanine ammonia-lyase*" were mace 
from broken suspensions of the xylem and non-vaseular 
tissue prepared by an overhead drive blender (MSE) 
and filtered through muslin. The breakage of the tissue 
was carried out in 0-1 M phosphate buffer, pH 7-0, which 
contained 0-05 per cent EDTA and 0-05 per cent merecap- 
toethanol. The extraction of enzyme activity and protein 
was complete after treatment of the acetone powder 
for 1 hat 0° C with 0-1 M borate buffer, pH 8&8. The 
acetone powder (sycamore) retained the enzyme activity 
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Fig. 3. Scheme to show the metabolic relationships of Hgnin precursors. 
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Table 1. ACTIVITY OF PHENYLALANINE AMMONIA-LYASE (PAL) IN PRIMARY 
AND SECONDARY TISSUES 


Eeelh/g Eaolh/g 

Tissue dry wt. acetone powder Eyy./h/cell 
Acer xylem 34-5 457 295 x 10-7 
Acer cambium 31 4-0 2-7x10-7 
Acer callus 0-0 0-00 — 
Apium xylem 10-0 12-0 — 
Apium parenchyma 75 8-1] — 
Pisum root stele 5'8 12-9 — 
Pisum root cortical region 1-1 1:5 -— 
Phaseolus callus 0-0 0-0 o—e 
Crown gall callus 0-0 0-0 — 


The reaction mixture (total volume 3 ml.) contained borate buffer (100 
moles), L-phenylalanine (30 moles), enzyme solution (0-5 ml.; 25 mg/ml. 
of the acetone powder). The appearance of cinnamic acid was followed con- 
tinuously at 290 my with a Unicam SP 800 or a Beckman DK 2 spectro- 
photometer at 30°. (E, cinnamic acid is 10,000; phenylalanine does not 
absorb at 290 my (ref, 16).) The Km of the enzyme prepared from sycamore 
is 01 mM so that the concentration of phenylalanine used, 10 mM, will 
saturate the enzyme. The Km values of PAL in the other tissues were of the 
same order of magnitude. 


after storage for 3 months at —15° C and the enzyme 
solution (celery) was stable for at least 3 h at 30° C. 
The assay method for the enzyme activity was modified 
from that of Zucker and is described in the caption 
to Table 1. Acetone powders prepared from a mixture 
of cambium or parenchyma tissue and xylem and various 
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combinations of acetone powders prepared from the sep- 
arated tissues gave an enzyme preparation which indicated 
that no inhibitors of phenylalanine ammonia-lyase were 
present in those tissues that usually gave an inactive 
preparation. (Inhibitors of phenylalanine ammonia- 
lyase have been found in Chrysanthemum  tissues*.) 
Inactivation of the lyase by phenols during the prepara- 
tion was avoided by the inclusion of mercaptoethanol in 
the homogenizing medium, and treatment of the homo- 
genate with poly-clar AT, a cross-linked derivative of 
polyvinylpyrrolidone (General Aniline and Film Co- 
operation, Dyestuff and Chemicals Division, New York) 
which is a good adsorbent of phenols®, did not cause 
any significant change in the activity of the enzyme, 

The cinnamic acid that was formed during the enzymatic 
reaction was extracted from the acidified reaction mixture 
with ether and was shown to have the same ultraviolet 
absorption spectrum as an authentic sample of cinnamic 
acid. 

The phenylalanine ammonia-lyase activit y was highest 
in preparations made from lignified tissue and was 
either low or undetectable in tissue that contained no 
lignin. This was very apparent when the results for 


Fig. 5 


A 
ee 
- —_ 


-_ 


TESEN ‘ 
YY TYS 


e 
- 
A 
= 
` 


MAAMA ELL ASNN 
WwYTIIITIL 


i TES 
ae) 0 
ve ; 11 rS 


set 





Fig, 6 


Fig. 4. 


Plug of the trunk of a sycamore tree (TS) from which the bark has been removed. Section 


stained with safranin and picric aniline blue (x 40). 


Fig. 5. 
Fig. 6. 


Similar tissue to that shown in Fig, 4 after removal of cambium (x 40). 
Isolated xylem from similar tissue to that shown in Fig. 4 (xc. 49). 
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sycamore were calculated so that the activity per cell 
of the original tissues could be compared” (Table 1). 


Incorporation of t-[U-3H] Phenylalanine into Celery 

Xylem 

Celery parenchyma and xylem tissues were separated 
and suspended for 48 h in a simple salt medium” which 
was supplemented with thiamine (1 mg/l.), pantothenic 
acid (1 mg/I.), glucose (0-2 per cent) and r-[U-"H] 
phenylalanine (100 «Ci; specific activity, 750 mCi/ 
mmole) (Table 2). Syringaldehyde, vanillaldehyde 
and p-hydroxybenzaldehyde were obtained from the 
dried, methanol, ether, aqueous methanol (50 per cent v/v), 
extracted tissue by oxidation with alkaline nitrobenzene 
and chromatography***>. It was found that radio- 
activity of the aldehydes prepared from the xylem 
calculated as activity per mg dry weight of the original 
tissue was much greater than that in the aldehydes 
obtained from the parenchymatous tissue. The xylem 
tissue when separated from the cambium not only con- 
tained phenylalanine ammonia-lyase but it could convert 
the amino-acid into hgnin. 


Table 2, INCORPORATION OF L-[U-*H] PHENYLALANINE INTO CELERY XYLEM 
AND PARENCHYMA 


Radioactivity Xylem Parenchyma 

Total radioactivity supplied (¢.p.m.) 7-09 x 10° 7-09 x 106 
Radioactivity taken up during incubation 85-6 percent 65-5 per cent 
C.p.m./mg dry wt taken up 13:5 x 108 12°5 x 164 
C.p.m./mg. dry wt lost in solvent extraction 5-11 x 10* 5-27 x 164 
C.p.m./mg. dry wt in 

Svringaldehyde 1,365 535 

Vanillaldehyde 19,900 1,435 

p-Hydroxybenzaldehyde 2,460 354 


L-{U-4C] phenylalanine (100 aCi, specific activity 750 mCi/mmole) was 
added to the medium (5-1 mi; the medium contained 4 ml. of a simple salt 
mixture”, 0-2 per cent glucose and 0-025 per cent L-phenylalanine). The 
tissues were incubated for 48 h at 25° C in the dark and were continually 
rotated (45 r.p.m.) during this period. All media and apparatus were steril- 
ized by autoclaving at 15 pounds/in.* (120° C) for 40 min, The tissues were 
washed three times with water, freeze dried and weighed. They were then 
extracted under reflux for 60 min consecutively with the following solvents: 
two times with methanol, two times with diethyl ether, and three times with 
aqueous methanol (50 per cent v/v), Samples of the tissue were oxidized with 
nitrobenzene (0-06 ml.) and NaOH (8 per cent, 1-0 ml.) in a stainless steel 
bomb at 160° C for 2-5 h (refs. 24, 25). The oxidized extracts (40 zl.) were 
chromatographed on Whatman No. 1 paper using butanol-ammonia-water 
(4:1:5 by vol.) for 24h. The papers were dissected into 1 x 4 cm. strips and 
counted by liquid-scintillation spectrometry (Nuclear Chicago Unilux 
M.68507M) scintillation fluid, 0-5 mi. (2,45-diphenyloxazole, 3-5 g; 1-4 bis- 
(5-phenyloxazol-2-yl) benzene, 50 mg; toluene 11.) (ref. 42). Efficiency of 
counting approximately 3 per cent. 


The radioactivity present in the aldehydes derived 
from the parenchyma tissue may have been caused by 
the breakdown products of phenolic compounds other 
than lignin. Prolonged treatment (3 h) of the tissues 
with boiling 50 per cent (v/v) methanol decreased the 
radioactivity of the aldehydes derived from parenchyma, 
but it did not affect those obtained from xylem. 
Flavanoid glycosides such as gravicbiosid B are known 
to occur as glycosides in celery; in this flavanoid the B 
ring has the same methoxylation pattern as vanillin®®. 


Incorporation of [U-?H] Cinnamic Acid into Sycamore 

Xylem 

The tissues were incubated with [U-*H] cinnamic acid 
(500 uCi; specific activity 858 mCi/mmole) in a similar 
manner to that described using t-[U-°H] phenylalanine. 
The dried tissues were extracted with methanol, ether and 
65 per cent and 50 per cent (v/v) methanol and oxidized 
with alkaline nitrobenzene. The syringaldehyde, vanillin 
and p-hydroxybenzaldehyde were labelled and their 
radioactivity calculated as activity per cell of the original 
tissue was found to be greater in the xylem tissue than in 
the cambium. The material derived from the cambium 
also showed some radioactivity although the chromato- 
gram of the aldehyde derivatives produced by the nitro- 
benzene oxidation of this tissue showed other radio- 
active peaks in addition to that at the positions of the 
three aldehydes (Fig. 7). There was a double peak in 
the region of vanillin and a large peak just beyond 
p-hydroxybenzaldehyde. These additional peaks did 
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not show up on the chromatogram if it was coloured 
with 2:4 dinitrophenylhydrazine so that if they were 
aldehydes they must have had a very high specific 
activity. They were probably due to non-lignin material 
which was derived from cinnamie acid. When the lignin 
of sycamore cambium is extracted with sodium hy- 
droxide? and the absorption spectra measured at pH 7 
and 12-3, the difference spectrum of the extract is not 
typical of lignin and indicates the presence of non- 
conjugated polyphenols*. 

There are two views about the origin of the lignin 
precursors. Freudenberg and his colleagues suggest 
that the precursors are synthesized in the cambium as 
glycosides which then diffuse through a region of tissue 
which contains 8-glucosylase activity. The free aromatic 
aleohols are liberated that by oxidation can be poly- 
merized to lignin in the young xylem cells**-**, Another 
idea, however, is that the precursors originate within 
the differentiating cell and are subsequently ineorpor- 
ated into the cell wall”, 

Morphological evidence can be used to support ether 
theory. Double ring-barking experiments on Eucalyptus 
show that precursors are synthesized im situ as lig wifi 
cation proceeds, although with these experiments there 
is no supply of translocated metabolites**. The initia- 
tion of lignification at definite cellular locations such 
as cell corners and the base of spiral or annular secondary 
thickenings***5, the absence of lignin in the intercellular 
layer of primary wood** and the ability of isolated cells 
to lignify when surrounded by parenchymatous tissue 
as in the stone cells of pears®*, or in isolated tracheid 
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Fig. 7. Histogram to show the distribution of radioactivity in a chromato- 
gram of the oxidation products of dried, extracted xylem (G4) and 
cambium (B) of sycamore after oxidation with alkaline nitrobenzene. 
The isolated tissues were incubated for 24 h at 25° C in the dark with 
fU-"H] cinnamie acid (500 Ci, specific activity 856 mCiminosic). The 
chromatogram was cut into strips (1 em wide) down the length of the 
paper from the origin and each strip counted separately in a liquid 
scintillation spectrophotometer™. The positions of the marker aldehydes 
were shown by means of a dinitrophenylhydrazine spray™™ 8, Syring- 
aldehyde; V, vanillin: P, p-hydroxybenzaldehyde. C 
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formation induced by indolyl-3-acetic acid in bean 
callus tissue*?.25, are most simply interpreted in terms 
of the intracellular origin of precursors, although the 
phenomena are not irreconcilable with Freudenberg’s 
theory. 

It is necessary to consider the experimental distinction 
between xylem and cambium. By electron microscopy, 
early stages of lignification can be detected in cells 
immediately adjacent to actively dividing cells of the 
cambium'*. With optical or ultraviolet fluorescence 
microscopy using stained sections, lignin can only 
be detected in cells in which the wall is obviously secon- 
darily thickened. The cambium fraction of the tissue 
isolated by the scraping technique will almost certain! y 
contain cells in the early stages of lignification which 
are presumably cells already started on a differentiation 
sequence which will eventually produce the mature 
xylem elements. The presence of these cells in a cambium 
fraction could account for the li gnification detected in 
this tissue and shown in Table 3. The isolated xylem 
fraction contains a population of cells ranging from 
rapidly lignifying. developing vessels to dead functional 
elements as well as xylem fibres and some parenchyma, 
but it does not contain the cambium and the very young 
xylem cells. The xylem fraction has a very high level of 
phenylalanine ammonia-lyase activity and can bring 
about the incorporation of [U--H] cinnamie acid or 
L-[U-*H] phenylalanine into its lignin. This tissue 
fraction therefore can produce the phenyl propane 
derivatives that are the precursors of lignin and can 
bring about the oxidation steps necessary for the poly- 
merization of these precursors. As the xvlem cell becomes 
fully differentiated the organization of its cytoplasm 
decreases but the lignification of its wall continues. 
It is therefore probable that the concept of Freudenberg 
in which the precursors are supplied to the lignifving 
cells applies more to the relationship between younger 
and older cells already on the differentiation pathways 
of xylem formation than to the relationship between 
cambium and differentiating xylem cells. 

Considered in this way, the synthesis of the enzymes 
necessary to develop the particular properties of the 
xylem cell—in this case the lignified walls--would occur 
as a result of the differential translation of the DNA 
genome of cells already set on the sequence of xylem 
formation. The series of enzymes involved in the ligni- 
fication process would therefore be induced in the differ- 
entiating tissue and not produced in adjacent meri- 
stematic tissues, 

It is possible that coniferin and other glycosides are 
stored in the cell and used as lignin precursors because 
glycosylation increases the solubility of the phenolic 
alcohols and protects them against peroxidase activity. 
There is no evidence that the formation of glycosides 
is an obligatory step in lignification but, as 5-glycosylase 
is located in the xylem, regulation of the formation and 
breakdown of the glycoside pool could provide a control 


Table 3. INCORPORATION OF [U-"H] CINNAMIC ACID INTO SYCAMORE XYLEM 


AND CAMBIUM 


Radioactivity Ayiem Cambium 
Total radioactivity supplied (c.p.m.) 74-4 «108% 76-4 x 108 


Radioactivity taken up during theineubation 13-6 per cent 
C.p.ma.jmg dry wt taken up 14-2 « HP 


18-3 per cent 
37-6 x 104 


©.p.m./cell taken up 22-2- OST 
Cpm./mg dry wt lost in solvent extraction 3-04 x 164 8-6 x 104 
C.p.m./cell lost in solvent extraction T9 1-3 
C.p.m./eell in isolated ; 
Syringaldchyde 375 * 10-4 RO x 10-4 


3,100 x 10-4 
1,450 x 10-4 


403 x 10-4 


(Peak 1, Fig. 7) 
p-hydroxvbenzaldehyde 0-0 
Peak 2, Fig. 7 R95 x 10-4 


The incubation medium (total volume 5 ml.) contained [U-HĦ] cinnamic 
acid (500 aCi, specific activity 858 mCi/mmole) +5 ml. of a simple salt 
mixture* and 0-2 per cent glucose. Xylem and cambium. were isolated and 
washed in the salt, glucose mixture and then transferred to the radioactive 
mixture. Incorporation was allowed to continue for 24 hat 25° C in the dark. 
The radioactive tissues were then treated in the same manner as that des- 
eribed in the caption to Table 2 except that an additional solvent extraction 
with €5 per cent aqueous methanol was included. 


Vanilin 
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mechanism of the rate and site of intracellular ligni- 
fication. The glycosides might be stored in the cambium, 
which would account for their presence in the cambial 
sap. Cambium prepared by the scraping technique, 
however, does in all probability include very young 
xylem cells. 

Lignification is affected by factors such as 
the supply of hormones??-25-37, Phenylalanine ammonia— 
lyase synthesis can be induced reversibly by light in 
potato tuber disks**-°5 and pea shoot apices where it is 
mediated by the phytochrome system?, 

The purified lyase obtained from potato disks after 
they had been exposed to light is probably composed 
of subunits and the kinetic properties of the enzyme 
suggest that it may be subject to allosteric control44, 
Phenylalanine is a precursor of both protein and phenolic 
compounds so that the lyase reaction is an important 
branch in the metabolism of the amino-acid. Any control 
of this reaction could affect not only lignification but 
also the amount of phenylalanine available for protein 
synthesis’. Differentiating xylem, as we suggest, can 
probably synthesize lignin from phenylalanine without 
a supply of precursors from cambium. The biosynthesis 
of lignin and the metabolism of protein may therefore 
be related in the progressive differentiation of xylem 
that results in the eventual death of the cell, 

P. H. R. thanks the Science Research Council for a 
grant during the tenure of which this work was carried 
out. We wish to thank Dr J. Pickett-Heaps for a gift 
of [U-°H] cinnamic acid. 
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LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 
High Energy X-rays from Cen XR-2 


Two high energy X-ray sky surveys were carried out in 
balloon flights from Mildura, Australia, on October 15 
and 24, 1967, using the same equipment. Centaurus 
X R-2 was observed during both balloon observations. 

Results on Cen XR-2 from the flight on October 15 
have been published elsewhere'. During the flight on 
October 24, the instrument was suspended from the 
balloon with its axis inclined at 40° from the vertical 
(360° rotation in ~8 min) and its field of view had an 
angular half-width of 175°. The instruments and 
analyses have been described in detail in refs. 1 and 2. 

We derived the spectrum and intensity of the Centaurus 
source from only those data recorded when the axis of 
the detector was within 12° of the source. The total 
effective exposure accumulated in this condition imn 
nineteen scans over the source was 1-6 x 10% em?s. Taking 
into account the angular response function of the detector 
at each moment. as the data were recorded, and correcting 
for small variations in the atmospheric attenuation 
resulting from variations in altitude (2:17-2:19 mm Hg), 
we obtained the average observed rate above background 
in each of the seven channels at the average altitude of 
the balloon. These data were converted into the estimated 
values for the energy intensity (keV/keV em? s) shown 
in Fig. 1. Fig. 1 also shows the results obtained 10 days 
earlier on October 15, 1967, when we achieved an exposure 
of 3-3 x 105 em?s in thirty-five scans over the source. The 
spectral data derived from the last positive rocket observa- 
tion on May 18, 1967 (ref. 3), are alse shown in Fig. 1. 

Table 1 gives the spectral data on the flights on October 
15 and October 24, 1967. Columns | and 3 show the 
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Fig.1. Spectra from Cen YR-2. 
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energy channel settings, columns 2 and 4 show the caleu- 
lated energy intensity corrected to zero atmospheric 
thickness. The ratios of the intensities as observed during 
the two flights are given in column 5. Combination of the 
data from 20 to 52 keV. 52 to ~ 107 keV, and 20 to ~ 107 
keV gives ratios of 1-53 +025, LIT + 6-29 and 1-384 0-19, 
respectively. 





Table 1 


October 15, 1967 October 24, 1967 


Energy chan- Energy Energy chan- Energy Flax ratios 

nel settings intensity* nel settings intensity * Oct. l Š 
(keV) keV/keV cm 8 {keV} keVikeV cm* s Get, 25 
20-30 13-8+1-7 20-31 TB + 2-2 LR OS 
30-41 6S 40-7 31-42 341-0 PË + 4 
41-52 5-O0+0-6 42-52 S710 ira 
52-63 32407 52-84 2-S+ OO Pita 
3—74 3940F B475 30413 13 +046 
74-90 3:6 +0-8 75-92 3-341:3 b1+60-3 
90-105 3-6 + 1-2 G2-110 1-1-2 DR AR 


om 


* Corrected to zero atmospheric thickness. 


The high energy X-ray flux on October 15, 1967, from. 
20 to 52 keV and from 52 to 105 keV was ~4 x 10°° and 
~2-7 x 10- ergs em s~, respectively. This is about half 
the flux observed in the same energy interval from Tau 
X-1 (refs. 4 and 5). 

The measured rate of change in the energy intensity 
from 20 to 52 keV is 35+17 per cent in 9-8 days. Extra- 
polations back in time to May 18, 1967 (based only on our 
October observations), assuming (1) a rate of change 
larger than or approximately equal to 18 per cent in Os 
days and (2) assuming either an exponential or a power 
law time decay function, lead to high values that do not 
match the rocket results from May 18, 1967 (see Fig. 1). 
We therefore conclude that the rate of change as measured 
by us is either accidentally high or, which seems more 
likely, the high energy X-ray flux originated at a later 
time than the low energy X-ray flux. This would elimmate 
the possibility that the high energy spectrum has a 
more permanent character and is older in origin than 
the recent nova-like outburst. Manley (following com- 
munication) has suggested that the high energy A-ray 
spectrum arises from an expanding shell the shock front 
of which accelerates, generating increasing temperatures 
as it propagates into the interstellar material around the 
Centaurus source. 

An analysis similar to that described by ust for the 
nineteen scans over the source on October 234, 1967, 
between 21 h 05 m and 23 h 20 m UT showed no evidence 
of short term intensity variations. 

From the October 15 and 24 flight data, we have found 
the most likely positions of the Cen XR-2 source to be 
a=196-5°+3°, 8= —64°+2°* and «= 1977 + 6°, ï= 
— 645° + 3°, respectively. 

In order to compare our observations with the rocket 
observation of Chodil et al? made 17 days before our 
October 15 flight, we have extrapolated the high energy 
spectrum to lower energies and find values for the energy 
intensity on October 15, 1967, between 2 and 5 keV of 
~ 1-8 x 10 ergs em~? s- and ~ 64x 10 ergs cm~? s74 for 
an assumed exponential (kT =20 keV) and a power law 
(a= 1-2) spectrum form, respectively (see Fig. 1). Similar, 
though somewhat lower, values can be inferred from the 
October 24 results. Chodil et al.’ reported an upper imit 
on the energy flux (2-5 keV) of ~3 x 10°* ergs cms asa 
result of the rocket observation on September 28, 1967. 
We therefore conclude that the energy flux (2-5 keV) on 
September 28, 1967, was most likely (2+ 1) 10°" ergs 
cm- s71. The actual flux could have been significantly 
lower on this date if the spectra as observed by us bent 
over towards lower energies, or if Cen N#-2, or a source 
within a few degrees from Cen NF#-2, increased its X-ray 
flux significantly between Septernber 28 and October 15, 
1967. 

We thank E. Curwood, D. Scott and the staff of the 
Balloon Launch facility at Mildura, Australia, for carrying 


*This position (revised) differs somewhat from the position a= 197-2" 43°, 
$= ~§2" + 1-57 which we reported earlier’. 
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out the balloon flight, and the Australian Ministry of 
Supply for their cooperation. We also thank M. Gerassi- 
menko for assisting in the analysis. This work was sup- 
ported in part by a grant from the US National Aero- 
nautics and Space Administration, in part under contract 
from the US Atomie Energy Commission and in part 
by a grant from the Sloan Fund of MIT. 
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High Temperature Component of 
Cen XR-2 


THE discovery in Cen XR-2 of a high temperature com- 
ponent with a decreasing intensity! may be consistent 
with the proposed nova-like model of Chodil et al.3 dis. 
cussed earlier by Manley‘. It may have arisen as the shock 
from the nova expanded into a circumstellar medium of 
radially decreasing density. It is well known*-’ that a 
shock expanding into a medium with a sufficiently fast 
decreasing density may accelerate, so that the temperature 
of the shock-heated medium will increase with distance. 
Thus for a shock propagating into an exponential atmo- 
sphere 
T/T, = (po/ 2)4 


with T(T,) the temperature at the density p( po) 
g = ] — [l + (y a Į yi2] 


pe is a numerical factor between 1 and 1:5 and yis the 
adiabatic index. For a density decreasing radially accord- 
ing to a power law, the corresponding temperature 
behaviour is 


where 7(7,) is the temperature immediately behind the 
shock front at R(R,) and the density p~ Re, (Note that 
« > 3 for it to be interesting in this context.) By evaluating 
the integral which governs the volume emissivity at the 
frequency v of a hot plasma with a radially varying tem- 
perature, 


fae r? p?(r) exp[ — hv/k T (ryv Tir) 
Ro 


In the limit hy> >kT, for either circumstellar density 
model, it is found that the spectral index (~ 1-2) found 
by Lewin et al.! is far too small to be consistent with these 
simple considerations. 

Note that the references on which this discussion is 
based assume explicitly that the energy in the shock is 
constant. This need not be true in this case for at least 
two reasons. First, as pointed out already‘, the early data 
on Cen XR-2 indicate that the proposed model requires a 
continuous, albeit not constant, heating mechanism to 
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maintain the nearly isothermal radiation observed (the 
subsequent report by Francey et al.* that, while it was 
still observable, the temperature of Cen XR-2 dropped by 
a factor of ~2 does not entirely invalidate this require- 
ment). Second, at the observed temperatures (~ 23-20 
keV or more) radiative losses in the shock itself are not 
negligible and hence the usual assumption pp” = const, 
may not be valid; in other words, once radiative losses 
become significant it is impossible to treat the shock as if 
it were adiabatically insulated. It is therefore obvious 
that the theory of shoek heating of the interstellar medium 
following a nova explosion must be augmented by account- 
ing for radiation losses if it is to serve as a basis for models 
of transient X-ray stars like Cen XR-2. 

As has been pointed out before’, the behaviour of the 
cooler component of Cen XR-2 can be explained by assum- 
ing a uniform expansion of the radiating plasma. Accord- 
ing to this model the luminosity, Lz, goes as 


Lr ~ Li (TITY (1 + vt/Ry)-3 


where the subscript 7 indicates the initial values with Ri 
the initial radius. For sufficiently large t, Lio T“t-4 (the 
temperature dependence is a consequence of the expansion 
velocity vœ yT}. Because the temperature T is known to 
decrease somewhat with time*, the X-ray luminosity 
should decrease more slowly than a cubic in t. This suggests 
that the initial outburst occurred before July 1966 (com- 
pare ref. 2). 

Extrapolation of data to times earlier than September 
28, 1967 (ref. 2), indicates that the hot component of Cen 
AR-2 may have come into prominence considerably after 
May 18, 1967. How does this fit with my model for the 
cool component ? Denoting the hot source luminosity by 
Ly and assuming for the sake of argument that Dy ~ t25, 
the 10 day change in Ly in the 20 to 52 keV range (1-53 + 


(Rigi Ras)? œ 2/3 


where #&,, and R,, are the radii of the hot radiating plasma 
on 10/15 and 10/25 respectively. Still confining our atten- 
tion to that part of the spectrum which may be charac- 
terized by T~ 20 keV, we find that the expansion speed, 
comparable with the speed of sound, is @~1-5 x 108 
ems. Using the relation R,,~ R,,+6t, we find Ra~ 10% 
em; as expected, the hot component is bigger than the 
cool component. It is perhaps significant that the time 
required by a sound wave to traverse a distance compar- 
able with &,, is about 107 s, which in turn is comparable 
with the delay in the onset of the hot source as suggested 
by the data as well as by our model. 

We can derive other properties of the hot source by 
comparing it with the cool source as observed on, say, 
May 18, 1967. (Subscripts c and H refer to the cool and 
hot components respectively.) We set 7,~2x 10? °K, 
ne~ 108 em, Re~Sx10* em. On noting that the 
respective luminosities are L,/Ly~2, we find that 


Luj Le = Ryn TPR T. = 8V10(nw/ne)? = 1/2 


or na~ 10? cm, whence the mass of the hot source My ~ 2 
x 10 M o which is comparable with Me. The shock heated 
model is not unduly strained by energetic considerations, 
because the data indicate that the luminosity of Cen X R-2 
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on October 15, 1967, in the range above 20 keV is about a 
tenth of the luminosity as measured in early April 1967 
at lower energies (~2 to 8 keV). This luminosity ratio 
is up to 1/2 when comparison is made with May 1967 
measurements. If it turns out that the high temperature 
component of Cen XR-2 persists for as much as five to 
ten times longer than the low temperature component, 
then it implies that the nova-generated shock divided its 
energy about equally between the dense lower temperature 
radiator and the dilute higher temperature radiator——not 
an unreasonable result. 

It is interesting to see what happens if further free 
expansion of the hot plasma in the interstellar space were 
to be impeded by, say, a magnetic field. In these conditions 
ny becomes constant and the thermal relaxation time for 
the hot component consistent with the above parameters 
is ~10 yr. Thus one might find the hot component of 
Cen X.R-2 persisting for several years, Continued monitor- 
ing of Cen XR-2 is imperative so that additional data can 
be gathered to validate the model proposed here. If this 
model proves tenable, the study of Cen X R-2 will obviously 
lead to a better understanding of the interstellar medium 
in the vicinity of a nova and possibly to a solution of the 
problem of mass loss in the prenova stage. 

I thank Professor Lewin for the opportunity to examine 
his data before publication. The discussions with him, as 
well as with J. W. Carpenter at American Science and 
Engineering, proved extremely useful. This work was 
supported in part by the US Air Force Office of Scientific 
Research. 
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New Pulsar in Vulpecula 


A sECOND pulsar in the constellation Vulpecula has been 
discovered through observations at the Arecibo Iono- 
spheric Observatory. The new pulsar was discovered on 
August 26, 1968, almost immediately after a new digital 
reduction program was applied to 111-5 MHz pulsar 
search data taken some time earlier at this observatory. 
The new program has the advantage of being extremely 
sensitive to pulsed signals and of reducing pulsar search 
data very rapidly. About 4 per cent of the data available 
at present have now been reduced in this manner with 
this new pulsar giving the strongest detection. The 
reduced data also contain several other pulsar suspects 
which have yet to be checked by further observations. 
The new reduction program makes feasible a systematic 
search for pulsars at the Arecibo Ionospheric Observatory, 
and a paper describing the techniques used in the digital 
reductions is in preparation (R. V. E. Lovelace, J. M. 
Sutton, E. E. Salpeter and H. D. Craft, jun.). 

Some preliminary characteristics of this new pulsar are 
listed in Table 1. We suggest that this pulsar be called 
AP 2015 + 28. 

In general this new pulsar has features common to other 
known pulsars. Observations at 111-5, 195 and 611 MHz 


Table 1. OHARACTERISTICS CF AP 2015+ 28 


Right ascension (1950-0) 20h & m 45 ‘= 20 a 
Declination (1950-0) + 28° 31" + 5’ 
Galactic longitude ğa” 
Galactic latitude m 47 
a period (0200 UT August 31, 


Heliocentric period 

Integrated electron density 

Distance (assuming 0-1 electrons/cm?) 
— dv/dt (at 111:5 MHz) 


0557968 + 0e 000008 
O-557954 + 05-000003 Snap hs 
(4-378 + 0-006) x 16** electrons/em* 


142 pe 
11-77 MHz/s + (14 per cent 


show that AP 2015+28 has a peak flux density of 
approximately 6 flux units at 611 MHz, and a spectra! 
index of about —1. These values are approximate, 
however, because pulsar spectral measurements based on 
short observations are complicated by the large and com- 
plex variations in flux density with frequency and time’. 
Nevertheless, if these numbers are not too much in error, 
then AP 2015+28 has about the same flux density at 
611 MHz as has CP 1919, but with a somewhat flatter 
spectrum!*, A flatter spectrum (and shghtly higher 
galactic background temperature) may explain why this 
new pulsar has not yet been seen convincingly on any 
AIO analogue chart recordings made at 111:5 MHz or 
73-8 MHz. In this respect AP 20154 28 differs markedly 
from the other known pulsars within view at Arecibo. 

Measurements of sweep rate and pulse arrival time have 
been made at 611, 430, 195, 111-5 and 73-8 MHz. The 
sweep rate measurements show that for this source, as 
for the other known pulsars'-*, dv/dt is proportional to 
v? within the measurement errors, the dispersion pre- 
sumably caused by free electrons along the propagation 
path. The delay between pulse arrivals at different 
frequencies was used to compute the integrated electron 
content along the path; the result is shown in Table L 
Assuming a value of 0-1 electrons/em® for the electron 
density in interstellar space, the source could be placed at 
a distance of 142 pe, in the same range as the estimated 
distances to CP 1919, CP 0834 and possibly HP 1506 
(refs. 4 and 5). 

Preliminary measurements of average pulse shapes have 
also been made. Fig. 1 shows the results for 111-5 MHz 
and 428-5 MHz. Both curves shown in the figure are 
averages over many pulses—-3,462 for the first curve and 
2,125 for the second. The data were obtained on the 
same day, but not simultaneously. Bandwidths used were 
10 KHz and 500 KHz, respectively, corresponding to 
pulse smearing of less than 0-8 ms. The post-detection 
time constants were 1-3 ms. The antennae at the two 
frequencies were circularly polarized in the same sense. 
In Fig. 1 the pulses are arbitrarily displaced, and it is 


AP 2015 + 28 ¥* 428.5 MHZ 
29 AUG 68 Aves 500 KHZ 
T = i3 Ms 


Mha 





IO MS 
yV=iiLS MHZ 
AveliO KHZ 


Te 13 MS 





10 MS 


Fig. i. Average puise shapes of the pulsar AP 2015 +28 taken at two 
different frequencies and times. The averages are those of 2,125 and 
3,462 pulses, respectively, at 428-5 and 111-5 MHz. 
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not meant to imply that pulses appear simultaneously 
at the two frequencies. 

It is clear that the average pulses are not identical at 
the two frequencies. The pulse at 4285 MHz is 14 ms 
wide at half-power points and 28 ms wide at the base, 
whereas the 111-5 MHz pulse is 7 ms wide at half-power 
points but still about 28 ms wide at the base. These 
pulse shapes for AP 2015+28 are somewhat similar to 
those for CP 0950 in two respects. First, the overall 
shapes at 428-5 MHz are similar: that is. both sources 
usually show a single pulse, although of slightly different 
widths. Second, the displayed frequency or time depend- 
ent behaviour of the average pulse is not unprecedented 
in that recent low frequency observations at Arecibo 
show that if pulses from C P 0950 are averaged in blocks of 
several thousand, there can be strong time and frequency 
variations in the average pulse shape although not 
generally of the magnitude displayed in Fig. 1. 

We thank D. W. Richards for the corrections from 
apparent period to heliocentric period, and H. D. A. 
Cabassa for assistance with the computer programs used 
to record and analyse data. The Arecibo lonospherie 
Observatory is operated by Cornell University with the 
support of the Advanced Research Projects Agency under 
a research contract with the US Air Force Office of 
Scientifie Research. 
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Corrected Dispersion Values for 
CP 0808, CP 0328 and HP 1506 


THe dispersion values for the pulsating radio sources 
listed in ref. 1 are unfortunatel y in error. An error in 
the measurement of the cable lengths which determine 
the dispersion has meant that the values given in Table 1 
of frequency sweep, integrated electron density and 
distance should read 

CP 0328 HP 1506 
: 2754035 334025 
irate electron density pe cm 6-74 1-0 2443 19-5 + 1-5 
Distance pe 57 240 195 


CP 080R 


11+2 


The amended values of distance do not alter the conclusion 
that the sources are within the galactic distribution of 
ionized hydrogen, 

T. W. Core 


Mullard Radioastronomy Observatory, 
Cavendish Laboratory, 

University of Cambridge. 
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Simultaneous Observations of a 
Pulsating Radio Source over a 
5,000 km Baseline 


ALL the recently discovered pulsating radio sources 
show apparently random amplitude variations on several 
time scales. The shortest is evident in the shape of 
individual pulse envelopes, and is almost certainly 
intrinsic to the source?. A second is an amplitude change 
from pulse to pulse; it is thought to be intrinsic also, 
although scintillations near the source may have some 
effect? A third phenomenon is a much slower amplitude 
fluctuation with a time scale of about a minute at 100 
MHz, and up to an hour at 400 MHz and higher. One 
explanation for this variation is scintillation, or refraction 
of the radiation by irregularities in the electron density 
in interstellar space’. In order to examine the spatial 
correlation of the latter two variations, simultaneous 
observations of the source CP 1919 were made on a 
common frequency at Stanford and Arecibo on April 
22, 1968. 

Observations were made between 0900 and 1100 UT; 
the projected basline thus varied from about 4,850 to 
3,500 km. The receiver centre frequency at each site was 
112-80 MHz; the Arecibo bandwidth was 500 kHz and 
the Stanford bandwidth 600 kHz. 


The activity on a time scale of minutes was perfectly 
correlated at the two locations within the measurement 
errors. During the 2 h period, nine groups of strong 
pulses, each group lasting 20 s or more, were observed 
with a large signal-to-noise ratio at Stanford. These 
were also periods of peak activity at Arecibo, where 
the sensitivity is much higher; there were no comparably 
strong events at Arecibo not seen at Stanford. The time 
between groups varied from 3 to 30 min, with an average 
of 11 min. Five of the groups were particularly strong, 
and were analysed in detail; these groups occurred 
from 10 to 40 min apart, averaging 25 min in separation. 
The records were smocthed to reduce the pulse-to-pulse 
variations, and the parameters given in Table 1 were 
measured. An average profile was also obtained by adding 
the smoothed bursts point by point, usin g the time of 
maximum amplitude at Arecibo as the zero reference at 
both sites for each group; the result is shown in Fig. 1. 
It is evident from Table 1 that the agreement between 
results from Stanford and Arecibo is quite good with 
respect to the duration and the time of peak amplitude 
ofa group; the large discrepancy in duration for the group 
at 1012 UT is probably a result of baseline changes and 
saturation which occurred at that time in the Arecibo 


Table 1, PARAMETERS FOR STRONG GROUPS OF PULSES OBSERVED ow 


APRIL 22, 1968 

Time delay Gn- 

terval hetween 
times of peak 


Peak intensity” 
(arbitrary units) 


Duration is} ( inter- 
val between times 


‘Lime of half-peak intensity) intensity) 
(Arecibo- 

Arecibo Stanford Arecibo Stanford Stanford) (s) 
O854 UT 4533+20 38-14 4-0 4624 60+6 +14 42-6 
0907 40-2420 80-4440 4624 6446 -07420 
0930 43-9420 30-04 4-0 S444 4876 +2020 
1012 SER AZO 598+ 4-0 4224 496 ~3 82O 
1032 $8-742-0 47-4440 27 t4 3946 + 2-5 + 2-0 
Average 43:4+090 44-7414-8 39+ LR 5242-7 +04 +09 


The intensity scales at the two sites are unrelated. Errors quoted are 


probable errors, and the averages are unweighted. 
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receiver. The average profile demonstrates additional 
agreement with respect to the envelope shape; it also 
shows that, on the average, there is little asymmetry in a 
group envelope, the rise time being very nearly equal 
to the fall time. 


80 


Amplitude (arbitrary units) 





— 30 — 20 —16 0 10 20 30 
Time (3) 
Fig. 1. Average of five smoothed groups of pulses at Arecibo and at 


Stanford, Amplitude scales are adjusted go that maxima are approxim- 


ately equal, errors shown are probable errors. 
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Fig. 2. Average of five auto and cross-correlations at Arecibo and 
Stanford. 


Examination of variations in individual pulse amplitudes 
during these groups shows a rise and fall recurring about 
every four pulses; these amplitudes also correlate well 
over the 5,000 km baseline. Cross-correlations of Stanford 
and Arecibo data for the five groups listed all show a 
maximum at a delay of zero pulse intervals between 
the two sites; the peak values range from 0-52 to 0-71, 
averaging 0°63. An average of the five cross-correlations 
is shown in Fig. 2; the standard deviation of a pomt on 
the average is about 0-075. As a comparison, five similar 
cross-correlations between two different groups at the 
two sites had an average maximum of 0-34 at zero delay, 
and did not have a significant peak at any delay interval. 
The observed cross-correlations are higher than expected, 
for the plane of polarization cf the source has been 
observed to rotate rapidly at times (J. H. Taylor, report 


to Pulsar Conference, New York, May 20-21, 1968); 
our observations, made simultaneously at different 


position angles, indicate that the source could not have 
been highly linearly polarized during this 2 h period. 

The tendency for the pulse amplitudes to recur 
about every four pulses is brought out more strongly 
when the data for each site are autocorrelated. Average 
autocorrelations for each set of data are also shown in 
Fig. 2; eight of the ten individual autocorrelations had 
a maximum at a shift of four pulses. The effect appears 
stronger in the Arecibo data, but this is probably because 
the signal-to-noise is much higher than at Stanford; the 
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standard deviation of a point on the Arecibo ensemble 
average is about (1. There has been considerable 
theoretical speculation about a double periodicity, which 
would fit in with some binary models for pulsars, but 
none was found in any of the data. 

The data were tested for periodicity at a four pulse 
rate by constructing four sums of amplitudes, one con- 


taining the first. fifth, ninth. ete.. pulses, the second 
containing the second, sixth, tenth, etc., pulses, and 


so on. Although a short section of record (twenty pulses) 
often shows one sum much larger than the other three, 
the peak disappears over a longer time interval The 
effect is thus not strictly periodic at an integral number 
of pulses; this is also evident in the cross and aute- 
correlations, where the data show a small tendency to 
repeat every five pulses. One explanation for this effect 
is that the pulses follow some kind of relaxation oseil- 
lation, repeating most often every fourth pulse. In this 
case, one would expect on the average small positive 
and large negative differences in adjacent pulse ampli- 
tudes, and the overall distribution should be skewed. 
A tabulation shows, however, that the distribution of 
differences does not have any significant asymmetry. 
It is also possible that the data are periodic at a non- 
integral number of pulses, perhaps because of rotation 
of a pulsating source. This hypothesis has not yet been 
tested. 

The high correlations observed in the group envelopes 
and in the pulse-to-pulse variations show that neither 
fluctuation can be due to a local effect such as Faraday 
rotation in the ionosphere or interplanetary scintillation. 

Interstellar scintillation remains as a possible explan- 
ation for the amplitude variations, although some specific 
models may now be ruled out. Scheuer* has proposed 
that the interstellar medium can be represented by a 
physically thin screen, and that the fluctuations are 
caused by the Earth moving transversely through the 
Fresnel zones produced by the screen. In this ease, the 
present observations would require an unrealistic trans- 
verse velocity of about 5,000 km/s between source and 
screen to account for the simultaneous occurrence of 
pulse groups. But because the total phase change between 
source and observer is extremely large (10° rads at. 
112 MHz), distributions of electrons can exist that 
would cause a deep fade by moving only a small fraction 
of a Fresnel zone (F. D. Drake, personal communication). 
Relative velocities of only a few km/s would now be 
adequate to explain the minute-to-minute fluctuations. 
The pulse-to-pulse variations may also be due to this 
kind of scintillation; however, the apparent four pulse 
recurrence indicates that at least some of this short- 
term fluctuation is due to the source itself. 

We thank Dr R. N. Bracewell and Dr P. A. Sturrock 
for helpful discussions. This work was supported at 
Stanford by the US Air Force Office of Scientific Research 
and by NASA. The Arecibo Ionospheric Observatory 
is operated by Cornell University with the support of 
the Advanced Research Projects Ageney through a 
contract with the Air Force Office of Scientific Research. 
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Stability of Hornblende and a Model 
for the Low Velocity Zone 


THERE have been many discussions, but few experiments, 
related to the occurrence and stability of hornblende in 
the upper mantle'-+. We have obtained evidence relating 
to hornblende stability in experiments which extend the 
phase relationships for calc—alkaline rock series (gabbro~ 
tonalite—-granite) to upper mantle pressures, in the presence 
of excess water, and these experiments have a bearing on 
the proposals that some intermediate rocks are derived 
by melting in the upper mantle*. They complement 
other experiments dealing with dry rocks, or with rocks 
in the presence of water with Py,o < Pioaa (ref. 4). 

In experiments with gabbro-water, Yoder and Tilley® 
found that hornblende is stable to a maximum tempera- 
ture of 1,050° C at 10 kbar. In experiments with tonalite- 
water, we found abundant hornblende in runs at 15 kbar up 
to temperatures of 800° C, but the proportion of horn- 
blende had decreased significantly by 900° C, with the 
formation of pyroxenes. At 25 kbar (in the presence of 
excess water) the hornblende of the tonalite had become 
unstable and reacted completely even in subsolidus runs. 
Similarly, in our runs with gabbro-water, hornblende was 
abundantly developed at 15 kbar, but at 25 kbar horn- 
blende was not produced in the presence of a liquid phase, 
and only a very small amount of hornblende was produced 
from the original pyroxene in subsolidus runs. These 
results indicate that at pressures between 15 and 25 kbar 
there is a pressure-induced reaction involving the break- 
down of hornblende in these rocks (see ABCD in Fig. 1). 
The instability of hornblende alone at high pressures 
was shown by an 18 h run at 25 kbar and 750° C using a 
hornblende separated from a Sierra Nevada granodiorite 
(supplied by F. C. Dodge). Complete reaction, in the 
presence of excess water, yielded garnet and pyroxene. 
Reaction was less extensive at 25 kbar and 700° C and 
at 15 kbar and 700° C. 

These results provide the basis of the relationships 
illustrated in Fig. 1. Evidence from several sources*~* 
locates three peridotite mineral facies in the approximate 
positions shown, below the dry solidus for peridotite. The 
solidus gives the upper temperature limit for the genera- 
tion of the magma in the mantle. Our previously unpub- 
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Fig. 1. Peridotite mineral facies and the region of hornblende break- 
down (shaded area) compared with melting curves for rocks, and tem- 
perature distribution In the mantle. Abbreviations: perid., peridotite; 
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lished curve for the solidus in the system gabbro—water 
is also shown, and this must be near to the low tempera- 
ture limit for the generation of magma from upper mantle 
peridotite. The low temperature limit for the existence 
of magmas in the upper mantle is given by the solidus 
curve for the system granite-water!, The breakdown 
of hornblende in rocks undoubtedly occurs through a 
divariant or multivariant interval, illustrated schematic- 
ally in Fig. 1 by the shaded band, with reaction being 
complete at the line C-D-E. The line E-D is drawn with 
negative slope (dP/d7’), following a prediction of Green 
and Ringwood’. The stability field of hornblende would 
be reduced if Py,o < Pioad. 
Mineralogical details of the hornblende reaction interval, 
as well as the precise locations of its boundaries for rocks 
of various compositions, remain to be determined. The 
reaction merits comment, however, because of its position 
with respect to geotherms within the Earth. The range 
of temperature distribution, except for orogenic regions, 
is shown by the two dotted lines estimated for continental 
shield regions and for oceanic regions. According to 
Fig. 1, hornblende-garnet peridotite can exist beneath 
the shields to a maximum depth of about 80 km; horn- 
blende-spinel peridotite can exist to a maximum depth 
beneath oceanic regions of about 60 km. Phlogopite 
is the only other hydrous mineral normally considered in 
mantle mineralogy, and preliminary results by Kushiro 
et al.!* indicate that with the continental shield geotherm 
phlogopite is unstable at pressures corresponding to depths 
greater than 150 km. The results of Luth™ indicate that, 
in the presence of mantle pyroxenes, phlogopite would 
become unstable at lower pressures, and we assume for 
simplicity that the line C-D-E in Fig. 1 also approxim- 
ates the breakdown of phlogopite. 
Discussions of magma generation in the mantle have 
usually been related to partial fusion in the temperature 
region near the dry peridotite solidus. The presence of 
traces of water may, however, produce traces of silicate 
melt at lower temperatures. The distribution of water 
between hydrous minerals and a silicate magma, and its 
effect on water pressure relative to load pressure, is a 
problem beyond the scope of this report'*. As a simplified 
model, however, we propose that at depths above the line 
C-D-E water would be combined in hydrous minerals 
such as hornblende and phlogopite and 
there would be none (or very little) avail- 
able for magma generation at temperatures 
lower than the dry peridotite solidus. At 
depths greater than the line C-D-E, water 
in the mantle would be dissolved in small 
quantities of interstitial melt. We sug- 
gest further that the depth at which inter- 
80 stitial hydrous magma develops in the 
mantle, resulting from the instability of 
hornblende and phlogopite, corresponds to 
the beginning of the low velocity zone. 
According to Fig. 1, it seems that the depth 
to the zone would vary with the geotherm 
and thus with tectonic environment. It 
also seems that such a zone would continue 
to greater depths as long as water was 
40 available. The recent synthesis of hydroxy- 
lated pyroxenes in the system MgO-Si0,- 
H,O by Selar et al. suggests that at depths 
of 200 km or more, water in the mantle 

20 could be stored in crystalline phases once 
again, leaving none (or very little) available 
for the generation of magma. 

This provides a model for the low 
velocity zone of a layer of anhydrous 
minerals with interstitial hydrous silicate 
magma, sandwiched between two crystal- 
line layers in which water is contained in 
hydrous minerals. Such a zone would have 
many of the characteristics necessary 
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to current concepts of diapiric movements in magma 
genesis’ and in ocean-floor spreading*, and of a de- 
coupling zone between the lithosphere and the mantle. 
This work was supported by the US National Science 
Foundation. 
I. B. LAMBERT 
P. J. WYLLIE 


Department of Geophysical Sciences, 
University of Chicago, 
Thinois. 
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Ratios of Niobium-95 to Zirconium-95 
in Over-Ocean Fallout 


ZIRCONIUM-95 and niobium-95 have been measured in a 
series of Atlantic over-ocean aerosol samples collected by 
filtration between January and May 1968. From the 
ratios of these two nuclides, it can be shown that aerosol 
samples from latitudes of 0° to 41° N. contained mixtures 
of fallout from two sources: the Chinese test at Lob Nor 
on December 24, 1967!, and an earlier test, which must 
have been the Chinese megaton explosion of June 17, 
19672. Considerable interest attaches both to the fact 
that this latter test, which was thought to have introduced 
most of its fallout relatively high in the stratosphere’, 
was 80 consistently and so soon represented in subequator- 
ial over-ocean air, and to the considerable variability 
seen in the relative contributions of the two sources. 
Measurement of both **Zr and “Nb in fallout provides 
an almost ideal nuclide ratio for dating of fission debris 
but has not been undertaken because of the inconvenience 
of radiochemical resolution of the mixture and the inabil- 
ity of sodium iodide crystal gamma spectrometry to resolve 
the appropriate photopeaks. But photopeaks of 
both "Zr and ®*Nb ean be extracted with german- 
ium (Li) solid state gamma spectrometry when the 
overall instrumental resolution is <5 keV. Such 
germanium (Li) solid state detectors‘ as that used 
in this study have such a resolution. be 
Meteorological processes involved in over-ocean 3% 
fallout delivery may differ from those involved Tig 
over land (refs. 5-8 and unpublished results of = 
V. T. Bowen, V. E. Noshkin, H. L. Volehok and 
T. T. Sugihara). To test this possibility we have 
collected over-ocean aerosol samples for analysis 
of their nuclide fallout content. (A report of the 
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period has been shortened to reduce the length of track 
represented by each sample, while still obtaining a large 
enough sample for analysis. 

The samples reported here were collected on two cruises, 
one (Crawford, cruise 165) in the equatorial Atlantic, the 
other (Crawford, cruise 166) in the western Sargasso Sea, 
north and south of Bermuda. At each port of call the 
exposed filters were flown back to the laboratory for 
analysis. Gamma spectrometry was done with a 10-2 
em? by 325 em coaxial germanium (Li) low-background 
detector and a Nuclear Data Series 2200 pulse height 
analyser. 

Zirconium-95 was determined by summing the total 
number of emissions in both the 724 keV and the 756 keV 
photopeaks, after subtraction of background and Compton 
contributions, and correction for detection efficiency; 
the summed emissions were converted to disintegrations 
by dividing by 0-98, the total branching ratio for gamma 
emission’. This ratio is at present accepted as the sum 
of the ratios for the two gamma rays, each with an 
individual branching ratio of 0-49. Early reports? cite 
different rather than equal branching ratios; if our 
branching ratio is incorrect, this would effect simply a 
slight shifting of the reported ratios. According to our 
measurements the emission ratio under the two photo- 
peaks has always been the same, within experimental 
error, which suggests that the accepted ratio is correct. 

Niobium-95 was determined straightforwardly from 
its 765 keV photopeak. Zirconram-95 disintegration rates 
at collection were calculated by correcting for radioactive 
decay (A, = 0-010582 per day) from the mid-point of collee- 
tion period to the mid-point of counting period. Niobium- 
95 at collection (**Nbog}) was determined from the relation- 
ship 


"SN beor = 9 Nbobserveg 42! — 2°1474 Zoo} (0m Aai miak 1) 


where à, =decay constant Zr; A= 0-019804 per day = 
decay constant Nb; t=time in days between midpoint 
counting period and midpoint collection period. Both 
"Zr and **Nb were measurable in all samples analysed, 
Zr at levels of tens to hundreds of d.p.m. per 1,000 
standard cubic metres of air. 

The ratio, *°Nb/*Zr, is plotted in Fig. 1 as a function of 
collection time. The vertical bars indicate the computed 
standard deviations of the ratios from the counting errors 
represented in each result used. Actual counting errors 
ranged +5 to 10 per cent. The horizontal bars represent 
the duration of sample collection (see Table 1). The upper 
curve is the expected ™“Nb/“Zr value during the 


collection period assuming that the concentration of 
Nb was zero on June 17, 1967, and has since grown at a 
rate consistent with its growth curve as governed by the 
decay of Zr. The lower curve is the plot of the same ratio, 
assuming growth of Nb from “Zr began on December 24, 
1967. 








procedures and the results of sodium iodide gamma 0 aie l ee ee, m 
spectrometrie analysis will be published else- eee : i A ee ee a eg a 
where.) The filters, filter pump and calibration January PavEnery, March April May 
are as deseribed in ref. 9. Because the collec- 1968 

Fig. 1. Ratio of Nb to “Zr in over-ocean aerosols as a function of collection period, 


tion site at sea is moving, as dictated by other 


a 68. > re, Te id AS rit rth ial 1 HZ sagan Jane Vs $ ey 
aspects öf tha rodesreh programme, our r PAT 19 Upper curve, ratio assuming growth of Np from “Zr began June 17, 1967 


Lower curve, ratio assuming growth of “Nb from "Zr began December 24, 1967. 
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Table 1 
. AN p ZE Collection time Position 
Sample No, date of collection Start Finish Start Finish 
1 0-50 20-11 2100 23/1/68 2300 27/1/68 18° 06° N. 64° 26’ W., O7° 27° N. 54° 14° W 
2 0-53 + 0-82 2300 27/1/68 0300 29/1/68 Se eld 09° 5B N. 52°19 W 
4 0-93 + O-26 1500 30/1/68 2215 31/1/68 13° 44° N. SE BI W, 12° 12’ N. 48° 12) W 
5 t39 EIR 2215 31/1/68 2045 2/2/68 P.F, G8” 23 N. 50° 33’ W. 
& 1°20 + 0-21 2045 62/2/58 O00 4/2/68 PF. 06° 19° N. 52° OF wW., 
7 1-18 +0-61 O100 4/2/68 1600 5/2/88 PE. 06° 05 N. 58° 13° W 
4 LSR + 0-07 1530 8/2/68 O800 12/2/68 F.E 10° 57 N, 45° 38° W 
9 1-74 t 0-20 OR00 12/2/68 1600 14/2/68 PE O7° 27 N, 47° 44° W 
10 OTR + O27 1600 14/2/68 1100 16/2/68 P.F H4° 19° N. 49° 58 W 
i L35+40-18 1100 16/2/68 03900 10/2/68 P.F 05° 39’ N, 45° 36° W 
12 1-18 + 0-20 0300 19/2/68 1000 22/2/68 P.F 08° O77 N, 40° 50° W 
13 1-64 + 0-18 1000 22/2/68 2200 24/2/68 P.F 04° 17 N, 48° 16° W 
t4 t31 t020 2200 24/2/68 0830 27/2/68 PF. 00° 2y S, 47° 51° W. 
15 1-36 + 0-52 1700 3/3/68 0845 7/3/68 00° OO N. 45° 30° W, QI 25’ N., 46° 14’ W. 
16 1004017 1230 7/3/68 1230 10/3/68 01° 12’ N, 468° 28 W. 01° 37° N. 46° 207 W. 
17 Lötltip 1240 10/3/68 1300 13/3/68 P.F. 03° 1? N. 47° 52 W. 
18 1-91 +0-10 1300 13/3/68 2330 17/3/68 P.F. 03° 12’ N, 47° 52’ W. 
19 1-68+40-14 2330 17/3/68 O800 20/3/68 P.F, 06° 06 N., 55707 W. 
20 1-77 + 0-22 1800 25/3/68 1800 28/3/68 P.F, 04° 29-57 N. 48° 508 W, 
21 2:17 +037 1800 28/3/68 1800 31/3/68 P.F, 05° 24° N. 48° 00° W. 
29 1-69 + 0-08 1800 31/3/68 1805 3/4/68 P.F, 04° 50’ N, 48° W, 
23 2-09 + 020 1805 83/4/68 1800 6/4/68 P.F. 14° 16-3’ N, 58° 53-6" W. 
24 PRS+0-11 1800 6/4/68 0600 = 8/4/68 18° 10-8’ N, 64° 41-27 W. 
1800 10/4/68 0900 12/4/68 18° 17° N. 65° 61° W. 25° 57’ N, 67° 04’ W. 
2% 1-98 + 0-08 0900 12/4/68 0900 15/4/68 P.F. 33° 08 N, 71° 26° W, 
26 1°53 + 0-20 O900 15/4/68 1000 17/4/68 P.F. 41° 15-5 N. 70° ST W. 
27 1864 0-11 1345 25/4/68 0800 28/4/68 41° 20’ N. 70° 48’ W, 30° 14’ N., 68° RR W. 
28 1-86 + 0-09 O800 28/4/68 0830 1/5/68 PF. 25° 54° N., 68° 21° W, 
29 1-81 + 0-21 O825 4/5/68 1145 7/5/68 26° 02 N. 68° 3Y W. 26° 00 N., 68° 29° W. 
30 1:99 +012 1145 7/5/68 O800 10/5/68 P.F, 287 31 N. 86° 51’ W, 
SI 1R5+0-19 O800 10/5/68 0700 11/5/68 P.F. 32° 25’ N. 64° 45’ W. 


* P.E., Previous finish position. 


According to the estimated independent fission yields 
for mass 95 in fission of uranium and/or plutonium isotopes 
by thermal, fission spectrum, and 14 MeV neutrons'‘, the 
yield of Nb is less than 0-5 per cent of the total chain 
yield which is represented by “Zr minutes after an explo- 
sion. The ratio *Nb /Zr at formation has been taken to 
be 0 for ease of computation. The effect of neglecting the 
small correction to the curve for the independently formed 
"Nb would result in an error smaller than that associated 
with the half-life of both Zr and “Nb used in constructing 
the curve. All the observed ratios fall between the two 
limits, within error. During the first months of 1968, the 
quantities of °Zr/**Nb found in over-ocean aerosols could 
only be caused by the low yield! test at Lob Nor on 
December 24, 1967, and the megaton® explosion of June 17, 
1967, by the Chinese, Air filters collected during June 
and July 1967 over ocean in the northern hemisphere 
(data to be published) produced no or very small concen- 
trations of *Zr; “80th Meridian” northern hemisphere 
samples of ground-level air! also showed only traces of 
“Zr in dune 1967. Only the two tests mentioned, held 
since June 1967 in the northern hemisphere, could con- 
tribute *Zr observed during early 1968, so these times 
were used in Fig. | as the two origin times for Nb. 

Fractionation between “Zr and *Nb in the atmosphere 
has never been investigated. Because of the small decay 
energy of Zr, the maximum recoil energy which could be 
imparted to Nb is 12 eV; this would result in such small 
range in any material as to make physical fractionation 
almost impossible. All ratios are enveloped within the two 
limits defined, so fractionation is unlikely to occur. 

There are periods when the “Nb: Zr in over-ocean 
aerosols show little contribution from either one source or 
the other. Minimum values in the ratio, corresponding 
mostly to December 1967 debris, were observed in late 
January, mid-February, early March and mid-April. 
The first three low values were separated by roughly the 
same time interval of 16-20 days. This may indicate the 
passage of the main debris-carrying cloud over the samp- 
ling area. Projection of this time sequence predicts mini- 
mum values in late mid-March and mid-April. The 
latter minimum was observed, but unfortunately samples 
were not collected between March 21 and 25 when the 
ship was in port. A similar time interval for the passage 
of the main cloud was observed in the fallout colleeted 
with over-ocean aerosols following the May 1965 test 
(my unpublished data). The persistence of a recognizable 


main cloud for mere than 4 months after formation and 
for five and a half cireuits of the globe is surprising; it 
suggests that some of the debris must have entered the 
upper troposphere or lower stratosphere in order to persist 
for such a time. 


Krey and Krajewski™ have indicated that Zr from the 
June 1967 test measured during November 1967 in low er 
stratospheric air reflects a poleward and downward trans- 
port of stratospheric debris in the northern hemisphere. 
By January 1968 the debris from this test had continued 
to move poleward and downward so that the maximum 
concentration occurred at 15 km at latitude 60° N., as 
determined from the total gamma concentration profile. 

The samples collected over the ocean in early February 
were roughly from latitude 8° N. All contained a 
contribution of Zr- Nb from a source older than 
the December 24, 1967. debris. Krey and Krajewski!? also 
reported that some Zr was observed below the tropical 
tropopause at roughly 15 km above latitude 15° N. in 
November 1967, It is not surprising that the contribution 
from this source should have been in evidence in water- 
level over-ocean aerosols by early February 1968 at these 
low latitudes. It would be of interest to know whether 
this was strictly an over-ocean deposition not observed in 
land collection stations. Low-latitude penetration of the 
tropical tropopause was not seen in the total y aetivity 
measurement made by Krey and Krajewski? in January 
1968. The contribution of the older source was, however, 
noted in nearly all our over-ocean samples collected after 
February 1968. 

With knowledge of the total “Zr activity and the 
eNb/*Zr ratio at any time, the fraction of the total 
activity derived from each test can be computed. 

This work has been supported by the US Atomic Energy 
Commission. I thank Dr V. T. Bowen for his help in 
preparing the report. 

Victor E. NOSHKIN 
Woods Hole Oceanographic Institution. 
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Brewster Angle of the Lunar Crust 


THe Brewster null has been observed in reflexions of 
Explorer XXXV telemetry transmissions from the lunar 
surface. In the south-western portion of Oceanus Procel- 
larum the null occurs at an angle of incidence of 60° + 1°. 
This implies an effective, relative dielectric constant for 
this area of 3-0+ 0-2. 

Bistatic-radar echoes from the surface of the Moon 
have been obtained at a wavelength of 2-2 m by using the 
normal telemetry transmission from Explorer XXXV as 
a lunar-orbiting radar beacon. Radiation from the 
spacecraft uniformly illuminates virtually all of the Moon 
contained within its horizon. A small fraction of this 
incident radiation is in turn reflected towards the Earth 
where it is received with the 150 foot dish antenna of 
Stanford Research Institute. It is possible to obtain 
these reflexions only when the illuminated area is wholly 
or partially visible from the Earth. 

The principal component of the reflected power arises 
from those portions of the surface which are oriented so 
as to provide specular reflexions towards the Earth. In 
general, this makes up a glistening region—simular to the 
multiplicity of images of the Sun formed on the top of 
waves—which in the present experiment averages about 
100 km in diameter. As the spacecraft rotates about the 
Moon, the reflecting area follows it so that a scanning 
action is provided by the motion of the spacecraft. The 
reflected signal and the much larger directly propagating, 
unreflected wave are distinguished by a small frequency 
difference imparted by the Doppler effect. 

Right and left circular polarizations are used in the 
receiving system to provide measures of total reflected 
power and to avoid the effects of Faraday rotation in the 
Earth's ionosphere. The polarization incident on the 
glistening region varies considerably depending on the 
geometry and the orientation of the spacecraft. 

The intensity of the signal scattered towards the Earth 
depends, on the average, on the reflectivity of the surface, 
the altitude of the spacecraft above the Moon, and the 
mean curvature of the Moon. Consequently, a measure 
of the surface reflectivity is obtained by correcting the 
received power by the inverse square law and the scattering 
law of asphere. Small variations in the surface roughness 
do not affect the total reflected power. These properties 
of the scattering process have been described by Fjeldbo? 
and myself?. 
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Fig. 1. Reflectivity measurement from August 20, 1967. The null near 
60° lies at the Brewster angle for the lunar surface. 


Fig. 1 gives the results of a reflectivity measurement... 
This curve corresponds to.the ~~ 


from August 29, 1967. 
westward movement of the reflecting area from a point 
just south-west of Guericke to the vicinity of Hevelius, 
with the illuminating polarization approximately linear 
in the plane of incidence. The null near 60° angle of 
incidence is the result of the Brewster effect and hea in 
the mare north-north-west of Hansteen. On the basis 
of this curve the effective dielectric constant of the upper 
regions of the lunar surface is c,= 3-04 0-2. This value 
for e, applies from depths of 25 em or so (4/8) to many 
metres. The 25 cm bound is necessary because a thin 
layer of low dielectric constant—less than 30, say-— 
would not be detected by this experiment. The absence 
of resonance undulations in the reflectivity profile implies 
the absence of widespread, uniform stratification of the 
upper portions of the surface. This is not to say that 
there is no layering of the surface manifest. in its electro- 
magnetic properties, but that the depth of a layer must 
vary significantly with respect to 4/2. Furthermore, 
the close agreement between the backscatter surface 
reflectivity as measured over many octaves in wavelength, 
and the reflectivity inferred from ¢,=3-0 as measured 
by the Brewster angle method, imply that there is no 
layer of significantly lower dielectric constant much 
greater in depth than 25cm. Such a layer would suppress 
the backscatter reflectivity by a factor of about 0-5. 

Other reflectivity surveys over less homogeneous lunar 
surfaces have revealed both systematic differences in the 
reflectivity of lunar maria and highlands and the presence 
of anomalously reflecting areas in the central regions of 
Oceanus Procellarum near the crater Flamsteed. In 
general, lunar maria reflect radiation about one-third 
more efficiently than the highlands, while the reflectivity 
of the Flamsteed area is about twice that of the surround- 
ing regions. These variations in reflectivity have been 
taken as a measure of the thickness of the lunar regolith, 
or fragmental debris, based on a model which ascribes two 
components to the observed reflectivity: the first a 
reflexion from the visible surface, and the second an meo- 
herent, attenuated reflexion from the interface between 
the regolith and lunar bedrock*. This model yields ¢~7 
as the dielectric constant of the bedrock and an order of 
magnitude estimate for the conductivity of the regolth 
of 2x 10-4 mho/m. The packing faction of the regolith 
has been estimated to be approximately 47 per cent. 
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New Type of Perturbation caused by 
a Magnetic Hyperfine Interaction, 
observed in the Ground State of VO 


From a preliminary analysis of two systems, the ground 
state of gaseous VO has been shown to be a case bgy 45- 
state which exhibits a large, yet unresolved, hyperfine 
structure’. Subsequent analysis of better adsorption 
plates of both systems has revealed perturbations in 
v= 0 and v= 1 of X4Z- which affect the Fa(J =N +4) and 
£,(J =N — $) components to a similar extent but in an 
opposite sense. 

In the visible *X°-~X‘43Z> transition, extra lines are 
observed in the R,, Pa R, and P, branches in the range 
12<¢ NS 18 in the 2-0, 1-0, 0-0 and 0-1 bands. <A similar 
effect is observed in the TR, and €P, branches in the 1-0, 
0-0 and 0-1 bands of the red tI — X4Z~- system. The °Q,, 
and *A,, branches in this transition form heads in the 
interesting range of N and no effect is observed. The 
*P,, and *Q,,; branches which go to the same upper state 
level, and thus give directly the F3(N)— F3(N) differences 
(Aves), both appear to be smooth continuous branches 
down to N~9. Their appearance at low N, with, appar- 
ently, “Q, broader than *P,,, is, however, at variance 
with that of the lines in the 7R,, branch which, in agree- 
ment with the bgy coupling in X*X-, become noticeably 
broader as N decreases because of the increasing hyperfine 
splitting in the F, levels. 

The Av, values derived from the red system for both 
v= and v’=1 show minima of ~0-18 cm~ at N=15, 
and the energy differences, Av,, between the two lines 
observed for each N in the perturbed regions in the visible 
bands agree with the Av,, values. These two quantities, 
plotted against N, are shown for v= 1 in Fig. 1. 

If it is assumed that the F, and F, levels of the ground 
state perturb each other with an avoided crossing at 
N= 15, it is possible to account for all the observations, 
including the anomalous intensity change in the # P, and 
ZQ, branches at N ~ 14, 15, 16 of the 0-0 band of 4IT — 
Xz. In fact, the observed continuous branches change 
character at N ~ 15, so that, for example, the lines which 
are broader at low N and form part of the #P,, branch 
go over at high N to lines of the “Q,, branch. 

Initially such a perturbation seems impossible because 
the Kronig selection rules? require the levels to have the 
same symmetry and AJ=0; FaN) and FaN) of 4X-, 
although of the same rotational symmetry, have | AJ|=1 
and thus should not interact with each other. 

In the ground state of VO, however, the nuclear mag- 
netic hyperfine coupling of the unpaired electron spins 
with the ©'V nucleus, of spin 7/2 and moment 5-14 nm, 
results in the total angular momentum being described 
by the quantum number F (where F=J+J,J+I—1,..., 
J— I) rather than by J. Thus for each of the four multi- 
plet rotational levels there are eight hyperfine components 
and F(N) and F(N) will have seven of these component 
levels with the sarne symmetry and the same value of F; 
a perturbation with Ar=0 therefore seems possible if 


the F,(N) and F,(N) levels “cross”. 
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Fig. 1. The energy differences Arai N) and droi N} for o* =1 observed 
in the 0-1 bands of the red, “I1-Xt2- (x), and visible, *2-—X*rE- 
{@) systems respectively. 

This perturbation should be absent in molecules without 
hyperfine interactions, so it can be treated theoretically 
by assuming that it arises from matrix elements of Hy... 
the magnetic hyperfine interaction Hamiltonian. This 
is given by Frosch and Foley? as 

Hugs = aA. k) 401-8) 4+ cf BVA) 
where a, b and ¢ are the coupling coefficients, and kisa 
unit vector in the direetion of the internuclear axis. 

In case bgy, in which J is weakly coupled to J. (I.E) has 
elements both diagonal and off-diagonal in J, but the 
diagonal elements of (s.k) are zero (because A = 0) and the 
only other non-zero elements are off-diagonal in N only; 
thus the terms aA(7.k) and c(1.k)(s.k) disappear leaving 


oes l 


Hyg = b(1.8) = y olT.D) 
where 
uz (Sr, a) i 
b = Zuo F T y?(0) = oa av. 


(The factor of 1/3 in this expression arises from the fact 
that the total spin is S= 3/2 and the magnetic interaction 
is with the single spin, e= 4, of the essentially 4so electron 
in the cò? ground state configuration.) 

The only non-zero elements of (7.8) are? 
<JIF US| JIF > 


{J(J+1)—-N(N +1) 4 S(SH 1} (PUP 41) — Jd +1)— 


=$ IJJ +1) 
{I+} 
<JIFUS|J— UF > 
i {((J—-N+8)(J+4N+8+1)(N+5— JUJ N-S) 
7 IJJ HIJ — 1)! 
(E +I -IYE HIJ A1 YE +J AIAL HJ ++I Fh 
Because FaN) and F(N) bave | AJ] =1, the elements 
off-diagonal in J must be those responsible for the observed 
perturbation. The diagonal elements lead to the energy 
expression, given previously? 


l (J(I +1- NIN +1)+S(8 +1) 3 
Whts = ae eea | ee J 
where 


LJ Serre IG eI +1) 


In order to solve for the perturbed energies it was 
necessary to include the rotational energy difference 
between J and J—1, that is, Avt,, the F,(N)—F,(N) 
difference in the absence of hyperfine interaction. For 
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Fig. 2. Observed and calculated position of the F, and F, levels relative 
to the mean F,, F, energy, (4 FaN) + F,(N)}, inv=0, XE- —, Caleu- 
tated hyperfine levels; @, observed unresolved levels. 


this purpose it was assumed that the perturbing matrix 
elements could be represented by a mean H,,, constant 
with N, and given by H,,=4 x minimum (Ay,;), where 
Av.; is the observed difference. The deperturbed J and 
J — 1 differences were then obtained from 

Avis(N) = {Aves(N)}> — 4Ha? 

With J=N+4(F,) and J —1 =N — 4 (F,) all the matrix 
elements were computed for 10<N <20; the energy 
matrix was constructed and solved for each value of the 
quantum number F. The only parameter involved is 
the hyperfine coupling constant 6. Initially this was 
estimated from the observed widths (0-4 cm-t) of the 
broad lines of the R, P,, R, and P, branches, of the 
visible ‘£-— X£- system and the theoretical width at 
high N of ~3-5b. This value of 6 (~0-11 cm) is an 
upper limit, for the edges of the broad lines were measured 
and thus the width includes the Doppler widths (0-07 cm-*) 
of the outer component lines. 

The computed perturbed energies were grouped above 
and below the observed energy curves but followed their 
form precisely. By adjusting the coupling constant 6 
it has been possible to obtain excellent agreement between 
the observed unresolved levels and the theoretical hyper- 
fine ones. This is shown in Fig. 2 for the v=0 level, with 
b= 0-080 (+ 0-005) cm~. This final value of b is consistent 
with the broad line width and is in good agreement with 
that expected from a comparison with ScO (b= 0-062, 
em!) (unpublished results of A. Adams, T. F. Dunn and 
W. Klemperer) where the interaction is also with a non- 
bonding 4so electron localized on the metal atom. 

The assumptions made about H,, have been justified 
by the computed values which, although varying with F, 
have a mean constant with N; the mean computed H,, 
(0-091 em) agrees very well with the observed value 
(0-090 em-~*). 

Thus this interaction of two of the ground state multi- 
plet levels in VO can be accommodated by existing theory 
but represents a new and possibly unique spectroscopic 
perturbation. This may well be the only example of such 
a perturbation in the optical region because of the unusual 
conditions that must be satisfied for its occurrence: 
(i) the molecule must have a state which has a hyperfine 
splitting; (ii) the state must be a multiplet the component 
levels of which cross or, at least, approach each other very 
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closely; (iii) the multiplet components that “e 
differ in J by one. | e 
Condition (ii) effectively limits the states 
and more particularly to multiplet 2s 
are limited to very low N; *% states are e 
A further limitation is caused by the opp 
ments for case (b) character and for lar 
splitting; the former decreases and the latte 
with increasing atomic number. E 
Microwave, molecular beam and electron 
techniques can, however, detect much smaller 
changes than optical spectroscopy and there 1 
examples of this new perturbation accessible to these 
methods. wD Te 
D. RICHARDS 
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Alpha Track Autoradiography of Sub- 
micron Aerosol Particles with the oe 
Electron Microscope 


THERE are many problems in aerosol work in them 
energy field in which it is important to be 
distinguish radioactive from non-radioactive. 
This has led to the development of methods 
autoradiography of particles by transmitted | 
scopy. Nuclear emulsions can give better 
than that attainable with an optical micros 
extension of techniques to electron microscop 
But the gelatine which remains after ph Bo, 
processing absorbs the electrons and limits the thickness 
of emulsion which can be used. me 

Monolayers of nuclear emulsion grains have been used o 
for low energy beta autoradiography in biological work, = ~ 
Beta emitters of different energies can be separately 
identified by applying compound layers of emulsion and _ 
absorbert. These applications are essentially single — 
grain autoradiography. Track autoradiography can give 
a clearer picture of the location of the radioactive material, 
This is particularly true of alpha particles, the linear. 
tracks of which can be extrapolated. A monolayer of 
silver bromide grains will record recognizable alpha 
particle tracks travelling at grazing incidence*-’, but the 
geometric efficiency is extremely low. For efficient alpha 
track autoradiography of sub-micron particles using the 
electron microscope, it is necessary to reduce the overall 
thickness of the processed photographic emulsion with- 
out drastically reducing its sensitivity or unprocessed 
thickness. A method of doing this by reducing the gelatine 
content cf the emulsion is described here. 

A number of fine grain nuclear emulsions suitable 
for recording alpha tracks are available in the gel form, 
for example 

















Undeveloped grain diameter 


Manufacturer and type (mean) 


Eastman Kodak NTER O20 
Hford K5 0-202 
Ilford L4 Olds 
Eastman Kodak NTE O64 
Gaevert 3-07 HOTH 


Of these, Hford [4 provides the best combination of 
fine grain, high sensitivity and ease of handling. 

A reasonable geometric efficiency (>35 per cent) 
could be achieved if tracks dipping at an angle of 45° 
give a projected track length of ly. The residual. 0-4, 
layer of gelatine would be unacceptably thick for electron 
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Fig. i, Effect of development time on the appearance of alpha tracks in 
Uord L4 emulsion (‘Microdol-X’ at 20° C for G) 0-75 min, Gi) 1 min and 
(iii) 2-5 min). Seale= 1u, 


microscopy. The problem has already been approached 
by treating the final preparation with enzymes or sodium 
hydroxide*:*. This technique has been applied to mono- 
layer work where the highest possible resolution of 
histological detail is required and in these conditions 
the individual developed photographic grains appear 
to stay in their original positions. But if this treatment 
is applied to thick layers containing developed tracks, 
the image is severely distorted or completely lost during 
the removal of the gelatine matrix. 

An alternative approach is to remove part of the 
gelatine before the emulsion is coated on the specimen. 
A method has already been described? for reducing 
the unusually high gelatine content of Kodak high 
resolution emulsion gel type NTE to a workable level 
for monolayer, or near-monolayer, beta autoradiography. 

The gelatine contained in Ilford L4 gel divides into 
two fractions. Approximately 75 per cent by weight is 
soluble in warm water (30°-40° C) and can be removed, 
together with other water soluble constituents of the 
emulsion, by dilution and centrifugation. This gelatine- 
reduction forms the basis of the following technique?!. 

L4 gel, 2 cm’, is melted in a centrifuge tube in a 
water bath at 45° C. To this is added 12 em? of pre- 
warmed distilled water. The suspension, which almost. 
fills the tube, is well shaken, kept in the bath for 10 min, 
and shaken and centrifuged for 45 min at 3,200 r.p.m. 
The supernatant is normally quite clear after centri- 
fugation. The temperature is maintained at 45° C 
throughout by blowing hot air onto the lid of the 
centrifuge. 

The supernatant is pipetted off leaving 07-08 em? of 
solids. The surface of the deposit is washed with dis- 
tiled water. and the volume is made up initially to 
1-5-2-0 em? by adding warm distilled water. The solids 
are resuspended by: (i) gently stirring and breaking up 
aggregates with a glass rod drawn to a fine, square cut 
end; (11) repeatedly drawing the suspension in and out 
through a fine glass pipette; (ui) finally making up to 
6 em? total volume and shaking for 5 min. 

The temperature is kept near 40° C throughout this 
process and the result is a suspension which is homo- 
geneous and settles out over a period of days. 

The final gelatine content is 4-0+ 0-5 per cent of gelatine 
dry weight. Further centrifugation does not reduce the 
gelatine content, but it does increase the fog level and 
decrease sensitivity. The residual gelatine is strongly 
absorbed and it is not possible to remove any significant 
part of it by non-chemical methods. 
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Treatment with sodium hydroxide produces excessive 
increase in fog levels. Digestion in an enzyme solution 
(0-02 per cent trypsin) does not have this effect, but the 
resultant suspension has reduced sensitivity and no 
cohesion during processmg unless bound by readdition 
of a supporting colloid. 

In work with particulates, 0-05—0-1 u of gelatine can 
be tolerated, especially if microscopy is conducted at 
100 kV. This work has been undertaken with the simple 
once-centrifuged preparation. | 

At the magnifications usual in electron microscopy 
(greater than 10,000 times), developing agents and devel- 
opment time have a noticeable effect on resolution. 
The use of both physical and chemical developers has 
been described? For alpha track radiography with 
thick emulsions, random though rel atively infrequent 
fog grains are not important, and Kodak ‘Microdol-X” at 
normal strength can satisfactorily be used. Typical alpha 
tracks resulting from development times of 0-75, 1 and 
25 min at 20° C are shown in Fig. 1. Nickel grids are 
preferable to copper grids for photographic applications. 

This work has been concerned with aerosol particles 
in the size range 0-05-1-0u. The samples are collected 
either by thermal precipitator fitted with carbon coated 


by acetone vapour. The specimen is usually shadowed 
to reveal the shape of the particle and to improve visi- 
bility through the residual gelatine laver. Aerosol samples 
are usually shadowed with gold-palladium. This material 
produces photographic fog, but consistently satisfactory 
results have been obtained by shadowing with ‘Nichrome’. 
Any residual tendency to chemical fog can be eliminated 
by finally sealing the shadowed specimen with a thin 
layer of evaporated carbon. Small angles of incidence 
are used to reduce the general background of shadowing 
material while showing the specimen in high relief, 
Shadowing conditions are 10-20 mg ‘Nichrome’ ribbon 
at 9 em, HO incidence. 

Different techniques are used for water insoluble and 
insoluble specimens. For the former a small volume of 
the stock suspension is transferred by pipette to a clean 
glass slide. The specimen grids are attached singly on 
the tip of a triangle of adhesive tape mounted on a glass 
slide. The grid, specimen side down, is touched on the 
surface of the droplet so as to pick up a small quantity 
of the emulsion (Fig. 2). After drying, a fairly even 
layer of emulsion remains; its thickness is within + 50 
per cent of mean, provided that the specimen film com- 
pletely covers the grid and is free from cracks and 
ruptured apertures. 

In the second technique (Fig. 3) a dry disk of emulsion 
is formed on a thin collodion film which is then trans- 
ferred to the specimen. The collodion film is prepared 





a 


Fig. 2. Application of wet emulsion. a, Grid on point of adhesive tape 
stuck on a thin glass strip; Ð, gria sipped onto a stock drop of wet 
emulsion. 
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Fig. 3. Application of dry emulsion. a, Collodion film on perforated 
metal after application of emulsion; b, transfer of emulsion to specimen. 


by allowing four drops of 2 per cent collodion in amyl 
acetate to spread and evaporate on a clean water surface 
of 7 cm diameter. The film is lifted on a perforated 
metal sheet with holes 6 mm in diameter at 1 cm centres, 
of which at least two-thirds should carry intact film. 
The film and support are allowed to dry thoroughly and 
a small quantity of emulsion from a stock droplet is 
transferred to the centre of each aperture with a clean 
electron microscope grid. This results, after slow drying, 
in a fairly even thickness disk of emulsion with the same 
diameter as a specimen grid. The specimen grid is placed 
on a peg and the collodion mount passed over it so that 
an emulsion disk, punched out of the film, is left lying 
on the specimen grid. This is transferred to a filter 





Fig. 4. 


Tracks from collimated alpha particles incident at an angle of 
53° on a layer of low-gelatine L4 emulsion, Seale = ly, 
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Fig. 5. An alpha track which has been “bleached” by the dichromate 


method to reduce obscuration. Scale = ly. 
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Fig. 6. Cellular structure on residual gelatine partially obscuring on 


alpha track. 
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Fig. 7. Seale Ly, 


Radioactive plutonium and inactive particles. 


paper and a drop of amyl acetate or acetone is applied 
to the edge of the preparation; this dissolves the collodion, 
washes most of it away and cements the emulsion layer 
to the specimen. 

In either method, emulsion thickness can be checked 
by exposing at a known angle to a collimated alpha 
source (Fig. 4). 

One penalty of high efficiency is the greater prob- 
ability that the active area of the specimen will be ob- 
scured by overlying grains. Short development times 
reduce this probability. If tracks are the 
electron opacity can be reduced by dichromate reduction 
without completely losing the image (Fig. 5). 

Success with any given grid cannot be guaranteed 
and it is therefore necessary to prepare and expose more 
material than is required. Failure can be caused by 
effects such as overthick gelatine, distortion, stress marks 
and structural patterns in the gelatine (Fig. 6). In our 
experience at least 50 per cent of the specimen area 
(excluding grid bars) should be usable. 

Applied to aerosols, this technique allows specific 
small radioactive particles to be identified and activity 
to be related to particle size or type. This extends the 
work of Stevens! beyond the resolution limit of the light 
microscope. A plutonium particle of this type in the 
presence of larger inactive particles is shown in Fig. 7. 

Particles tagged with ThB can be recorded and exam- 
ined individually. Fig. 8 shows a DOW polystyrene 
latex sphere of 0-26u diameter tagged with ThB at a 
mean level of 20 atoms per particle. 


too dense 
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Fig. 8. Alpha autoradiograph of a polystyrene sphere tagged with 


ThB. Scale=1y. 





Fig. 9. Autoradiograph of a radiolytic aerosol particle carrying thoron 
decay products. The background structure is the shadowed replica of 
the surface of the ‘VC Millipore’ paper used for sampling. Scale =1y, 


Another application is the production of racholytic 
aerosols by ionizing radiation. In the particular case 
of aerosols produced by thoron and its daughters, the 
individual alpha activity of the aerosol particle can be 
compared with the size and appearance (Fig. 9). 

The attachment of natural decay products to the 
natural aerosol could be studied if activity levels were 
artificially raised to a level which would still not be 
sufficient to produce radiolytic material or change the 
basic conditions but which would provide a reasonable 
probability for observing tracks. 

M. J. HEARD 
R. D. WIFFEN 
Health Physics and Medical Division, 
Atomic Energy Research Establishment, Harwell. 
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Decorated Diffusion Paths in Quartz 


SILVER will diffuse through quartz along the <0001> 
crystal axis under the influence of an applied electrical 
field to form uniform silver platelets up to 4u thick, 
parallel to the basal plane within the quartz adjacent to 
the cathode'-*. Platelets may underlie one another 
within the quartz lattice and may be interlinked by fine 
metallic threads of silver either parallel to the < 0001 > 
or <1120> directions. Diffusion in the <0001> 
direction oceurs preferentially through specific areas of 
the crystal, with the metallic platelets formed by lateral 
diffusion of the silver from the feeder channel'?:*, Tsinzer- 
ling believes the areas of diffusion are dislocations 20u 
in diameter, although he has not succeeded in decorating 
them, the implication being they are analogous to etch 
tubes*-*, 

I have decorated the areas of preferential diffusion in a 
20x 20x 3 mm basal plate of piezoelectric quality Brazil- 
ian quartz. The diffusion took place at 400° C under an 
applied field of 1,000 V/em with a lapped AgCl disk as 
anode. Fig. | shows four decorated areas. They appear 
as metallic pillars extending from the cathode into the 
quartz, in some instances reaching the anode surface. 
The pillars are up to 500u thick and consist of several fine 
silver threads each approximately 20u in diameter. The 
pillars are most compact near the cathode where the thread 
density is greater. Extensive fracturing of the quartz 
between threads has occurred and this becomes infilled 
with silver. These areas of diffusion when removed from 
the crystal contain fine grains of quartz embedded in the 
silver, The quartz surrounding the pillars is under con- 
siderable stress and much circumferential cracking has 
occurred (Fig. 2). The cracks occur along the unit rhomb 
and in cross-section are conical about the metallic pillars. 
The quartz within the crack has been thrust up slightly to 
form steps, varying in height from 20 to 50u surrounding 
the pillar on the cathodic surface. Silver is often deposited 
in these cracks to form a halo encircling the top of the 
pillar (Fig. 2). Silver whiskers extend laterally from the 
upper regions of the right hand pillar in Fig. 1. These 
seem to be decorated dislocations formed as a result of 
Stresses induced by the silver pillar. Some threads in 
the pillars intersect the cathodie surface to form a very 
fine-grained and “beaded platelet”, each bead 
being the cross-section of a thread (Fig. 2). 


loose 





Fig. 1. Silver pillars in quartz (x 25). The top surface is the cathode, 
Conical cracks about the pillars are seen in the quartz underlying the 
cathodic surface. 


P 
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Fig. 2. Cross-section of the left hand pillar in Fig. 1 taken at the cathodic 

quartz surface ( x 150). The quartz surrounding the pillar is stressed and 

cracked. Silver has deposited in a circumferential crack to form part of 
a halo at the areas marked A. 


The effective diffusion areas are much larger than that 
envisaged by Tsinzerling; however, the individual 
diffusion paths, as indicated by the threads, correspond 
in size to his postulated dislocation and are identical 
in every way to etch tubes which are believed to be areas 
rich in impurities which have segregated along extended 
dislocations. They certainly do not resemble dislocations 
of the type observed by McLaren and Phakey’’. The 
fine dislocations shown by the silver whiskers are of this 
latter type. Thus there may be two different dislocation 
types in quartz: fine dislocations associated with induced 
stresses and large extended dislocations formed during 
growth and at which impurities are preferentially incor- 
porated and which have effectively enlarged the disloca- 
tion. The silver haloes, as seen in Fig. 2 and described 
by Tsinzerling', are formed by silver deposition in conical 
cracks, resulting from the stresses introduced by the pre- 
cipitation of the diffusing silver ions as metallic silver 
within the lattice, rather than diffusion from the anode to 
cathode along rhombohedral planes as postulated by 
Tsinzerling'. 

S. WHITE 
Department of Geology, 
University of Melbourne. 
Australia. 
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Elasticity of Polydimethylsiloxane Melts 


THe observation of Mieras and Van Rijn’ that the steady 
shear flow compliance of polymer melts is dependent only 
on the width of the molecular weight distribution, charac- 
terized by Mz/Mw, is in accord with our similar measure- 
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ments on polydimethylsiloxane melts. The shear stress 
Py. and first normal stress difference P,;~Py: were meas- 
ured with a Weissenberg cone and plate viscometer as a 
function of shear rate + for fractions and blends of polydi- 
methylsiloxane. (With the usual convention l is the flow 
direction, and 2 is normal to the measuring surface.) The 
Newtonian viscosity 7 and the limiting value of the normal 
stress coefficient 0 (defined by »,;-P2/y*) were found, for 
molecular weights greater than the “entanglement” 
molecular weight Me (55,000), to vary according to the 


equations Fs 
7=GL Mu?" (1) 
§=GL*(MwMz)*" (2) 
where Gand L are constants. The steady shear compliance 
J was therefore given by 
1 Mz% 
A | 
G \Mw/ 
The experimental values of J are shown in Fig. 1, together 
with data from the tensile stress relaxation of anionically 
polymerized polystyrenes**. There are different con- 
stante G for the two polymers, and the values of G correlate 


well with the shear modulus of a rubber network with a 
molecular weight between cross-links equal to Me 


G= oRT/Me (4) 


J = 0/n* = (3) 


where ọpọ is the polymer density, R the gas constant and 7’ 
the absolute temperature. 

This behaviour is at variance with the dilute solution 
theories*-* of polymer viscoelasticity, but can, on the other 
hand, be shown to be consistent with continuum rheo- 
logical theories based either on Lodge’s elastic liquid 
model’ or linear viscoelasticity”. These theories predict 
that the shear modulus for a small instantaneous strain, 
the steady shear flow viscosity and normal stress coefficient 


10> ; 


10-* 


J (em®/dyne) 





10 j SaaS 


l 10 
Mz/Mw 
Fig. 1. Steady shear flow compliance J versus Mz/Mw for polydimethyl- 


siloxane at 20° C. ©, Polystyrene at 115°C; <A, ref. 3, polystyrene 
data reduced from 120° C to 115° C; A, ref. 2. 
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are, respectively, equal to the zeroth, first and second 
moments about the origin of the liquid memory function 
or relaxation time spectrum, 

The same three moments of the weight fraction mole- 
cular weight distribution are, respectively, 1, Mw and 
MuMz. The facts that the instantaneous modulus of 
high molecular weight polymer melts? is approximately 
given by equation (4), and the steady flow behaviour is 
described by equations (1) and (2), are then in accord with 
the continuum theories if some parameter of the time 
dependent behaviour is proportional to the molecular 
weight to the 3-7th power. Although the time dependent 
behaviour is complex® it has been found that time para- 
meters f, such as the maximum exponential relaxation 
time? or the time for the shear stress to fall to l/e of its 
steady shear value after steady shear flow, are given by 


tx LM" (5) 


Thus some of the elastic properties of polymer melts 
can be described using rubber elasticity theory and the 
averaging procedures of molecular time parameters 
implicit in Lodge’s theory or linear viscoelasticity. A 
theory to explain equation (5) remains to be found. 

N. J. Miis 
Petrochemical and Polymer Laboratory, 
Imperial Chemical Industries, Ltd. 
Runcorn, Cheshire. 


Received June 10, 1068, 


* Mieras, H. J. M. A., and Van Rijn, C. F. H., Nature, 218, 865 (1968). 

* Akovaldi, G., J. Polymer Sei., A-2, 5, 875 (1967). 

* Ueno, T., and Murakami, K., J. Soc. Mat. Sci., Japan, 16, 498 (1967). 

* Rouse, P. E., J. Chem. Phys. 21, 1272 (1953). 

* Bueche, F., J. Chem. Phys., 22, 603 (1954). 

* Lodge, A. 8., Elastic Liquids (Academic Press, London, 1964). 

’ Ferry, J. D., Viscoelastic Properties of Polymers (Wiley, New York, 1961). 
* Porter, R. S., and Johnson, J. E., Chem. Rev., 66, 1 (1966), 

* Mills, N.J., Rheol, Acta (in the press). 


Evidence of Ferroelectricity in RNA 


RECENT experiments have implied an intimate association 
of ribonucleic acid (RNA) in the memory processes of 
platyhelminths and in mammals!-*. It is therefore of 
interest to determine any physical, as well as chemical or 
physiological, properties that pertain to mechanisms of 
information storage. Hysteresis is a phenomenon that 
permits a material in which this property is inherent to 
maintain a physical state dependent on the history of the 
material. Ferroelectrics, which display dielectric hyster- 
esis, are characterized by the presence of spontaneous 
dipole moments which can be oriented by the application 
of electric fields to the material. In such a material, the 
state of polarization represents a memory of its electrical 
history. 

This communication reports the observation of ferro- 
electricity in the sodium salt of RNA, a form which is 
capable of crystallization. Dielectric hysteresis has been 
directly observed and the variation in permittivity with 
temperature, so characteristic of ferroelectric materials, 
has been observed. 

The sodium RNA samples were prepared from calf 
thymus and originally contained about 7 per cent moisture. 
The macromolecules in these samples were not highly 
polymerized. This material was dissolved in water and 
allowed to erystallize between brass substrates about 1 
inch square. Even after long drying periods, considerable 
moisture 18 retaimed in the crystals, a condition that 
manifests itself in the conductivity of the capacitor 
formed, The capacitors formed with the crystallized 
sodium RNA as the dielectric medium were not of uniform 
thickness, but had capacitances of the order of 10 nF. 
The samples, in the form of capacitors, were placed in a 
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Fig. 1. a, Typical hysteresis loop using virgin sample at 26°C. 
b, Hysteresis loop of same sample at 26° C after having been subjected 
to strong alternating electric fields. 


Sawyer~Tower cireut*, which displays the hysteresis 
loops directly on an oscilloscope. 

Figs. la and 16 are typical of results obtained on virgin 
samples before and after application of high driving 
fields. The asymmetry in the virgin sample implies an 
intrinsic orientation of the dipoles in the material on 
crystallizing. The same effect can be produced by apply- 
ing a bias field across the sample while driving it. The 
application of a large alternating field destroys the pre- 
ferred orientation, and a symmetrical loop is observed 
thereafter. The rounded points of the hysteresis loops 
are the result of considerable sample conductivity. 
With the sample in an oven, the material decomposed at 
a recorded temperature of 50° C and the hysteresis loop 
disappeared. 
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Fig. 2. The variation of capacitance of RNA with temperature, 
Note that the temperature scale is not the actual sample temperature. 
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Variation of permittivity of the sample material with 
temperature was measured dynamically, and the results 
are shown in Fig. 2. The recorded temperatures are those 
of a thermocouple and it is assumed that the sample 
temperature is considerably lagging. This curve is pre- 
sented only to describe the qualitative nature of the change 
in permittivity of sodium RNA with temperature; it is 
characteristic of a ferroelectric material approaching the 
Curie temperature. 

RNA is seen.to have the attributes of a ferroelectric 
substance at life temperatures and possesses the capability 
of storing information by a physical process, hysteresis. 

| A. L. STANFORD, jun. 
R. A. Lorry 
School of Physics, 
Georgia Institute of Technology, 
Atlanta. 
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BIOLOGICAL SCIENCES 


Sedimentation of High Molecular 
Weight DNA released from Protoplasts 
of Bacillus subtilis 


DavERN! extracted DNA in the form of one piece for 
each replicating unit from Escherichia colt by lysing 
spheroplasts on the top of a CsCl solution. I have applied 
this method to Bacillus subtilis by lysing protoplasts 
on the top of a sucrose gradient. Recently, a similar 
method applied to E. colt was reported?. 

First I examined the recovery and the banding pattern 
of macromolecules released on the top of a CsCl solution 
from the protoplast of *H-thymidine-labelled B. subtilis 
168T which requires tryptophan and thymine using 
Davern’s method’. *H-DNA banded as a single peak. 
No radioactivity due to °H was detected bound to low 
density material. The absence of B. subtilis DNA bound 
to low density material shows that the release of DNA 
from cells was almost complete in the experimental con- 
ditions I used, in contrast to results obtained with Æ. 
coli I therefore investigated zone sedimentation in 
sucrose gradients of DNA released from B. subtilis cells. 

The labelled cultures, with a cell density of 2 x 107/ml., 
were filtered and washed on a ‘Millipore HA’ filter. The 
cells collected on the filter were resuspended in 0-6 ml. of 
a solution containing 20 per cent sucrose and | mg/ml. of 
lysozyme in 0-01 M ethylenediaminetetraacetate (EDTA) 
and 0-015 M tris buffer, pH 8-0, and incubated at 37°C 
for 2h. The protoplast suspension (0-02 ml.) was carefully 
applied on 47 ml. of preformed linear sucrose gradient 
colurans from 25-70 per cent containing 0-01 M EDTA, 
sareosinate (Geigy) and various quantities of pronase. 
The tube was covered with parafilm and left undisturbed 
overnight at 20° C before centrifugation. During this time 
the detergent and the pronase diffused into the protoplast 
layer and lysed the protoplasts. **P-7, DNA (0-1 ug) 
was applied as a reference to the sucrose gradient before 
or after the overnight incubation. After centrifugation at 
20° C the tube was punctured as described by Burgi and 
Hershey? and each fraction was collected on a disk of 
filter paper and washed with cold 5 per cent trichloroacetic 
acid (TCA) and alcohol. The amount of DNA was 
estimated from the amount of DNA per cell reported by 
Eberle and Lark‘, the total cell count, and the number of 
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Fig. 1. Zone sedimentation patterns of *H-DNA (~~~) released from 

protoplasts and *P-7, DNA (~--~) in sucrose gradient Hquid columns 

containing various amounts of pronase. Centrifugation was at 36,000 

r.p.m. for 3 h in the SW 50 rotor of the ‘Spinco’ model L-2. a, No 

pronase, recovery of *H was 86-8 per cent; 6, 20 gg/ml. of pronase, 

recovery of "H was 116 per cent: e, 100 wg/ml. of pronase, recovery 

of *H was 134 per cent. 
nuclei per cell. Corrections for the loss of cells on the 
‘Millipore’ filter were not made, and so the actual amount 
of DNA applied would be less than the estimated value. 
Recovery was calculated from the total radioactivity of 
acid insoluble material which was applied to the sucrose 
gradient. 

Fig. 1 shows the effect of pronase on the sedimentation 
of *H-bacterial DNA (0-02 ug). In the presence of pronase 
(100 ug/ml.), the proportion of fast sedimenting material 
was significantly decreased and recovery of total mput 
was improved. Increasing the concentration of pronase 
to 1 mg/ml. did not further change the banding pattern 
(data not shown). Most *H-bacterial DNA sedimented 
faster than #*P-T, DNA. If the equation of Burgi and 
Hershey? relating relative S value in a sucrose gradient to 
relative molecular weight is applicable to these molecules, 
the fractions shown as I, I] and II correspond to 2-6 x 105, 
4-9 x 10% and 1 x 10° daltons molecular weight, respectively. 
When the amount of bacterial DNA in the tube was more 
than 0-23 ug, it sedimented unusually fast and carried. 
T, DNA with it. 

The highest molecular weight values for bacterial DNA 
which have been measured in sucrose gradients are 4 x 10° 
daltons in Haemophilus influenzae? and 2-5 x 10° daltons in 
E. coli and B. subtilis*. In the method used here, shearing 
forces are minimized by releasing DNA from protoplasts 
in the presence of sucrose, directly on the top of sucrose 
gradients and avoiding transfer of DNA. As suggested by 
Cairns’, the presence of sucrose may prevent explosive 
lvsis. Although Davern? showed that the entire DNA 
complement of the chromosome can be isolated as one 
molecule, a fast sedimenting component indicating one 
molecule of B. subtilis chromosome of 4x 10° daltons* 
was not detected in this case. Some shearing forces might 
effect DNA even in sedimentation through sucrose. Fast 
sedimenting fractions detected in this work, however, 
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sedimentation. With some modifications, this method of 
releasing cellular components might be also applicable for 
the isolation of polysomes. 

This work was supported by a grant from the National 
Research Council of Canada to Professor I. Takahashi 
of McMaster University. 
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Inactivation of Enzymes by Aspirin 
and Salicylate 


It has recently been shown in our laboratory that certain 
enzymes are easily inactivated by interaction with acyl 
phosphates'. For example, carbamyl phosphate at physio- 
logical concentrations rapidly inactivates glutamic de- 
hydrogenase. The possible relation of these findings to 
protein modification by other acyl reagents has been 
pointed out, as has the possible relation to protein turn- 
over, that is, modified proteins will be more easily de- 
graded by cathepsins or lysosomal enzymes*. These 
findings, together with the reported acetylation of serum 
albumin by aspirin’, prompted us to test the effect of 
aspirin and of salicylate on a number of enzymes. 

It should be noted that salicylates have a profound effect 
on nitrogen metabolism, causing a significant negative 
nitrogen balance and enhancement of protein catabolism‘, 
although the mechanism for the amino-aciduria produced 
by salicylates is largely unknown. 

As Table 1 shows, both aspirin and salicylate very 
rapidly inactivate triosephosphate dehydrogenase. Again, 
as exemplified in Table 2, glutamic dehydrogenase is 


Table 1. INACTIVATION OF CRYSTALLINE MUSCLE TRIOSEPHOSPHATE DE- 
HYDROGENASE BY ASPIRIN AND SALICYLATE 
Moles added Remaining activity (per cent) at 
Aspirin Salicylate Sh 25h 
0 0 96 93 
20 Q 86 72 
50 0 7i 39 
100 9 15 9 
ğ aep 86 7 
Q 50 64 43 


The incubation mixture contained in 1 mi.: 20 moles of tris-Cl- buffer, 
pH 7-35 (the pH remained constant during incubation); 1 mg of enzyme and 
the additions indicated here. Incubation at 38°C. In this experiment, and 
in these recorded in Tables 2 and 3, the activity at zero time was unchanged 
by the concentrations of aspirin or salicylate used. Activity was measured 
as described by Krebs’. 


Table 2. INACTIVATION OF CRYSTALLINE BOVINE LIVER GLUTAMIC DE- 
HYDROGENASE BY ASPIRIN AND SALICYLATE 

uMoles added Remaining activity (per cent) at 
Aspirin Salicylate Lh 2h 4h 
0 0 O4 06 91 

50 0 OG RS RS 
166 9 83 98 RĀ 
200 9 R2 69 28 
400 0 i) 0 0 
(} 50 92 85 85 

0 100 1006 83 g4 

Q 200 83 67 5i 

0 400 9 1 1 


The incubation mixture contained in 1 mi.: 100 pmoles KPO, buffer, 
PH 6'8 (the pH remained constant during incubation); 0:5 mg of enzyme, 
and the additions indicated here. Incubation at 38°C. Activity was 
measured as described by Strecker’. 
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Table 3. INACTIVATION OF HORSE LIVER ALCOHOL DEHYDROGENASE RY 
ASPIRIN AND SALICYLATE 
Moles added Remaining activity (per cent) at 

Aspirin Salievlate lh 3h 
0 ġ 100 100 

50 0 89 80 
200 0 7 55 
300 0 67 45 
G 50 100 100 

0 200 70 40 

Q 300 12 0 


The incubation mixture contained in 1 ml: 200 moles of tris buffer, 
pH 7:35 (the pE remained constant during incubation): 1 mg of enzyme, 
and the additions Indicated here. Incubation at 38°C, Activity was 
measured as described by Backers, 


unstable in the presence of salicylates (although in higher 
concentrations). These effects are dependent on pH, that 
is, the stability to salicylates decreases at lower pHs. 
Moreover, as Table 3 shows, when tested in the same 
conditions, aleohol dehydrogenase is more affected by 
salicylate than by aspirin. Thus it seems that some of 
the physiological effects of salicylates may entail or be 
related to enzyme inactivation as typified in this note. 

It is clear that aspirin and salicylate have similar 
effects (possibly there is hydrolysis of aspirin to salicylate). 
These findings are related to chemotrophic regulation, as 
exemplified with carbamyl phosphate! but not to the 
acylation of serum proteins by aspirin (postulated to be 
related? to the well known allergic sensitivity to aspirin). 
Whether or not the inactivation of the dehydrogenases 
induced by salicylate is reversible, as is the case for 
haemoglobin denaturation®, and/or entails covalent bond- 
ing as in the case of glutamic dehydrogenase and other 
enzymes through interaction with acyl phosphates’, 
remains to be investigated. 

This work was supported by grants from the American 
Heart Association, the Kaw Valley Heart Association, 
and the US Public Health Service. 
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Isolation of a Glycoprotein Fraction 
from Human Platelet Membranes 
which inhibits Viral Haemagglutination 


THE function of the membrane-bound sialic acid of 
human blood platelets is unknown, but platelet aggrega- 
tion occurs after in vitro treatment with neuraminidase! 
or with myxoviruses*, and thrombocytopenia is a com- 
mon finding in viral infections’. During a general study 
on the component glycoproteins of human platelets we 
have isolated a glycopeptide from platelet membranes 
after proteolytic digestion with trypsin and pronase’. We 
now report the isolation from human platelet membranes 
of a soluble glycoprotein fraction which inhibits virus- 
induced haemagglutination. 

Human platelet concentrates? were freed from residual 
erythrocytes by repeated differential centrifugation at 
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3,300 r.p.m. (1,500g) for 1 min in a swing out rotor. The 
platelet preparation was then sedimented at 4,000 r.p.m. 
(2,000g) in 1 per cent (w/v) ammonium oxalate/0-1 per 
cent (w/v) EDTA, pH 7-5. The platelets were lysed by 
dialysis against distilled water for 24 h at 4° C. Residual 
erythrocyte contamination was estimated to be less than 
0-2 per cent (v/v) based on spectrophotometric assay 
(540 mu) of the haemoglobin in the supernatant. The 
insoluble fraction was sedimented at 15,000 r.p.m. 
(28,000g) at 4° C and washed eight times by centrifugation 
in water. The insoluble pellet contained approximately 
30 per cent of the original platelet mass as determined by 
dry weight and protein content, and showed the presence 
of membrane-like formations on examination by light and 
electron microscopy. Thirty-five platelet units (from 18 1. 
of blood) were processed in a single batch for this work. 

When the insoluble pellet was resuspended m 66 ml. 
of water, and 33 ml. of pyridine was added at 4° C with 
shaking, a partial clearing of the suspension was im- 
mediately evident. Insoluble material (fraction I) was 
removed by sedimentation in a Spinco model L preparative 
ultracentrifuge at 30,000 r.p.m. (71,433g) for 30 min, and 
a gel-like macromolecular fraction (II) by centrifugation 
at 50,000 r.p.m. (198,425) for 2 h. The final supernatant 
solution (III) was almost completely clear. All three 
fractions were repeatedly dialysed against distilled water 
to remove all traces of pyridine. Partial precipitation 
occurred in fraction IIT but not in fraction HI. All three 
fractions were titrated both before and after removal of 
pyridine for haemagglutination-inhibiting activity by the 
“pattern” method’ in Takatsy micro-trays using eight 
agglutinating doses of influenza A, virus, JA P/305 strain, 
and 1 day old chick erythrocytes. The inhibition titres 
of fractions I and II (10 mg/ml.) were less than 1:1 in 
pyridine or water, but fraction III (2 mg/ml.) gave titres 
of 1: 96 when freshly prepared in pyridine, or 1: 16 after 
24 h of dialysis against water; the decrease was presum- 
ably caused by aggregation of the glycoprotein. 

A sample of erythrocyte stroma was found to be in- 
active in this system when tested at a concentration 500 
times higher than that expected as a contaminant in the 
platelet preparation. A sample of fraction II was eluted 
from a column of G-200 ‘Sephadex’ in 0-15 ml. NaCl as 
a single, ultraviolet absorbing peak at the void volume 
which contained all the applied activity. 

Amino-acid analysis indicated the presence of all the 
common amino-acids, but significant differences between 
the three fractions were evident with respect to lysine and 
valine. The proportion of lysine fell progressively from 
11-8 (moles/100 moles) to 4:9 while the proportion of 
valine rose from 1-4 to 7-2 in fractions I to LIT respectively. 

Analysis of the three fractions (Table 1) showed that 
the soluble fraction had a relative enrichment in carbo- 
hydrate but a decrease in phospholipid. In her work on 
erythrocyte membranes, Blumenfeld! has found a highly 
specific solubilization of glycoprotein components with 
aqueous pyridine; this difference may perhaps be related 
to the higher lipid content of platelets (17-20 per cent 
w/w) as compared to erythrocytes (1-5-2 per ceat w/w). 


Table 1. COMPOSTTIGN GF SOLUBILIZED FRACTIONS OF PLATELET MEMBRANES 
Fraction I il iil 
Protein 60 (34) 49 (14) 68 (52) 
Phospholipid 29 (49) 28 (19) 18 (32) 
Hexose 1-9 (33) 3-0 (21) 2-5 (46) 
NANA 0-9 (31) 1-2 (18) 1-4 (81) 
GLNAc 0-4 (23) 0-7 (18) 0-9 (59) 

Total 82-2 81-9 90-8 
gs 251 (41) 100 (16) 256 (48) 


Valuea are given for the percentage composition of the various com- 
ponents based on the dry weight of the fraction. Figures in parentheses are 
the percentage distribution of the particular component relative to the total 
in all three fractions. Protein was obtained from Kjeldahl nitrogen values 
using a factor of 6-25. Phospholipid was estimated from total phosphorus 
using a factor of 26-5. Hexose was determined by a phenol-sulphuric acid 
assay’, N-Acetylneuraminic acid (NANA} was estimated by the thio- 
barbiturate method", and glucosamine (presumed to be N-acetylated) was 
identified and quantitated on an amino-acid analyser after hydrolysis in 
2-7 N HCl at 110° C for 24 h. 


The soluble glycoprotein preparation (fraction 
which had been isolated from a pool of dono 
showed no activity when tested (2 mg/ml.) | 
agglutination inhibition test for the presence 
ing red cell antigens: D, ¢, H, A, A, I, Ty, 
P and B. = 

Glycoprotein fractions of the erythrocyt 
have been solubilized by phenol-water ext 
by a variety of other methods, and found to 
M and N blood group activity and to inhibit 
glutination when tested against A and B im 

The glycoprotein of human platelets appears t 
that of red cell stroma in terms of the size of the hetero: 
saccharide units’ and the presence of a receptor glyco- 
protein. The differences in the viral specificity of haem- 
agglutination inhibition between the platelet and blood 
group glycoproteins, however, demonstrate the unique 
structural characteristics of this component. Work is 
in progress to relate the isolated glycopeptide structures 
to a particular glycoprotein in the soluble extracts and to 
determine the relation of these to platelet antigens™. 

We thank Dr Lynn Flory for determining the activity 
of these preparations against red cell antigens. This 
work was supported by a grant from the US Pubhe 
Health Service. 
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Genetic Control of Leucocyte 
Responses to Endotoxin 


THE many pathophysiological effects produced by endo- 
toxins are subject to considerable variation. Such varia- 
tion may serve as a useful tool for analysing the meeh- 
isms of endotoxin activity, 1f different strains of highly 
inbred animals raised in the same environmental con- 
ditions can be found to differ m their responses to the 
same materials. Previous observations have indicated 
that this might be so with regard to the intraperitoneal 
leucocyte response to endotoxin in mice! The investiga- 
tion reported here was initiated to determine the extent 
of the intraspecies variation in this type of cellular 
response and eventually the degree of genetic control 
involved. 

Five strains of highly inbred male mice were obtained, 
when 5 weeks old, from Jackson Laboratories, Bar 
Harbor, Maine. The mice were maintained in our labor- 
atory at a temperature between 22° C and 26° C in stam- 
less steel cages and fed freely on Purina mouse chow and. 
water. All mice used were 6-7 weeks old and at +2 g of 
their average weight. Endotoxins from Salmonella typhosa 
0-901 and Escherichia coli 0127 : B8 were prepared by the 
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trichloroacetic acid method. Stock solutions were made in 
0-85 per cent non-pyrogenic saline at a concentration of 
l mg/ml. and stored at —20° C, Fresh dilutions were 
made at 100 ug/ml. and 0-1 ml. (10 ug) was injected 
intraperitoneally into groups, usually of ten mice. All 
animals were injected at the same time of day and controls 
were equivalent numbers of uninjected mice or mice in- 
jected with 0-1 ml. of non-pyrogenic salines. Extra- 
vascular leucocytes were collected from the peritoneal 
cavity of each mouse 24 h after endotoxin by a modi- 
fication of the procedure of Spiers et al.*. The individual 
leucocyte suspensions were counted with a Coulter elec- 
tronic particle counter. For differential counts, brush 
smears on glass slides were made from cell pellets obtained 
by low speed centrifugation of each suspension. The 
smears were stained with Wright’s stain and two inde- 
pendent observers each counted a total of 400 cells per 
shide. 


Table 1. INTRAPERITONEAL LEUCOCYTE RESPONSE 
STRAINS TO ENDOTOXIN 


Mean No, of cells x 10 


OF VARIOUS MOUSE 


Mouse Pe ito Seos mone: Neutrophils P 
strain No. of mice phils nuclears wWononuclears 
(ESE) (ESE Mononuclears 
BALBicd None (38) 0 $2 (+01) 0 
. E. cali (40) 4-9¢4+03) 2°4(40-4) 2:0 P< O01 
AiHeJd None (50) 0 3°0 (+ 0-08) 0 
E. coli (30) vE O2) 1:1 €+ 0-06) 33 P < 0-001 
C3H!Hed None (50) 0 2-7 (+009) 0 
E. coli (30) LO(+O1) t4(+02) 0°36 P < 0-001 
AT None (56) i 2-7 (+008) G 
l E. colt (50) 29 (40-1) 1204008) 2:4 P<0-001 
CBAIJ None (50) 0 2-3 (+ 0-08) 0 
. E. colt (50) $2(+0°3) 1:3 (40-07) 3°2 P<(-001 
AjHeJ Saline (45) < 0-04 3-1 (+ O)4) 0 
S. typhosa (44) 246402) 0-9(¢40-07) oa P< 001 
CIH HeJ Saline (49) < O-02 PBE HIL} ü 
S. typhosa (48) 2-3 (+£0-2) +5i+02) 05 P< 000l 


P, Statistical significance of the difference between the mean values of 
mononuclear cells in control mice compared with endotoxin treated mice 
calculated by Student’s t test. 


The results presented in Table 1 represent the pooled 
data from four to five trials and indicate quantitative 
differences between strains of mice with respect to the 
number of extravascular neutrophils and mononuclear 
cells which appear after endotoxin injection. The increase 
in neutrophils ranges from 1-6 x 108 in C3H/He.J mice to 
49x 10% in BALB/cJ mice. On the other hand, mono- 
nuclear cells decrease, ranging from 25 per cent from 
normal levels in BALB/eJ mice to 63 per cent in A/HeJ 
mice. While most strains showed a similar pattern of 
increased neutrophils and decreased mononuclear cells, 
C3H/HeJ strain responded in a strikingly different manner 
as noted by comparing the ratios of neutrophils with 
mononuclear cells. That these cellular response patterns 
are not peculiar to the particular endotoxin used is shown 
by the similar results obtained with the A/HeJ and 
C3H/HeJ mice with S. typhesa 0-901 endotoxin. 


Table 2. SUSCEPTIBILITY oF A/HeJ and C83H/HeJ MICE TO THE LETHAL 


EFFECT OF ENDOTOXIN 


Mouse strain Endotoxin LD (t 
A HeJ E. coli O127 : BS 60 
eee A. typhosa 0-901 45 
C3HiHeJ E. coli 0127 : BS 2,240 
S, typhosa 0-901 1.020 


* As calculated by the log prohability graph method. 
taken at 72 h. 


Mortality values 

Trials to find values of L.D,, were carried out with two 
strains showing the most divergent cellular responses. The 
data in Table 2 indicate that C3H/HeJ mice are about 
twenty times more resistant than A/HeJ mice to S. 
typhosa 0-901 endotoxin and about thirty-eight times 
more resistant to Æ. coli 0127: B8 endotoxin. In effect, 
the C3H/HeJ mouse is naturally tolerant and the 4/He.J 
mouse is highly susceptible to the lethal effect of endo- 
toxin. Saecquet and Charliert and Heppner and Weiss* 
have reported differences between the susceptibility of 
various mouse strains to the lethal effect of endotoxin, 
but this was of a lower order of magnitude than we 
obtained. The C3H/HeJ strain thus offers a convenient 
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tool for the investigation of the mechanism of resistance 
to endotoxin toxicity compared with mice made tolerant 
by repeated injections of small amounts of endotoxin. 

Several questions are posed by these results. For 
example, what are the factors or mechanisms under 
genetic control which determine the observed leucocyte 
responses and the level of susceptibility to the toxicity of 
endotoxin ? Is the extreme depression of mononuclear 
cells in A/HeJ mice related to the high degree of sus- 
ceptibility of these animals to the toxie effect of endo- 
toxin ? Conversely, is the enhanced mononuclear response 
of C3H/HeJ mice a result of this strain’s relatively low 
susceptibility to the toxic effects of endotoxin ? 

Work to be reported later indicates that the leucocyte 
response to endotoxin is quite uniform in the F, progeny 
(A/HeJ x C3H/HeJ), while the response in F, mice is 
highly variable. Thus the degree of genetice determination 
of such cellular responses to endotoxins and probably 
other microbial antigens can be measured using this 
experimental model. 

I thank Nancy Moldover, Susan Marrone and Angelo 
Albano for technical assistance. This work was supported 
by a grant from the US National Institute of Allergy and 
Infectious Diseases. 

BARNET M. SuLrzer 


Department of Mierobiology and Immunology, 
College of Medicine, Downstate Medical Center, 
State University of New York. 

Brooklyn. 


Received June 17, L968, 


Sultzer, B. M., J. Infect. Dis., 118, 340 (1968). 

* Spiers, R. S., Jansoen, V., Spiers, E. E., Osada, S., and Dienes, L., in 
Tritium in the Physical and Biological Sciences. 2 (International Atomie 
Energy Agency, Vienna, 1962). 


* Burke, W. T., Brotherston, G., and Harris, C., Amer. J. Clin. Pathol., 25, 
1226 (1955). 

* Sacquet, E., and Charlier, E.. Ann. Inst. Past., 108, 353 (1965), 

* Heppner, G., and Weiss, D. W., J. Bart., 90, 696 (1965). 


Mechanism of Regression of Tumours 
induced by Polyoma Virus in Rabbits 


POLYOMA virus is oncogenic for seven species of rodents’. 
Neoplasms in mice, rats, hamsters, mastomys, guinea- 
pigs and ferrets show all the signs of malignancy: they 
are invasive, transplantable and metastasize. The tumours 
induced by polyoma virus in rabbits infected at birth, 
however, are quite different. Subcutaneous injection of 
the virus produces multiple tumour nodules in rabbits at 
the site of inoculation after a latency of 2-3 weeks. The 
tumours grow slowly to reach a maximum size of 2~3 em 
always regress completely?-4. 

The factors determining the differences in the growth 
pattern and the fate of tumours induced by the same 
virus in different species deserve close analysis. It seems 
possible that the immune response of the rabbit-tumour 
carrier can account for the “benign” character and for 
the regression of polyoma tumours. The results of experi- 
mental enhancement of tumour growth induced in rabbits 
by Shope fibroma}* and papilloma’ viruses using immuno- 
suppressants were recently published. In order to verify 
the hypothesis we have studied the effects of two immuno- 
suppressive procedures. 

Rabbits of chinchilla stock less than 24 h old were 
thymectomized or X-irradiated with 200-300 r.; 1-2 h 
later the rabbits were infected subcutaneously (into the 
interscapular region) with 1:0 ml. of polyoma virus 
strain 2510 (Eddy) containing 10° TC PD. Control animals 
(non-operated and non-irradiated) received the virus 
in the same conditions. Because of the high death 
rate of animals thymectomized when less than 24 h old, 


NATURE, VOL. 219, SEPTEMBER 21, 1968 


Table 1. INDUCTION AND REGRESSION OF POLYOMA VIRUS-INDUCED TUMOURS 
IN NORMAL, X-IRRADIATED AND THYMECTOMIZED RABBITS 


Groups of rabbitsinfected with polyoma virus Induction® Regression t 
Animals infected when newborn 
Norma! (untreated control) 24/24 24/24 
Thymectomized when less than 24 h old 2/2 0/2 
Thymectomized when 2-3 days old 15/15 15/15 
X-irradiated (200-300 r.) when newborn 12/12 3/12 
Animals infected when 3 weeks old 
Normal (control) 0/6 — 
X-irradiated (600 r.) when 3 weeks old 7/7 0/7 


(No, of rabbits developing tumours) 
(No. of rabbits inoculated) 
(No. of rabbits whose tumours regressed) 


* Induction is represented as the 


+ Regression is represented as the (No. of rabbits developing tumours) 
a group of rabbits was thymectomized and infected 
48-72 h after birth. 

The results are summarized in Table 1. In all rabbits 
inoculated with the virus less than 24 h after birth, 
multiple subcutaneous tumours appeared 2 weeks later. 

Although the frequency of tumour development and 
the latency were identical, we found an impressive and 
radieal distinction in the evolution of tumours in the 
experimental and control groups. In control rabbits 
the tumour nodules underwent involution after reaching 
the maximum size of 1-2 cm and disappeared usually 1-5 
months after inoculation. In irradiated rabbits, tumours 
grew significantly more rapidly and coalesced into massive 
conglomerates. forming a kind of armour which covered 
all the trunk, often spreading to the extremities. The 
weight of the tumour tissue in such animals sometimes 
exceeded one third of the weight of the rabbit itself. 
Most of the irradiated rabbits survived no more than 
1-5 months and died still with tumours that grew pro- 
gressively; at autopsy, as well as a massive neoplastic 
process, signs of widespread pneumonia were often 
revealed. 

Only two rabbits thymectomized less than 24 h after 
birth survived for more than | month. Tumours in these 
animals were principally of the same character as in 
neonatally irradiated ones. On the other hand, thymec- 
tomy performed 48-72 h after birth did not produce any 
modification of the tumour growth pattern as compared 
with control rabbits. 

The result obtained in another experiment is of par- 
ticular interest. A group of rabbits was X-irradiated 
with 600 r. and simultaneously infected with polyoma 
virus when 3 weeks old. In all the irradiated rabbits 
2-3 weeks after inoculation massive tumours developed 
identical to those observed in neonatally irradiated and 
infected animals. In contrast, in none of six control 





Fig. 1. 
interval after virus Inoculation, 22 days. 
and diffuse accumulation of mononuclear leucocytes is seen, 


Non-irradiated (control) rabbit, infected when newborn. Time 
The tumour is very cellular, 
(Haema- 


toxylin and eosin, = 150.) 
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Fig. 2. 


A pronounced regression of the tumour in control rabbit; 
1-5 months after inoculation of virus. The edge of the tumour nodule 


is surrounded by a dense ring of cellular elements. (Haematoxylin and 


cosin, x 100.) 


animals have tumours developed during more than six 
months of observation. 

The morphological investigations show that in neo- 
natally infected control (non-irradiated) animals, tumours 
are always extremely rich m cellular elements—chiefly 
fibroblast-like and spindle shaped cells, growing irregu- 
larly and often invading muscle. Between one and two 
weeks later histology reveals a pronounced and gradually 
increasing diffuse accumulation of mononuclear and poly- 
morphonuclear cells in the tumour tissue (Fig. 1). 

The tumour nodules become well circumscribed, the 
edge of the nodule being surrounded by a dense ring of 
mononuclear leucocytes. The balance between tumour 
cellular elements and intercellular material changes pro- 
gressively in favour of the latter with a marked decrease 
in the number and degeneration of the former (Figs. 2and 3). 
The overgrowth and collagenization of the tamour stroma 
are accompanied usually by a progressive disorganization 
of intercellular material, accompanied by collagen de- 
position and by vascular damage. The appearance of 
necrotic areas in the central part of the nodule at this 
stage of the tumour involution is often recorded. 
Finally, about 5-6 weeks after inoculation, the tumour 
regresses, being totally replaced by hyaline scar masses 
that may be resorbed shortly afterwards. In the lymph 
nodes, near regressive tumours, there is strong lymphoid 
hyperplasia with only a slight plasma cell reaction. 
Cystic destruction of axillary lymph nodes and cystic 
lymphangiectasia similar to those induced by Rous 
sarcoma virus in rats and rabbits* were found in a few 
cases. 

In contrast to the situation with the control rabbits, 
tumours in irradiated hosts grow progressively until they 
kill most of the animals (up to 6-7 weeks after inoculation). 
During all this period the tumours are very cellular and in- 
vade and destroy surrounding tissues, resembling sarcomas 
(Fig. 4). Slight leucocytiec infiltration (principally poly- 
morphonuclear) cannot be found earlier than 1 month 
after inoculation; later on it becomes lymphomonocytic 


Li 
a 
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Fig. 3. Detail of the same tumour nodule. Note severe mononuclear 

reaction at periphery of the nodule; tumour cells are decreased in 

number and degenerate, and the stroma had undergone sclerosis. 
(Haematoxylin and eosin, x 150.) 





Fig. 4. 
inoculation, 1:5 months. The tumour is rich in cellular elements, invades 
and destroys muscle fibres. (Haematoxylin and eosin, x 150.) 


Neonatally irradiated rabbit. Time interval following virus 


and more abundant. Only in three rabbits surviving 2 
months or more did histological examination reveal a 
pronounced sclerosis and involution of tumours. In these 
cases, as well as in control regressive tumours, the peri- 
phery of nodules was surrounded by a dense ring of 
mononuclear cells, 

These data are consistent with the hypothesis that an 
obligate regression of tumours induced in rabbits by 
polyoma virus is a process controlled by immune mech- 
anisms. 

The following conclusions can be drawn from our 
evidence: (1) treatment of newborn rabbits by X-irradia- 
tion or thymectomy, causing presumably the suppression 
of immune reactivity, does not markedly change the 
character of initial tumour growth but greatly stimulates 
the progression of tumours; (2) failure of immune 
response in rabbits subjected to X-irradiation when 3 
weeks old can account for induction of polyoma tumours 
of invasive and progressive character; (3) according to 
histological data the break of the growth and subsequent 
involution of the tumours are connected with the pro- 
gressive development of cellular reactions characteristic 
of cell-mediated immunity; (4) in progressive invasive 
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tumours developed in animals with presumably sup- 
pressed immune reactivity, such cellular reactions are 
absent or slight. 

It may be concluded that differences between the type 
of growth and the fate of polyoma tumours in rabbits and 
in other species sensitive to oncogenic action of this 
virus are connected with a relatively high level of immune 
responsiveness of newborn rabbits. 
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Relationship of Monoamine Metabolites 
in Human Cerebrospinal Fluid to Age 


HoMOVANILLIC acid (HVA) and 5-hydroxyindoleacetic acid 
(SHIAA), metabolites of 5-hydroxytryptamine and dop- 
amine, have been detected and measured in animal and 
human cerebrospinal fluid (CSF) (refs. 1-3). Although 
these substances in CSF probably derive from neuronal 
populations in the central nervous system, their precise 
relationship to altered brain function remains to be 
determined. Nevertheless, several clinical studies have 
reported a decrease in 5HIAA and HVA in certain groups 
of patients, notably depressed psychiatrie patients and 
individuals suffering from Parkinsonism?-*. In the course 
of our studies on monoamine metabolites in CSF, we have 
found that values for these substances vary with age, 
both in psychiatric and neurological groups of patients. 
This finding may be crucial for the interpretation of values 
for CSF monoamine metabolites in clinical studies. 

Lumbar punctures were performed between 10 days 
and 2 weeks after admission in thirty male and female 
psychiatric patients: nine schizophrenics, seven manic 
depressives and fourteen depressives. Diagnoses were 
agreed on by two staff psychiatrists. No patients had 
received medication since their admission except the 
schizophrenic group, several of whom were receiving 
varying doses of phenothiazines. Lumbar CSF samples 
were similarly obtained from nineteen male patients with 
a variety of neurological (organic) diagnoses. The CSF 
was analysed for 5HIAA and HVA by the methods of 
Ashcroft and Sharman’ and Anden ef al. with modi- 
fications’. ‘There were no correlations between sex and 
5HIAA or HVA in the CSF. There were, however, 
important correlations with age. For 5HIAA, a U-shaped 
curve was obtained for all groups of patients when CSF 
values were plotted as a function of age (Fig. 1). Patients 
in the age group 35-55 had a significantly lower mean 
value for 5HIAA than either the younger or older age 
group (P=0-01). The neurological group showed a similar 
trend. So it is unlikely that this age relationship is 
primarily a result of psvchiatric diagnosis. Volumes of 
CSF obtained from the neurological group were not 
sufficient for HVA analysis; however, the psychiatric 
group aged more than 55 had a significantly higher mean 
HVA value than either the younger or middle age group 
(P=0-01). 

This study does not define the reasons for the age- 
related variations in monoamine metabolite concen- 
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Fig. 1. Values of SHIAA in CSF plotted against age in thirty psychiatric 
and nineteen neurological patients. A, Schizophrenia: ©, manic depres- 
sion; (i, depression; @, neurology. 
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trations in CSF reported here. Although these differences | 


may reflect changes in endogenous brain amines (or related 
enzymes) with age, it is equally possible that age related 
alterations are implicated in a system which removes 
organic acids from brain!. If these findings are confirmed, 
it will be necessary to control for age in clinical studies 
which attempt to correlate CSF monoamine metabolites 
with alterations in central nervous system functioning 
and behaviour. 


Marcom B. Bowers, juh. 
Frank A. GERBODE 
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Effects of Actinomycin D on 
Regeneration give Evidence of 
Sequential Gene Activation 


ACTINOMYCIN D, a potent inhibitor of nucleie acid syn- 
theses', has been used in many developing systems to 
determine immediately gene-dependent events*. Gabriel? 
concluded that actinomycin inhibits cephalic regeneration 
of the planarian Dugesia gonocephala ‘mainly during the 
first 24 hours following amputation’. Previous investi- 
gations’, however, have suggested that this early period 
is one of non-specific proliferation and that the definitive 
gene-dependent events occur later in development. 
Planaria, Dugesia dorotocephala, were fasted for 4 days 
and washed serially in sterile saline (6 mM NaCl, 0-048 mM 
CaCl, and 0-012 mM NaHCO, pH 7-0), penicillin and strep- 
tomycin (50 u and 50 ug/ml.) and finally in sterile saline. 
Heads were amputated just posterior to the auricles and 
the regenerates in twenty groups of ten were cultured in 
sterile saline in the dark at 20° C. At various times during 
regeneration, standard saline was replaced by saline con- 
taining actinomycin D (10 ug/ml.). After the desired 
period of exposure, regenerates treated with actino- 
mycin D were washed thoroughly with sterile saline and 










maintained for periodic observations. Complete regs 
tion usually requires 4 days in either pond wat 
saline; eyes appear on the fourth day, auricles on- 
fifth day. 
Pulses of actinomycin lasting 12-22 h at any. 
during the first 24 h of regeneration resulted in irreve) 
inhibition of regeneration. The blastemata were extre | 
reduced in size or very nearly absent. Actinomycin proved 
to be highly toxic when administered immediately after 
amputation and before wound closure: thus the compound 
was not administered until at least 2 h after amputation. 
Relatively large concentrations and long pulses of aetino- 
mycin were necessary because of the rather impermeable 
integument of the planarians’. | E 
Pulses of actinomycin lasting from 24 to 48 h after 






amputation, or from 30 to 48 h after amputation, | go nS 


prevented complete regeneration, but did not block growth 
of the blastemata. In twenty-eight out of thirty cases, 
the blastemata attained at least twice the normal size, 
but never showed any signs of differentiation, including a 
total lack of pigmentation. These blastemata were- tri- 
angular in contrast to the normal crescent shape. After 
10-12 days in culture, these undifferentiated blastema 
began to lyse and were replaced by normal regeneration 
blastemata in 60 per cent of animals, This behaviour is 
strikingly similar to that exhibited by spontaneous 
tumours observed in Dugesia’. 

Exposure to actinomycin D from 36 to 60 h, or from 
42 to 60 h after amputation, delayed the appearance of 
eyes by 24-48 h and prevented auricles from forming 
until 36-48 h after the eyes had formed. In 80 per cent 
of the regenerates the eyes were abnormal; some were 
fused at the midline, some were without pigment and the 
rest were of unequal size. Similar abnormalities of eye 
formation, but with normal auricle formation, were 
elicited when the pulse was delivered during a period 
lasting from 40 h after amputation until 48 h after 
amputation. When, however, actinomycin was puls 
from 48 to 60 h after amputation, auricles were 5¢ 
form without the previous appearance of eyes im sixteen: 
out of twenty regenerates. These animals produced eyes. 
approximately 48 h after the appearance of auricles, but 
the regenerated eyes were formed from non-blas 
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non-blastema cells, 

Auricle formation was found to be selectively blocked 
by actinomycin pulses lasting only from 60 h after 
amputation to 72 h after amputation in eleven out. of 
twenty cases. In all twenty cases, eye formation was nor- 
mal. Treatment with the antibiotic after the first 72 hof 
regeneration has no apparent effect on differentiation, 
presumably indicating stabilization of the system. 

The actinomycin-sensitive periods are interpreted as 
times of specific gene activation and transcription. On 
this basis it is proposed that the first 24 h of regeneration 
represent the activation of loci necessary for proliferation 
and growth; the period from 42 to 60 h represents the 
activation and operation of loci concerned with eye 
formation, and the period from 60 to 72 h represents a 
similar period for auricle formation. The total inhibition 
produced by actinomycin D during the first 24 h may be 
due partially to inhibition of DNA synthesis? * and 
mitosis (unpublished results of myself and L. F. Moore), 
both of which are extremely active processes during this 
initial period. Apparently, blocking the entry ito 
differentiation with pulses between 24 and 48 h allows the 
growth processes to continue in at least a limited fashion, 
supporting the notion that proliferation and differentiation 
are exclusive and separable processes’. 

This work was supported in part by the Office of 
General Research, University of Georgia, and im part by 








1258 


the US Public Health Service. Actinomycin D was sup- 
plied by Merck, Sharpe and Dohme. 
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Inflammation in Agranulocytotic Rats 


Since the discovery of lysosomal enzymes within poly- 
morphonuclear leucocytes there has been an ever growing 
tendency to attribute to these granules an important role 
in acute inflammation, This concept has received 
further support from experiments in which agents known 
to stabilize membranes have been shown to exert an 
anti-inflammatory effect'-®. In addition, it has been 
found that a reduced number of polymorphonuclear cells 
leads to reduced acute inflammatory reactions’ and 
Arthus type reactions®. The studies by Ward and Coch- 
ranei? on immunological inflammation stressing the 
importance of the polymorphonuclear leucocyte have 
often been extrapolated to non-allergic acute inflammatory 
states. There are, however, opposing views as to the 
relative importance of the polymorphonuclears in bringing 
about vascular changes in acute inflammation, 

We have treated twenty-four rats for 3 days with metho- 
trexate (2-5 mg/kg} by the intraperitoneal route. The 
white cell count was taken for a further 10 days. Fig. 1 
shows the changes that occurred in the peripheral blood 
4 days after the last injection of methotrexate. The total 
white blood cell count was lower, as were the numbers of 
peripheral lymphocytes, but the dominant effect of the 
drug was to reduce the numbers of polymorphonuclear 
leucocytes virtually to zero. This effect was found to be 
extremely reproducible and the polymorphs usually 
remained at this very low level for 48 h after cessation of 
treatment, thereafter slowly increasing in number. 
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Fig. 1. Four days after methotrexate 2-5 mg/ kg for 3 days. Effect on 
white blood count and inflammatory response. Note normal response in 
absence of polrmorphonuclear leucocytes. 
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When the polymerphs were at this low level the 
animals were tested for their ability to respond to a 
standard thermal injury of 57° C for 27 s. Increased 
vascular permeability at the site of damage was assessed 
by observing the degree of local leakage of trypan blue 
previously injected intravenously'*. No differences were 
detectable | h after injury between twenty-four untreated 
and twenty-four methotrexate-treated animals. Similarly 
4 h after the burn, when both control and treated animals 
were killed and the water content of the skin was de- 
termined by wet and dry weights, there was no difference 
between the two groups (Fig. 1). This conclusion was 
amply confirmed by histology, showing intense oedema 
and fibrin exudation. 

A second form of injury used to test the abihty to 
produce an inflammatory response was pleurisy induced 
by intrapleural injection of turpentine'®. It was found 
that animals with depleted polymorphs (twenty-four rats) 
yielded pleural exudates 1 and 4 h after injury; the 
volume of the exudates did not differ from normal con- 
trols (twenty-four rats, Fig. 1). 

Attention has been directed recently to the possible 
role of complement in acute inflammation**. It seems 
likely that previous reports of failure to develop inflam- 
matory vascular changes after depletion of polymorphs 
may have been a consequence of the methods used to 
destroy the leucocytes. Thus a variety of immunosup- 
pressive agents have been shown to have non-specifie 
anti-inflammatory actions unrelated to their effect on 
granulocytes, but possibly connected with the depletion 
of complement. In addition, various antibodies, among 
them antisera to lymphocytes and polymorphonuclear 
leucocytes, have been found to fix complement and to 
have non-specific anti-inlammatory properties’. 

The results obtained with methotrexate do not prove 
that granulocytes play no part in the pathogenesis of 
increased vascular permeability to non-allergic inflamma- 
tion. Nevertheless, they do provide evidence that these 
vascular changes can proceed in the absence of these cells. 

D. A. WILLOUGHBY 
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London. 
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Ultraviolet Radiation and 
Lysosomes in Skin 


ERYTHEMA followed by scaling and increased pigmenta- 
tion develops in human skin which has been exposed 
to moderate doses of ultraviolet radiation. Oedema, 
blistering and necrosis may occur after higher doses, and 
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continued exposure to high intensity ultraviolet radiation 
may result in premature ageing and skin cancer; similar 
reactions occur in animal skint. Biochemical and histo- 
chemical changes*~* in irradiated skin have been difficult 
to correlate with these gross reactions. Decreased phos- 
pholipid in mouse skin after massive doses of ultraviolet 
radiation at — 40° C? and similar findings with lower doses 
in vivo’, together with reports of the formation of lipid 
peroxide in irradiated lipid? and skin’, may be indicative 
of changes in membrane integrity. Although protein is 
considered the target for ultraviolet radiation haemolysis, 
increased permeability typically precedes colloid osmotic 
disruption of the plasma membrane". Among the more 
complex membranous components of other tissue cells, 
lysosomes are the most susceptible to rupture by ultra- 
violet radiation’®, There is also indirect: evidence for 
lysosomal enzyme action in damage caused by this 
radiation to rat skin in organ culture’. 

The integrity of lysosome membranes in skin is difficult 
to study because standard methods for cell fractionation 
fail to produce a good lysosomal preparation. If, however, 
lysosomes are disrupted in skin cells exposed to ultra- 
violet radiation in vivo, the enclosed enzymes may be 
released and either bound to natural substrate or removed 
in the blood. In either case, assays for lysosomal enzymes 
would show less activity in irradiated skin than in controls. 

The ears of twenty-five albino mice (strain A) were used 
to investigate this possibility. One ear of each of twenty 
animals was exposed to the emission from a medium 
pressure mercury arc lamp (Hanovia 504/4 type are tube 
with quartz envelope) at a distance of 1 m for 10 min 
(dose of ultraviolet radiation below 320 nm: 5x 10% erg 
em-?), The other five had one ear exposed to an equivalent 
dose of radiation filtered through quarter inch plate glass. 

The mice were killed immediately after exposure. Each 
ear was removed, weighed and dispersed in distilled water 
in a micro-wet grinder (Townson and Mercer) to give a 
final homogenate of 20 mg wet weight/ml. The homo- 
genate was centrifuged and acid phosphatase activity was 
determined in the clear supernatant by a method adapted 
from that of King and Wooton for serum acid phospha- 
tase’. According to this method, the phenol released 
from disodium phenyl phosphate at pH. 5-0 is determined 
by the colour produced with 4-amino antipyrene. Results 
can be expressed as ug of phenol released/h/g wet weight 
of tissue. 

The mean acid phosphatase activity of the ears exposed 
to unfiltered radiation—-controls expressed as unity— 
was 0-67 (S.D., 0:13; P, 0-001). The mean acid phos- 
phatase activity of the ears exposed through plate glass-— 
controls expressed as unity-—was 0-98 (S.D., 0-12; P, 0-7). 

Plate glass effectively filters out the ultraviolet radiation 
below 320 nm which produces pathological changes in skin. 
Ultraviolet radiation of wavelength similar to that which 
produces these changes therefore brings about the decrease 
in acid phosphatase activity observed in these experi- 
ments. 

The most striking histological feature of skin exposed 
to ultraviolet radiation is the presence of sunburn or 
dyskeratotic cells in the epidermis 12-48 h after exposure. 
These cells exhibit nuclear pyknosis, and densely baso- 
philic cytoplasm which is shrunken from contact with 
neighbouring cells, a picture consistent: with autolysis’, 
The concept of the lysosome as a “suicide bag’ may be 
true in the case of these cells, decreased acid phosphatase 
activity reflecting the disruption of the lysosome mem- 
brane by ultraviolet radiation. 

The ultraviolet dose used in these experiments is that 
which results in skin cancer if repeated daily for several 
months!. Although it is high—-approximately ten times 
that required to elicit an acute reaction—it is less than the 
level usually required for photochemical enzyme inactiva- 
tion in vivo. The observed decrease in activity 1s more 
likely to be a manifestation of immediate, complete 
disruption of large numbers of lysosomes with loss of 
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available enzyme. Although disruption of lysosor 
is not the only form of damage in skin exposed. i 
violet radiation, vasodilator substances may be 
or formed in the autolytic process?’. Epiderma 
stasis may be interrupted by the action of 
enzymes, and collagenase. for example, may b 
to play a part in the connective tissue change 
chronically Sun-damaged skin. A relationship 
lysosomes and carcinogenesis has been propose 
changes in the state of lysosomes in the skin mi 
important in carcinogenesis induced by ultraviok 
tion as any postulated photochemical reaction © 
ribonucleic acid. | 

This work was supported by a grant from the British 
Empire Cancer Campaign. 
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Metabolism of Tryptophan to Nicotinic 
Acid Derivatives by Women taking 
Oestrogen-Progestogen Preparations 


Women who are taking oestrogen- progestogen pre- 
parations to control ovulation, and subjects ingesting 
oestrogens alone, exerete grossly increased quantities of 
xanthurenic acid! and other tryptophan metabolites’ 
in urine collected after the administration of an oral dose 
of L-tryptophan. This abnormality in part resembles 
the disturbance of tryptophan metabolism which occurs 
in pregnancy’. There is one significant difference m that, 
while the excretion of N-methy!l-2-pyridone-5-carbox- 
amide (2-pyridone) is increased in pregnancy, it has been 
found to be normal in women taking the oestrogen- 
progestogen preparation ‘Enovid-E£" (0-1 mg of mestranol 
and 2-5 mg of norethynodrel, Searle and Co.}’. 

Nicotinic acid is converted to 2-pyridone by a secpuence 
of amidation, methylation and oxidation’, and recently 
it has been shown that oestrogens reduce the activity of 
N)-methylnicotinamide oxidase in mouse liver’. A similar 
effect of these hormones in the human might be expected 
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Table 1. EFFECT oF ‘ENOVID-E" ADMINISTRATION ON THE EXCRETION oF N}-METHYLNICOTIN AMIDE (X Me) AND 2-PYRIDONE (PYR) (4MOLES/24 h} 


__ Basal excretion 
Me Pyr 
‘Enovid-E’ group 60-0* + 25-7 63-5 + 26-5 
Ratio: Pyr/AN'Me 105 


Control group o2-2 +10-8 
A 


4 85-6 + 38-4 
Ratio: Pyr/N" Me 2°65 


The control group consists of thirteen subjects with results for N Me excretion and twenty-four subjects with Pyr results. 


Post-tryptophan excretion 
A Me r 


Yield (post-tryptophan less basal) 
Fyr AN Me Pyr 


148:3* +583 So 136-4 + 43-4 BRI + 48-4 729 + 29-3 
754 +655 139-8 + 72-8 43-9 + 59-3 54:2 + 53-7 


“thes 


The results are expressed 


ag mean + $.D. Those for the ‘Enovid-K” group marked * differ statistically from those of the control group; P< 6-05 (Student's t test). 


Table 2, EXCRETION OF NVi-METHYLNICOTINAMIDE (N `° Me) AND 2-PYRIDONE (pyr) AFTER THE ADMINISTEATION OF PYRIDOXINE SUPPLEMENTS (HMOLES/24 b) 


__ Basal excretion 
A Me Pyr 
'Enovid- E’ group 101-5* + 27-9 120-6 + 44-5 
Ratio: Pyr/N Me 1:18 


Control group O1°5 +21-6 
Ratio: Pyr/N'*Me 2-89 


The control group consists of eleven subjects. 


1403 + 78-4 


urinary excretion of N!-methylnicotinamide as well as 
2-pyridone in women ingesting ‘Enovid-E’, and have 
compared the results with those of a normal group of 
premenopausal women. 

Ten women who were taking ‘Enovid-E’ for contra- 
ceptive purposes were studied. The excretion of trypto- 
phan metabolites by these subjects has been reported by 
Price et al.*. Urine was collected for 24 h before (“basal”) 
and after (“post-tryptophan”) the administration of a 
2 g oral loading dose of L-tryptophan. Pyridoxine hydro- 
chloride (25 mg orally four times daily) was then given 
for 2 days during which the basal and post-tryptophan 
urine collections were repeated. N?-Methyinicotinamide 
was determined by the method of Vivian et al .”, and 2- 
pyridone according to the procedure of Price’, 

The results are presented in Tables 1 and 2 and are 
compared with those of the respective control groups. 
The subjects taking ‘Enovid-E’ excreted significantly 
larger amounts of N}!-methylnicotinamide in both the 
basal and post-tryptophan urine collections, whereas their 
excretions of 2-pyridone were normal. The output of the 
two nicotinamide metabolites was not influenced by the 
administration of pyridoxine, although this vitamin 
restored to near normal levels the high excretion of 
tryptophan metabolites by these same subjects when 
given a tryptophan load, 

An increased excretion of N}-methylnicotinamide by 
women taking an oestrogen--progestogen preparation 
could arise from an acceleration in the biosynthesis of 
nicotinamide from tryptophan, or a reduction in its rate 
of oxidation to 2-pyridone. If the former were the sole 
factor responsible, the concentrations of 2-pyridone would 
also be increased, while, if the whole explanation was a 
hormonal interference with the aetivity of N-methyl- 
nicotinamide oxidase, the 2-pyridone excretion would 
most likely be decreased, as opposed to the normal con- 
centrations found in the study reported here. We think 
that these results are best explained by both a hormone- 
mediated increase in the conversion of tryptophan to 
nicotinic acid ribonucleotide and then to N-methyl- 
nicotinamide, plus a partial interference with the sub- 
sequent metabolism of this nicotinic acid derivative to 
2-pyridone. 

In pregnancy the excretions of tryptophan metabolites 
and 2-pyridone*, and of N!-methylnicotinamide?®, are in- 
creased in the basal urine, while the administration of 
tryptophan serves to accentuate this difference from the 
non-pregnant state. Although we found an increased 
excretion of Ni-methylnicotinamide in the basal urine of 
women taking ‘Enovid-E’, Price et al.2 found abnormal 
quantities of tryptophan metabolites only when urine was 
collected after a 2 g dose of tryptophan. One of us? has 
suggested that oestrogens cause an increase in activity of 
one or more enzymes concerned with the metabolism of 
tryptophan such that there is an increased capacity for 
the biosynthesis of nicotinic acid ribonucleotide from this 
amino-acid, but that when a large dose of tryptophan is 
given to an oestrogen-treated subject insufficient pyridoxal 


183-7* + 41-0 
1 


93-8 + 68-6 


Post-tryptophan excretion 
Ni Me Pyr 
185-2 + 70-7 


Yield (post-tryptephan less basal) 
N'Me Pyr 


82-2 + 46-0 64:6 + 59-4 


191-3 + 92-4 
2-03 


Fs 
a 


42-3 + 63-9 42-0 + 35-0 


The other footnotes from Table 1 also apply to this one. 


5-phosphate coenzyme is available to allow further 
metabolism of all the amino-acid entering the tryptophan- 
nicotinic acid ribonucleotide pathway. As a consequence 
there is an increase in the urinary excretion of xanthurenic 
acid and other metabolites. The finding of normal eon- 
centrations of tryptophan metabolites but an increased 
quantity of N}-methylnicotinamide in the basal urine 
collections of women taking ‘Enovid-E’ is consistent with 
this proposition. 
The failure to obtain an increased yield of nicotinic acid 
products when the metabolism of tryptophan is allowed 
to proceed past the vitamin B, dependent steps by giving 
pyridoxine supplements as well as a tryptophan load 
suggests that the excess of metabolites enter the glutarate 
pathway’ and are catabolized to CO,. 
D. P. R. thanks the Medical Research Council for a 
Sir Henry Wellcome travelling research fellowship. This 
investigation was supported in part by grants from the 
American Cancer Society, the Elsa U. Pardee Founda- 
tion and the National Institutes of Health, US Public 
Health Service. 
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Permeability of Articular Cartilage 


In 1962, McCutcheon! first drew attention to a decrease 
in the permeability of articular cartilage with increasing 
depth from the surface. This observation has been con- 
firmed* and the permeability shown to be inversely related 
to the fixed charge density of the cartilage matrix. In 
turn the fixed charge density can be shown to be a direct 
measure of the mucopolysaccharide content of the matrix 
(unpublished results of A. Maroudas and H. Muir). 
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In the report by Maroudas* the surface layer of the 
cartilage was not included because of technical difficulties 
which have since been overcome. When the surface 
layer was studied in apparently normal healthy human 
cartilage, however, it was found that while the fixed 
charge followed the previous trend, the permeability 
showed an unexpected decrease (Fig. 1). 

To study this phenomenon further we have cut sections 
for electron microscopy from the slices on which the 
permeability was measured. The slices, cut parallel to 
the surface, were fixed in 4 per cent glutaraldehyde in 
0-1 M cacodylate buffer and stained with phosphotungstie 
acid. Several sections were cut from each block and 
different areas of the matrix were photographed on each 
section using a Phillips 100b electron microscope. Care 
was taken to use the same magnification for each photo- 

aph. 
owe have observed a very considerable difference both 
in the number of collagen fibrils per unit area and in their 
diameter in succeeding slices. The collagen fibrils at 
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Fig. 1. Variation in permeability coefficient and fixed charge density 


with depth from articular =. O, Permeability; <A, fixed charge 
density. 





Electron photomicrograph of collagen fibrils at the articular 


Fig. 2. 
surface of the lateral femoral condyle of a 41 year old man. (= 20,000.) 





5 +. 


Fig. 3. Electron phobomiarcerer® of collagen fibrils in the deep layer 
(approximately 1-8 mm) of the articular cartilage from the same knee 
joint as Fig. 2. (x 20,000.) 


the surface are of much smaller diameter and more closely 
packed (Figs. 2 and 3). The lower permeability at the 
surface may thus be related to close packing of the 
collagen fibrils resulting in a system of much narrower 
channels which offer a greater resistance to flow. 

This effect is quite distinct from the variation of permea- 
bility in the deeper zones of cartilage which depends 
primarily on the fixed charge density in the mucopoly- 
saccharide gel. 

We suggest that this closer weave of collagen fibrils 
at the surface has two functions. First, it would provide a 
smoother, more wear-resisting finish at the articular 
surface while the deeper zones would be more resilient. 
Second, it would filter out large molecules, thus preventing 
the loss of mucopolysaccharides from the cartilage and 
penetration of hyaluronic acid into the cartilage from the 
synovial fluid. 
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Bone Carbonate and the Ca to P 
Molar Ratio 


Ir is customary to consider the bone salt either as hydroxy- 
apatite or as tribasic calcium phosphate, principally on 
the basis of stoichiometric and X-ray diffraction studies’. 
Nonetheless, the observed molar ratio of Ca/P in the bone 
salt in most vertebrates is quite variable, and is usually 
in excess of 1-67, which is the ratio one would expect for 
hydroxyapatite*. Few studies deal directly with this 
discrepancy, and its dependence on the calcium carbonate 
content of bone has not been clearly demonstrated. 
Evidence obtained earlier in our laboratory and else- 
where indicated that carbonate is an integral component 
of the bone crystal complex, and that the observed molar 
ratios of Ca/P which are in excess of 1-67 are best explained 
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Fig.l. Normal variations in the molar ratio of Ca to Pin the bone salt, 


and its relationship to the carbonate content. 


on the basis of variable amounts of CaCO, in a separate 
phase®. 

We correlate here the molar ratios of Ca to P in bone 
with the CO, content in sixteen different species. As 
Fig. 1 shows, there is an excellent linear correlation (r= 
0-95) between these two variables. The difference in the 
molar ratios of Ca to P among species is directly attribut- 
able to variations in carbonate content. These data are 
consistent with our earlier suggestions that the bone 
crystal can be considered as a complex salt of tribasic 
calcium phosphate and calcium carbonate. The most 
stable configuration of this complex is the apatitic form 
Ca,(PO,)..CaCO,. Any calcium in excess of this formula- 
tion exists in a separable phase as calcium carbonate and 
has certain distinct chemical, physical and physiological 
characteristics®. Thus when the line relating the Ca to P 
molar ratio to bone carbonate is extrapolated to zero 
carbonate (Fig. 1) it intersects the y exis at the Ca to P 
ratio of 1-52. This closely approximates the ratio for 
tribasic calcium phosphate (1-50). Furthermore, in the 
maturation of embryonic chick bone, the molar ratio of 
Ca to P begins near 1-5 at 12 days and approaches 1-67 
at the time of hatching (our unpublished results). These 
data suggest the strong likelihood that the deposit of 
tribasic calcium phosphate precedes the incorporation of 
carbonate into the crystal complex. After hatching, 
further carbonate deposition occurs. At about 4 weeks 
the molar ratio of Ca to P stabilizes at 1-74. 

The relevance of these findings to the processes of 
calcification and maturation of the bone salt remains to 
be resolved. Our data are at some variance with other 
recent observations. Richelle and Quinaux, for example, 
have postulated the existence of carbonate in both early 
calcifying and fully mineralized parts of bone’. Hayek, 
studying synthetic salts, has suggested that maturation of 
the bone erystal complex begins with the primary de- 
position of HPO= (as Ca,HPO,(PO,),) and that the HPO = 
is subsequently replaced by CO= (ref. 8). Pilkington, 
studying the developing frog, postulates the initial forma- 
tion. of octacalcium phosphate without carbonate in vivo’. 
These views and our present data, however, all provide 
evidence against the view of Termine and Posner that 
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carbonate is present in bone only as an adsorption 
phenomenon, The physiological or evolutionary sig- 
nificance of variations in bone carbonate among species 
remains unclear. 

We thank Nancy Roettinger for technical assistance. 
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induced Inactivation of the Potassium 
Permeability of Squid 
Axon Membranes 


In one of their classic papers on the membrane currents of 
squid giant axons, Hodgkin and Huxley! described the 
phenomenon called inactivation of the sodium perme- 
ability, which has the following properties. (i) After a step 
depolarization of the voitage clamped fibre, the sodium 
current increases and then spontaneously decreases even 
though the membrane potential is held constant. (ii) The 
magnitude of the sodium current elicited by a step 
depolarization to a fixed potential is a function of the 
membrane potential in the period preceding the step, and 
is large if the fibre is hyperpolarized in this period, small if 
it is depolarized. (iii) The rate at which inactivation 
develops depends on the membrane potential, and is more 
rapid for large depolarizations than for small ones. In 
the description by Hodgkin and Huxley, inactivation is 
confined to the sodium permeability. More recently a 
slow inactivation of the potassium permeability has been 
described*. I report here that, following the injection of 
pentyl triethyl ammonium iodide, the potassium perme- 
ability shows properties that are qualitatively indistin- 
guishable from the sodium inactivation described above. 
The methods which were used have been described 
previously’. Tetrodotoxin (Sankyo; nominally 10-7 M) 
was used to eliminate the sodium current. Fig. 1, upper 
and lower, shows the currents (potassium plus a small 
leakage current) from a giant fibre before and after inject- 
ing pentyl triethyl ammonium iodide to an axoplasmie con- 
centration of 0-33 mM. The individual traces in each 
frame were taken at intervals of approximately 2 s, and 
represent the currents elicited by depolarizations to — 30 
through +90 mV in 20 mV steps. In both frames the fibre 
was held at — 100 mV for 62 ms before each depolarization. 
Before injection the current rises after depolarization to 
an approximately constant level. After injection, the 
current rises to a smaller value, then decreases spontan- 
eously to about half of its peak value, even though the 
membrane potential is held constant. The decrease is 
reminiscent of sodium inactivation, differing only in that 
sodium inactivation is more nearly complete. The same 
phenomenon, but much less prominent, can be observed 
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in fibres injected with tetraethyl ammonium chloride to a 
concentration of about 1 mM (ref. 3). 

The effeet of a conditioning step on the amplitude of 
the current elicited iby a test step to a fixed potential is 
illustrated in Fig. 2. Each frame records a number of 


successive responses at intervals of approximately 2 s, 


0.5 





-30 to +90 








Pa 


Fig. 1. Membrane currents before (upper) and after injection of pentyl 
triethyl ammonium iodide. Membrane potential (In mV) is indicated in 
the upper frame. Ordinate: mA/em*, Abscissa: ms. 
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Fig. Membrane currents for a depolarization to +90 mY with 

pho Pe ateps of various duration, as indicated (in milliseconds) in 

the upper frame. Membrane potential during conditioning step was, for 

upper, middle, and lower frame, — 100 mV, -30 mV, —10 mV. 
Ordinate: mA/ em, Abscissa: ms, 







and in the upper frame the duration of the condita 
step is indicated Gn ms) above each current peak. 
complete pulse sequence is shown for the peak labeli 
In the upper frame, for a conditioning step to ~ 10 
the peak current grows slightly with increasing durmi 
of the conditioning step. ë gon 
ditioning step depolarized the membrane to — 30 mV, and 
in the lower frame to —10 mV. In these frames the 
current grows smaller with mereasing duration of the con- 
ditioning step, and this inactivation is more rapid and 
more complete in the lower frame. Thus the inactavation 
of the potassium current induced by the injection of ti 
quaternary ammonium salt is similar in all rege 
sodium. inactivation, differing only in that it is less 
plete. oe 
As the mode of action of pentyl triethyl amamonnim: 
iodide is probably similar to that of tetraethyl ammomum 
chloride, both the induced inactivation of the potassitum 
permeability and, by extension, sodium inactivation can 
probably be described by the kinetic model for tetraethy! 
ammonium chloride action presented previously". Tn 
terms of this scheme, inactivation is the result of the en A 
of a monovalent ion (in the present case, pentyl triel 
ammonium ton) into a blocking position in the pe ytassium 
(or sodium) channel, and the inactivating ion can enter 
blocking position only if the n‘ (or m?) gate? of the channel 
is open. The provision that the n* (or m?) gate must be 
open explains, first, the dependence of inactivation on 
membrane potential, a s patency of the gates and hence 
the possibility of aati vation is a function of mernbrane 
potential, and second, the greater speed of inactivation 
for large depolarizations. as the opening of the gates is 
faster for large depolarizations. The scheme also provides 
a ready explanation for the otherwise rather puzzling 
effects on inactivation of diluting the internal medium’. 

I thank Dr Albert Heyman for supporting this investi- 
gation and the staff of the Laboratorio de Fisiologia 
Celular, Montemar, Chile, for the use of facilities. This 
work was supported by a grant from the National Insti- 
tutes of Health. 
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ARMSTRONG 


Physical Method of measuring the 
Mobility of Bull Spermatozoa 


A TECHNIQUE has been developed for measuring the 
motility of bull spermatozoa, motility being defined as 
the rate of group movement of spermatozoa im semen at 
natural concentrations. This character has been found to 
give the best indication of the potential fertility of sement, 
and the evaluation of samples for artificial insemination 
is made almost entirely on some assessment of the motihty. 
The established method is to assess the vigour of the 
seat movement by obser vation of the random wave 
on a scale of 5 5 mith eub Vi ions 5, 5-, 4+, 4, pa oe 80 On, 
but it is realized that this method is too subjective to be 
entirely reliable and that a more quantitative method is 
desirable. 

The most promising physical method? of measuring 
sperm motility devised so far is the recording of the 
frequency of changes in electrical impedance in semen, 
but this method can be used only for samples of relatively 
high concentration and motility. The principle of the 
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present methcd was suggested by previous work? on the 
effect of sperm motility on semen viscosity which showed 
that the group movement could be stopped by shearing 
the sample. When a sample was sheared on the micro- 
scope stage, it was noted that the process was reversible 
and that motility returned on removing the shear. Further- 
more, the rate of return of motility seemed to be related 
to the motility of the sample; the higher the motility the 
more quickly the wave motion reappeared. The experi- 
ments described in this communication were designed to 
test the relationship between the motility of bull sperm 
assessed subjectively and the recovery time after shearing. 
Walton‘ put forward the same idea some years ago, but 
the method in the form he devised has not come into 
general use. 

A rotary shearing cell consisting of two horizontal glass 
plates 3 cm in diameter and 0-25 mm apart, with a 
capacity of 0-2 ml, was built on a microscope stage and 
thermostatically controlled at 38° C. The top plate could 
rotate, producing rates of shear up to 150 s~ at the peri- 
phery. Under shear the wave pattern disappeared and 
the field appeared brighter. When shearing ceased, the 
waves reformed and the field darkened. Thus to detect 
the return of the wave motion the change in light trans- 
mission of the sample was used. A photoelectric cell was 
substituted for the microscope eyepiece and the response 
of the photocell was fed into an oscilloscope with a long 
persistence screen which could display a trace of the 
change in light intensity with time, long enough to allow 
measurement of the recovery time. Recovery times for 
highly motile samples were in the region of ls. As samples 
aged, motility declined and recovery times lengthened 
until when the spermatozoa became immotile the wave 
motion never reappeared and the recovery time became 
infinite. 

Recovery times were measured for 110 samples of bull 
semen collected in normal artificial insemination practice 


and compared with the expert's subjective assessment of 


their motilities. Three determinations of recovery time 
were made on each sample. Motility ratings were assigned 
according to the usual practice of inseminators as shown 
on the scale of abscissae in Fig. 1. Because ratings such 
as 5-, 47, and so on, could not be used in numerical 
analysis, the ratings were placed in numerical order 1-10, 
denoting increasing vigour, and then these numbers were 
regarded as scores on a linear scale. The very long re- 
covery times associated with samples of poor motility 
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suggested comparing the logarithms of the recovery times 
with the motility scores. Linear regression relating these 
two quantities was then fitted and is shown in Fig. 1. 
Deviations from regression were not significant, showing a 
satisfactory relationship. The slope of the regression line— 
— 0-176 + 0-014-—was highly significant and so was the mean 
square for differences between ratings. Replicate shearing 
experiments on the same sample indicated that the tech- 
nique is capable of yielding consistent values for recovery 
times, with a standard deviation of 0-03 (log units). In 
comparison with this, the residual standard deviation of 
sample means about the regression line was very much 
greater, namely, 0-3 (log units), which suggests that 
sperm motility measured as the wave recovery time after 
its destruction by shearing is more reliable than motility 
assessed subjectively under the mieroscope. 

I thank Mr D. L. Stewart, director of the Reading 
Cattle Breeding Centre, for the samples, and Mr D. R. 
Westgarth, Mr I. R. Cutts and Mrs S. D. Drought for 
advice and assistance. This is the subject of UK patent 
application No. 19741/68, the rights in which have been 
assigned to the NRDC. 

F. A. GLOVER 
National Institute for Research in Dairying, 
Shinfield, Reading, 
Received February 22; revised May 5, 1968, 


* Bishop, M. W. H., Campbell, R. €, Hancock, J. L., and Walton, A., J. 
Agric, Sei., 44, 227 (1954). 

* Glover, F. A., and Scott Blair, G. W., Biorheol., 3, 189 (1966), 

* Rothschild, Lord, J. Exp. Biol., 30, 178 (1953). 

t Walton, A., J. Exp. Biel., 89, 520 (1952). 


Effect of Temperature on the 
Production of Induced Rat Mammary 
Tumours 


Tae incidence of breast cancer in women varies with 
climate, and a significant statistical correlation has been 
reported between the rate of death and the mean annual 
temperature + temperature ranget, 

Mammary tumours induced in rats by oral adminis- 
tration of the carcinogen 9,10-dimethyl]-1,2-benzanthra- 
cene (DMBA) closely resemble human breast cancer in 
some respects*:*. I report here the results of experiments 
in which mammary tumours were induced in rats kept at 
temperatures above and below the normal laboratory 
range and compare the incidence of tumours between 
these two groups. 

Non-inbred but specific pathogen-free rats which were 
bred in the laboratories of the Imperial Cancer Research 
Fund were used. At 28 days of age they were separated 
into two groups by a formal randomization process and 
were then housed in cupboards maintained at 90° F (32° C) 
and at 40° F (5° C}. Lighting was controlled in each cup- 
board to give equal periods of light and darkness. At first 
there were forty-eight rats in each group and they were 
allowed free access to food (diet CR 3E) and to water. 
At 50 days of age each animal was given 30 mg of DMBA 
dissolved in 2 ml. of corn-oil by intragastric tube. From 
the fourth week after giving DMBA the rats were examined 
twice weekly for mammary tumours, which were removed 
when they had reached a mean diameter of 1 em. The 
animals were killed after 142 days, skinned, and any 
tumours which had not previously been detected were 
dissected from the pelts for histology. The tumours were 
fixed in Boutn’s fluid and were embedded in paraffin. 
Histological sections were cut at Tu and were stained with 
haematoxylin and eosin. 

The earliest tumours were detected in rats from the 
hot cupboard 5-5 weeks after the carcinogen had been 
given; in the cold cupboard, on the other hand. the earliest 
tumours were found 2 weeks later. As time went on, it 
became clear that more animals were developing more 





NATURE, VOL. 219. SEPTEMBER 21, 1966 


Table 1. NUMBERS OF RATS BEARING TUMOURS AND NUMBERS OF TUMOURS 
Time after DM BA (days) 60 SO 100 120 
Hot Rats with tumours 10/40 17/40 23/40 26/39 
Tumours 14 33 51 56 
Cold Rats with tumours 3/39 7/38 15/39 16/39 
Tumours 3 8 20 22 
P + 002o 0-012 0-043 0-014 
+ < 0-01 < 0-001 < 0-001 < 0-001 


* Thiais the exact value of P calculated by the method of Yatesand Fisher‘. 

+ Estimated from z* tables. . 
tumours in the hot cupboard than in the cold one. The 
histology of most of the tumours was that of a highly 
differentiated adenocarcinoma similar to those previously 
described in rats’, and any tumours not conforming to 
this pattern were omitted from the analysis of the results 
which are given in Table 1. 

The differences in tumour preduction and in the number 
of rats developing tumours between the two groups of 
animals are highly significant. It is clear that ambient 
temperature greatly influences the number of mammary 
tumours induced in rats by oral carcmogens. 

The results will be reported in greater detail elsewhere. 

STRETTON YOUNG 
Division of Pathology, 
Imperial Cancer Research Fund, 
Lincoln’s Inn Fields, London WC2. 
Received June 28, 1968. 
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Fruiting in Sphaerobolus : an Effect 
of Yellow Light reversed by Blue 


FrRvuITING in the gasteromyeete fungus Sphaerobolus 
stellatus is dependent on light. When cultures on oatmeal 
agar, first incubated in darkness at 20° C for two weeks, 
are illuminated with “daylight” fluorescent light (100- 
1,000 lux), abundant sporophores are formed 12-14 days 
later. During the first week of this period, it is only the 
blue end of the spectrum (400-480 mu) which is effective, 
but during the next few days, light of longer wavelength 
550-700 mu) becomes much more effective than the 
shorter rays. This switch in the quality of the light 
involvement (which has already been reported!) seems to 
represent a unique situation in fungi. It should be noted 
that the final 24 h of sporophore development, including 
stellate opening of the sporophore and culminating in 
glebal-mass discharge, have no requirement for light. 

If cultures with mature and developing sporophores, 
which have been under “daylight” fluorescent light, are 
transferred to the dark, discharge goes on for 1 day, but 
then ceases. If then the darkness is interrupted by a 
half hour of yellow light (sodium light, 585 mu; 100 lux) 
there is considerable discharge 24 h later, but there is 
practically no discharge if blue light (about 450 my) of the 
same intensity is used. If a half hour of yellow light 
treatment is immediately followed by the same period of 
blue hght, there is almost no discharge a day later; but, if 
the blue treatment precedes the yellow light, it has no 
retarding effect. Thus the stimulatory effect of yellow 
hght is reversed by blue. This striking and consistent 
effect is, perhaps, analogous with the red—far red reversal 
system associated with phytochrome in higher plants. 

C. T. Incoup 
Department of Botany, 
Birkbeck College, 
University of London. 
Received July 22, 1968, 
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Retention of Habituation in a Protozoa 
improved by Low Temperature 


WHEN flour beetles', ground squirrels’, rats®™+ 
sters were subjected after learning to temp 
5° C and below, their retention of a task, meas 
norma] temperatures, was not significantly less 
of controls. Flour beetles given cold treatmen: 
showed an improvement in retention over gor 
Experiments on protozoan habituation dealing wit 
acquisition and retention, measured at one of thre 
peratures, indicated that the retention of the re 
increases as the temperature decreases’. We carried out 
a new experiment to determine whether subjecting: 
protozoa to cold treatment after acquisition of a response 
at room temperature (22° C) also affected retention. 

An experimental group of Spirestomum was habituated 
to a mechanical stimulus presented every 3 s, thirty 
times in all, and the number of individuals contracting 
to the first two, the fifteenth and sixteenth, and the last 
two stimuli was recorded photographically*®. This produces 
three points, each an average of the response to two 
stimul, for a habituation curve. After the thirtieth 
stimulus, the slide containing the protozoa was placed on 
dry ice for 10 s, put in a 5° C refrigerator for 60 s, rapidly 
rewarmed to 22° C by placing it on a hot plate for 10 s, 
then returned to the stimulating device. This procedure 
took 105 s and was immediately followed by two stimuli 
given 3 s apart to test for retention. A control group was 
habituated in the same way, then moved to the same 
locations in the same 105 s to provide a control for 
handling, but it was kept at room temperature before 
being tested for retention. A quiet control group was left 
unstimulated for a time equal to that taken to administer 
thirty stimuli and was then subjected to the same tem- 
perature changes as the experimental group and tested for 
retention, to measure whether the temperature changes 
alone affect the response to the stimuli. Five sets of 
experiments were run for each group, each involving about 
125 protozoa. 





Table 1. EFFECTS OF COLD ON HABITUATION 
Mean percentage of organisms contracting 
Stimuli Experimental Habituated qier 
group control Cantal 

Acquisition 1,2 84 61 im 

15,16 45 47 ao 

29, 30 36 38 nen 
Retention 1, <2 26 44 5a 


Table 1 presents the mean percentage of protozoa con- 
tracting in each of the three conditions to the first, middle 
and last two acquisition stimuli and the two retention 
testing stimuli based on counts of the photographic 
record. The acquisition percentages—that is, the habitua- 
tion curves—for the experimental and habituated control 
groups are not significantly different (Z <03) as judged 
by a Mann-Whitney U test on the five percentage means 
making up each acquisition point. These two groups 
should be similar, for they are samples from the same 
population and are treated identically as far as this point. 
Their retention of the habituation response is, however, 
significantly different (P<0-01, two tailed) by the same 
statistical test, demonstrating that there is less loss of 
memory when the protozoa are subjected to a low tem- 
perature immediately after learning. The quiet control 
retention figure is significantly higher (P<6-01, two 
tailed) than the retention figure for the experimental! 
group, indicating that temperature treatment alone does 
not account for the improved retention. Only when the 
temperature treatment 1s combined with previous habitua- 
tion is there improved retention. The quiet control 
retention percentage is significantly (P < 0-05, two tailed) 
lower than the first acquisition point for the experimental 
and habituated control groups, demonstrating that the 
temperature treatment reduces somewhat the number of 
organisms contracting to the first two presentations of 
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stimulus. That is, the temperature changes alone produce 
an effect that makes unhabituated protozoa look as if 
they have already been partially habituated, but this 
effect is not great. enough to account for the better reten- 
tion of the experimental group. Nor is the effect great 
enough to suggest that the quiet control group is as 
habituated by the temperature changes as the habituated 
control is habituated by the mechanical stimuli, because 
the retention figure of the former (fifty-two) is significantly 
higher (P<0-05, two tailed) than that of the latter 
(forty-four). 

The cold apparently protects the memory for habitua- 
tion learning as it does in flour beetles, and may largely 
prevent the degradation of any synthesized chemicals 
which accompany learning. Subjection to high tempera- 
tures after learning should increase this degradation and 
therefore hasten the decay of memory. Goldfish subjected 
to 37° C at different times after learning showed greater 
loss of memory the sooner they were exposed to heat; a 
time was finally reached when heat had no effect?. S piro- 
stonium Was subjected to 45° C after habituation, but the 
quiet controls given only the same temperature treatment 
produced the same percentage of retention as did the 
experimental group, which implies that the temperature 
renee es too large an effect mR penae of 
The 
increased decay ‘of retention: at 37° c compared w ith 
lower temperatures in Spirostomum® habituated at 37° C 
however, tends to support the results of the goldfish 
experiment and is consistent with a degradation hypo- 
thesis of memory. 
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Infectious Hybrid Sterility and the 
“New Llanos” Strain of 
Drosophila paulistorum 


Drosophila paulistorum Dobzhansky and Pavan is a com- 
plex of five semispecies! from South and Central America 
(Centro-American, Amazonian, Andean-South Brazilian, 
Orinoean, Transitional). A closely related species is D. 
pavlovskiana WKastritsis and Dobzhansky? With the 
exception of some strains of the Transitional semispecies, 
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crosses between these semispecies result in the production 
of fertile hybrid females but sterile hybrid males. The 
Transitional semispecies produces fertile hybrids with at, 
least one strain of some other semispecies, The Santa 
Marta and Mesitas strains, both originating in Colombia, 
South America, and be longing to the Transitional seri- 
species, display a cytoplasmically inherited male sterility 
when Santa Marta serves as the female parent. Thus 
matings between Santa Marta fernales and Mesitas males 
vielded fertile female but sterile male progenies; while 
the reciprocal cross, Mesitas Ẹ x Santa Marta 3, gave fertile 
progeny of both sexes*. Recently, however, ""eberile F, 
hybrid sons have been obtained also from the latter cross’. 
The F, male hybrid sterility of the Santa Marta x 

Mesitas ¢ cross ‘has been found to be artificially trans- 
ferable to Mesitas females by injection of homogenates 

from sterile F, males*-*. Such an induced sterility persists 
only in the male progeny of the injected mothers, and is 
apparently not transmitted through daughters of the 
injected females to their sons. 

Dobzhansky and Pavlovsky” observed a change in the 
Llanos (Colombia) strain which onginally behaved as a 
member of the Orinocan semispecies. During the 5 yr 
that the Llanos strain was kept in the laboratory it had 
changed so that it gave sterile F, hybrid males when 
crossed with all of the same strains with which it had 
produced fertile hybrids previously’. Contarnination was 
ruled out on the basis of chromosome studies. This, then, 
provides an example of an initial step (hybrid sterility) 
in the development of a new incipient species in the 
laboratory. 

We describe here experiments designed to demonstrate 
whether an agent could be extracted from the Llanos x 
Orinocan F, male hybrids that would induce the pro- 
duction of sterile male progenies when artificially intro- 
duced into Orinocan females. 

The strains of Drosophila paulistorum used were 
Llanos-13A, a strain possessing a sex-linked recessive 

“rough eye” mutant and derived from the new incipient 
species described by Dobzhansky and Pavlovsky’; 
and Orinocan- 45F. a strain with a sex-linked recessive 

‘yellow eye” mutant. Mass matings of Llanos-13.4 (rough 
aes ° x Orinocan-45 F (yellow eye) 3, and the recipr ocal, 
Orinocan-45F (yelow eye) 2 x Llanos-134 (rough eye) 3, 
were made in food bottles containing standard Drosophila 
medium, maintained at room temperature (23° C), and 
transferred to fresh medium three times at 2-3 day 
intervals. Fertility of F, hybrid males was checked by 
transferring F, males and females en masse through two 
food bottles and observing the bottles for the presence of 
larvae. No larvae appeared in the bottles from either 
kind of F, and the F, males displayed the expected 
phenotypes: “yellow eyes” in the case of the Orinocan- 
45F 2x Llanos-134 & cross and “rough eves’? in the 
Llanos- 134 Ẹ x Örinocan-45F 3 cross. Homogenates of 
the two kinds of F, males and Orinocan-45F yellow 
eye males were prepared as follows. A hundred males of 
each type were left overnight in bottles with cotton 
soaked in water to free their guts of yeast, then each 


Table 1. STERILITY IN TEN SINGLE MATINGS (1g x33) AND IN DISSECTIONS OF TESTES FROM MALE PROGENY OF FEMALES INJECTED WITH (+-) HOMOGENATES 
OF F,33 FROM THE CROSS LLANOS-13.4 (LI) 2 x ORINOCAN-45F (Or)g, ITS RECIPROCA (Ory x LIZ), AND ORINOCAN MALES 
Broods . 
1 v4 3 4 5 6 7 8 9 10 1i 12 13 
Or ef F KL « OD) x Ord : F 
Single matings = oe 4 3 3 6 4 es 5 6 5 a = 
Dissections 5/59 22172 34/121 22/114 24/100 11/51 27/99 -— 13/51 16/39 ZIR O/1 sone 
Combined totals 5/69 22/72 35/131 25/124 27/110 17/81 31/109 — 14/61 22/49 7/18 0/1 _ 
Fer cent sterile 8-5 28-6 20-7 20-6 24-6 27 28-4 — 29-5 45-0 38:9 O ani = 
Total 200/795 = 263 3 per cent 
Gr 2+-[F,3(Or x LI] x Org _ . g ; 
Single matings mi 2 2 2 3 2 nee 5 5 Psa a = 
Dissections 2/3 42/117 16/8: 6/48 14/58 37/115 22/44 5/6 5/27 2/6 2/7 3/7 2/0 
Combined totals 2/3 42/117 18/93 cco a ad Pri gue ape 7 as ae Pa ; a 
r cent sterile ~~ 35 19°7 3-8 23 2- 44-5 33-4 27- 43-7 28. 83-5 
pn Sen ots ae Total 179/597 = 20-9 per cent 
Or $ <-{Org] x Ord 
Single matings wom os 0 Q o 1 o — 1 0 l 1 = ri 
Dissections 057 3/85 3/44 1/32 1/61 1/19 6/79 — 3/48 1/31 0/4 0j2 0/8 
Combined totals 0/57 3/35 3/54 1/42 1/61 2/29 BIRR -l 4/58 1/41 1 iJa 0/2 0/6 
Per cent sterile 0-0 8-5 55 2-4 1:6 , 6-8 von £9 2-4 7-2 0-6 0-0 


Total 291488 = 4-5 per cent 
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group was homogenized separately at 4° C in 0:5 ml. 
of 0-25 M sucrose buffered with tris at pH 7:4. The 
crude homogenate was centrifuged at 3,000 r.p.m. for 
15 min at 4° C. The three supernatants were separately 
pipetted into individual sterile glass vials, kept at 4° C, 
and was used to inject fifteen 1-2 day old virgin Orinocan- 
45F females. Proboscis extension was used as the criterion 
of volume (~ 0-2 ul.). All homogenates were prepared 
and injections performed by one of us (D. L. W.). The 
injected females were then coded and sent to L. E. for 
matings and collection and testing of male progeny. 
When they arrived, the injected females were immediately 
mated en masse with Orinocan-45F “yellow eye” males, 
kept at room temperature and transferred to fresh 
medium every 3 or 4 days for up to 58 days. The recipient 
females had then been “incubating” the infection for 2 
days as virgins when they were crossed. D. paulistorum 
females will not usually lay eggs, or deposit very few 
eggs, during a 2 day interval such as this. For each 
brood, the progeny were examined for male fertility by 
(a) crossing ten males individually to three virgin females 
each, and (b) dissecting all the remaining male offspring 
in physiological saline and examining their seminal 
vesicles for the presence of motile spermatozoa after 
mass mating these males. The results of tests (a) and (b) 
are shown in Table 1. The controls, Orinocan females 
injected into homogenates of Orinocan males and crossed 
to other Orinocan males clearly show less male sterility 
(4:5) than the two experimental sets (26-3 and 29-9). The 
difference is apparent from the earliest broods through to 
the terminal ones. In uninjected control Ormocan strains 
about 2-3 per cent of the males produced no progenies 
in comparable conditions. It is apparent, then, that some 
factor has been extracted from sterile F, hybrid sons of 
the cross Llanos 9 x Orinocan-F g which can induce an 
increased incidence of sterile sons when injected into 
normal Orinocan-F females. The nature of this factor 
remains unknown. 

D. L. W. thanks the US National Science Foundation 
for a grant and Miss Harriet Stout for assistance. L. E. is 
the recipient of a US Public Health Service career 
award, 
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Mesosome-like Structures in 
Mitochondria of Poky Neurospora 


THIS communication reports the finding of complex 
lamellar or vesicular membranous structures in mito- 
chondria of the poky 3627-2 a (mi-l) mutant of Neuro- 
spora. These structures are in direct continuity with the 
limiting cytoplasmic membrane. They resemble morpho- 
logically the bacterial mesosomes'-*, and for the sake of 
simplicity these structures are referred to here as mito- 
chondrial mesosomes. 

Mitochondria were studied in germinating conidia 
grown for 7-10 h in Vogel’s medium‘ under forced aeration 
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Fig. 1. 
them contains a complex mesosome-lke structure in it, 


This section shows parts of two mitochondria (M) and one of 
~ i Note the 
similarity in the density of the membranes of the mesosome-like structure 


The particulate material 


and the cytoplasmic membrane (arrow). 
Calibration 


uniformly dispersed in the cytoplasm is probably glycogen. 
line indicates O 1m, 


at 25° C. After collection the material was fixed im 2-5 
per cent glutaraldehyde followed by 2 per cent OsQ,, 
both in 0-15 M phosphate buffer, pH 7-15, and embedded 
in ‘Araldite’®. Sections were stained in a saturated 
aqueous solution of uranyl acetate followed by lead citrate’ 
before examination under the electron microscope. In 
sections prepared in this way, the cytoplasmic membrane 
underlying the amorphous cell wall appears as a dense 
line, much more electron opaque than the mitochondrial 
membranes. Invaginations of the cytoplasmic membrane 
constituting lamellar or vesicular “‘mesosomes” of the 
same electron density as the cytoplasmic membrane are 
seen in many mitochondria (Fig. 1). The mitochondrial 
mesosomes have been seen to be contiguous with the 
cytoplasmic membrane in favourable sections (Fig. 2). 
In several other cases, their continuity with the eyto- 
plasmic membrane has been confirmed by studying serial 
sections (Figs. 3-5). There seems to be a single mesosome 
in a mitochondrion. 

During the early stages of growth, when the mesosomes 
are prominent, the mitochondria show a few ill-defined 
membranous profiles suggestive of the cristae. It is 
difficult to purify mitochondrial fractions by sucrose 
density gradient centrifugation at these early stages of 
growth (unpublished results of R. T. Eakin and myself). 
The mitochondrial fractions contain an abundance of 





Fig. 2. There are two mesosome-like structures, one in each mitochon- 
drion, and one of them is in direct continuity with the cytoplasmic 
membrane (arrow). Calibration line indicates 0-1y. 


1268 





Figs. 3-5. Serial sections through two mesosome-like structures, one 

(arrow) of which is contiguous with the cytoplasmic membrane in one 

section (Fig. 4) but notin the next one (Fig. 5). M denotes mitochon- 
drion. Calibration line indicates 0-1z and applies to Figs. 3-5. 


membrane fragments, which may come from the cyto- 
plasmic membrane and mesosomes. In view of the 
observations, this heterogeneity of the mitochondrial 
fraction may be a consequence of the difficulty of separat- 
ing the mitochondria from the mesosomes with which 
they are associated. During later stages of growth, 
when the mitochondria show several well defined cristae, 
relatively pure mitochondrial fractions can be obtained 
easily by centrifugation in a sucrose density gradient (ref. 
5 and unpublished results of R. T. Eakin and 8. K. 
Malhotra). In these later stages the mitochondria contain 
several well defined cristae. 

The mitochondrial mesosomes have not been observed 
so far during later stages (exponential and stationary 
phases) of growth. They have not been encountered in 
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the wild type Neurospora either. These negative observa- 
tions need confirmation from study of serial sections. 

The poky Neurospora carries a cytoplasmically inherited 
mutation? which has a pleiotropic effect on the synthesis 
of respiratory enzymes* and other mitochondrial com- 
ponents’. The presence of mesosomes in this mutant 
may be related to some biochemical deficiency in these 
mitochondria. 

Yotsuyanagi'® has reported the presence of a similar 
membranous structure in mitochondria of a yeast 
mutant, which is also deficient in respiratory enzymes. 
He found similar structures in the wild type mitochondria 
also when the synthesis of the respiratory enzymes was 
repressed. He compared these structures with bacterial 
mesosomes, and believed that they were formed from 
the mitochondrial membranes, for no connexion with the 
cytoplasmic membrane was observed. Yotsuyanagi con- 
sidered that his yeast mesosomes served to anchor mito- 
chondrial DNA, like the bacterial mesosomes do for the 
DNA during replication of the bacterial genome®*, 
Bacterial mesosomes are also thought to play a plausible 
part in the oxidation-reductions?*. Whether mito- 
chondrial mesosomes of the poky mutant are similar to 
those of the bacteria in their biochemical functions needs 
further investigation. It should also be instructive to 
find out whether these mesosomes are related to the 
deficiency of the mitochondrial components in the poky 
mutant and what parts they play, if any, in the subse- 
quent growth and differentiation of the mitochondria. 

The finding of mesosome-like structures in mitochondria 
and their similarity to the bacterial mesosomes fit in 
with the suggestion that during the course of evolution 
mitochondria evolved from bacteria that originally 
parasitized the cytoplasm of a host cell". 

I thank Dr R. T. Eakin for the cultures. This work 
was supported by grants from the US Public Health 
Service and the National Research Council. 

S. K. MALHOTRA 
Biological Sciences 
Electron Microscopy Laboratory, 
University of Alberta. 


Received June 28, 1968, 


' Fitz-James, P. C., J. Biochem, Biophys. Cytol., 8, 507 (1960). 

* Salton, M. R. J., Ann. Rev. Microbiol., 21, 417 (1967). 

" Ryter, A., Bact. Revs., 32, 30(1968). 

t Vogel, H. J., Microbiol. Genet. Bull., No. 13, 42 (1956). 

` Malhotra, S. K., and Eakin, R. T., J. Cell. Sci., 2, 205 (1967). 

* Venable, J. H., and Coggeshall, R., J. Cell Biol., 26, 407 (1965). 


7 Woonwar, D. 0., and Munkres, K. D., Proc. US Nat. Acad. Sci., 55, 872 
(1966). 


* Tissieres, A., Mitchell, H. K., and Haskins, F. A., J. Biol. Chem., 205, 423 
(1953). 


. Hardesty, B. A., and Mitchell, H. K., Arch. Biochem. Biophys., 100, 330 
(1963). 


w Yotsuyanagi, M. Y., CR Acad. Sei.. 2862, 1348 (1960). 
u Lehninger, A. L., Thef Mitochondrion (Benjamin, New York, 1964). 


Transplantation of Embryonic Nuclei 
into Unfertilized Eggs of Drosophila 
melanogaster 


TRANSFER of living nuclei into enucleated eggs has been 
most successful in amphibia’. Similar experiments have 
been undertaken using insects. In contrast to work on 
amphibia, the chief problems that investigators with 
insects have to deal with are the difficulties in establishing 
that the donor nuclei initiate development and the 
early cessation of development. DuPraw* raised young 
larvae from supposedly enucleated eggs of the honeybee 
each of which was injected with several preblastoderm 
nuclei. Schnetter® observed apparently normal embryos 
of the Colorado beetle when donor nuclei came from stages 
as late as the blastoderm. In Calliphora, Graham (quoted 
in ref. 1) found that injected nuclei appeared to divide at 


pea 


NATURE. VOL. 219, SEPTEMBER 21, 1968 


least a few times, but that eggs did not reach the blasto- 
derm stage. 

In experiments with Drosophila melanogaster unfertilized 
eggs laid by virgin y w sn? lz5%30 females were taken as 
hosts (y, yellow body colour, yellow larval mouth hooks; 
w, white eye colour, unpigmented Malpighian tubes; sn‘, 
singed bristles; /z*****, lozenge shaped eyes). After they 
had been collected these females were kept in culture 
bottles where they began to deposit unfertilized eggs after 
3 days. As an additional precaution culture bottles from 
which host eggs were taken were observed for several 
days after the time at which larvae would have normally 
hatched: no larvae developed. 

Fertilized donor eggs came from a Berlin-wild stock. 
Eggs 5 min old or younger were collected, dechorionated, 
rinsed in sterile Drosophila Ringer solution‘ and kept on a 
slide under paraffin oil. Here development was allowed to 
proceed until the time of transplantation when unfertilized 
host eggs which had been similarly treated were also 
placed in oil on the same slide. The ages of host eggs 
ranged from 20 min to 1 h; the ages of donor eggs from 
1:75 h to 3 h. For each single successful transfer the 
times are given in Table 1. At the time of transplantation 
donor eggs contained between about 200 and 2,000 
nuclei, depending on their age. Table 1 indicates that 
an attempt was made to specify the region of the donor 
eggs from which nuclei were taken. The number of nuclei 
which were transferred into a single egg could not be 
counted exactly. There were usually about ten, never 
less than five and never more than fifteen. All transplan- 
tations were carried out with a modified Leitz-Micro- 
manipulator set. 


Table 1. DATA FOR ELEVEN SUCCESSFUL NUCLEAR TRANSFERS 
nor Host Development 
Transpl. Age” Origin age” proceeded to stage 
No. (h) of nuclei t (h) 1 2 
14 rH p.c.+pb.n, + 
22 2) .c.+pb.n. + 
25 2 entral pb.n. i + 
29 2 p.c. + pb.n. E 
89 2 p.c.+pb.n i + 
91 1 p.c. + 
93 l p.e. į + 
94 2 p.c. +pb.n. KS 
95 2 p.c. +pb.n + 
110 1} p.c.+pb.n = 
114 2 p.c. + pb.n 4 + 


* Interval between egg deposition and time of transfer. 
t oe cells; pb.n.=preblastoderm nuclei. 
t For characterization of stages see text. 


After transplantation, host eggs remained under paraffin 
oil and were raised at 25° C. The only larva that hatched 
was removed from the oil, rinsed in Ringer solution and 
transferred to standard Drosophila medium. 

Pricking 139 unfertilized eggs did not result in any 
parthenogenetic development. In eleven out of 118 
transplantations, development of the host eggs was 
observed. These eleven cases can be placed in three 
groups according to the degree of their development 
(Table 1). Stage 1: eggs died 18-26 h after deposition. 
Muscular contractions, the beginning of segmentation 
and the presence of tracheae could be observed; but 
development had not proceeded to a stage which is charac- 
teristic at this age. Stage 2: embryo No. 110 died 28 h 
and embryo No. 22 died 36 h after egg deposition. 
Segmentation was more advanced; the two main tracheal 
trunks were formed and so were the Malpighian tubes, 
but the head regions were not differentiated. In embryo 
No. 110 the tubes had not yet developed to a stage where 
pigmentation normally sets in. In embryo No. 22 these 
tubes were normally pigmented, indicating that they had 
been developed by injected nuclei. Host nuclei are white 
(w) and show no pigment formation in the tubes. Stage 
3: one larva (No. 94; Fig. 1) hatehed 25 h after egg 
deposition and died after having reached the second larval 
instar. Its phenotype was wild-type, that is, the Mal- 
pighian tubes were pigmented and the mouth hooks were 
black. Two characters thus indicated that the trans- 
planted nuclei were responsible for the development. 





Fig. 1. Embryo No. 04, 24 h after egg deposition, in dorsal view. 
M, Micropyle; MH, mouth hooks; T, tracheal trunks; MT, Malpighian 
tubes. is embryo hatched 1 h after the picture was taken and 


developed into the second larval instar. ( x ¢.140.) 


The reasons for the difference in head development 
between the two embryos of stage 2 and the single embryo 
of stage 3 are still conjectural. Different amounts of 
cytoplasm lost during transfer and/or slightly different 
regional origin of nuclei might be responsible. The 
reasons for lack of development in the remaining 107 
transplants are not known. Technical faults are almost 
certainly among them. This is indicated by the fact that 
later sets of experiments were more successful than earlier 
ones (Table 1). 

Experiments to test the capacities of transplanted nuclei 
from different developmental stages and of nuclei from 
different regions within the embryo are being undertaken. 

This work was supported by funds from the Stiftung 
Volkswagenwerk-Stipendium. 
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Germination of Achira Seed 
(Canna sp.) Approximately 
550 Years Old 


DuRING the excavation of a tomb at the archaeological 
site of Santa Rosa de Tastil, Argentina (24° 25’ S., 65° 50° 
W.), we found a necklace made out of nuts of Juglans 
australis, Inside each nut was a seed of Canna sp., 
making a rattle. Samples from bones of cameloids in the 
upper strata of garbage from the site were taken for 
carbon-14 analysis by Groningen Laboratories (Holland), 
and they were dated at about 530 yr (ap 1420). The bones 
probably belong to the last period of occupation of the 
city by the Indians. No Incaic elements were found, 
and the carbon-14 dating implies that the city was 
developed before ap 1420. 

We were interested in germinating the achira seeds 
found inside the necklace, because embryos of this species 
are protected by resistant nutritious reserve substances 
and have impermeable teguments, which we thought 
might have helped to preserve their viability. 

Our material was limited to three seeds. We began 
by placing one of them on a wet filter paper in a precipita- 
tion glass covered with polyethylene. The glass was 
kept in darkness at 27° C. After a few days, a rhizome 
appeared, reached a length of 1-2 mm and then ceased to 
grow. To activate its growth, a solution of gibberellic 
acid—and later one of indole-3-acetic acid—-were added, 
but with no effect. This result showed that the seeds 
were still viable and we assumed that growth regulators 
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had been destroyed in the course of time, or that this 
particular seed had a deficiency that prevented the 
continuation of germination. 

Another seed was aseptically sown in sterile conditions 
in a test tube in Fox and Miller’s mineral medium}, to- 
gether with indoleacetic acid (0-1 mg/l), 6-furfurylamino- 
purine (0-01 mg/l), gibberellin (GA,} (0-01 mg/I.), thiamine 
(0-4 mg/l.) and extract of incipient lactic fermentation of 
ripe maize (7-0 ml./l.) (ref. 2) as regulators. 

Two normal achira seeds, probably Canna indica, were 
sown in the same nutritious medium in individual test 
tubes to serve as controls. On the third day, the archaeo- 
logical seed and the control germinated normally at 
27° C in darkness. First the rhizomes sprouted and on 
their extremities the roots grew. Later the first leaves 
appeared. They were gradually exposed to the light to 
allow chlorophyll synthesis and were then transferred to 
a chamber at 21° C. 

On the tenth day, the archaeclogical plantule had 
developed a leaf of 3-3 cm which was still tubular, and a 
good root system, though this showed disturbances in 
its geotropism. Lateral roots had also started to grow. 
The control plantule which germinated on the same day 
had a 1:5 cm leaf, a root system showing normal geotrop- 
ism and no lateral roots. On the fourteenth day, the 
plantules were taken out of the test tubes and planted in 
quartz gravel with a nutritious solution and kept in a 
greenhouse. They continue to grow and develop. 

The differences between the leaves of the plants may 
be varietal or specific characteristics, because the identity 
of the archaeological plant cannot yet be determined. 
The geotropie irregularity in its root system may be 
attributable to hormone deficiency. Root geotropism is 
common among higher plants. The fast growth of lateral 
roots could corroborate this fact. 

E. SIVORI 
F. NAKAYAMA 
E. CIGLIANO 
Facultad de Ciencias Naturales y Museo, 
Universidad Nacional de La Plata, 
Republica Argentina. 
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Photochemically Active Chromoprotein 
isolated from the Blue-green Alga 
Anabaena cylindrica 


WHILE carrying out a biochemical study of the photo- 
synthetic system of Anabaena cylindrica, we have found 
that a chromoprotein isolated from the algal cells is 
active in the photo-oxidation of ascorbate. We report 
here the methods for isolation of the active chromoprotein, 
and some of its characteristics. 

Cells of Anabaena cylindrica were grown as described 
previously'. Algal cells were sonicated for 15 min (200 W, 
10 ke) in 0-1 M tris-HC1 buffer (pH 7-5) containing 0-35 M 
NaCl and 0-001 M ethylenediamine tetraacetic acid. 
Proteins in the supernatants after centrifugation at 
27,000g were fractionated by acetone precipitation (80 
per cent, — 20° C) and ammonium sulphate precipitation 
between 30 and 60 per cent saturation. Further purifica- 
tion was achieved by gel-filtration on ‘Sephadex G-100° 
in 10 M phosphate buffer, pH 7-5. The active chromo- 
protein ran through the column slightly faster than phyco- 
eyanin. The fractions rich in the active chromoprotein 
were combined, and the proteins were concentrated by 
ammonium sulphate precipitation. The sample in 0-1 M 
tris-HC] buffer was placed on a DEAE-cellulose column 
equilibrated with the same buffer. The column was 
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Table H 


PURIFICATION OF THE ACTIVE CHROMOPROTEIN 
. Specific activity Total 
Treatments (umolesjmg (umoles/ activity Recovery 
proteinjh) OD, ml/h) (uemoles/h) EG) 

Acetone-treatment 32 iG 30,600 100 
Ammonium sulphate 

precipitation ög 2-1 24,300 80 
‘Sephadex G-100° 

chromatography 33.5 6-7 24,060 79 
DEAE-cellulose 

chromatography I — 169-0 12,300 40 
DEAE-cellulose 

chromatography IT 574-0 234-0 16,880 37 


The activity was estimated manometrically by O, uptake induced by light, 
The reaction mixture contained, in 2-4 ml., 48 «moles of sodium ascorbate, 
120 zmoles of tris-HCI buffer, pH 7:5, an appropriate amount of test sample; 
KOH (0-1 ml, 20 per cent), in the centre well. Light intensity was 15,000 
lux, and the temperature waa 26° C. * 


developed with 0-15 M tris-HCI buffer. The active chromo- 
protein moved faster than phycocyanin and was clearly 
separated from the latter. Repeated chromatography 
on a column of DEAE-cellulose yielded the chromoprotein 
preparation, which formed a single band in ‘Sephadex’ 
gel-filtration (Fig. 1). The active chromoprotein has a 
larger molecular weight, estimated by ‘Sephadex’ gel- 
filtration, than c-phyeocyanin (molecular weight, 134,000) 
(ref. 2) and ¢-phycoerythrin (213,000) (ref. 2) in the same 
experimental conditions. On a protein basis the specifie 
activity of the preparation was 150 to 270 times greater 
than for the crude extracts (Table 1). 

The absorption spectrum of the active chromoprotein is 
similar to that of phycocyanin, except for the character- 
istic minor peaks at 430, 450, 480 and 695 mu. (Fig. 2). 

When excited by light of wavelength 590 my, the 
chromoprotemm gave an emission spectrum with peaks at 
646 and 700 mu (Fig. 34). In the same experimental 
conditions, phycocyanin gave a single emission peak at 


646 mu. When the active chromoprotein was excited 
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Fig. 1. Patterns of the active chromoprotein shown by column chroma- 


tography of ‘Sephadex G-200’, The column of ‘Sephadex’ (4 x 45 cm) 
was equilibrated with 0-1 M tris-HC] buffer (pH 7-5) containing 0-2 M 
NaCl, The column was developed with the same buffer. Each fraction 
was of 8 ml. ¢@), OD at 280 ma; (O) activity for ascorbate photo- 
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Fig. 2. Absorption spectra of the active chromoprotein and phyco- 


oyanin in 0-1 M fris-HCl bufer, pH 7-5. ———-, Active chromoprotein ; 
---, phycocyanin purified by combined use of calcium phosphate gel 
adsorpticn and DEAE-cellulose column chromatography. 
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Fluorescence (arbitrary unit) 
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Fig. 3. Fluorescence spectra of the active chromoprotein and ordinary 
phycacyanin. A. ( }, Fluorescence spectrum of the active chromo- 
protein; (--- ) fluorescence spectrum of phycocyanin; excitation was 
by light of wavelength 590 my (half-bandwidth: 10 mu). B, Fluores- 
cence spectrum of the active chromoprotein on excitation with light of 
wavelength 450 my (half-bandwidth: 20 my). C, Fluorescence spectrum 
of the active chromoprotein after excitation at 480 mu (half-bandwidth : 
20 mz). Measurements were taken at room temperature. The concen- 
tration of the active chromoprotein was 0°08 ODess, and of phycocyanin 
was 0-01 ODs) fluorescence spectra were not affected by the concen- 
tration of the pigment when it was less than 0-1 ODs in both cases. 





with the light at 450 my (Fig. 3B) or 480 my (Fig. 3C), 
however, no emission peak appeared at 646 my. The 
active chromoprotein is probably a complex of phyco- 
cyanin and the pigment or pigments which absorb the 
light at 430, 460, 480 and 695 mu. 

Photo-oxidation of ascorbate by the purified chromo- 
protein was linearly dependent on the intensity of incident 
light, at least up to 15,000 lux of white light. The reaction 
was half saturated when ascorbate was in a concentration 
of 123x10 M, and was independent of pH at values 
between 5-0 and 8-0. Reduced 2,6-dichlorophenol indo- 
phenol (DPIP) and NNN ’.N’-tetramethyl-p-phenylene- 
diamine (TMPD) were also photo-oxidized; at 10-* M. 
the rates of photo-oxidation of reduced DPIP and TMPD 
were a sixth and a half of that of ascorbate photo-oxida- 
tion. Ferrocyanide was not active as an electron donor 
(Table 2, experiment 1). 

The ehromoprotein catalysed the photoreduction of 
methyl red in anaerobic conditions, but this reaction 
required the addition of DPIP or TMPD, which was not 
the case for photo-oxidation of ascorbate (Table 2, expert- 
ment 2, compared with experiment 3). 

According to Krasnovskii, isolated phycobilin chromo- 
proteins do not induce oxidation-reduction reactions’. 
We have confirmed this using purified Anabaena phyco- 
eyanin. Vernon’ reported that a very high concentration 
of Cyanidium phycocyanin catalyses photoreduction of 


Table 2, PHOTOCHEMICAL OXIDATION REDUCTION REACTIONS BY THE PURIFIED 
ACTIVE CHROMOPROTEIN 


Reaction rates 


Additions (umoles/me protein/h) 

Experiment 1 

Ascorbate, 10°* M 376 

THPD reduced, 10°* M 188 

DPTP reduced, 104 M 66 

Ferrocyanide, 2x 107 M E 
Experiment 2 

Ascorbate, 2x 10+ M 358 

Ascorbate, 2x 10-* M, DPIP, 109 M 330 

Ascorbate, 2x 10 M, TMP D, 104 M 358 
Experiment 3 

Ascorbate, 2x 10 M 115 

Ascorbate, 2 x 10 M, DPIP, 104 M 448 

Ascorbate, 2 x10- M, TMPD, 10“ M » 960 

Ascorbate, TMPD minus chromoprotein 0 


In experiments 1 and 2 the reactions were measured manometrically 
similarly to the experimentsin Table 1: the active chromoprotein was added 
ao as to give 0-05 OD at 620 me. DPIP and TMPD were reduced by titration 
with dithionite solution. In experiment 3, the basal reaction mixture 
contained, in 4 mi., 400 zmolestris-HCl buffer (pH 7-2), 0-68 umole of methyl 
red and the chromoprotein (0-34 OD,../4 mL}. The reactions were run in 
Thunberg type cuvettes in an atmosphere of Na, and were followed spectro- 
photometrically at 430 mz; the molar extinction coefficient of methyl red 
described by Vernon’ was used. Light intensity was 15,000 lux (longer than 
600 mz), and the temperature was 28° C, 


1271. 


nicotinamide adenine dinuclectide phosphate im- the. 
presence of ascorbate. The activity of Cyar m 
phycocyanin which Vernon discovered can probably be 
attributed to contamination of the phycocyanin prepara 
tion by the active chromoprotein. ae 
The yield of the active chromoprotein from algal cells ` 
was almost identical (one-fiftieth of the yield of phycocya- 
nin, based on measurements of ODs) when different 
methods were used to disrupt cells and fractionate 
proteins. This suggests that the chromoprotein is not an 
artefact which has been derived from phyecocyanin 
during processes of extraction and purification. E 
We thank Professor A. Hattori for his advice, ando — 
Dr N. Murata for help with measurements of fluorescence 
spectra. This work was supported in part by a grar 
aid from the Ministry of Education, Japan. 
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Interaction between iron and Nickel 
and Copper and Nickel in Various Plant 
Species 


Wane determining the exact nickel toxicity of plants 
grown on serpentine soils, I found that the degree of 
toxicity differs considerably among various species grow- 
ing on the same soil. For example, the degree to which 
the growth of alfalfa, cabbage, adzuki bean, and bean 
and oat plants was retarded differed greatly according 
to the amount of nickel in the soil. This was evident in _ 
the necrotic areas, especially in cabbage, or in chlorosis of 
the leaves. The effect of nickel toxicity was minimal on- 
timothy which showed longitudinal chlorosis, and on red 
clover which showed neither chlorosis nor necrosis. None 
of these symptoms appeared on potato or dent corn plants’. 

The experiment was condueted on a field of serpentine 
soil with various amounts of calcium carbonate added to 
vary the soil pH. Elements were determined spectro- 
photometrically. First, the nickel im plants? and the 
exchangeable nickel* in the soil (extracted with normal. 
ammonium acetate) were determined using dimethyl- _ 
glyoxime; second, copper was determined using soc ian 
diethyldithiocarbamate*; and, third, iron was determined — 
using O-phenanthroline. 

The exchangeable nickel in soils usually increases in 
proportion to the decrease in the soil pH. The absorption 
of nickel by the plants increased as the exchangeable 
nickel in the soils increased (Fig. 1). Some plants showed 
no toxie symptoms despite high contents of exchangeable 
nickel in the soul. 

The results indicated that most plants showing no 
toxic symptoms contained a high ratio of iron to nickel 
(Fe : Ni 5) and copper to nickel (Cu: Ni 1). Fig. 2 shows 
the statistically derived values* of the ratios of iron to 
nickel and copper to nickel. These results show that the 
concentration of copper and iron compared with nickel 
in healthy plants (which show no symptoms of toxicity, 
for example, potato) was consistently higher than in weak 
plants (which do show the symptoms, for example, 
alfalfa). 

The crop yield of the radish does not decrease in soil 
with a low pH (about 5-5), but the plant develops necrotic 
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Fig. 1. The relationship between soil pH and nickel content in: 


(1) potato, (2) alfalfa, and (3) oat plants. 


areas on the leaves in a soil with a high pH (about 7 5). 
The ratio of iron to nickel in the radish is high while that 
of copper to nickel is low. 

The results of these experiments indicate that (1) plants 
with a ratio of copper to nickel of less than 1-0 had 
necrotic or chlorotic leaves, although the crop yield was 
not always decreased; (2) there was a decrease in the crop 
yield when the ratio of iron to nickel in the plants was 
less than 5, although symptoms of necrosis or chlorosis 
did not always develop; (3) in most of the plants there 
was a decrease in the crop yield at the same time as toxic 
symptoms developed, but it was unusual for the two 
phenomena to occur independently; and (4) with a de- 
crease of soil pH and the ratio of iron to nickel and copper 
to nickel, the plant’s resistance to nickel was weak, 
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Most of the fifteen. common crops used showed the same 
general pattern. Kidney bean, soybean, adzuki bean, 
cabbage and alfalfa. plants which contain a low ratio of 
iron to nickel and copper to nickel were extremely sus- 
ceptible to nickel toxicity, but plants such as potato or 
dent corn which have a high content of iron to nickel and 
copper to nickel were not affected. Furthermore, when 
nickel was added as sulphate, crops on other soils showed 
results similar to those on serpentine soils. 

Crooke®? has shown that the concentration of iron in 
oat plants with the necrotic symptoms of nickel toxicity 
and the degree of this toxicity is correlated with the ratio 
of nickel to iron in the plants. 4 

The results suggest that the extent of the effect of 
toxicity was influenced by the ratios of copper to nickel 
or iron to nickel present in the plant. The degree of 
resistance to nickel toxicity seems to vary considerably 
among different species. 
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Reduced Adenyi Cyclase Activity in a 
Polyoma Virus Transformed Cell Line 


THERE is now substantial evidence that the intracellular 
concentration of adenosine 35’ cyclic monophosphate 
(cyclic-AMP) is an important factor in the hormone 
regulation of some specialized functions of the 
cells of a number of tissuest?, The intracellular 
level of eyclic-AMP is chiefly determined by the 
balance between its formation from SATP by 
adenyl cyclase and its degradation to 5‘AMP by a 
specific 3°5° cyelie phosphodiesterase. If this 
balanee were altered by mutation, teratogenic 
differentiation, or infection, there could be pro- 
found changes in the functions of the cell. An 
alteration leading to a lower level of eyclic-AMP 
might lead to the mereased aerobic glycolvsis and 
decreased specialized function commonly observed 
after neoplastic transformation (chemical, apon- 


Healthy 


Degree of necrotic or chlorotic symptoms 


z tancous” or viral). This paper presents indirect 
3 evidence that mereased levels of eyclic-AMP 
may decrease cell growth in culture and describes 
an attempt to test the hypothesis that the regula- 
£ tion of cyelic-AMP levels differs in “normal” and 
= virus transformed cells. 
= If the signal? for density dependent. inhibition 
of growth® were transmitted by cyclie-AMP, the 
alteration postulated here might be the direct 
2 cause of the loss of this inhibition after viral 
= transformation and then adenyl cyclase would be 


implicated in polyoma virus transformed cells 
and the phesphodiesterase in Rous sarcoma virus 
transformed cells. The BHK21/13 hamster cell 
line? was therefore chosen as “normal” because 
derivatives transformed by polyoma virus, PyY 
(ref. 8), and by the Bryan strain of Rous sarcoma 
virus, BRT (ref. 9), were available for compari- 
son. 
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It is difficult to study directly the effect of cyclic-AMP 
on the growth of mammalian cells because they are 
probably rather impermeable to this nucleotide"). 
Cyclic-AMP added to the medium, however, did not 
inhibit cell attachment but did reduce the growth of 
BHK21/13, PyY and BR7 cells at a lower concentration 
(0-1-0-3 mM) in each experiment than the 5‘AMP (0-3-0-5 
mM) used as control in parallel cultures (compare ref. 10). 
The concentration of cyclic-AMP within BHK21/13, 
PyY and BR7 cells has not yet been determined, but these 
results are consistent with the idea that raised levels of 
eyclic-AMP in the cell would reduce growth. 

Caffeine and theophylline are competitive inhibitors of 
3’5’ eyelic phosphodiesterase’* and induce the accumula- 
tion of cyclic-AMP within the cell. It is therefore pos- 
siblet? to examine indirectly the effect of eyehe-AMP in 
intact cells by exposing them to caffeine or theophylline. 
Fig. 1 illustrates the effect of 2 mM caffeme or 2 mM 
theophylline on the growth of the cells. Caffeine reduced 
the rate of growth of BHK21/13 and BR7 cells and 
finally inhibited their growth at about 1-6x 10° and 
1-2 x 10% cells per culture (80 x 10° and 60 x 10° cells em~? 
respectively) whereas there was very little effect on the 
growth of PyY. Theophylline had a greater effect on 
the growth of all the cell lines than caffeine, which is 
consistent with the observations of Butcher and Suther- 
land}? that theophylline is a more effective inhibitor of 
3/5’ eyclic phosphodiesterase than caffeine. Theophylline 
greatly increased the doubling time of BH#21/13 from 
about 13-3 h to about 78 h and that of BR7 from 15 h 





(initially) to about 70 h and finally mbibited all g 
at about the same cell densities as caffeine. - 
of PyY cells was slowed by theophylline from a g 
time of about 13 h to one of only about 23 h, bi 
doubtful whether it was actually stopped be 
medium was exhausted. It was conspicuous that 
the medium in the Py Y control cultures becar 
the medium in the presence of the mm 
remained near the starting pH, as it did w 
cultures. This may mdicate a return of aerob 
towards “normal” in the treated PyY cells. 
medium was replaced every 24 h by fresh m 
doubling time of BHK21/13 was imereased 
to 44-2 h by 2 mM theophylline whereas t 
time of PyY was increased from 12-4 to only ebie 
The effect of BHK21/13 cells on the growth of F 
cells in the presence of theophylline was also examined. —— 
The doubling time of PyY seeded 1 to 10 on theophylline. 
inhibited BH K21/13 monolayers was at least 50- h. (assume E 
ing all inerease was due to PyY cells), whereas the ` 
BHK21/13 monolayers initiated at a density of 65 JP o 
cells em~? in the presence of 2 mM theophylline showed no 
change in cell numbers in 5 days; the doubling tame of 
control PyY cultures was about 13 h and of PyY im the 
presence of 2 mM theophylline was about 26 h. Thus the 
growth of PyY cells was inhibited by culture with non- 
growing BHK21/13 cells. The reduced growth rate in 
the presence of the methyl-xanthines, which are im- 
hibitors of the 3°35’ cyclic phosphodiesterase, can cause tho > 
accumulation of eyclic-AMP and are not known to seb —— 
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Fig. 2, Adenyl cyclase activity of BHK21/18, Py¥ and BRT cells. 


Paired replicate cultures of cells were grown in Eagle’s medium supple- 
mented with 11 per cent calf serum in rotating Winchester bottles. 
The celis from one bottle were removed from the glass with trypsin and 
counted, The cells of the other culture were scraped off in 2x10 ml. 
of OD per cent NaCl, sedimented at 1807 and suspended at 6° C in 
1-0 ml, 2/5 TKM per 5 x 10? cells (2/5 TKM is 0-02 M tris-HCl, pH 7-5, 
0-01 M KCI, 2 mM MgCl,), The cells were disrupted by five strokes of 
a “Tefion’/giass homogenizer at low apeed and the membranes sedi- 
mented at 2,0009 for 20 min at 4° C. The pellet was resuspended at the 
same concentration in 2/5 TKM. The assay was 0-5 ml. (4:0 mM 
C-ATPNa,, 1-0 pC/ml., 4 mM MgCl, 20 mM aminophylline, 0-06 M 
tris-HCl, pH 7-5) + 0-05 mi, extract in Durham tubesincubated at 36-5° C, 
20 ui. samples were removed after thorough agitation at 5, 10 and 20 min 
and spotted onto DEAE paper preloaded with 20 yl. 1 mM eyclic-AMP. 
The ascending chromatogram was run 15 min in water, dried and then 
6) min in 33 mM borax in the same direction both at ¢. 23°C. The 
cyclic-AMP spot (ultraviolet absorbing) was cut from the dry paper 
and “C estimated directly by liquid scintillation counting. ©, BHK21/ 
13; ©, PuY; W, BR’. 


elsewhere, is indirect evidence that raised levels of cyclic- 
AMP reduce growth. 

An interesting interpretation of the difference in 
growth rate and final density between BHK21/13 and 
PyY is that cyclic-AMP is produced at a lower rate in 
PyY than in either BHK21/13 or BR7 and even in the 
presence of the competitive inhibitors of 3'5” cyclic 
phosphodiesterase hardly reaches growth inhibiting con- 
centrations. 

This interpretation has been investigated directly by 
measuring the rate of production of cyclic-AMP by adeny] 
eyclase in a membrane fraction of BHK21/13, PyY and 
BR7 cells. The assay (Fig. 2) contained 20 mM theo- 
phylline (as the more soluble ethylene diamine derivative 
aminophylline) to inhibit any 3°5’ eyclic phosphodiesterase. 
The chromatography of the product separates cyclic-AMP 
from 5’ tri, di and mono-phosphates and adenosine which 
probably establishes the specificity of the assay for adenyl 
cyclase. Fig. 2 shows that extracts of BHK21/13 and of 
BRT both catalyse formation of cyclic-AMP at a substan- 
tially greater rate than that of PyY confirming the in- 


Table 1. ADENYL CYCLASE ACTIVITY IN DIFFERENT EXTRACTS OF BH K21/13 
AND PyY CELLS 


BHRK2V/13 Py¥ 
Extract Days at 10° cells uuM mint 10% celle «uM min- 
~ 15° cm 10* cell-* em-* 10* eel! 
22/2 0 410 400 1,000 160 
5 220 90 
1/3 4 140 360 430 150 
4+79 260 100 
4 19 330 30 220 
44+84 260 200 
12/3 2 210 490 390 80 
19/38 0 400 230 870 70 


Cella were grown, collected and the extracts prepared and assayed as 
described in Fig. 2. The extracts were assayed immediately or after storage 
at ~15°C. The density of the cells at the time of collection and the rate 
offormation of cyclic-AMP per million cells is shown. 
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terpretation of the growth experiments with the methyl- 
xanthines. Although there were variations in the absolute 
amount of adenyl cyclase detectable, Table 1 shows that 
in all experiments there was relatively less in the PyY 
than in the BHK21/13. The difference was probably not 
due to greater lability of the PyY activity, for the activity 
was no less stable at —15°C than the activity of 
BHK21/13 extracts. PyY cells tend to grow sooner after 
subculture than BHK21/13 cells, so extracts from cultures 
of a given age correspond to different density conditions. 
An experiment in which cultures of both BHK21/13 and 
Py¥ cells were initiated at low and high density, how- 
ever, showed that the difference between BH K21/¥8 and 
Py Y was not due to culture density factors alone (Table 1). 

Adenyl! cyclase has been reported to be associated with 
the cell membrane* and its activity may be influenced 
through the membrane, These observations mean that 
adenyl cyclase could be a transducer of information con- 
cerning the state of the membrane-—for example, contact 
between cells might enhance the adenyl cyclase activity 
in the surface. Experiments with extracts of cultures of 
different density do not really test this possibility because 
BHK21/13 ceils become oriented next to each other which 
leads to substantial contact between BHK21/13 cells even 
at low culture density. The experiment described in Fig. 2 
was therefore designed to confirm that adenyl cyclase is 
associated with the membrane in these cells and to in- 
vestigate possible effects of the supernatant fraction. 
The adenyl cyclase (Table 2, experiment 1) was almost 
ail associated with the pellets sedimented at 2,000g rather 
than with the supernatants. Whole cell adenyl cyclase 
activity (pellet + homologous supernatant) of BHK21/13 
was much greater than that of PyY, confirming that the 
difference was not an artefact resulting from the possibly 
greater solubility of PyY adenyl cyclase. Further, addi- 
tion of either BH.K21/13 supernatant or Py Y supernatant 
to the assay enhanced the activity of BHK21/13 pellet 
but had little effect on the activity of PyY pellet. A 
similar experiment (Table 2, experiment 2) with the same 
extracts stored at — 15° C for 4 days confirmed that the 
BHK21/13 adenyl cyclase was activated by either super- 
natant but the PyY adenyl cyclase was scarcely affected 
by either. The difference in sensitivity to activation by 
Py Y supernatant has been confirmed in other BHK21/13 
and PyY extracts. 


Table 2. DISTRIBUTION OF COMPONENTS OF ADENYL CYCLASE ACTIVITY 
IN EXTRACTS 


BH K21/18 PyyY uuM mina 
Pellet Super. Pellet Super, Experiment 1 Experiment 2 
50 o ow -l — 650 mae 
— 50 — woe () ee 
a oo 5 -— 300 cond 
= — ~ 50 80 = 
25 25 — ne 670 460 
= _ 25 25 180 180 
25 _ l 25 1,880 830 
= 25 25 = 280 220 
25 wo 25 _ = 420 
sn 25 _ 25 — 0 
25 — a = ~ 170 
os 25 mans — we 50 
-== oo 25 e — 110 
a ee, D AA — 90 


Cella were grown, collected and extracts prepared and assayed as 
described in Fig. 2. Density at collection of BH K21/13 was 204 x 10% cellg 
cm- and of PyY was 348 «x 10° cells em. The assay volume was made up 
to 100 ul. where appropriate with 2/5 TKM. The table shows the volume 
in ul, of the 2,0007 supernatant and the resuspended pellet added to each 
assay and the rate of formation of eyclic-AMP. 


Bearing in mind that many of the hormones which 
influence the cellular level of eyclic-AMP do so by activat- 
ing adenyl cyclase!*, an attractive interpretation of these 
experiments would be that there may be as much adenyl 
cyclase protein associated with the membranes of PyY 
cells as with those of BHK21/13 cells, but, unlike that of 
BHK21/13 cells, the adenyl cyclase of PyY cells is not 
activated. This would explain the reduced sensitivity of 
the growth of PyY cells to the methyl-xanthines and the 
reduced enzyme activity in the extracts. The greater 
activating ability im the PyY supernatant might be 
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expected if there were feedback regulation of the activa- 
tor(s). If the difference between the PyY adenyl cyclase 
and BHK21/13 adenyl cyclase is due to the transforma- 
tion by polyoma virus and not an incidental peculiarity 
of the PyY line, then cells transformed by polyoma 
virus might eseape regulation by the hormones which 
act on adenyl cyclase’? and the hormones which act 
through the 3’5’ cyclic phosphodiesterase’ as described 
here for the methyl-xanthines. Although the transformed 
cells would remain sensitive to cyclic-AMP from neigh- 
bouring cells the growth and specialized functions of the 
cells would be profoundly altered when isolated from them 
possihly in the direction commonly associated with 
neoplastic transformation. 
I thank Mrs M. MacNamara for technical assistance. 
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A Foot and Mouth Disease Syndrome 
in Pigs caused by an Enterovirus 


Ix October 1966 a disease was observed among pigs in 
Lombardy, Italy, which was indistinguishable from foot 
and mouth disease. Biological and serological tests 
indicated that the Italian disease was unlikely to be foot 
and mouth disease, so further studies were carried out at 
Brescia and Pirbright to characterize the causal agent. 

The disease appeared simultaneously on two farms, 
both of which had received pigs for fattening from a 
common source. One farm housed ten thousand pigs in 
twenty sheds and the disease first appeared in a group of 
one hundred newly introduced pigs, all of which were 
affected. The disease later spread to other pigs in the 
same shed and approximately 25 per cent of animals 
showed visible lesions. Only scattered cases of the disease 
were seen in the other sheds on the farm and no fresh 
cases were observed after 3 weeks. On the second farm 
the disease appeared in one shed which housed eight 
hundred pigs. All of sixty newly introduced pigs were 
affected, but again only about 25 per cent of the remaining 
animals developed obvious lesions. Disease was also 
seen in a second shed sited 200 m away. 

The clinical signs observed included fever (41°-42° C) 
and vesicular lesions which occurred on the coronary 
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Fig. 1. Electron micrographs of viruses causing foot and mouth disease, 
vesicular stomatitis, vesicular exanthema and Italian disease. 


bands, bulbs of the heel and in the interdigital spaces. 
Vesicles also appeared on the snout and in some animals 
on the skin overlying the metacarpals and metatarsals. 
Isolated vesicles were 1-3 mm in diameter and contained 
clear vesicular fluid. At many sites numerous vesicles 
coalesced to form larger lesions. Vesicles ruptured after 
2 or 3 days and healing was rapid in most animals without 
secondary infection or other sequelae. 

The disease was initially diagnosed on clinical grounds 
as foot and mouth disease. Repeated tests at Brescia 
and Pirbright, however, failed to show foot and mouth 
disease virus complement-fixing antigen in vesicular 
epithelium and fluid from both naturally and experi- 
mentally infected pigs. 

Extracts of the vesicular epithelium produced obvious 
cytopathic effects in primary and secondary pig kidney 
monolayer cultures and in cultures of the pig kidney cell 
lines PK 15 and IB-RS-2. No cytopathic changes were 
observed in primary calf kidney or in calf thyroid mono- 
layer cultures or in the first passage in baby hamster 
kidney cell line cultures (BHK 21). The tissue culture 
system selected for further work was secondary pig kidney 
monolayers and the virus was assayed by counts of plaque 
forming units. 

The disease could be reproduced in pigs by inoculating 
either infected epithelium suspensions or tissue culture 
harvests, although the experimental disease did not 
appear to be as severe as that observed in the field and 
only half the inoculated pigs developed clinical lesions. 
Infection was achieved by inoculation of either the coron- 
ary band! or the bulb of the heel* or by contact with 
infected pigs. High levels of neutralizing antibody 
developed in all pigs exposed to infection. 

Suspensions of vesicular epithelium produced no 
apparent disease following intradermal inoculation of the 
tongues of one donkey, two cattle and groups of rabbits 
and chickens, the foot pads of guinea-pigs or the abdominal 
skin of hamsters. Tissue culture virus in doses greater 
than 10% pru produced disease in 1 day old mice when 
inoculated by the intracerebral or the less sensitive intra- 
peritoneal route but not in 7 day old mice. Affected mice 
showed nervous signs 4—5 days after inoculation and these 
usually progressed to paralysis and death 5-10 days after 
inoculation. Assay of the tissues of paralysed and dead 
mice showed that the virus was distributed chiefly in 
the brain, spinal cord and muscular tissues. 


Table 1. PHYSIOO-CHEMICAL PROPERTIES OF FOUR VIRUSES PRODUCING VESICULAR LESIONS IN PIGS 
Property Foot and mouth disease Vesicular stomatitis Vesicular exanthema Italy 1/66 

Stability at pH 5 Labile Stable Stable (4) Stable 
Stabilization by 1 M Mel, at 50° C Not stabilized Not tested Not stabilized (5) Stabilized 
Ether-resistance Resistant Labile Resistant (4) Resistant 
Sedimentation coefficient (S) 140 (6, 7) 625 (8) 160-170 (4) 150 

Buoyant density (g/ml.) 1-43 (9) 1-20 (10 1°37 (4) 1-34 

175 x 65 35-40 (4) 


Size (my) 24 (11) 
Morphology Roughly spherical (11) 


(8) 
Bullet with fringe-like 
projections (8) 


40-32 
Roughly spherical with Roughly spherica! 


dark staining arens(4) 
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These biological and serological findings indicated that 
the causal agent was not foot and mouth disease virus 
and the restricted tissue culture and animal host range 
was not characteristic of vesicular stomatitis virus. The 
only other virus known to cause vesicular lesions in Pigs is 
vesicular exanthema virus’, so we have compared the 
physico-chemical properties of the Italian virus with 
those of three antigenic types of vesicular exanthema 
virus. The stability of the virus at pH 5, the effect of 
1 M MgCl, on its stability at 50° C, the sedimentation 
coefficient in sucrose gradients and the buoyant density 
in caesium chloride show that the Italian virus differs 
from vesicular exanthema virus and provides further 
evidence that it is not foot and mouth disease virus or 
vesicular stomatitis virus (Table 1). This difference is 
confirmed by the appearance of the viruses in the electron 
microscope (Fig. 1). Although we require further data 
before we can classify the Italian virus, these preliminary 
results indicate that it belongs to the enterovirus group. 

We thank Mr C. J. Smale for the electron micrographs. 
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Immune Response to a Soluble Protein 
Antigen in NZB Mice 


Mice of the NZB strain spontaneously develop auto- 
immune haemolytic anaemia’ and their sera contain 
various antibodies reactive with autologous and even 
heterologous red cells. Serum antinuclear factor 
and LE cells also oceur*:* and more IgM than normal is 
present from an early age’. Splenomegaly and lymphad- 
enopathy caused by proliferation of lymphoid, plasma and/ 
or reticulum cells are found’-* although in older animals 
splenomegaly is chiefly caused by proliferation of erythro- 
poietic tissue’. 

Little is known about the degree of response of NZB 
mice to a normal antigenic stimulus, however. Diener’s 
work® suggested that the number of spleen cells able to 
produce antibodies against sheep red cells (SRC) is 
greater in young Coombs negative NZB mice than in 
comparable C3H mice, and an early maturation of the 
ability to respond to SRC has been reported??), 

We assessed the ability of young Coombs negative 
NZB mice to respond to bovine serum albumin (BSA) 
and included three other inbred strains and two F, hybrid 
combinations for comparison. An attempt was made to 
assess how easily the mice becarne less responsive after 
pretreatment with an aggregate free preparation of the 
antigen. 

NZB/Bl and C57Bl mice used were from inbred stocks 
maintained in the Department of Surgical Science and the 
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DBA/2 and CBA. animals were bred on the “Traffic 
Light System” from breeding nuclei obtained from the 
Laboratory Animal Centre, Carshalton, Surrey. All 
animals were males, between 28 and 144 days old and were 
assigned to two groups for each strain on a matched weight 
basis. The NZB and (NZBx CBA)F, animals were 
Coombs tested? 

Antigen was prepared by a method described earlier’, 
One group (the test animals) received an intraperitoneal 
injection of 0-05 mg of BSA, which had been centrifuged 
at 1:6 10" g-min, the other group were used as controls, 
receiving an equivalent volume of saline only. Twenty 
days later all mice were injected intraperitoneally with 
5 mg of alum-precipitated BSA (in 1-3 per cent 1,05). 
Mice were bled 20 and 30 days after this challenge; the 
sera were allowed to separate at room temperature and 
stored individually at — 20° Ç. 

The antigen binding capacity (ABC) of each sample 
was measured by the ammonium sulphate method of 
Farr and, using that dilution of serum binding 33 per 
cent of the 0-01 ug of N BSA* (BSA labelled with 1 as 
deseribed by Hunter and Greenwood") added, was ex- 
pressed as ug of N BSA* bound/1 ml. of undiluted serum. 
Individual antigen binding capacities were calculated 
using the University of Edinburgh KDF9 computer. 
Sucrose density gradients were prepared?!® using 40, 30, 
20 and 10 per cent sucrose, 9 x 0-5 ml. fractions were taken 
after 16 h centrifugation at 35,000 r-p.m. in a MSE super- 
speed 40 TC centrifuge with an SR 40 rotor, 


Table 1. ANTIGEN BINDING CAPACITIES OF INDIVIDUAL NZB ann CBA 
SERUM SAMPLES 20 DAYS AND 80 DAYS AFTER INTRAPERITONEAL INJECTION 
OF & MG ALUM-PRECIPITATED BSA 


NZB CBA 
Test Control . Test Control 
Day 20 Day 30 Day 26 Day 30 Day 20 Day 30 Day 20 Day 30 
3:79 14-24 12-02 15-32 0-28 _ 2400 wt 
2-16 8-51 42-93 17-93 G82 ~ & 80 4-47 
8-93 18-31 8-57 19-13 0) 22 = 1-84 3-64 
6-54 13-22 S65 — 012 nanma 213 3°38 
2-68 4-44 6-30 13-69 0-26 == PI 347 
185 — T25 one 0-92 oe 1:75 4°30 
2-04 4:08 3°78 Qs 0-47 0-80 il sea 
2-89 oo 7-34 10-46 0-13 — 2°38 3°26 
1-75 4-01 2-76 383 0-86 1-54 1-93 a 
14-07 18:59 


Test groups were pretreated with centrifuged BSA, control groups with 
saline, 


Table 2. ANTIGEN BINDING CAPACITIES OF INDIVIDUAL (XZB x CBA) AND 
(C57 Bi x CBA)F, HYBRID SERUM SAMPLES 20 DAYS AND 80 DAYS AFTER 
INTRAPERITONEAL INJECTION OF 5 MG OF ALUM-PRECIPITATED BSA 


(NZB x CBA), (COT EEX CRA)P, 


Test Control Test Control 
Day 20 Day30 Day 20 Day 30 Day 20 Dav 30 Day 20 Day 30 

1-30 3-10 1906 1654 0-38 0-31 1-92 205 
0-33 — 12-75 38-75 0-065 0-07 86 1-33 
0-82 2-50 2:70 7-20 O78 an 1°65 = 
175 2-85 7°03 17-48 0-50 0-96 P44 2-41 
3-61 5-47 S64 13-06 1-09 1-47 1:10 ne 
2-43 8-5 2-38 26-44) 0-82 127 
2-34 3:43 4-75 _ 

1-00 1-59 8-04 K-21 

1-82 262 

2:29 2-49 


Test groups were pretreated with centrifugea BSA, control groups with 
saline. 


The values for antigen binding capacity of some test and 
control groups are given in Tables l and 2. Animals 
containing the NZB genotype are hyper-reactive to BSA 
when compared with CBA and (C57Bl x CBA)F, hybrids. 
Differences between test and control groups of CBA 
(CS7TBLx CBA)F, and (NZBxCBA)F, hybrids indicate 
that these animals can be made hyporesponsive. The 
result with the NZB test group is more complex. There 
seem to be two types of reaction: one in which ABC 
values are equivalent to control group values with the 
animais seemingly unaffected by previous treatment with 
aggregate-free BSA, and the other in which the degree of 
unresponsiveness is similar to that obtained with other 
strains. | 

The pattern of response of DBA/2 and C57Bl mice was 
similar to that of CRA mice, although at a lower level. 
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It was possible to induce a similar degree of hyporespon- 
siveness by previous treatment with centrifuged BSA, 
however. 

Fractionation of pooled sera from NZB and CBA 
strains by ultracentrifugation on sucrose density gradi- 
ents indicated that in both test and control groups the 
major portion of the antigen binding activity was found 
in that fraction containing yG globulin. 

Our results demonstrate that young NZB and (N ZBx 
CBA)F, hybrid mice give an enhanced immune response 
to BSA and there is also evidence that it is more difficult 
to render some of the NZB animals tolerant by pretreat- 
ment with centrifuged material. This result is consistent 
with other evidence of immune hyper-reactivity in these 
mice? t, 

This enhanced response might be explained if NZB 
mice have a larger pool of lymphoid cells than other 
strains, and this could also imply an overall increased 
threshold for tolerance induction. One of us (J. D. N.) 
has observed a marked increase in the weight of lymph 
nodes of young NZB mice compared with other strains of 
mice and F, hybrids between them. These NZB mice, 
when examined at necropsy, had lymph nodes three 
times heavier than the nodes of the (NZBxCBA)F, 
hybrids. No correlation was found between the weight 
of lymph nodes and ABC values, however, and the dose 
of aggregate-free antigen we used to induce hyporespon- 
siveness was five times greater than that required to induce 
a similar degree of hyporesponsiveness in CBA mice 
(unpublished results of McBride and Jacob). This explana- 
tion therefore seems unlikely. Tolerance induction can 
be prevented in rabbits by pretreatment with Coryne- 
bacterium parvum in the absence of lymphoid hyper- 
plasia”. 

NZB mice may be more efficient at processing antigens 
by phagocytic cells, but this is unlikely to be important 
because Golub and Weigle" have demonstrated that the 
effect of bacterial endotoxin on lymphoid cell activity, 
shown by prevention of tolerance induction, is independent 
of the activity of phagocytic cells. 

Murine leukaemia virus has been found in the lymphoid 
tissues of NZB mice and their F, hybrids'**. It is 
possible that these viruses play no part in the lympho- 
reticular abnormalities of NZB mice, but in at least one 
case the transfer of cell-free material to an unaffected 
mouse strain was associated with a low incidence of 
immunological abnormality. There is a close relation- 
ship between the virus and lymphocyte membranes*; 
the virus appeared to be budding from the cell surface. 

We suggest that virus in NZB mice may affect processes 
dependent on changes taking place at the surface of the 
lymphocytes. These may include initiation of the immune 
response, and it is possible that virus action makes it 
more likely that a cell will respond to an antigenic stimulus 
by antibody production. This could result im hyper- 
reactivity and in individual mice an increased threshold 
for tolerance induction. It has been suggested™ that the 
virus is the agent which so alters the lymphoid tissues 
that normal tolerance does not develop to tissue antigens 
thus leading to autoantibody production. 

The finding that NZB mice respond in two ways to 
pretreatment with a “tolerance inducing” antigen is 
another example of variability within this inbred strain. 
The onset of Coombs positive haemolytic anaemia, the 
ineidenee of anti-nuclear factor, and the incidence of 
glomerulonephritis are far from uniform*®. It is necessary 
to elucidate the relationship between such variations and 
the lympho-reticular abnormalities associated with this 
strain of mouse. 

This work was supported by grants from the Medical 
Research Council, the Arthritis and Rheumatism Counc, 
and the Distillers Company. We thank Mrs J. Snashall 
of the Department. of Computer Science for computation 
of antigen binding capacities, and Miss V. Curran for 
technical assistance. 
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Note added in proof. Since this communication 
prepared, our attention has been drawn to two re 
which have appeared in abstract form describing 
response of NZB mice to another protein antigen, — G 
gamma globulin (Braverman, 1. M., Clin. Res., 16,3 
1968; and Parker, J., Staples, P. H., and Talal. 
Fed. Proc., 27, 685; 1968). Although the methods used 
for antibody detection were probably less sensitive than 9 
ours. NZB mice nevertheless were found to be more- 
responsive than normal strains and more diffieult to 
render tolerant. 














D. M. Were 

W. MeBRIDE 
Immunology Unit, 
Department of Bacteriology. ME 
J. D. NAYSMTR 
Department of Surgical Science, 
University of Edinburgh Medical School. 


Received July 23, 1968. l 
! Bielschowsky, M., Helyer, B. J., and Howie, J. B., Proe. Univ. Otago Med. 
Sch., 37, 9 (1939). 
! Holmes, M. C., Gorrie, J., and Burnet, F. M., Lancet, 2, 638 (1901), 
* Helyer, B. J., and Howie, J. B., Brit. J. Haematol., 3, 119 (2962). car 
* Long, G., Holmes, M. C., and Burnet, F. M., Austral. J. Exp, Biol. Med. - 
Sei., 41, 315 (1963). 
* Holborow, E. J., Barnes, R. D. 8., and Tuffrey, M., Nature, 207, 601 (1905), 
‘ Norins, L. C., and Holmes, M. C., J. Immunol., 98, 148 (1964), eee 
? ret ae de Sousa, M. A. B., and Parrot, D. M. V., Transplaniation, 3, TTL — oe 
(1905). 
s Bast, J., and de Sousa, M. A. B., Nat. Cancer Inat. Monog. Sa, G5 (L008), 
s Diener, E., Intern, Arch. Allergy, 30, 120 (1.9066). 
10 Playfair, J. H. L., Proc. Roy. Soc. Med., 60, 826 (1967), 
u Evans, M. M., Williamson, W, G., and Irvine, W. J., Clin. Eep. Tamune, 
3, 375 (1968). 
n Lindsey, E. S., Donaldson, G. W. K., and Woodruff, M, F. A. Clin. Kap. 
Immunol., 1, 85 (1960). 
1 Pinckard, R. N., Weir, D. M., and MeBride, W. H., Chn. Rap. Dauremel,. 
2. 331 (1967). 
4 Farr, R. S., J. Infect. Dis., 108, 239 (1958). 
is Hunter, W. M., and Greenwood, F. C.. Nature, 194, 496 (1962). 
18 Weir, D. M, Pinekard, R. N., Elson, ©. J. and Suckling, D. Ba, Clin. Exp. 
Immunol., 1, 483 (1966). 
o Pinekard, R. N., Weir, D. M., and MeBride, W. H., Clin. Eep. Immunol 
3, 413 (1968). 
1 Golub, E. 8., and Weigle, W, O., J. Immunol., 98, 1241 (1987), 
8 Mellors, R. B., and Huang, C. Y., J. Exp. Med., 124, 1031 (1966). 
20 Mellors, R. B., and Huang, €. Y., J. Bap. Med., 126, 53 {1967}, 
tt Bast, J., and Prosser, P. R., Proc. Roy. Soe, Med., 60, 823 (19873, 
24 Hollman, K. H., and Verly, J. M, CR Acad. Sei. (Paris), 264, 871 (1907) 
233 Prosser, P, R., Clin. Exp. Immunol., 3, 213 (1968). 
% Weir, D. M., Lancet, ii, 1071 (1967). 
2 Howie, J. B., and Helyer, B. J., Ann. NY Acad. Sei,, 124, 167 (1065), 





Release of a Lymphocyte Growth 
Promoter in Leucocyte Cultures 







DNA synthesis? and cell division? follows. W 
here our finding that this conversion is strongly dependent 
on a cell-associated factor which is released into the 
medium during the initial hours of cultivation. We 
also present evidence for the existence of a protein io 
human serum which will substitute for the cell-released 
factor. 

In a typical assay human leucocytes were collected 
from heparinized blood, treated briefly with trypsin and 
suspended (1-0 x 10° cells/ml.) in Eagle's HeLa medium‘ 
containing 7 per cent bovine serum (BEHM). Cultures 
(3 ml.) were planted, and a quantity of PHA necessary 
for an optimal induction of DNA synthesis was added’. 
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Fig. 1. Requirement for a cell associated factor or lymphocyte growth 


promoter (LGP) in the response of lymphocytes to PHA. The medium of 
leucocyte cultures was replaced with fresh medium at the indicated 
times after starting the cultures. PHA was present in all media. LGP, 
a purified protein fraction isolated chromatographically from the electro- 
phoretically resolved 6-globulin fraction of human serum, was added 
where indicated (10 ug/ml. of medium: isolation and characterization 
of this factor will be presented elsewhere). Incorporation of 2-“C-Tdr 
into DNA was measured after between 86 and 72 h, 


The cultures were incubated in an atmosphere of 5 per 
cent CO, in air at 37° C. After 48 h, 3 mumoles of ameth- 
opterin and 150 mumoles of adenosine were added; 
16 h later, 3 yg of thymidine-2-4C (2-4C-Tdr, 3-66 
mCi/mmole) was added to each culture. After a 6 h 
incorporation period, the cells were extracted sequen- 
tially with 10 per cent trichloroacetic acid (TCA), 80 per 
cent EtOH and EtOH: ether, 1:1. The amount of 
radioactive thymidine incorporated in the cell residue 
was used as a measure of DNA synthesis in the growth 
response. 

Fig. 1 demonstrates that replacing the culture medium 
with new medium at various times after the initiation 
of the leucocyte cultures reduced considerably the ability 
of the cultures treated with PHA to initiate DNA synthesis. 
This sensitivity to a change in the medium was maximal 
at 3 h; in some experiments the effect was fully apparent 
even after 1 h. 
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Fig 2. Release of the cell-associated growth factor by leucocytes in 
euiture. 10 10° leucocytes/ml. of culture medium were incubated 


for 3-25 h, the cella removed by centrifugation, and varying con- 

centrations of conditioned mediam inchided in the medium replace- 

ment at 3 h. Incorporation of 2-“C-Tdr into DNA was measured after 
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Table 1, EFFECT OF MEDIUM CHANGE AFTER 3 h AND OF TIME OF ADDITION 
OF PHA ON THE INCORPORATION OF 2-4C-Tdr RY LYMPHOOYTES 


Culture conditions 


Time of addition No change Change of medium with additions 
of PHA of medium None LGP-146 LGP-147 
Omin 6,960 682 1,575 1,765 
and 3-5 min 2,700 5,060 4,470 
3-5 min 2,760 5,100 4,530 


Incorporation of 2-“C-Tdr was measured in the interval 64-70 h after 
planting the cultures. LGP-140 and LGP-147 refer to two different prepara- 
tions of the lymphocyte growth promoter. 


When the medium was changed at 3 h, growth of the 
cultures could be restored to normal by adding a protein 
isolated from the §-globulin fraction of human serum 
(Fig. 1). Addition of this factor, referred to as “lymphocyte 
growth promoter’ (LGP), in a concentration of 10 ug/ml. 
was also effective when the medium was changed after 
longer intervals; however, DNA synthesis in such cultures 
was no longer restored to the original level. While most 
preparations of leucocytes were stimulated by LGP 
without change of medium, the change inereased the 
requirement for this factor in all cases and provided a 
more sensitive and predictable assay. 

These experiments suggested that leucocytes release 
some cell-associated factor when suspended in culture 
medium which is necessary for the growth response 
induced by PHA. To test the medium for such a factor, 
concentrated suspensions of leucocytes (10 x 10° cells/ml.) 
were incubated in BEHM for 3-25 h at 37° C. The cells 
were then pelleted and the medium was used to supple- 
ment fresh BEHM in experiments involving changes 
of medium. Fig. 2 shows that a graded response was 
obtained with increasing amounts of the conditioned 
medium suggesting the presence of a growth stimulating 
factor released by the cells. 

In the experiments deseribed here, PHA was present 
in the culture medium during the initial interval when 
the cell-associated factor was released and the require- 
ment for LGP developed. PHA, however, does not 
seem to be required for the release, for the effect of 
changing the medium was the same in the presence or 
absence of PHA (Table 1). Such cultures responded 
equally well when LGP was added. 

Experiments were also condueted with mixed leucocyte 
cell cultures’ to ascertain if LGP would facilitate 
lymphocytes to respond to another type of mitogenic 
stimulus. No PHA was added to these cultures. Table 2 
clearly shows that changing the medium after 4 h reduced 
the ability of the cultures to synthesize DNA later by 
more than 50 per cent in every case. Addition of LGP 
largly counteracted the effects of changing the medium 
and stimulated the growth of the cultures although the 
absolute response among the different cell combinations 
varied. Transferring cells to fresh medium after 18 h 
in vitro culturing very nearly abolished the DNA syn- 
thesis of the mixed cultures. Such cultures exhibited 
an even greater dependence on the addition of LGP. 
These experiments suggest that LGP and the cell released 
factor may be important in transplantation biology. 

It seems clear that leucocytes release a growth factor 
very soon after being placed in culture and that the 
LGP derived from serum can substitute metabolically 
for the cell-released factor. Although it is not yet proved 
that the cell-essociated factor and the LGP are identical, 
physical properties revealed by fractionation indicate 
an identity. All attempts to demonstrate re-synthesis 


Table 2, EFFECT OF MEDIUM CHANGE AND ADDITION OF LGP on 2-"C Par 


INCORPORATION HY MIXED LEUCOCYTE CULTURES 


Culture conditions 


Cell No charge Change of medium at Change of medium at 


donors of medium 4h and additions 18 h and additions 
None LGP None LGP 

A,B 540 (4) 240 (4) ROS (2) 34 (4) 94 (2) 

A, C 886 (33 320 (3) 790 (2) 35 (4) 330 (2) 

B,C 750 (33 215 (4) x7 (2) 62 (4) 600 (2) 


Where indicated, the medium of the mixed cell cultures was replaced with 
fresh medium containing LGF. Incorporation of 2-“C-Tdr was measured 
in the interval 180-166 h after mixing the cells. Figures are averages of the 
number of observations given in parentheses. 
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of the LGP activity in the cultures failed. Because 
leucocyte cultures were used in these experiments, it 18 
also possible that some cell other than the lymphocyte 
releases the factor. 

It should be emphasized further that, while the factor 
released from the cells, or the LGP, facilitates the growth 
of lymphocytes in vitro, neither principle alone was 
mitogenic in our conditions. Thus the cell-released 
factor and the LGP isolated from normal human serum 
differ from the mitogenic principle of mixed leucocyte 
cultures reported by Kasakura and Lowenstein“ and 
Gordon and MacLean’. 

This “study was supported by a grant from the US 
Public Health Service National Cancer Institute. G. C. M. 
is a recipient of a career research award, US Public 
Health Service. 
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Fig. 1. Collagen fibrils precipitated in citrate-phosphate buffer: (a) at 


'G à N „ D., Nature, , 795 (1965). s l . un é 
Gordon, J., and MacLean, L. I ature, 208, 795 (1995) pH 4-5, positively contrasted with PTA (x 110,000) J.1455; (b) at pH 
4-5, negatively contrasted with PTA (x 110,000) J.1479, showing two 
planes of mirror symmetry per period; (c) at pH 7-0, positively contras- 


ted with PTA (= 110.000) J.1483; (d) at pH 7-0, negatively contrasted 
with PTA ( x 110000) J.1383. 


Polymorphism in Collagen Fibrils 
precipitated at Low pH 


THE reconstitution of collagen molecules to give native 
fibrils has been investigated with a view to explaining 
the 640 A periodicity’? and also to account for the overall 
shape**. Reconstitution has usually been carried out 
in vitro by increasing the pH of an acid solution of tropo- 
collagen molecules to neutrality in the presence of various 
ions and macromolecules, thus precipitating out fibrils— 
see Wood’s review®. In the work reported here, crystal- 
lization was carried out at a pH near the solubility limit 
in order to obtain further information about the precipita- 
tion process. 

We used an acid extracted collagen prepared essentially 
by the method of Wood and Keech*. A 0-05 per cent 
collagen solution in 0-005 M acetic acid was precipitated 
by adding an equal volume of either 0-1 M citrate-phos- 
phate buffer or 0-1 M acetate buffer, with sufficient NaCl 
in both cases to bring the final ionic strength to about 
0-23. The citrate-phosphate buffer, at pH 4-5-5-5, gave 
fibrils with the usual periodicity of about 620 A, but with 
a striation pattern that was no longer polarized but 
symmetric (Fig. la and b). These fibrils precipitated 
rapidly compared with what happened at pH 7, and 
had diameters in the range 500 to 2,000 A, although they 
tended to be “‘loose”’ in structure. At a pH between 6-0 
and 8-0, typical native fibrils with polarized striations 
and the same range of diameters were produced (Fig. le 
and d). The acetate buffer, on the other hand, at pH 4:3- 
5-0, caused the rapid precipitation of large tactoids with 
diameters up to 30,000 A. In the light microscope, these 
tactoids were similar in appearance to those reported by 
Orekhovitch et al.*. At the electron microscope level, 
positive and negative staining again showed a symmetric 
or near-symmetric pattern of striation (Fig. 2a and c), and 
thin-sectioning revealed that the periodic structure was 
apparent throughout the tactoids (Fig. 2b). The tactoidal 
appearance was less pronounced as the pH was increased Fig. 2. Collagen tactoids precipitated in acetate buffer, pH 4-5: (a) 
to 5-0. The tactoids readily dissolved in acetic acid, and positively contrasted with PTA ( x 110,000) J.1175; (b) thin-sectioned, 


s e , e and stained with uranyl acetate ( x 45,000) J.1415; (c) negatively . 
when reprecipitated at pH 7-0 they gave native fibrils, trasted with PTA (x 46,000) J 1230. = 
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showing that the collagen had not been altered by the 
experimental procedure. 
The specimens were all examined in an EM6B electron 


pointing in each direction. The micrograph of negatively 
contrasted collagen (Fig. 1b) shows, furthermore, that the 
“forward” and “reverse” band-interband patterns do 
not comeide; the two patterns can be shown to be dis- 
placed relative to one another by approximately one- 
third of a 620 A period. 

There are several references in the literature to sym- 
metric collagen fibrils and also to tactoids, but the former 
have occurred after the collagen has been subjected to 
enzyme attack? *, and the latter after reconstitution in 
the presence of other macromolecules such as heparin or 
DNAY®, or after precipitation at pH 8 (ref. 6). It is evident 
that the limited lateral growth of a fibril (which the very 
name “fibril” implies), and the molecular polarization 
in normal collagen fibrils, are both dependent on the 
physico-chemical conditions in which precipitation oceurs. 
The formation of normal collagen fibrils certainly involves 
very specific interactions precisely located on the tropo- 
collagen molecule!®!!, This study suggests that alterations 
in the environment lead to a loosening of this specificity 
with the subsequent formation of structures which show 
abnormal properties of growth and aggregation. It seems 
difficult to reconcile these features with simple theories 
of random aceretion!?; the diverse aggregation phenomena 
existing in the collagen system point to a more precise 
assembly mechanism”. 

One of us (J. B. L. B.) held a Science Research Council 
studentship during this work. 
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Mongolism and Coital Frequency 


THE interesting hypothesis advanced by German’, that 
older women have more mongol children because of the 
lower frequency of coitus with increasing age, has been 
criticized by Cannings and Cannings’, by Penrose and 
Berg? and by Jamest on mathematical grounds. But 
there is another less sophisticated approach, which might 
produce a decisive answer. 

Granted that the frequency of coitus in marriage is 
inversely correlated with the age of the partners, and also 
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with the duration of the marriage, it is likely (as German 
suggested) that married women will usually experience 
coitus more frequentiy than unmarried women of the same 
age. 

If, therefore, mongolism did result from the fertilization 
of over-ripe eggs with relatively infrequent coitus, 
significantly more mongols should be conceived out of 
wedlock than among legitimate babies of mothers in the 
same age groups. In particular, a high incidence of 
mongolism is to be expected among the babies of really 
young unmarned mothers whose coital frequeney is 
unlikely to be high, and will indeed on average probably 
be much lower than for married women in thei? forties, 
whose children appear to run the highest risk of mongol- 
ism. 

Statistics of mongolism among illegitimate children 
should be quite easy to ascertain, and they could be used 
to verify this hypothesis. 

C. B. Goopuarr 
Department of Zoology, 
University of Cambridge. 
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Significance of ADP, Plasma and 
Platelet Concentration in Platelet 
Electrophoretic Studies 


MICROELECTROPHORESIS has been used extensively to 
investigate the surface properties of cells', in particular 
platelet surface characteristies?-5. Adenosine diphosphate 
(ADP) induces biphasic changes of electrophoretic mobility 
in human platelets in undiluted plasma media‘; low con- 
centrations cf ADP induce an increase in mobility (positive 
phase) whereas high concentrations induce a decrease in 
mobility (negative phase). We have extended electro- 
phoretic studies to inelude washed platelets resuspended 
in chosen media and the characteristics of the positive 
phase have been examined in detail. 


using methods similar to those described by Born and 
Cross’. Washed platelets were prepared by centrifuging 
PRP at 1,100g for 10 min and resuspending the resulting 
“button” in 0-145 M NaCl solution. The washing process 
was repeated to give a total of four washings. 

Platelet electrophoretie mobilities were determined at 
25° C, unless otherwise stated, using the procedure de- 
scribed by Hampton and Mitchell’. With the platelet 
systems used it was found unnecessary to “glass contact” 
the PRP in order to induce biphasic mobility changes 
with ADP. Platelet counts were made immediately before 
introducing the platelet preparation into the electro- 
phoretic cell and washed platelet suspensions were 
adjusted to 5x 104 platelets ul.. During time estima- 
tions in low concentrations of plasma and fibrinogen, the 
ADP was first added to the medium and mixed, and then 
an aliquot of the stock platelet suspension was introduced 
and the timer started. When calculating mobilities, the 
first ten readings on each specimen were used. No selee- 
tion was made even though some values were wide of an 
anticipated mean. The treated and untreated results 
were each pooled and the probability that the difference 
in means could arise by chance variation was determined. 

The ADP and fibrinogen specimens were obtained from 
Sigma Chemical Co.; stock solutions were made up in 
0-145 M NaCl and stored below 0° C. 

The mean electrophoretic mobility of washed human 
platelets from the sample groups (0-886 pus ?/V em, 
Table 1) was close to the mobilities recorded by Kirsch- 
mann et al.* (0-88 us-'/V cm?) and Seaman and Vasser? 
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(0-85 ps/V em-!). Neither washed pig platelets nor 
washed human platelets suspended in saline showed a 
significant change in mobility in the presence of 200 ug 
ml,- ADP. At temperatures near 0° C platelets show 
special characteristics*, so it was possible that the response 
to ADP would differ from that at 25° C. Experiments were 
conducted at 1° C, but again ADP induced no significant 
change in mobility. It was concluded that there was no 
evidence to suggest that ADP induces an electrophoretic 
mobility change of any significance in washed platelets 
in 0-145 M NaCl solution. These findings are in accordance 
with those of Seaman and Vasser*. 


Table 1. EFFECT OF ADP (200 wg mi‘) ON ELECTROPHORETIC MOBILITY 
OF WASHED PLATELETS 


Mean Standard Mobility 
Treatment Number mobility deviation change — P 
(paci em} fus tF emt) 
Untreated 25° € 18 pigs 0-915 0-26 + 0-019 >05 
ADP 0-934 032 
Untreated 1°C 6 pigs 0-573 0-05 ~ 0-018 > 0-5 
ADF 0-555 0-07 
Untreated 25° C 18 humans 0-886 0-20 ~~ 0-047 > 0-05 
ADP 0-839 0-20 


Pig and human platelets resuspended in 01145 M NaCl. 


Table 2, app (200 ag ML) RESPONSE OF PIG PLATELETS IN SALINE (0-145 M} 
DILUTED PLATELET-RICH PLASMA (PRP) 


No.of Mean . 
speci- mobili- Standard Mobility l 
Medium mens ties deviation change _ 
{us iV em?) (ug {/V emrt) 

1:10 PRP/saline 14 0-719 (14 — (101 < 0-001 
1:10 PRP/saline + ADP 14 0-618 0-15 
1:100 PRP/saline 6 0-730 0-17 — 07 0-02 
1:100 PRP/saline + ADP 6 0-660 0-17 
1:1,000 PRP/satine 9 G- R2 0-16 +035 < 0-001 
1:1,000 PRP/saline +ADP 9 117 0-28 


Table 3. EFFECT OF PLASMA COMPONENTS ON ADP (200 ug mil} RESPONSE 
OF WASHED PLATELETS 
No.of Mean 
speci- mobili- Standard Mobility 


Medium mens ties deviations change P 
(uai y emi} tus tK cm} 
Pig 
1:10 plasma/saline 8 960 0-120 — 009 < 0-05 
1:10 plasma/saline + ADP 3 O876 6-226 
1:10 heated plasma/saline 3 91i 0-154 — O-O17 NS 
1:10 heated plasma/saline 3 0-894 0-146 
+ADP 
1:1,000 plasma/saline 92 941 0-14 + 0-089 < 0-001 
1: 1,000 plasma/saline + 23 1-080 019 
ADP 
121,000 heated plasma/saline 3 0-926 6-16 — 0-005 NS 
1:1,000 heated plasma/saline 3 TZI 0-14 
+ADP 
Human 
1:10 plasma/saline h 957 0-18 ~ 0-228 <)-G01 
1:10 plasma/saline + ADP 5 0729 O16 
i < 1,000 plasma/saline 5 0-886 016 + 0-145 < 0-001 
5 1-031 0-20 


1:1,000 plasma/saline + 
ADP 


The ADP response of pig platelets in platelet-rich plasma 
diluted 1:10 in saline varied with ADP concentration in 
the biphasic manner (Fig. 1), also noted by Hampton and 
Mitchell? in their studies on human platelets in undiluted 
plasma. High concentrations of ADP decreased the 
electrophoretic mobility whereas low concentrations of 
ADP resulted in an increase in mobility which reached a 
maximum after 15 min. 

The biphasic response of platelets to ADP is not 
exclusively conditioned by ADP concentration. In the 
presence of a constant excess of ADP (200 ug ml.) 
it was found that the change of platelet mobility was 
determined by plasma concentration (Table 2). The 
reagent decreased the electrophoretic mobility of platelets 
in platelet-rich plasma diluted 1:10 in saline but in- 
creased the mobility when the platelet-rich plasma was 
diluted 1: 1,000. 

Washed. platelets resuspended in the relevant medium 
showed a similar response to ADP (Table 3). The response 
was dependent on heat labile components of the plasma 
which were removed after heating the plasma to 52° C 





Mobility change (us /Y em!) 









1°? j 16 
Concentration of ADP (#g/mi.~*) 
ADP-induced electrophoretic mobility change of. platelets in: o = 


Fig. 1. : 

platelet-rich plasma diluted 1:10 with @145 M Nati. 

points represent mean values obtained from three pigs. 
brackets signify probabilities. 





for 30 min and clarifying by centrifugation. Washed 
human platelets respond in a similar way to washed y 
platelets except that in the five subjects examined 
mobility changes induced by ADP were of a greater: oc 
magnitude. 7 Se 

Though small concentrations of plasma were sufficient 
to facilitate an ADP induced mobility change, the magni- 
tude of the increase in mobility was determined by the 
platelet concentration (Fig. 2). Using constant A. JP 
concentrations (200 ug ml.~) and plasma concentrations 
(1: 1,000 plasma/saline) the mobility increase induced 
by ADP was small with high platelet counts, but with 
decreasing platelet concentration the magnitude of the 
ADP induced response increased. 

The increase in mobility induced by ADP (200 pg ml.~*) 
in washed platelets resuspended in plasma/saline 1; 1,000 
was rapidly established (Fig. 3) but decayed slowly with 
time. No significant response to ADP could be obtair 
from washed platelets resuspended in serumy/sal 
1: 1,000. When heated plasma/saline 1: 1,000 or seru 
saline 1 : 1,000 were supplemented with fibrinogen. 
ml.-') the mobility increase in washed platele 
by ADP was re-established. ADP also induced 
increase in washed platelets resuspended in 0-1. 
to which fibrinogen (2-1 pg ml.-*) had been added. 

Our results confirm that mobility changes in platelets 
induced by ADP are dependent on plasma components. = 
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Fig. 2. Effect of washed platelet concentration on the ADP (200 pe 

mi.) induced electrophoretic mobility change In platelets resuspended 

in 1:1,000 plasma saline. Experimental pointe represent the mean 
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The mobility changes induced are biphasic; the positive 
phase (increase in mobility) is induced using low econ- 
centrations of either ADP (0-05 ug ml.-1) or plasma 
(plasma/saline 1: 1,000) whereas the negative phase 
(decrease in mobility) requires higher concentrations of 
both plasma and ADP. Plasma treatments which remove 
fibrinogen-—-heating to 52° C or re-caleification—eliminate 
both the positive and negative phases, which suggests 
that fibrinogen acts with ADP in both phases of the 
platelet electrophoretic response. 

The data imply that the mobility increase in platelets 
induced by ADP is dependent solely on the presence of 
fibrinogen. To explain the increase in mobility Hampton 
and Mitchell! suggested adsorption of negatively charged 
ADP molecules onto the platelet surface, enhancing the 
existing negative charge. Our findings could be inter- 
preted in terms of ADP adsorption with the proviso that 
fibrinogen molecules are necessary components of surface 
sites to which ADP molecules are adsorbed. It follows 
that in the presence of excess fibrinogen, the concentration 
of ADP determines the extent of adsorption and mobility 
increase, whereas in the presence of excess ADP the 
concentration of fibrinogen is the determining factor. 

Accepting that ADP and fibrinogen together induce an 
increase in platelet mobility, it is possible to estimate for 
each agent the minimum of molecules per platelet neces- 
sary to induce this response. In the presence of excess 
plasma, Hampton and Mitchellt were able to obtain a 
significant inerease in platelet mobility with ADP con- 
centrations as low as 0-005 ug ml.. In their particular 
system (platelet-rich plasma diluted 1:10 with platelet- 
poor plasma) the number of ADP molecules per platelet 
would be of the order of 3 x 10°. 

Assuming an average fibrinogen concentration in plasma 
of 300 mg/100 ml. and a molecular weight of 330,000 
(ref. 9), the molecular concentration of fibrinogen in 
plasma/saline 1: 1,000 is of the order of 5 x 10! molecules 
ml., The data in Fig. 4 have been calculated from the 
1: 1,000 plasma results of Fig. 2 and the fibrinogen result 
of Fig. 3. The calculations set out in Fig. 4 indicate that 
as the number of molecules of fibrinogen per platelet falls 
to 0-5-1-0 x 108 the mobility increase induced by ADP is 
lowered but is still significant. When the ratio has fallen 
to 10* fibrinogen molecules per platelet the mobility change 
induced by ADP is no longer significant. These rough 
calculations suggest that the same order of molecules per 
platelet is required when either fibrinogen or ADP acts as 
a mobilty determining component, but more results would 
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Fig. 3. Variation of ADP (200 ug ml.) induced electrophoretic response 
of washed pig platelets with time and suspension medium. ©, 1: 1,000 
plasma/saline, mean of four pigs, P initial increase < 0-001; Bed ug 
mi. fibrinogen/saline, mean of ten pigs, P {initial increase < 0-05; 
e. 1: 1,000 heated plasma/saline with fibrinogen to 2-1 ug ml, mean 
of seven pigs, P initial increase <0-02: A, 1: 1,000 serum/saline with 
fibrinogen to 2-1 ug ml, mean of four pigs, P initial increase < 0-05; 
E. 1: 1,000 serum/saline, mean R ras pigs, mobility change not 
significant. 





NATURE. VOL. 219, SEPTEMBER 21. 1968 


Percentage change in clectrophoretic mobilities 





1s 105 10* 
No, of fibrinogen molecules per platelet 
Fig, 4. The effect of the number of fibrinogen molecules per platelet on 
the magnitude of the ADP (200 ug mi.) induced mobility increase 
in washed pig platelets. ©, From data in Fig. 2. Fibrinogen concentra- 
tion in original plasma assumed to be about 300 mg/100 ml. @, From 
cata in Fig. 8. Fibrinogen concentration 2-1 ug mh. Numbers in 
brackets represent probabilities. 


be required before a specific ratio of fibrinogen to ADP 
could be assigned to this reaction. 

Born’? has suggested that a transient contact between 
ADP molecules and platelet surface produced a con- 
figurational change m a platelet surface component, for 
example, a protein. In terms of this hypothesis our 
results would suggest adsorbed fibrinogen} to be that 
surface component. ADP-induced increases in platelet 
mobility require limiting concentrations of either ADP or 
plasma, so it seems likely that the mobility change is 
characteristic of the primary reaction between ADP 
fibrinogen and the platelet surface. The reduction in 
mobility induced by ADP would reflect the resultant 
surface effect of a variety of other changes—for example, 
subcellular’ reorganization, shape changes!® 1, adenosine 
uptake!’ '® and calcium ion adsorption‘. 

We thank Dr G. V. F. Seaman and Dr B. A. Pethica 
for advice on the technique of electrophoresis and Dr 
J. R. Hampton fer stimulating discussion on the use of 
the technique in platelet studies; the governing body of 
the Harris College for their encouragement and financial 
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APPLIED SCIENCE 


Theory of Inherently Macroscopic 
Processes, with Application to 
Heat and Active Transport 


MANY macroscopic quantities have microscopic counter- 
parts. The microscopic counterpart of gas pressure, for 
example, is the instantaneous mechanical force exerted by 
gas molecules on a unit area. In the analysis of such physi- 
cal quantities the role of statistical mechanics is con- 
ceptually straightforward; it is the calculation of average 
(macroscopic) values <A> for selected microscopic 
mechanical quantities A. Such calculations have con- 
tributed a great deal to our understanding of the form 
taken by the equation of state for various materials 
placed in different environments’. 

On the other hand, some macroscopic physical quantities 
are inherently macroscopic; they have no microscopic 
mechanical counterpart. The fundamental example is 
heat. Heat is defined as an energy transfer that is distinct 
from work. The universal work-energy theorem of 
mechanics assures us that there is no microscopic mech- 
anical quantity the average of which gives the flow of heat 
into a system; on the microscopic mechanical level all 
energy transfer is work. For inherently Macroscopic 
processes such as heat, a fundamental task of statistical 
mechanics is to explain the nature of the process itself, 
as well as to provide a quantitative description of the 
related phenomena. 

An important class of inherently macroscopic quantities 
is generated by the commutator of the averaging operator 
¿> with various other operators. All such quantities 
vanish identically when averaging 1s omitted, the basic 
requirement of an inherently macroscopic quantity. 
Examples are (CA BY — (A>CB>) and 
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All accepted mathematical models of heat can be 
written in the form of a commutator, with one of the 
terms identified as the change of internal energy and the 
other identified as work. The Gibbs analogue? for total 
heat flow 1s 


dQ dck> dé. 1) 
dt dt dt” 3 
where E is the mechanical energy of the system. The 
transport model’ 
q =n (KeV> — Lev?) (2) 


expresses the local heat flux q in terms of the molecular 
density n, the molecular energy e, and the molecular 
velocity V. 

In the first part of this paper the problem of constructing 
a model for heat will be reconsidered. It is proposed that 
the most general model is 


—~ = E(CE; vd — <P> + <v>) (3) 
$ 


where F; is the net external force acting on the ith particle. 
Equation 3 will be shown to reduce to equation I for 
adiabatic processes. It reduces to equation 2 for spatially 
homogeneous systems. The first part of this paper also 
includes a discussion of the physical meaning of the 
averaging operator < >. It is suggested that the ensemble 
interpretation, advanced by Maxwell and Gibbs, be 
replaced by an explicit consideration of the spatial- 
measure macroscopic quantities. 

Apart from clarifying the nature of heat, the present 
considerations will probably have little practical import- 



































ance within the field of statistical thermodynan 
they do not change the calculation of equilibri 
ties of matter. In those fields where the theoretic 
of inherently macroscopic processes plays an TYE 
part, however, these considerations can pro ric 
basis for a systematic approach. One such field oi 
is physiology. The vital processes which eceur in 
systems are often inherently macroscopic with ? 
to lower structural levels. In the concluding se 
paper the concepts which have been introdt 
heat are applied to an analysis of the membri 
which generate active transport. It is hop 
example will contribute to the development t 
physical theory of physiological processes ® 
stimulate interest in other applications of the ge 
method. ; 
I will first consider the dynamical theory of heat. 7 
internal energy U of a thermodynamic system is tri 
tionally represented by the ensemble average OF © 
internal mechanical energy E (internal potential and 
kinetic energy). fae 


U = f E(x) plede = (ED (4): 


Here I denotes the phase space of the system and piajdx 
denotes the ensemble probability that the phase spa 
description of the system lies within the volume eleme 
dx surrounding the point w. Although F is never explicitly 
time dependent, it may depend implicitly on time through 


the time dependence of « when external forces act on the =- 
system. z 


Differentiation of equation 4 with respect to time gives > 


At’ 1E _ding | 
ORES set A a 3 -4 a E bahag 5 { 5 y 
di ci dt 


The dé is often omitted from this equation, but in a 
general discussion of energy exchange there is no need to 
restrict attention to infinitely slow processes. Tradition- 


: is the microscopie rate of — 





one c 
ally it is argued that because — ; 
| € 
A 


work done on the mechanical system, ¢ ad s should be 
ct 


identified as the macroscopic rate of work done on the 









thermodynamic system‘. This identification leaves 
_, din p f ; apt a | a. 
‘iE i a to be identified according to the first law of 

dt wr 
thermodynamics as the rate of heat flow into the system. - 
Thus the results cf the traditional analysis of energy 


transfer are 


di dt“ (6) 
aQ din p | 
m oo of E EN E s ETY 
a ~ dt ° ae) 


Further restriction of these equations to canonical distri- 
bution funetions is not relevant to the argument. 

Let us now consider the physical meaning of equations 
6 and 7. Equation 6 becomes questionable as soon as the 
ensemble averaging operation 1s interpreted in terms of 
the implicit physical procedure of averaging over repeated 


dE, 
experiments. If gz" meant to denote the rate of work 
d 
done on the system in any single experiment, then the 


This 


possible to construct a rigorous argument that proves the 
point. The fundamental form of an ensemble average is 





1284 


<A> = pArA p(t) dz (8) 


where p(&), the distribution of possible initial conditions, 
does not depend on time. Differentiation of equation 8 
with respect to time therefore gives 


d dA 
~- {A> = (— 9 


Equation 9 shows that equation 5 includes a superfluous 
vanishing term, the one identified as heat. Thus not only 
is equation 6 seemingly restricted to adiabatic processes 
when individual experiments are considered, but it is 
definitely restricted to adiabatic processes when an 
ensemble of experiments is considered. 

The traditional way of avoiding equation 9 has been to 
replace p(#) in equation 8 by p(x(t, £)) using the Liouville 
equation. One then approximates p(<(t, x)) by a function 
which does not satisfy the Liouville equation, such as a 
canonical distribution with time dependent temperature’. 
All such methods, of course, are internally inconsistent 
and give ad hoc results for heat flow. 

If one contemplates the nature of macroscopic work, 
such as the expansion work of a gas, it seems clear that 
the basic definition of the rate of macroscopic work done 
on the system should be 


— = CF + Cv) (10) 


where F; denotes the net external force acting on the ith 
particle. Equation 10 simply asserts that both force and 


displacement must be represented by macroscopic 
quantities. Note that because 
dE 
"o = 2 Fi vi 1] 
di i ‘ : ae, 


we find that equation 10 reduces to equation 6 only if 
<vi> can replace v;. Combining equations 4, 9 and 11 


dU 

a" A LF; + vid 
The first law of thermodynamics definition of the rate of 
heat transfer to the system, therefore, is 


dQ 


dt 


(12) 


= pa «Fis vid — <FD > <vid) (13) 
i 


Equation 13 shows that heat is a macroscopic indication 
of microscopic cross correlations between F; and vi. 
Moreover, equation 13 again shows that the replacement 


of vi by <vi> can be valid only if E is zero (adiabatic 


process). 

It is essential that the basie definitions of macroscopic 
quantities be formulated in terms which can apply to 
single experiments. Only then can one construct physically 
meaningful mathematical models of work and heat. If 
one considers how macroscopic quantities are in fact 
measured, it is clear that significant spatial and temporal 
averages are necessarily performed by the measuring 
devices. The combined averaging is unavoidable because, 
for a given signal-to-noise ratio, the smaller the transducer 
area, the longer must be the response time of the device. 
In particular, local macroscopic quantities, such as 
appear in the local equilibrium formulation of irreversible 
thermodynamics, are meaningful only if there is a suffici- 
ently long response time for the implied local measuring 
devices. 

Reinterpretation of the averaging operator <> as a 
brief loeal time average places equations 4, 9, 10 and 13 
on a firm physical basis. The cross correlations involved in 
heating are then evidently dynamical, and we can say 
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that heat is a high frequency resonant energy transfer. 
An immediate corollary is that the thermodynamic 
significance of a large number of degrees of freedom lies 
not in the generation of mechanical complexity, but rather 
in the generation of high frequency terms in the external 
interaction potentials. 

In conclusion, the concepts I have introduced will be 
applied to the active transport generated by membranes. 
The electrical conductance of a passive membrane, with 
respect to the yth charged species, is defined as 





gy = e (14) 
where J, is the current across the membrane carried by the 
y species and p is the electrochemical potential difference 
across the membrane for the y species. Let us now con- 
sider the local electrical time averaging performed by 
biological membranes. For squid giant axon membrane 
the averaging is due to the membrane capacitance (about 
l uF em} which lies across the resting membrane 
resistance (about 10° Q em?) giving a resting time con- 
stant of about 1 ms. Introducing the local fluctuation of 
the electrochemical potential for a small patch of membrane 


Cy = uy — Cuy? (15) 
equation 14 may be rewritten as 
Ty = gyey + Gy Luy) (16) 
Averaging equation 16 gives 
CLy> = Gyty> + <g> <p> (17) 
which, rearranged, becomes 
<I> — <eyGy> 
{Gy Ae (18) 
at Cuy» 
Equation 18 includes an active transport current 
Jy = Ody? = (yy? ~ Lup <gy> (19) 


Thus the active transport current is a calculated cross 
correlation between the actively generated fluctuations of 
conductance and of electrochemical potential. 

One way of generating the required correlated fluctua- 
tions would be to apply a time varying voltage across a 
voltage sensitive conduetance. In biological membranes 
the time varying local voltage could be produced by 
pulsed electron transport driven by ATP hydrolysis, 
The voltage sensitive conductance could be formed at the 
interface between cation donor molecules and cation 
acceptor molecules m the membrane. These and other 
possibilities are discussed more fully elsewhere’®. 

This work was supported in part by the US Air Force 
Aerospace Medical Division and the US National Science 
Foundation. 


KARL KROoRNACKER* 


Department of Biology and 

Research Laboratory of Electronics, 
Massachusetts Institute of Technology, 
Cambridge, Massachusetts. 


Received May 1; revised June 17, 1968. 


* Present address: Faculty of Biophysics, Ohio State University, 


Columbus, Ohio, 


i Rice, O. K., Statistical Mechanics, Thermodynamics, and Kinetics (W. H, 
Freeman and Co., 1967). 

7G ee J KE Elementary Principles in Statistical Mechanics (Dover Pub., 
ne., 

* Mazo, R, M., in The International Encyclopedia of Physical Chemistry and 
Chemical Physics, 1 (Pergamon Press, 1967). 

t Schridinger, E., Statistical Thermodynamics, 12 (Cambridge University 
Press, 1962). 

* Mitchell, P., Adv. Enzymol., 28, 38 (1967). 

* Kornacker, K., in Biological Membranes (edit. by Dowben, R. M.) (Little, 
Brown Co,, in the press, 1968). 








NATURE. VOL. 219. SEPTEMBER 21. 1968 


BOOK REVIEWS 


POLICIES FOR SCIENCE 


Criteria for Scientific Development 

Public Policy and National Goals. Edited by Edward 
Shils. (A Selection of Articles from Minerva.) Pp. xvi+ 
207. (MIT Press: Cambridge, Mass., and London, 1968.) 


n.p. 

Tris selection of fifteen articles published between 1962 
and 1967 in the journal Minerva provides a rather 
interesting cross-section of views on some of the more 
controversial aspects of science policy. The search for 
logically justifiable criteria which might be used by science 
administrators and governments in planning the future 
development of science provides a connecting link between 
the first ten essays, which are arranged in chronological 
order and in which the later contributions frequently 
contain criticism and comment on some of the earlier 
ones. Of the remaining five articles, four deal with the 
problems of science in underdeveloped countries, while 
the fifth, by M. Polanyi on “The Growth of Science in 
Society”, is of a more philosophical nature. 

The first four articles range in cutlook from one extreme 
expressed by Polanyi in saying that “the aspiration of guid- 
ing the progress of science into socially beneficent channels 
is impossible and nonsensical” to the other by C. F. Carter, 
who believes that “if we do not have an economic policy 
about the distribution of scientific resources, we are un- 
likely to have any policy at all”. In between come 
A. M. Weinberg with a well-argued case that criteria for 
scientific choice can be identified {and he proceeds to 
enumerate several “internal” and “external” criteria) and 
John Maddox, who has great faith in leaving all the 
decisions to the scientists because to him “it is apparent 
that the essential need is the exercise of scientific judge- 
ment, similar in every way to the judgement involved 
in the decisions which must be made on the conduct of 
individual experiments”. 

Next comes Stephen Toulmin on “The Complexity of 
Scientific Choice: a Stocktaking’ in which he first re- 
views the preceding four articles. He criticizes very 
strongly the views of Polanyi and Maddox that the scien- 
tists or ad hoe (Royal Society) committees should be the 
sole judges in arriving at balanced judgements about 
scientific priorities; then, having brushed aside Weinberg’s 
essay as “adding some important refinements to a similar 
general view” (that is, that of Maddox), he proceeds to 
develop his own view that “there is no single problem of 
scientific choice’ and that, unless some administrative 
context is specified, there is inevitably “a plurality both of 
criteria of choice and of orders of merit”. In order to 
avoid “measuring the merit of incommensurable scien- 
tific fields” (for example, space research against cancer 
research) he is led to the American system of depart- 
mental responsibility for a lot of separate budgets each 
appropriate for the science required to carry out the 
mission of that department, be it cancer research for the 
Department of Health or basic research in any field for the 
National Science Foundation. The final decisions between 
these budgets are then transferred to the President and 
his Cabinet, advised by the President’s Science Advisory 
Committee (PSAC) and the Office of Seience and Tech- 
nology (OST). Although he does not say so explicitly, 
Toulmin has merely made the decision between incom- 


mensurables a political decision of the Cabinet instead of 


















an administrative scientific decision by a non-pon 
group of experts on the scientific, economic and o 
consequences of that decision. How the politicians : 
make such a decision and what should be their er 
is not mentioned, for the functions of the PSAC and | 
are as he says “not to supplant the ultimate political č 
decisions but merely to make them better informed”. 9. 
In this respect, Weinberg seems to me to face up to pron- or 
lems which Toulmin eludes by passing them over to 
politicians. ae 

Three subsequent articles by Weinberg, | 
Simon Rottenberg are concerned almost en 
special aspect of the priorities problem, thal 
Rottenberg calls “the warrants for basio res 
Briefly, Weinberg concludes that it is neither pract 
nor desirable to justify the budget for basic research as 
though the latter were a branch of high culture and prol 
to regard the budget for “pure science” (which excludes _ 
‘‘mission-related basic research’) as an overhead charge 
on the entire technological system. He omits mention of 
any percentage figure for this overhead. Toulmin rejects 
this idea and would justify the expenditure on pure scienee o => 
as expenditure on “a tertiary industry” which provides 
employment but is completely non-proeductive in the 
traditional economic sense. Rottenberg makes the most 
thorough analysis of the logic underlying the various 
justifications for expenditure on “pure science” and comes 
to the conclusion that society seems to Justify the expen- 
diture of public money on pure science partly as an. 
investment (in the hope of a future economic return) and 
partly as a necessary element of a high civilization. 

On the complementary problem of the relation between 
expenditure on research and development and economic 
growth, there is a most useful contribution by B. R. 
Williams. He shows that there is no inherent virtue in 
spending a high percentage of the gross national product 
on research and development and that there is no general 
quantitative relation between what a country spends on 
R and D and its economic growth. The extent to which 
certain technologies should be imported rather than home 
grown can be a very important factor in determining the 
rate of economic growth, and he concludes that no country 
ean afford to cover the whole field of industrial research 
and development. 

The essays on science in the underdeveloped countries 

are by S. Dedijer, M. J. Moravesik (two) and A. Salam. 
All of them emphasize the formidable problerns which must 
be overcome to create vigorous and productive scientific. 
communities in such countries in less than twenty-five 
years. Dedijer I found to be especially pessimistic, but. 
Moravesik and Salam put forward a number of practical 
and sensible proposals, the implementation of which would 
surely accelerate a transformation which, alas, is generally 
taking place far too slowly. | ; 

Such a highly condensed summary of some of the main 
ideas put forward by so many authors does not do justice to 
them. This would require at least a sixteenth article, and 
anyone seriously interested im science policy is strongly 
advised to read these essays, not only for their intrinsic 
merit, but also because he will be guided to much of the 
relevant literature through the excellent documentation 
provided by most of the authors. 

ORDON SUTHERLAND 






















ICE AGES AND OVERKILL 


Quaternary Paleoecology 

Edited by E. J. Cushing and H. E, Wright, jun. (Vol. 7 
of the Proceedings of the VIL Congress of the Inter- 
national Association for Quaternary Research, sponsored 
by the National Academy of Sciences, National Research 
Council.) Pp. viit433. (Yale University Press: New 
Haven and London, 1967.) 135s. 
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Pleistocene Extinctions 

The Search for a Cause. Edited by P, S. Martin and 
H. E. Wright, jun. (Vol. 6 of the Proceedings of the VII 
Congress of the International Association for Quaternary 
Research, sponsored by the National Academy of Scien- 
ces, National Research Council.) Pp. x+453. (Yale 
University Press: New Haven and London, 1967.) 112s. 6d. 


THE seventh Congress of the International Association 
for Quaternary Research (INQUA) was held in the United 
States in August and September of 1965. It was the 
first occasion for such a meeting in the United States 
and its success bore witness to the remarkable growth of 
interest in the diverse events of the Quaternary period, 
the past few milhon years of the Earth’s history. The 
choice of so wide a field of interest has been determined 
by the fact that within this period there has been a suc- 
cession of glacial and interglacial periods whose cause is 
still unexplained but whose effects have much modified 
the present surface features of the globe and the distri- 
bution of plants and animals on it. The long estab- 
lished and traditional methods of geology, of archaeology 
and of palaeontology of plant and animal remains have 
long been applied to Quaternary deposits, but during the 
past two or three decades these methods have been re- 
inforced by pollen analysis, radiocarbon dating, oxygen 
isotope analysis, deep ocean coring, and modern climat- 
ological theory, along with others. 

Whereas Quaternary research was firmly established 
originally in Europe, especially in relation to the alpine 
and Scandinavian glacial sequences, comparable studies 
are now well developed in many regions of the world, 
not least in North America. It was very satisfactory, 
therefore, that the congress in Boulder, Colorado, should 
seize the opportunity for reviewing progress in several 
lines of Quaternary studies in North Ameriea, and it is 
still more satisfactory that in two instances the presen- 
tation should have been finalized and presented as pub- 
lished books. The editors of one of these, E. J. Cushing 
and H. E. Wright, jun., make the point that ecology in 
its broadest sense is the unifying theme of Quaternary 
research, because it concerns the progressive evolution 
of environment and the reaction of organisms to it: 
accordingly the volume they edit is felicitously entitled 
Quaternary Paleoecology. 

The study of the Quaternary period offers many dif- 
ferences and advantages from that of other geological 
periods. The plants and animals are largely species that 
still exist in the world and it might be conjectured, al- 
though with less certainty, that this is true for the eco- 
systems also. Quaternary geology also differs from that 
of the older geological periods in that. it concerns terre- 
strial (continental) deposits far more than marine. These 
deposits are also characterized by their superficial situ- 
ation and accessibility and by an abundance of fossils, 
although these range in their scale of abundance from the 
cultural hominid remains and associated artefacts which 
are extremely sparse, to pollen grains which have been 
deposited in thousands per square centimetre per annum 
during formation of the deposits. It is understandable 
that Quaternary studies should rely heavily on the 
techniques of pollen analysis initially developed by Len- 
nart von Post and now much expanded and refined. 

The first group of six papers in Quaternary Paleo- 
ecology is the outcome of a symposium at the University 
of Minnesota on the Late-glacial vegetational history of 
the Upper Missouri Valley region, and it bears witness 
to the very rewarding policy followed by Professor H. E. 
Wright in having brought leading Quaternary research 
workers from Europe successively to work in his depart- 
ment in the University of Minnesota. The discussion 
carries forward the attempt to determine whether the well 


established Late-glacial “Allerød” climatic oscillation of 


North Western Europe is represented in North American 
deposits. The following quotation from the editorial in- 
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troduction indicates the process and progress in the build- 
up of evidence that is taking place: “The common occur- 
rence of macrofossils of tundra plants in Late-glacial 
deposits of North Eastern Minnesota (Watts) establishes 
evidence for at least a narrow area of tundra near the ice 
front, while areas further south were covered by spruce 
forest (brush), The rapid destruction of the spruce forest 
across the entire Great Lakes region, and eastward to 
New England, implies a relatively rapid climatic change 
(Ogden), and as the ice retreated into Canada the climate 
was tempered enough so that no evidence of periglacial 
tundra can be found (Terasmae), nor any evidence of 
vegetational changes that might be correlated with ice 
marginal fluctuations”, 

Problems of methodology occupy a substantial part of 
the volume and deal with such matters as pollen disper- 
sion through closed forest into lake basins, the errors of 
radiocarbon dating in lake sediments, the trace element 
composition of molluse shells, and the present day ecology 
of aquatic plants, whilst other papers explore the variation 
of pollen influx into growing sediments at the present day 
as affording models for the interpretation of fossil pollen 
assemblages. There is clearly a very determined effort 
towards the still distant goal of using pollen analysis for 
the unequivocal reconstruction of former plant commu- 
nities. A further part of Quaternary Paleoecology deals 
with pollen studies in various parts of North America, 
Belgium, the European Alps, Northern Turkey, Central 
America and the North Western Soviet Union. Finally 
there is a group of papers which make use of other organ- 
isms than plants, particularly in application to the study 
of past climate; these include the extremely promising 
investigations by G. R. Coope on Quaternary insect 
faunas, and Lozee’s extensive studies of Mollusca in 
Czechoslovakia. 

With these manifold and productive methods of ap- 
proach to Quaternary problems, one naturally also makes 
various attempts at synthesis of the evidence for various 
periods and for various regions. These attempts will of 
course continue and provide progressive approximations to 
a finally agreed picture. Meanwhile the pursuit could 
hardly be mors interesting. 

One of the most rewarding consequences of the extension 
of Quaternary research has been the illumination of the 
difficult problems of plant and animal distribution. Since 
the days of Forbes and Charles Darwin it has been 
accepted that the present distribution pattern of alpine 
plants would probably be explicable in terms of the 
migrations and extinctions forced on the plant commu- 
nities of the world by Pleistocene changes of climate. 
This view has been strongly reinforced in the past two or 
three decades by the study of macrofossil remains and by 
pollen analysis. Zoogeographers have been slower to 
make use of the resources and results of Quaternary study, 
but a phase is now beginning when we can expect very 
rich rewards from this more modern approach to the study 
of past and present animal distribution. The revolution 
in approach could not be more dramatically exhibited 
than by the volume Pleistocene Extinctions edited by P. S. 
Martin and H. E. Wright, jun., that is, like Quaternary 
Paleoecology, the outcome of a symposium organized for 
the INQUA meeting in Colorado. It is true that there is 
one substantial contribution from Dr E. B. Leopold on 
“Late-Cenozoic Patterns of Plant Extinction”, but the 
volume is primarily directed to a consideration of the 
evidence for the extinctions of different categories of 
animals through successive stages of the Pleistocene, and 
more particularly, the extinction of the megafauna. As 
is refreshingly explained by Professor E. 8S. Deevey in his 
introduction, the symposium really erystallized around 
the preoccupation of Dr P. S. Martin with the dramatic 
extinction of the large animals of the world and the evi- 
dence, as he saw it, that a very large part of this extinction, 
both of the mammals and the large flightless birds, was 
associated with the period of the past 10,000 years or 
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thereabouts, that is to say from the close of the latest 
glacial episode of the Pleistocene. There is a natural 
excitement in the solution of the problem of when and 
why such massive animals as the mammoth, the mastodon, 
the Irish deer and the moa died out after persisting 
through the strong vicissitudes of the Pleistocene glaci- 
ations and interglacial warm periods. After elaborate and 
careful analysis of the evidence for fossil remains m their 
stratigraphie context and in relation to the growing num- 
ber of radiocarbon datings, Paul Martin takes the view that 
in the majority of instances the megafauna were exter- 
minated simply by the pressure of hunting by human 
communities that had learned adequate new techniques 
and had spread into areas where the large animals had 
hitherto been undisturbed and unhunted by man. It is 
not surprising that his chapter of the book is entitled 
“Prehistoric Overkill’. His arguments are persuasive and 
he draws on many dramatic instances of the associ- 
ation of prehistoric artefacts with sites of wholesale 
slaughter of the megafauna, as for instance those asso- 
ciated with the moa hunters of New Zealand and the 
mammoth hunters at sites in the south-western deserts 
of North America. Further mstances constantly occur 
to the reader. 

Martin’s thesis has naturally attracted a good deal of 
attention and the symposium produced those who support 
it as well as those who oppose his views. They are all 
represented in contributions to the present volume, which 
includes studies of the evidence for Pleistocene extinction 
in many widely separated parts of the world, and con- 
stantly lays stress on the evidence for the association 
between the phenomena of Pleistocene extinction and 
the activities of prehistoric man. 

Naturally, the cause most favoured as an alternative te 
overkill as an explanation of the strong coincidence of 
extinctions towards the end of the last glaciation has been 
the climatic change itself, operating perhaps directly 
on the physiological requirements of the animals them- 
selves, but also very likely through the tremendous mod- 
ifications of the plant communities induced by climatic 
change and documented by the increasing extent of 
detailed pollen analytic research. Thus one might well 
conjecture that the mammoth and the giant Irish 
deer were automatically restricted by the spread of closed 
woodland into the temperate regions where they formerly 
lived and the corresponding reduction in the tundra or 
steppe-tundra where previously they had ranged. One 
must emphasize, however, that this is for the present highly 
conjectural, and proponents of the climatic hypothesis 
of extinction have to reckon with the fact that each suc- 
cessive glacial episode of the Pleistocene appears from the 
pollen analytic and stratigraphic evidence to have in- 
volved a similar climatic sequence without the dramatic 
extinction phenomena associated with the close of the 
last glaciation. Moreover, the contributors to the volume 
are hardly yet aware that the four classic European 
glaciations must now be extended, in consequence of the 
work of West European geologists, to a number of seven 
or more. The situation neatly emphasizes the trap that 
exists in the current fashionable practice of considering 
that we now live in the “Holocene”, the “Pleistocene” 
being considered (by a wholly artificial convention) to have 
ended about 10,000 years ago. If it was aecepted ter- 
minology to agree that we are still in the Pleistocene 
sequence of ice ages and interglacials, it would be harder 
to think that a unique climatic shift ended the Pleistocene 
and most of its megafauna simultaneously and recently. 

I have always been of the opinion that no convincing 
or permanent progress could be made in investigating the 
problems of present day biogeography without reference 
to the historical geological background in which existing 
distribution patterns arose, or without regard to the 
geological circumstances of the past and the evidence 
afforded by subfossil remains of the former extent of 
plant and animal taxa. These timely and exciting surveys 





of the present position appear strongly to reinforce this 
view. It is evident that a vast amount more of research 
and pe is called for, but equally the research works 







are now hot on the trail and the next few years are y 
clearly going to see the resolution of many of the problems > 


that for so long looked inscluble to biogeographers. 
Simile suggests that now that our scientists have dev ased 
fresh sharp tools and learned new hunting techniques and 
know the terrain, there will follow extinetion of numerous 
hypotheses that flourished formerly. H. GODWIN 


NORTH SEA GEOLOGY 


Geology of Shelf Seas 

Edited by D. T. Donovan. Pp. vin+ 160. 
Boyd: Edinburgh and London, 1968.) 84s. 
Tais book contains the papers given at the eleventh 

Inter-University Geological Congress at Hull in J anuary 

1967. The theme was ‘The Geology of Shelf Seas”, but, as 

the papers testify, much of the discussion centred ar Boe 3 


(Oliver and 


the British Shelf, and in particular the North Sea. portion, oe ia 


and for this reason the title of the book is misleading: 
At the time interest was focused—as indeed if still is-— 
on the North Sea Shelf, followmg the then recent discov- 





_eries of natural gas made in 1966, and the papers are a 


reflexion of this interest. 

The first paper by Professor Donovan (University 
College, London), who has edited the whole work, surveys 
the progress which has been made in compiling a solid 
geological map of the area adjacent to the English coast. 
In it he explains the methods which have been used and 
attempts to extend these proven cutcrops, conjecturally, 
into the North Sea. This research undoubtedly suffers 
from lack of information—both geological and geophys- 
ical—and is perhaps a field for cooperation from the oil 
companies. 

Following this, B. J. Collette (Utrecht) reviews the 
subsidence of the North Sea area, placing the North Sea 
in its structural and tectonic setting, and puts forward an 
explanation of the mechanism of its subsidence. 

Even before the exploration of the North Sea was 
under way Dr K. Hinz, now of the German Geological 


Survey, and others, had contributed a paper on a seismic 
His eontribution 0... 


reflexion survey in the German area. 
in this book is to attempt a synthesis of all geophy eal 
and geological data available, and to produce a series ‘of : 
palaeogeographic maps showing the evolution of the _ 
North Sea from the lower Carboniferous to the Quaternary. 

The contribution made to the study of the North i 
Shelf by the oil industry is mealeulabie ; 
work is of course confidential and naturally enous li, 
unpublished. Nevertheless, two petroleum geologists | 
have contributed papers. Dr P. E. Kent (British Petro- 
leum) reviews the problems of drilling and of exploration — 
and gives a brief background to how the search for oit 
and gas is conducted. He gives a general background to. 
the geology of the area and conveys a very good idea of 
the geological problems involved. And Dr H. Bartenstein 
(Mobil Oil) makes a comprehensive survey of the present 
status of the Palaeozoic palaeogecgraphy m north-west 
Europe. This paper is one which will be of special mterest. 
to European stratigraphers, containing, as it does, results 
of hitherto unpublished research in north-west. Germany 
and other areas. 

The abstract of the paper by J. J. H. C. Houbolt (Shell), 
“Recent Sediments in the Southern Bight of the North 
Sea”, is included showing photographs of sparker sections 
and cores in this area. 

The only two contributions which deal other than with 
the North Sea concern the Insh Sea (Professor M. H. P. 
Bott, Durham), and continental margins m general 
(Dr J. L. Worzel, Lamont Institute). From geophysical 
surveys made by Professor Bott and his colleagues a broad 
























much of the a 
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structural picture has been built up and the Irish Sea 
divided into a number of sedimentary basins, while, as a 
postscript almost, Dr Worzel, in an abstract, illustrates 
the various types of continental margin. 

Although the title of the book does not convey it, 
this is the most up to date résumé of the North Sea 
geology presently available. Joun R. V. Brooxs 


CLIMATE ON THE GROUND 


Ground Level Climatology 

Edited by Robert H. Shaw. (A Symposium presented at 
the Berkeley Meeting of the American Association for 
the Advancement of Science, December, 1967. Publi- 
zation No. 86.) Pp. xii+395. (American Association 
for the Advancement of Science: Washington, DC; 
Bailey Bros and Swinfen: London, 1967.) 150s. 


Tuis neat and unostentatious publication of twenty 
papers contains a great deal of interesting information. 
It is likely to be found welcome by ecologists who want 
to know what their American colleagues are doing; and 
useful, as the papers are characteristically well furnished 
with references. Seven authors are concerned with the 
relationship between ground-level climate and plants; 
seven with animals; and five explore various aspects 
of weather modification. 

R. H. Whittaker’s review of ecological implications of 
weather modification is noteworthy. To him it appears 
that technological enthusiasm has prevailed over thought- 
ful consideration of consequences; and, for example, it 
seems unlikely that reasonable increases in mean temp- 
erature could provide economically useful mcreases in 
production of temperate-zone communities. A philosophy 
of conquest of nature and unlimited modification of 
environment is already outmoded. H. C. Fritts provides 
a physiological basis for correlation of tree-rir g width with 
chmate; such studies have become acceptably sophis- 
ticated. J. M. Caprio finds value in phenology. N. J. 
Rosenberg on wind breaks in dry regions does not over- 
look the meteorological effects arising from the growth 
of crops under their shelter; there appears every reason 
to believe that windbreaks increase the efficiency of 
water use. Results of interesting experiments on the 
yield of animals under climatic stress are described. 
It begins to look as if one of the major American concerns 
is to maintain productive efficiency under what, to 
Europeans, are impossibly hot conditions, not only for 
man. One sympathizes with the pigs who begin to show the 
effects of stress above 70° F, whereafter a rapidly increasing 
percentage finds its way to the air-conditioned shelter. 
From other papers it is evident that the use of plants 
as climatic indicators with a view to conservation of 
resources has been effectively developed in California. 
Elsewhere, there is some good ground-layer meteorology 
and critical comment on the utility of accumulated 
temperatures; and relationships between climate, dis- 
eases of plants, physiological functions of animals are 
discussed. D. M. Fuguay discusses weather modification 
and forest fires; effects of lightning from clouds of varying 
height make interesting applied meteorology. 

Citations are preponderantly American but, for example, 
Sutton on micrometeorology, British work on potato 
blight and Russian work on the limited effects of water 
bodies in semi-arid climates are appropriately noted. 
Papers are generally clear, tending generally to 
be somewhat factual rather than argumentative; pro- 
duction is excellent. if expensive; and there is a good 
index. This book is a very useful general reference for 
ecologists and conservationists, and for exponents of 
applied meteorology; it could also be read by many who 
will appreciate the research that must be done in order 
that men can live in harmony with their environment. 

FORDON MANLEY 
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CRYSTAL STRUCTURE 


Crystal Structure Determination by Electron Diffraction 
By J. M. Cowley. (Progress in Materials Science, Vol. 13, 
No. 6.) Pp. 267-321. (Pergamon: Oxford, London and 
New York, 1968.) 21s. 


Wir the notable exception of groups in the Soviet Union 
and in Australia, crystallographers have rarely exploited 
electron diffraction with great zeal as an aid to structure 
determination. Their reluctance is often a result of a 
feeling that there is little to be discovered using electrons 
which cannot more easily be found using X-rays or 
neutrons, and of the expense of the equipment needed to 
proceed beyond rudimentary studies of powder rings. 
Now that electron microscopes with facilities for selected- 
area diffraction have become relatively commonplace and 
easy to operate, and now that high voltage instruments 
are being developed, a review such as Professor Cowley’s 
is most timely. 

He begins by using the kinematic approximation to 
draw analogies between the diffraction of X-rays and 
electrons, but emphasizes from the start that the approx- 
imation is far less valid for electrons, the interaction with 
atoms of which is so much stronger. He then devotes a 
chapter to dealing in outline with the dynamical theory 
and with approximations to it which are more amenable 
to computation. After this there is a critical outline of 
structure analysis using polycrystalline and single crystal 
patterns together with a most valuable summary of 
structural information available from specifically dynamic 
effects. He ends with a survey of the present state of 
the art and with references both numerous and up to 
date. 

This is a review which can be recommended to crystal- 
lographers, not only for its clarity of exposition and its 
authority, but also for its impartiality in revealing both 
the merits and limitations of a method in the development 
of which Professor Cowley has himself played such a 
notable part. W. J. DUFFIN 


INORGANIC PROBLEMS 


Physical Methods in Advanced Inorganic Chemistry 
Edited by H. A. O. Hill and P. Day. Pp. 627. (Inter- 
science (Wiley): London and New York, 1968.) 120s. 


With the exception of chapters on thermochemistry and 
structural analysis this book is essentially about the 
spectroscopy of transition metal complexes. In general, 
the approach adopted in most of the chapters is that 
usually associated with books on chemical physics, and 
the reader who is not particularly inclined towards this 
approach may find the exposition rather too formal. 
If this is accepted. however, the book is good and will 
prove useful to those who wish to use modern techniques 
of inorganic chemistry. Each chapter gives a brief 
introduction about the physical basis of the phenomenon 
and then goes on to show the applications of the tech- 
nique to particular inorganic problems. The editors 
have been remarkably successful in bringing together 
such a wide variety of authors and producing a book 
with a consistent approach and exposition. 

The book consists of twelve chapters beginning with 
diffraction methods (C. K. Prout), X-ray spectroscopy 
(C. Bonnelle) and molecular photoelectron spectroscopy 
(D. W. Turner). The chapter on diffraction methods is 
not devoted to introducing the reader to the method but 
rather to highlighting the methods involved in structural 
analysis and the problems and ambiguities that can 
arise. In this it is suecessful and should prove useful. 
X-ray emission and absorption is not a technique that is 
usually associated with inorganic chemistry, but the 
short chapter by C. Bonnelle shows clearly that certain 
valuable information about the energy distribution of 
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core electrens can be obtained and the effect of chelation 
is described and discussed. The chapter on molecular 
photoelectron spectroscopy is particularly timely and 
D. W. Turner’s exposition is excellent. This particular 
technique will undoubtedly be increasingly used by theo- 
retical inorganic chemists, because it potentially provides 
experimental evidence for the energy distribution of the 
chemically interesting molecular levels of complexes. 

The chapter on electronic absorption spectroscopy (H.-H. 
Schmidtke) is about the visible and ultraviolet spectra 
of transition metal complexes and covers most of the 
essential features in a sensible and practical way. In an 
area that has been worked over by many authors, 
Schmidtke has made considerable advance in the presen- 
tation of the subject. Surely even Lucretius would not 
have dared subtitle a conclusion to a chapter as “The 
State of Empirical Knowledge”! R. D. Gillard, however, 
has no such reservations and has given a delightful and 
amusing account of his views on the optical rotatory 
dispersion and circular dichroism of metal complexes. 
Vibrational spectroscopy (M. J. Ware) is presented in a 
refreshing way and it is a relief not to find the band 
counting versus group-theory-expected approach which 
has come to be the stuff of inorganic infrared and raman 
spectroscopy. A rather thorough chapter on electron 
paramagnetic resonance is given by E. König; although 
extremely well presented, it is perhaps too long for this 
book. 

Mossbauer spectroscopy (J. Danon) and nuclear quad- 
rupole resonance (H. Sillescu) are considered in a funda- 
mental way and the exposition, although formal, is clear 
and concise. J. Danon’s approach to the subject is 
particularly welcome and should serve to show that the 
Mossbauer effect can be extremely useful when experiments 
are properly planned. The problem of writing a chapter 
on nuclear magnetic resonance is not easy, but D. R. 
Eaton has succeeded in clearly presenting the newer 
and less widely known applications of the technique in 
a particularly judicious way. Thermochemistry in inor- 
ganic solution chemistry (J. J. Christensen and R. M. 
Izatt) is a chapter which is useful and should be read by 
those who attempt to explain stability in vague terms 
without careful consideration of the magnitude of thermo- 
dynamic terms which go to make up a stable complex. 

Day and Hill have put together a very good book, 
but they should have perhaps resisted the temptation 
to write the “General Conclusion” chapter which serves 
no obvious purpose. B. BOSNICH 


XENOBIOCHEMISTRY 


The Biochemistry of Foreign Compounds 

By Dennis V. Parke. (International Series of Monographs 
in Pure and Applied Biology. Division: Biochemistry, 
Vol. 5.) Pp. ix+269. (Pergamon: Oxford, London and 
New York, 1968.) 75s. 


THE metabolism of foreign compounds is a field of bio- 
chemistry that is becoming increasingly interesting to 
chemists, biochemists and of practical importance in 
agriculture, medicine and any situation in whieh chemical 
substances come in contact with living organisms. The 
chemical changes that foreign chemical compounds 
undergo are surprisingly diverse and many of the trans- 
formation products or metabolites are difficult to syn- 
thesize by the known methods of organie chemistry so 
that many metabolites have been identified and yet not 
made in the laboratory. Although mammals possess very 
elaborate mechanisms to change and modify both organic 
and inorganic compounds, less complex organisms are 
not devoid of this kind of activity. The manufacture of 
the new penicillins depends on the ability of the 
Penicillium to metabolize chemical substances added to 
the media, so that the substances are incorporated into 
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the penicillin analogues. The destruction of many un- 
wanted materials in sewage is a result of chemical trans» 
formations carried out by bacteria and other simple 
organisms. 

The book under review is concerned with the processes 
that occur in mammals although occasional reference is 
made to birds, amphibia and even plants. Most of the 
changes that foreign compounds undergo reduce the bio- 
logical activity or toxicity and are detoxication processes. 
In some cases, however, the metabolic changes produce 
more active materials. The conversion of fluoroacetate 
to the more toxic fluorocitrate in many species and of 
malathion into a potent inhibitor of choline esterase are 
examples of lethal synthesis. The conversions of some 
compounds that are themselves not toxic, such as 2- 
naphthylamine, into active and locally acting cancer 
producing metabolites are other exceptions that may be 
regarded also as types of lethal synthesis. Many cases of 
drug sensitivity are the result of metabolic changes m 
the drug leading to a product that can combine with 
proteins and so form new antigens. 

The discovery of the conversion of the azo dye, pron- 
tosil, into the more simple bacteriostatic sulphanilarmide 
was an essential step in the development of the sulphon- 
amides as useful therapeutic agents. This discovery was 
a stimulus to research into drug metabolism which now 
plays an important part in pharmaceutical research. 
Many authorities recommend that metabolic studies 
should be carried out on new chemicals introduced imto 
the environment—on food additives. cosmetics, pesticides 
and other products as well as drugs. The methods for 
such studies are becoming more and more sophisticated 
with the continuous introduction of new techniques, 

Professor Parke has produced a useful monograph 
describing many of the recent advances in this subject 
that has been called xenobiochemistry or the biochem- 
istry of foreign compounds. Xenobiochemistry would, of 
course, be a wider subject as some foreign cormpounds 
produce biological effects without being metabolized. 
Most of the biochemical processes involved in metabolism 
of these compounds lead to the formation of products 
that are more water soluble and generally ionized so that 
they can be excreted by the kidney. Professor Parke 
considers the problems of transfer across membranes, 
absorption from different parts of the alimentary tract 
and the excretion of the products into urine, bile and 
other body fluids. In many cases the first process in 
the metabolism of lipid soluble toxic materials is the 
oxidation by microsomal enzymes. The products of. 
these microsomal oxidations are then conjugated with. 
water soluble compounds such as sulphate or glucuronate: 
to form less toxic products that are excreted. | Talt the 
book is devoted to these fundamental biochemical 
mechanisms and half to applications. The applications 
include naturally occurring foreign compounds, food 
additives, drugs, pesticides and industrial chemicals. 

The metabolic data on hundreds of compounds are 
clearly presented with many chemical formulae, The 
book appears to be too detailed for students and perhaps 
insufficiently critical, but will, however, be invaluable to 
the many workers in this part of biochemistry and 
related sciences who should be indebted to the author. 

E, BOYLAND 








DRUG ACTION 


Symposium on the Interaction of Drugs and Sub- 
cellular Components in Animal Cells 

Edited by P. N. Campbell. (Biological Council: The 

Coordinating Committee for Symposia on Drug Action.) 

Pp. vili+ 355. (Churchill: London, 1968.) 75s. 

Tuts book contains the papers and discussions presented 

at a symposium held in London in April 1967. The com- 
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munications are grouped in four sections. In the first 
section, three papers examine the interaction of drugs 
with DNA. Roberts, Brent and Crathorn discuss the 
alkylation of DNA by mustard gas and the biological 
consequences of the damage and its repair. Rees provides 
a condensed and simplified account of the imteractions 
of antibiotics with DNA, pointing out the different modes 
of attack found with substances such as actinomycin, 
mitomycin and daunomycin. Prusoff completes this 
section with a useful account of the nature and con- 
sequences of substitution of DNA bases with analogues. 
The second section deals with cytoplasmic organelles 
and opens with an account by Chappell and co-workers 
of transport in mitochondria with some discussion of 
the actions of drugs thereon. Orrenius contributes an 
interesting paper on the response of liver to drugs and 
the nature of the induced enzymatic activity following 
phenobarbital administration. Korner follows with an 
account of antibiotics which affeet protein synthesis, 
while Weisberger deals with the actions of chloramphen- 
icol m mammalan systems. Both of these contributions 
suffer from restriction to mammalian systems when so 
much more has been learned from studies with the corre- 
sponding bacterial systems, and it is curious to read a 
paper on chloramphenicol which makes no reference to 
the differing binding capacities of ribosomes from different 
types of cells and organelles. Weisberger proposes a 
mechanism of action of chloramphenicol in mammalian 
tissues which is quite different from that which has been 
developed for bacterial ribosomes; acceptance of his 
proposal would need a critical assessment of the ex- 
perimental systems and evidence on which it is based. 
The second half of the symposium starts with the 
importance of lysosomes and their activities as targets 
for drug action. De Duve displays the field; Lloyd and 
co-workers track down the action of acid bisazo dyes; 
Weissman discusses the possibility that anti-inflammatory 
drugs influence lysosomes, and Allison investigates the 
collection of a wide range of toxic agents and drugs in 
lvsosomes and its consequences. The final section of 
the symposium moves away from the theme of externally 
administered drugs and deals with particles and nerve 
structures concerned with the elaboration and secretion 
of humoral agents. Smith contributes a detailed descrip- 
tion of the adrenal chromaffin granules; Potter discusses 
the uptake of choline by nerve endings, and Hope and 
Dean investigate the character and activities of the 
neurosecretory granules of the posterior pituitary. The 
whole symposium is admirably summarized by Bergel. 
The volume sets out information which is valuable to 
all those working in the fields of drug action and chemo- 
therapy. A symposium limited in time to two days 
must be limited in other ways, and the organizers have 
chosen to restrict the discussion to mammalian systems. 
This has brought together much information not previously 
available in one publication but results in an incomplete 
and unbalanced picture of present knowledge of inter- 
actions between drugs and cell components in general. 
E. F. GALE 


FAMILY PSYCHIATRY 


Theory and Practice of Family Psychiatry 

By John G. Howells. With edited contributions. Pp. 
xi +953. (Oliver and Boyd: Edinburgh and London, 
1968.) 189s. 


Tms massive volume is really two books in one—an 
exposition by its editor/part-author, Dr J. G. Howells, of 
his personal formulation of the theory and practice of 
family therapy; and a collection of clinical and research 
papers, with a bearing on family processes, by some 
seventy authors. One or two of these papers have been 
written or revised for this publication; the majority have 
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been culled from the psychiatric and sociological literature 
of the past twenty years. They include most of the 
leading names in this field-—frorm Ackerman, Alanen and 
Bateson right through the alphabet to Singer and Wynne. 
Tucker and Youngman. 

Some of the artieles reproduced (albeit in edited 
versions) are of lasting importance, so that it is rewarding 
to have thern in one volume. Among these are the classic 
paper “Towards a Theory of Schizophrenia” by Bateson 
et al., the Wynne—Singer ‘Thought Disorders and Family 
Relations of Schizophrenics”, and the Hilgard~Newman 
study of “Anniversaries in Mental Illness”. Some of the 
other celebrities are represented by articles which Ao less 
than full justice to their research in this field. 

Throughout this volume, articles reporting factual, 
statistically analysed enquiries alternate with clinica! 
expositions which have an undisguisedly dogmatic flavour. 
Dr Howells himself appears to be very confident of the 
importance of his own obiter dicta. In the opening sentence 
of his book he appears to claim a copyright in the term 
“Family psychiatry’; and in the succeeding sentence he 
declares “Individual psychiatry . is obsolete”. His 
first chapter is brief, and cites only a book and a paper 
by Howells; but the two following chapters occupy 110 
pages and contain no fewer than 1,071 references. Inevit- 
ably, most of these contributions are mentioned rather 
than critically discussed. It might well be argued that 
this very mixture of systematic enquiry, unsupported 
assertions and therapeutic confidence faithfully represents 
the present state of development of family psychiatry ; 
and no one who reads this book will doubt that its author 
is one of its most energetic proponents. 

G. M. CARSTAIRS 


COLOUR VISION 


Human Color Perception 

A Critical Study of the Experimental Foundation. By 
Joseph J. Sheppard, jun. Pp. xvii+192. (Elsevier 
New York and Barking, Essex. 1968.) 120s. 


THe author has recently turned his interest in bivengin 
eering to vision, and his book is based on two study 
reports which had been prepared for the Rand Corporation. 
It contains nine short chapters and there are also 245 
references and an appendix defining terms and symbols 
used for radiant and himinous energy. 

The first two chapters are about the relationship 
between physics, physiology and psychology in the study 
of vision and include a brief description of the visual 
pathway. The third chapter, on the CIE observer, deals 
competently with the standard photopic, scotopic and 
colour matching functions. The next two chapters on 
retinal sensitivity and physiology review spectral sensi- 
tivity functions derived by psychophysical methods. An 
extensive comment on the appearance of secondary 
peaks in these functions would have been more valuable 
had some consideration been given to the absorptive 
properties of pre-retinal media. An account of spectro- 
densitometry of extracted visual pigments, single photo- 
receptors, and of fundus reflectometry is included with 
some notes on the histclogy, geometry and metabolism 
of rods and cones. The graded achromatic and chromatic 
electrophysiological responses of lower vertebrates are 
described. The sixth chapter on cerebral physiology 
deals mainly with the anatomy and chromatic responses 
of the primate lateral geniculate nucleus. Some intro- 
ductory remarks on the evolution of the visual pathway 
provide a useful link with the preceding chapter. Chapter 
7 on psychophysiology describes aspects of achromatic 
and chromatic light adaptation, adaptation to visual 
field imversion, and concludes with an enthusiastic but 
rather extensive critique of Lands’ two-colour projection 
experiments. Chapter 8 on temporal phenomena is a 
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miscellany consisting of the Broca-Sulzer effect and related 
phenomena exhibited by Benham’s top, fiashing lights, 
and the Butterfield Color Encoder. A concluding chapter 
makes some generalized recommendations for the future 
conduct of vision research. 

The author’s declared aim was to introduce ‘elinicians, 
engineers and scientists” interested in human colour 
perception and to provide a critical study of experimental 
results for a ‘comprehensive view of the subject” supple- 
menting the “encyclopaedic” texts. As a supplement 
the book is expensive. The author communicates his 
enjoyment of language but has let pass several misprints 
most af which are annoying rather than confusing. 
Major omissions occur—-the author himself notes the 
lack of a section on colour vision theory. There is also a 
feeling of disproportionate emphasis on certain topics, 
but this may be the result of being made to look at 
vision through an engineer's eye. J. D. MORELAND 


OBITUARIES 


Bruce Sidney Smith 


TuE death occurred on August 6, 1968, of Bruce Sidney 
Smith, head of the Wantage Research Laboratory of the 
United Kingdom Atomic Energy Authority’s Research 
Group. Bruce Smith was educated at Mill Hill School and 
King’s College, London, where he gained an honours 
degree in physics in 1934 and was subsequently a demon- 
strator. On the outbreak of war he joined the ADRDE 
at Christchurch, which became the Radar Research and 
Development Establishment at Malvern, where he worked 
on gun-laying radar and, later, on IFF (Identification, 
Friend or Foe Systems). 

At Malvern, Smith came into contact with Cockcroft 
and in 1944 he transferred to the Tube Alloy Project. 
the division of the Department of Scientific and Industrial 
Research dealing with the war-time development of 
atomic energy. He worked in Canada in 1944-48 and 
was concerned with the development of the control 
instrumentation for the Canadian NRX reactor. The 
experience he gained during this period was to prove of 
considerable value to the British project at Harwell 
when he returned there in 1948. 

Smith became a member of the Health Physies Division 
at Harwell on its formation in 1948. At this time he was a 
recognized authority on the design and development of 
ionization chambers for the measurement of radiation and 
radioactivity and was concerned with a special project 
for the measurement of very low levels of gaseous radio- 
activity by this means. In the period until 1959 he was 
responsible for the control of radiation hazards in the 
physics areas of the Harwell establishment (piles, cyclo- 
tron, van de Graaff generator and linear accelerator). 
He was also chairman of the Pile Operations Safety Com- 
mittee concerned with irradiations and experiments in 
the Harwell reactors, and in this work he developed 
in this country the principles for the safe use of reactors 
for irradiations and materials testing. In 1954 he became 
deputy head of the Health Physics Division and in 1959 
division head. Shortly afterwards, however, he was 
appointed head of the Wantage Research Laboratory 
where the work of the Isotope Research Division of the 
Atomic Energy Research Establishment was established. 
This appointment gave Smith the opportunity to follow 
successfully his long-standing interest in the practical 
applications of radioactivity, particularly to industrial 
processes and to the development of natural resources. 
From 1961 to 1968 he was a UK representative on the 
Scientifie Council of CENTO. 

‘Bruce Smith was noted for his penetrating and stimulat- 
£ vhich together with his scientific integrity 
gh standard of scientific work not only in 
; duties but also in his period in the field of 
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health physies, where especially these qualities engendered | 





confidence in the control of the potential hazards from | 
Be as 





ionizing radiations. He will also be remembered for the 
exceptional courage and determination he exhibited dur- 
ing the last two years of his life in continuing to work in 
spite of severe physical disability arising from his ilness, 


Professor G. E. Newell 


Prorressor G. E. NEWELL. whe died in a London hospital 
on August 4, was for thirty-five years on the staff of 
the Department of Zoology, Queen Mary College. His 
appointment to a professorship came in 1958 and in 1966 
he became the head of department when Professor J. E. 
Smith resigned to become director of the Plymouth 
Laboratory of the Marine Biological Association. 

Gordon Newell will probably best be remembered and 
valued as a teacher, one who made substantial eon- 
tributions to the didactics of zoology. The book Animal 


Biology which he wrote jointly with A. J. Grove provided. =: 8 
much of the basis for the teaching of zoology in schools _ 
from the time of its first publication in 1942 until the 





current introduction of the Nuffield A-level syllabus. 
Its introduction marked a more comparative approach to 
the subject than had hitherto prevailed and its clarity of 
expression rapidly made it an elective textbook in schools. 
Another valuable contribution. written in collaboration 
with his son, Dr R. C. Newell, was the book Marine 
Plankton which, with its illustrations, has provided 
students of marine biology with a standard handbook 
for the identification of British species. The care and 
attention which Newell took in the preparation of these 
publications were also lavished on his students and with 
evident success, for many of his pupils have reached 


positions of distinction in zoology departments both: da. 5°88 


Britain and abroad. 


In his research Gordon Newell showed a diverse interest. 0 : 


His earlier work included studies on amphibian embryo- 


logy, but his principal interest and effort were directed to. eee 


problems in marine biology. The spawning of Arenicola 
and its relationships to tidal cycle had been suspected 
by earlier workers, but Newell placed the relationship on- 
a firm observational basis. This interest in the lugworm 
included studies with Professor Garth Chapman on the 





mechanics of the burrowing mechanism and the reeog- o fe 





nition of the importance of the thixotropic prope! 


the muds where the burrows are located. Latterly, Pros ` 





fessor Newell's attention had been attracted by behayo 
ioural problems in the periwinkle, but his last investigation 
wasa study by electron microscopy on the eyeof A griolimax, 
the slug, which he carried out in collaboration with his 
son, Dr P. F. Newell. 

Throughout his many activities, Professor Newell dis- 
played that foreefulness of character which overcame 
disabilities arising from war wounds. Despite these 
difficulties, he played a full part, notably serving as: a 





governor of Wye College, as secretary of the Board. of. 
Studies in Zoology at Londen University and as ayo00>. 


examiner in many African universities. 


University News 


Dr Harold Baum, Roval Free Hospital School of 
Medicine, has been appointed to the chair of biochemistry 
at Chelsea College of Science and Technology, 
London; Dr L. J. Bruce-Chwatt, London School of 
Hygiene and Tropical Medicine, has been appointed. 
to the chair of tropical hygiene at that school; and 
Dr C. H. Carlisle, Birkbeck College, has been appointed 
to the chair of crystallography at that college; the 
title of professor of zoology has been conferred on 
Mr B. B. Boycott in respect of his post at University 
College. 
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CORRESPONDENCE 


Primates Threatened 


Sir,—The growing threat to some species of non-human 
primates incurred by circumstances in their natural 
habitats is not well known even to those scientists who 
have recognized their value for biomedical laboratory 
investigations. i 

arowing human populations with urbanization and 
agricultural expansion are intruding upon primate 
animal habitats. Indigenous humans utilize lower 
primates extensively for food. Trappers and shippers 
handle animals for export in wasteful ways. Chimpanzee 
mothers are often shot dead in order to obtain single 
babies for export. Many animals die of diseases con- 
tracted after they are trapped. 

Although knowledgeable scientists have recognized this 
threat to one of their important resources for some time, 
no effective action has been taken until recently. The 
following resolution was adopted by our Committee of 
Scientists for the Use of Primates in Medical Research in 
January 1968 and was presented to the surgeon general 
with the request that the matter of primate conservation 
be brought before the World Health Assembly. Previ- 
ously on the initiative of our committee the same resolu- 
tion was adopted by the members of a European sympo- 
sium on the Use of Primates in Medical Research in Lyon 
in November 1967. Support for the resolution was also 
obtained at the recent second congress of the International 
Primatological Society meeting in Atlanta, Georgia, and 
from a meeting in New York of interested scientists 
sponsored by the New York Zoological Society and the 
International Union for the Conservation of Natural 
Resources. The resolution reads as follows: 


| “Whereas there is general recognition by the 
scientific community of the importance of non- 
human primates for bio-medical purposes, 

| “Whereas there is a widespread belief among 
competent scientists that some primate species are 
in danger of depletion as a result of capturing and 
of encroachment on natural habitats by developing 
human populations, 

| “Therefore it is requested that WHO convene a 





j 
meeting of a scientific group as soon as possible to | 
examine the problem in detail and recommend 
measures designed to ensure the continued supply 
of these animals for the welfare of man and also | 
for the conservation of the species.” | 





The United States delegation to the World Health 
Assembly introduced the topic for discussion and this has 
now established conservation of primate species to be a 
matter of international concern. The implementation of 
ways and means to protect primate populations will be 
a thorny and prolonged process so that these beginnings 
are occurring none too early. Your readers may be inter- 
ested in these recent developments because {i) they evi- 
dence the beginning of cooperation among members of 
diverse disciplines (medicine, zoology, anthropology, 
conservation, ete.) and (11) they offer hope that certain 
endangered species will be protected before it becomes 
too late. Strong support by the scientific community 
will be required to convert platitudes into successful 
procedures. 

Epwarp I. GOLDSMITH, 
Chairman, Committee of Scientists 
for the Use of Primates in Medical 
Research. 
The New York Hospital- 
Cornell Medical Center, 
525 East 68th Street, 
New York, NY. 
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University Government 

Sm, —Twọ months have passed since you published the 
last of a series of very provoking articles drawing attention 
to the many weaknesses in university government, and we 
have waited patiently and expectantly for some sort 
of reaction from your readers. Not one word in reply 
has yet been published. Does this silence mean that the 
academic staff of British universities are happy with the 
present form of government, is it the result of a fear of 
reprisal, or have all the letters you have received been 
unprintable ? We had hoped that there would be some 
indication in your columns of how university teachers 
feel about the present regimes they work under. Perhaps 
you will allow us space to make a few observations which 
may provoke a few academics into revealing their feelings 
on this subject. 

In this country there are indications of a growing aware- 
ness amongst academics that the current system of 
governing the affairs of the university has outlived its 
usefulness and that some radical changes in its structure 
are badly needed. It is clear that the ruling body (be it 
called senate or, more modestly, professorial board, or 
any other name) in its present constitution is not only a 
travesty of equity but also an undisguised affront to 
common sense-—-not to mention its incongruously auto- 
cratic character, out of place in a predominantly democratic 
setting. No matter how many plausible arguments 
can be adduced in favour of retaining that outmoded 
body, they cannot but be spurious—-for there is no escape 
from the fact that the vast majority of teachars (who are, 
after all, the core of the institution) have practically no 
say in matters which affeet both the wider acedemic 
policies and their own standing in the university. This 
is an anomaly which requires our most urgent attention. 

Ideally, one would expect the initiative for a reform to 
emanate from within the senate (or professorial board) 
itself, but it appears that, naturally enouga, no early 
positive move is forthcoming from that quarter. It 
would, of course, be false to surmise that all professors are 
unqualifiedly happy about the present system. It can 
be taken for granted that there are some members on the 
senate who have for some considerable time felt their 
semi-dictatorial status as an intellectual and moral 
handicap rather than a blessing, and who would welcome 
a process of liberalization—-but they are sadly in a minor- 
ity and they would require “outside” help to overcome the 
inertia of the old guard. 

We have learnt that in some European countries 
(notably Germany and France) the university is in a state 
of ideational siege. The traditional German ‘‘feudal’ 
system, in which professors appear as paragons of academie 
virtues unassailable in their departmental fortresses, is 
being questioned with all the seriousness the situation 
demands and practical policies are in the process of 
implementation. Aeademic France is likewise experi- 
encing a fruitful reappraisal of its way of life and the 
omens are favourable for a revision of the old system. 
For example, the recommendations of the “national 
colloquy” at the University of Caen in 1966 are a trenchant 
rebuttal of the status quo and are, in essence, an appeal 
for the adoption of the more liberal American model in 
higher education. 

Is it too much to hope that similar changes will soon 
take place in the universities of Britain and the Common- 
wealth ? 





Yours, ete., 


K. B. PFLAUM 
Department of Philosophy, and 


M. C. MILLER - 
Department of Zoology, 

University of Auckland, 

PO Box 2175, 

Auckland, New Zealand. 
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International Meetings 


September 23-25, The Marling of Arable Sand Land, 
York (Dr H. T. Davies, North of England Soils Discus- 
sion Group, Department of Soil Science, Government 
Buildings, Lawnswood, Leeds 16, Great Britain). 
October 7-11, Rheology, Tokyo (Professor Masao Horio. 
Organizing Committee, c/o Department of Polymer 
Chemistry, Kyoto University, Kyoto, Japan). 


October 7-11, Modern Trends in Activation Analysis, 
Gaithersburg (J-R. Devoe, Activation Analysis Section, 
Analytical Chemistry Division, Natural Bureau of Stand- 
ards, Washington, DC 20234, USA). 

October 7-12, Oral Surgery, New York (Dr Bernard J. 
Degen, Secretary, c/o American Society of Oral Surgeons, 
211 E Chicago Avenue, Chicago, Llinois 60611, USA). 
October 7-12, Chemistry of Cement, Tokyo (Sym- 
posium Organizing Committee, Cement Association of 
Japan, Hattori Building, 1, 1-Chorme, Kyobashi, Chuo-Ku, 
Tokyo, Japan). 


October 8-11, Research in Connexion with Service 
Problems of Hydraulic Machines, Lausanne (H. 
Wuger, Secretary, Baldnerstr, 15, 1802 Kilchberg, Swit- 
zerland). 

October 8-11, Therapy and Pharmacological Re- 
search, Budapest (Dr E. S. R. Hughes, 14 Parliament 
Place, Melbourne C2, Victoria, Australia). 


October 8-11, Hygiene and Preventive Medicine, 
Rome (Secretariat, Via Filippo Corridoni 37, Rome, Italy). 


October 9-11, Radioprotection, Menton (Société Fran- 
gaise de Protection, 81 rue Gabriel Peri, 92 Montrouge, 
France). 


October 9-14, Culture Collections, Tokyo (V. B. D. 
Skerman, c/o Department of Microbiology, Medical 
School, Herston Road, Herston 4006, Brisbane, Queens- 
land, Australia). 


October 9-15, Instrumentation and Automation, Dis- 
seldorf (Werner Fricke, Geschaftsfuhrer, Arbietsgemein- 
schaft Interkam, Stresemannallee 19, 6 Frankfurt am 
Main, Germany). 


October 13-19, Astronautical Congress, New York 
(International Astronautical Federation, 250 rue Saint- 
Jacques, Paris 5, France). 


October 14-18, Accurate Characterization of the High 
Pressure Environment, Gaithersburg (Dr C. W. Beckett, 
c/o Heat Division, National Bureau of Standards, Wash- 
ington, DC 20234, USA). 


October 15-19, Applications of Vacuum Science and 
Techniques to Coating and Surface Finishing, Dijon 
(Mme J. Mainier, Secretariat Technique et Administratif, 
147 ter A, Bd de Strasbourg, $4-Nogent/Marne, France). 


October 21-23, Antimicrobial Agents and Chemo- 
therapy, New York (R. W. Sarber, Secretary, American 
Society of Microbiology, 115 Huron View Building, Ann 
Arbor, Michigan 48103, USA). 


October 21-23, Storage, Flow and Handling of Solids, 
Boston (American Society of Mechanical Engineers, 345 
E 47th Street, New York, NY 10017, USA). 


October 21-23, Silicon Carbide, University Park, PA 
(Air Force Cambridge Research Laboratories, I. G. 
Hanscom Field, Bedford, Massachusetts 01730, USA). 


October 21-25, Advanced and High Temperature 
Gas-cooled Reactors, Julich (International Atomic 
Energy Agency, Karntner Ring 11, Vienna 1, Austria). 


October 28-30, Biology of Amphibian Tumors, New 
Orleans (Mrs Ruth A. Sherwood, Cancer Association of 
Greater New Orleans, Inc., Miles Building, Room 116, 
2025 Canal Street, New Orleans, Louisiana 70140, USA). 








FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the public} 
Tuesday, September 24 


INSTITUTION OF MECHANICAL ENGINEERS, APPLIED MECHANICS GROUP {at E 
| Birdcage Walk, Westminster, London, SWI), at 8 pni -— Distusaion: 
meeting on ‘Transmission of Noise and Vibrations through Structures”. 


Society or CHEMICAL INDUSTRY, PLASTICS AND POLYMER GROUP (at 
14 Belgrave Square, London, SW1), at € p.m.—Prefrasor d. C, Robb: “The 
Degradation of High Polymers Studied by Micropyrolysis traa/Tdquid 
Chromatography”. 


Wednesday, September 25 


_ SOCLETY FOR ANALYTICAL CHEMISTRY, MIDLANDS SECTION and the SPECIAL 
TECHNIQUES GROUP; and the MIDLANDS SRcTION of the ROYAL II ETE 
or CHEMISTRY (at the Lanchester Cofege of Technology, Priory = t 


Coventry), at 3 p.m.-—Symposium on “Preparation of High Purity 
Substances”, 


INSTITUTION OF ELECTRONIC AND RADIO ENGINBERS, Joust TEREARE 
COMPUTER GROUPS (at the London School of Hygiene and Tropical Medicine, 
Keppel Street, Gower Street, London, WC1), at 6 p.m.—-Papers on “rein 
Describers in Modern Railway Signalling’. 






Wednesday, September 25——Thursday, September 26 


_ SOCIETY or CHEMICAL INDUSTRY, MicronioLecy Grove (at the School of 
Pharmacy, Brunswick Square, London, WC1)—Meeting on “Jaclation and 
Applications of Microbial Enzymes”. 


Thursday, September 26 


RESEARCH AND DEVELOPMENT Society, in collaboration with the CoN- 
FEDERATION OF BRITISH INDUSTRY (at Imperial College, London, SW7)—~ 
Symposium on “The Relevance of Industrial R and D Today”. 


POLAROGRAPHIC SOCIETY (at the College of Further Education, Handridge, 
Chester), at 2 p.m.—-Dr P. O. Kare: “Some Thought on Future Trends in. 
Electroanalytical Instrumentation’, followed by five short papers, 


INSTITUTION OF MECHANICAL ENGINEERS, TRIBOLOGY GROUP (at 1 Bird- 
cage Walk, Westm'nster, London, SW1), at 7 p.m. Discussion. meeting on 
‘How Important are Contaminants in Lubrication”. 


OIL AND COLOUR CHEMISTS’ ASSOCIATION (at the Roval White Hart Hotel, 
Benco panao, at 7 pam.—-Mr D. James: “Pretreatment Prior to Electro 
painting”. 


Thursday, September 26—Friday, September 27 


CHALLENGER SOCIETY; and REPRESENTATIVES from the MARINE LABORA 
TORIES (Natural Environment Research Council Scheme) (in the Department 
o Oceanography, The University, Liverpool), at 10 a.m. daily—Scientilic 

apers. 


EvGeEnics Socizry (in the Meeting Rooms of the Zoological Soelety of 
London, Regent's Park, London, NWI) at 10.15 a.m, daily--Symposium on 
*Riosocial Aspects of Race’’. 


INSTITUTE OF BIOLOGY (in the Lecture Hall, Royal Geographical Society, 
pee aoe Gore, London, 8W7), at 19 a.m. daily-—Symposium on “Biciogy 
and Ethics”. 


Friday, September 27 


SOCIETY oF CHEMICAL INDUSTRY, PESTICIDES GROUP fat the School of 
Pharmacy, Brunswick Square, London, WC1), at 9.30 am.—Symposinm on 
“Chemically Induced Resistance of Plants to Pesta and Diseases”. Chairman: 
Professor P. W. Brian. 





Saturday, September 28 


FISHERIES Socrery of the Barrisn IsLES {at the Zoological, Society of 
coe Regent's Park, London, NW1), at 11.30 a.m.—Antumn Scientific . 
Meeting. 


Monday, September 30 


ROYAL SOCIETY OF MEDICINE, LIBRARY (Scientific Research) SECTION (at 
1 Wimpole Street, London, W1), at 2 p.m.-——Symposium on “The Impact of 
Television on Medicine”’. 


INSTITUTION OF MECHANICAL ENGINEERS, PROCESS ENGINRERING GROUP 
(at 1 Birdcage Walk, Westminster, London, SWi), at 6 p.m.—Disectission 
meeting on “Project Management- Effective Co-operation between Operating 
Companies and Design and Engineering Organizations”. . 


SOCIETY or CHEMICAL INDUSTRY, Foop GROUP (at 14 Belgrave Square, 
London, SW1), at 6.15 p.m.—Joint Symposium with BFMIRBRA on “New 
Techniquesin Food Eesearch’’. 


Monday, September 30-—-Wednesday, October 2 


INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONICE TDrvistos: INs?Ti- 
TUTION OF ELECTRONIC ANT BADIO ENGINEERS; and the INsrrriere oF 
ELECTRICAL AND ELECTRONICS ENGINEERS (at the Institution of Electrical 
Engineers, Savoy Place, London, WC2}—Conference on ‘““Tropospheric 
Wave Propagation’. i 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before the 
dates mentioned: 

LECTURER (with a good honours degree and preferably research or industrial 
experience) in BIOCHEMISTRY in the DerarTMent OF BLOGY- The Clerk 
to the Governors, Paisley College of Technology, High Street, Paisley, Here 
frewshire, Scotland (September 30). 

SENIOR BIOLOGICAL TECHNICIAN tpreferahbly with experience in a teaching 
laboratory) at the CENTRE FoR SCIENCE EDUCATION, for work which wil 
involve developing and administering new laboratories, an arial room, 
glasshouse and other facilities—The Secretary, Chelsea College of Science and 
Technology, Manresa Road, London, SW3 (September 30). 
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_, LECTURER or SENIOR LECTURER IN BIOCHEMISTRY—-The Secretary, Royal 
Free Hospital School of Medicine (University of London), 8 Hunter Street, 





N OFFICER (with a degree in agriculture or natural 
dge of foreign languages and ability to write good 
â team preparing abstracts from world scientific 
literature on grasslands and annual field crops for publication in Herbage 
Abstracts and Field Crop Abstracts—The Director, Commonwealth Burean of 
Pastures and Field Crops, Hurley, Maidenhead, Berks (October 7). 
__ SENIOR LECTURER IN PSyCHOLOGY —The Secretary, St. George's Hospital 
Medical School, 9 Knightsbridge, London, SW1 (October 7), 

CHAIR IN BIOLOGICAL SCIENCE (Zoology) at Massey University, Palmerston 
North, New Zealand—-The Secretary-General, Association of Commonwealth 
Universities (Branch Office), Marlborough House, Pall Mali, London, SW1; 
or the Registrar of the University (October 15). 

LECTURER (with a PhD degree and/or extensive postgraduate research 
experience in some field of agronomy} in AGRONOMY within the Faculty of 
Agricultural Science, University of Tasmania—The Association of Com- 
monwealth Universities (Branch Office), Marlborough House, Pall Mall, 
Londen, SW1 (Oetober 18). 

ASSISTANT LIBRARIAN (graduate with a good knowledge of cataloguing and 

preferably professional library qualifications) at the University of Western 
Australia——The Association of Commonwealth Universities (Branch Office}, 
Marlborough House, Pall Mall, London, SW1 (October 31). 
_ BIOLOGIST, EXPERIMENTAL OFFICER Or ASSISTANT EXPERIMENTAL OFFICER 
iwith a zoological qualification and a general scientific training) to assist 
with ecological and experimental research on invertebrate animals, involving 
some work at sea~-The Director, Marine Station, Scottish Marine Biological 
Aseociation, Millpert, Isle of Cumbrae, Scotland. 

EXPERIMENTAL Puysicists and ELECTRONIC ENGINEERS in the DEPART- 
MENT OF OCEANOGRAPHY for research on air-sea interaction processes— 
Professor H. Charnock, The Universi ty, Southampton. . 

LECTURER (with special interests in sociology, particularly in the field of 
science) in EpucaTion-—Professoer K. W. Keohane, Centre for Science 
Paton, Chelsea College of Science and Technology, Pulton Piace, London, 
, POSTDOCTORAL ASSISTANT in the DEPARTMENTS OF BIOCHEMISTRY AND 
CHEMISTRY to work for up to two years in the first instance on a project 
concerning hydrolytic enzymes involved in glycogen metaholism with par- 
ticular reference to hereditary disorders-—The Secretary, Royal Holloway 
College (University of London), Englefield Green, Surrey. 

POSTDOCTORAL RESEARCH ASSOCIATE to work on molecular aspects of 
hormonal action—-Dr R., S. Snart, Department of Zoology, The University, 
Sheffield, quoting Ref. R.85/G. 

READER (preferably with an interest in the applications of lasers or the 
development of mechanisms)in the DEPARTMENT OF MECHANICAL ENGINEER- 
inG-—The Academic Registrar, Loughborough University of Technology, 
Loughborough, Leicestershire. 

RESEARCH ASSISTANT (biologist or physicist with a good honours degree) 
in the DEPARTMENT OF MEDICAL Puysics for work on the cell proliferation 
kinetics of bone growth-——Dr N. E. Kember, Royal Free Hospital School of 
Medicine, 8 Hunter Street, London, WC1, 

RESEARCH ASSISTANT (with a good honours degree and preferably exper- 
ience of electron microscopy) for work on the central nervous system-— 
Professor E. G. Gray, Department of Anatomy, University College London, 
(rower Street, London, WC. 

SENIOR LECTURER or LECTURER II in MICROBIOLOGY or PLANT PATH- 
GLOGY--The Secretary, Wolverhampton College of Technology, Wolver- 
hampton. 

ZOOLOGIST (with a first- or second-class honours, or higher degree, and 
preferably some postgraduate research experience in zoology, and a physio- 
logical background) at the Dunstaffnage Marine Research Laboratory, Oban, 
Argyll, to undertake studies on the ecology of fish in selected localities on the 
west coast of Scotland—The Director, Marine Station, Seottish Marine 
Biological Association, Millport, Isle of Cumbrae. 
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ATURE 
Recipe for Change 


Tax report of the committee under Professor Swann 
which has now been published (see page 1305) is well 
worth having had to wait for. Like the best public 
documents, it accurately conveys a sense of how there 
can ke no simple or even single device by means of 
which the British economy can be assured of the supply 
of new technical skill which it is certain to need in the 
seventies and beyond. The palliatives which the 
committee has suggested are not entirely novel, it is 
true, and much of what the committee has to sey is 
already embodied in the recent policies of organizations 
such as the Science Research Council and the Ministry 
of Technology. The great interest of the Swann 
report les rather in the ‘breadth of its analysis and for 
the way in which its arguments are a compelling proof 
that there can be no steady-state solution of the 
problem of scientific manpower without radical changes 
m the universities, in industry and even in society at 
large. 

All this implies that the problems of recruiting 
talented scientists into British industry, and talented 
students into university courses in science, are not so 
much problems in themselves as symptoms of more 
generalized discontents. It is also important that 
the tendencies which worry the committee—and every- 
body else—have not yet had time to express themselves. 
In spite of the unwillingness of students to fill the 
places vacant: i in science courses at the universities, 
for example, the output of qualified scientists and 
technologists | from British universities is certain to 
reach 20,000 a year before the decade is out, which 
m turn implies that supply will have been doubled 
within a decade. That is a remarkable development, 
for whieh universities and the Government must share 
the credit. The issue before the Swann committee is 
whether, the output will thereafter begin to shrink. 
In the same way, the committee is bothered not by 
an actual shrinkage of the numbers of qualified people 
working in industry but by the fear that recruitment 
could and should be substantially improved, especially 
where bright people are concerned. In other words, 
the committee is concerned not so much with disaster 
as with the threat of it, which means that there is 
reason to hope that vigorous action can bring results. 

Given that universities in Britain now find themselves 
at a turning point in their history, it is just as well 
that the Swann committee has been most explicit 
about the ways in which universities can take the 
initiative in helping to strengthen the interaction 
between the educational system and industry. One 
immediate difficulty, however, is that there is bound 
to" be endless argument about the correctness of what 
the committee says about training for the PhD degree 
in British universities. The Swann committee takes 

i that. the present pattern of postgraduate 
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education is almost an active discouragement to — 
useful careers in industry, and at least a part of E 
this case is unassailable. Too many departments at 
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to ak that che universities Pony ‘prov bia a pa : 
of postgraduate education which fits people $9: 
useful jobs. (In this connexion, it is a great disapp 
ment that the committees of the Royal Socie 
have been examining postgraduate teaching in- 
lar fields have been at once so dilatory and so uniformly’. 
second-rate.) The difficulty is to know how best to K 
make a start, 

One obvious difficulty is that the universities are 
being asked to provide a different pattern at a time 
wW hen the funds available for supporting postgraduate 
students are harder to come by than in the recent past. = 
The ideal postgraduate course would be one in whicha | 
thorough involvement with research is mixed with the o. 
other ingredients likely to give young people a better 
sense of how their skills can be applied outside the a. 
academic laboratories. With money as short as it has 
become, there is, however, a real danger that shallow 
postgraduate training of various kinds will flourish. | 
In the long run, there is even a danger that the supply 
of PhD graduates will shrink, which is why itis valuable 
that the Swann report firmly rejects the common view 
in industry that PhD degrees are a hindrance, not a pee 
help. The truth is, of course, that if the British ee 
economy is to remain inventive as well as simply 
to grow, the volume of postgraduate education of all 
kinds needs substantially to be increased—that is- 
one part of the Robbins report which has been a T 
neglected for too long. The Swann committee iso _ 
entirely right in saying that there need be no conflict 
between the academic and vocational aspects of post- 
graduate education, and in the long run it will help if 
industry comes to realize—as it should have done a 
long time ago—that newly qualified PhDs are almost 
the best buy on the British labour market. It will, 
however, do no harm if universities spice their willing- 
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ness to provide different kinds of courses with an 
insistence that there should be more money for post- 
graduate education as a whole. 

British universities will also, no doubt, be downcast 
by what the Swann committee has to say about the 
status of the PhD degree as a kind of social symbol. 
The committee considers that many people may be 
seduced away from useful occupations in industry 
by the wish to acquire what has become the easiest 
acknowledgment of academic standing in the sciences 
-not to mention the deference of British greengrocers 
at the same time. In the belief—which may not be 
entirely well founded—that it is too late for people to 
call doctors “mister”, the committee would undermine 
the snobbishness which is sometimes associated with 
academic titles by making it possible for the engineering 
institutions and the universities todub working engineers 
“doctor”. This is an ingenious solution, but not a 
particularly courageous one. If the committee really 
wished to make the forms and ceremonies of British 
academic life less seductive to bright people, it would 
have to start much farther back. The laying-on of 
hands which often determines the transference of 
power and authority would have to go. So would 
many of the trappings of academic life—the ermine 
trimmings and the like. It is hard to think that a 
thorough programme of anti-snobbery would leave 
even the Royal Family untouched and, even though 
there may be a good case fora study of this social 
problem, it is probably outside the terms of refer- 
ence of the Swann committee. 

The committee’s proposals on the recruitment of 
science teachers are entirely sensible, and here the 
only doubt is whether even the most enlightened and 
vigorous proposals can be entirely successful. It is, 
however, obvious that the recruitment of experienced 
people into science teaching should be urgently en- 
couraged. There should be a particular welcome for 
the committee's suggestion that Government depart- 
ments and other organizations should be ready to pay 
pensions early to people willing to go into teaching. As 
things stand, there is no doubt that a great many 
people in middle life who find themselves in scientific 
laboratories would welcome a chance to change jobs 
if they could do this without risking penury. With 
luck and a little mgenuity from the actuaries, it 
should be possible to work out a career structure for 
many scientists in which teaching would be an oppor- 
tunity to share with young people some full experience 
of what the real world is like. It is a continuing 
shame that the Government has steadfastly ignored the 
advice of dozens of committees in the past few years, 
and has so far neglected‘to act on the transferability 
of pensions, even within its own payroll. But even if 
devices like these can substantially increase the number 
and quality of science teachers, the chances are that 
British schools will have to Jearn to live with chronic 
shortages.. In the long run, the only remedy is to 
teach less science in the schools, which would not be 
a tragedy but the opposite if this were done by creating 
a less specialized pattern in the sixth forms. The 
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Swann committee could have made more of that 
objective. 

On the character of undergraduate uan in 
science and technology, however, there is no doubt 
that the Swann committee’s heart is in the right place. 
Indeed, the committee has done a great service in 
directing attention to a part of the educational system 
which has been for too long neglected by university 
teachers. Yet it would, of course, have been a great 
surprise if the pattern of university courses evolved 
in British universities during the period between the 
two world wars would have been suited to the needs of 
the present university population, at once much larger 
and more diverse. Few will be able to quarrel with the 
committee’s view that undergraduate education should 
be made much more general—the article by Professor 
A. B. Pippard on page 1307 of this issue is powerful 
demonstration of the need and feasibility of more- 
general courses. Yet there are bound to be many 
dragging feet. Not merely will it be necessary to work 
out new curricula, but close attention will also have to 
be paid to the departmental structure which at present 
determines the pattern of teaching at many universi- 
ties. Luckily, some (though not all) of the younger 
universities have broken new ground in recent years. 
The problem now is to make the others move, and 
quickly. Can the universities respond as quickly as 
they should ? 


SCIENCE POLICY 


Making Way for Innovation 


Two reports issued within a few months of each other 
from either side of the Atlantic have reached strikingly 
similar conclusions about the structural weaknesses in 
British industry. Technological Innovation in Britain, 
the first report of the Central Advisory Couneil for 
Science and Technology, under Sir Solly Zuckerman, 
was published last week (HMSO, 3s. 6¢.). Like the 
report of the Brookings Institution, it argues that 
British engineers are not only too thin on the ground 
but also deployed in the wrong way, both within 
companies and industries. The scarcity of engineers 
can be alleviated by switching people and resources 
from pure to applied science—this remedy is proposed 
by the Brookings report in particular—and the cost 
effectiveness of engineers would be improved by trans- 
ferring them from mdustries such as aircraft, where 
there are proportionately too many, to those such as 
machine tools where there are too few. 

The Central Advisory Council points out that, over 
the past 20 years, nearly two-thirds of the successful 
innovations have been made by American firms. 
Although Britain spends a higher percentage of the 
gross national product (GNP) on research and develop- 
ment than any other country except the United States, 
there have been proport ionately fewer engineers in 
almost every sphere of advanced scientific enterprise. 
This contrasts with the policy of Japan, which is to 
tailor industrial effort to the prospective demand of 
markets overseas. The council argues that this un- 
selective approach has allowed engineers to be con- 
centrated in some industries to the detriment of others. 
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But it is the myopia of British managements as much 
as the shortage of supply that has prevented qualified 
scientists and engineers (QSEs) from permeating the 
functions of production and, above all, marketing, 
where their presence—if the American example is any- 
thing to go by—is essential to innovation. Basic 
research is but one part of the process of innovation, 
and is often the least significant financially, yet British 
industry seems to use only half as many professionally 
qualified people in production and marketing as does 
Germany. A recent survey showed that in large British 
companies (over £5 million capital value) only 8-5 per 
cent of directors have scientific or technical qualifica- 
tions. There is, however, evidence to show that the 
profitability is correlated with the proportion of QSEs 
among the executives. 

The Central Advisory Council makes a number of 
specific recommendations for redressing the imbalance 
of QSEs and promoting effective technological innova- 
tion. First, newly qualified scientists and engineers 
should be encouraged into production and marketing, 
as opposed to merely research and development. “This 
could be done partly through the negative measure of 
reducing the number of research grants made by 
Government institutions to new graduates, and by 
concentrating the support for work in Government 
establishments on projects which are related to fore- 
seeable production.” Second, Government establish- 
ments whose original purpose no longer justifies their 
present scale of effort should be further run down 
unless they can provide services for industry. “Any 
measure,” the report explains, “which will help to get 
the pattern of our scientific, technological and manu- 
facturing efforts into balance will pay in the long term.” 
Government research establishments could also help 
by acting on a commercial basis as agencies for private 
industry, both in research and development and in the 
later stage of the innovation chain. The report also 
recommends that, where appropriate, royalty rights 
should be purchased from overseas in order to release 
scarce scientific manpower for production and mar- 
keting. 

The Brookings report (see Nature, 219, 105: 1968) 
arrived at a similar diagnosis from a different approach. 
In the section on science and technology, Merton J. 
Peek of Yale University observes that Britain has 
traditionally operated the economy with propor- 
tionately fewer engineers than the United States. The 
shortage of engineers has to some extent been remedied 
by the substitution of scientists and non-professional 
technicians, which is one reason why the demand for 
engineers, as expressed in the salary structure, is less 
than would be expected. 


BRITISH SCHOOLS 


Yet Another Examination 


Taw debate on ways of improving the sixth form course 
continued this week with a working paper from the 
Schools Council on sixth form examination methods 
and a view from the Headmasters’ Conference of the 
sixth form of the future. The Schools Council has also 
announced the names of the thirteen people who will 
make up the working party on sixth form work for 
those not seeking higher education, First announced 
in March (see Nature, 217, 1199), the working party 
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will safeguard the interests of the not-so-academic 
sixth formers and will work in conjunction with the 
joint working party of the council and the Standing 
Conference on University Entrance which is looking 
into proposals for broadening the curriculum. The new 
working party, which has appointed Dr E. W. Briault, 
deputy education officer for the Inner Londen Educa- 
tion Authority, as chairman, will shortly begin to hear 
evidence from interested 
employers. 

The collected opinions of headmasters are easily 
accessible, in that The Sixth Form of the Future (Head- 
masters Association, 5s.) covers both the field Dr 
Briault and his colleagues will be studying and the 
overall pattern of sixth form courses. Although it does 
not claim to submit firm recommendations, the head- 
masters’ report sets out the historical development: of 
the present highly specialized sixth form and, bearing 
in mind the likely composition of future sixth forms and 
proposals already made, goes on to produce its “pre- 
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ferred solution’’—yet another GCE examination, d 
Called the “Intermediate Level”, this examination 
would come between O-level and A-level, and is con- 


ceived of as differing from A-level in the amount of 


ground covered rather than in the academic standard. 
The headmasters believe this new examination will 
allow for the inevitable development of additional 
curricula patterns and will provide a final examina- 
tion for the increasing number of students who would 
not otherwise reach A-level. This very proposal was 
rejected by the Secondary Schools Examination Council 
ten years ago, but the headmasters’ report suggests 
that circumstances have changed sufficiently for it to 
be reconsidered, Although the fine detail of the pro- 
posal has not been worked out—and this is admitted 
to be beyond the scope of the headmasters’ resources- 
the headmasters want to add to the GCE examinations, 
with the proviso that new examining techniques would 
be an improvement. The Schools Council Working 
Paper 20 (HMSO, 3s. 6d.) discusses the various possible 
reforms and includes a firm denunciation of existing 
methods from the Welsh Committee of the Si 

Council. This is then appraised by the indivi 
subject committees of the council and capped by an 
equally firm statement of faith in existing examination 
methods from two secretaries of GCE boards, The 
Welsh Committee seeks an alternative to the present 
external examinations, which lead to pointless cram- 
ming, hasty regurgitation of predigested answers and 
the resulting narrowing of the sixth form studies, 
More assessment by teachers is at the centre of the 
Welsh Committee’s proposals, with oral tests in most 
subjects. The problem of external moderation in 
examinations for university selection would be assisted 
by aptitude tests if these were found to be acceptable 
by the vice-chancellors’ investigation now in progress. 
The Abitur, an internal school examination in Germany, 
is held up by the Welsh Committee as an example of 
the way in which a pupil’s ability to think can be 
tested, but the subject committees are more sceptical 
of its qualities. On the other proposals, the views of the 
subject committees vary, with scientists and mathe- 
maticians seeing no need for oral tests. The sugges- 
tions for more examination aids (such as books) and 
more time for answering the papers had a mixed 
reception from the subject committees. The craft, 
applied science and technology committee of the 
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Schools Council did, however, consider the Welsh 
proposals directly relevant to engineering. 


METRICATION 


Slow Change for Schools 


THE most important questions raised at the Royal 
Socicty’s conference on metrication in schools, on 
September 19 were those of responsibility—-who should 
be responsible for deciding when metric and specifically 
SI (le Systeme International) units should be used in 
schools and in teacher training colleges ? When should 
the examination boards set questions in SI units? 
Who should advise manufacturers of school equipment 
what to make and when, and publishers what to 
publish and how soon ? The conference last week was 
a sequel to that held on March 20 (Nature, 217. 1205; 
1968) at which the delegates—chiefly school teachers 
and members of the examinations boards—recom- 
mended that SI units be used exclusively in public 
examinations in mathematics and science not later 
than June 1972, and that in primary schools there 
should be a change of emphasis in favour of the metric 
system of weights and measures from September 1969. 

Some progress has been made since then. The 
Royal Society has prepared draft pamphlets on metrica- 
tion in primary and secondary schools which are 
intended chiefly as guides for teachers. At the con- 
ference, the pamphlet for primary teachers was 
eriticized for its unimaginative layout and general 
dullness. It will have to be revised, but both pam- 
phlets should be ready for publieation fairly soon. 
Meanwhile, the Schools Council has already published 
A Teaching Guide for the Introduction of Decimal Cur- 
rency and the Adoption of Metric Measures (HMSO, 4s.) 
which discusses, somewhat coyly, a selection of relevant 
classroom experiences and gives some useful practical 
advice to teachers. Mr C. G. Nobbs of the mathematics 
committee of the Schools Council stressed that the 
council will act only in an advisory capacity and will 
not attempt to dictate policy. 

The English examinations boards have still not 
finally committed themselves to the dates when they will 
be using SI units exclusively, but GCE O and A-level 
papers will probably be metric by about 1971-72. Most 
examinations boards will set alternative sets of papers 
in technical subjects for an interim period between 
about 1970 and 1974. The Scottish examinations 
boards are a step ahead. They intend that SI units 
should be used exclusively from 1972 in ordinary 
examinations and from 1973 in higher certificate 
examinations. 

For the rest, a great amount of sporadic activity 
seems under way. Mr R. Jardine of the Ministry of 
Technology reminded the conference that the Commit- 
tee on Metrication of which he is secretary has already 
asked for the setting up of a metrication board to plan 
for the next step after decimalization of the coinage. 
Then the Royal Society has prepared a draft report on 
the use of units and symbols in physics and chemistry, 
and the Association of Science Education is well ahead 
with plans to publish a simplified version for teachers. 
The biggest uncertainty is to know how quickly and 
fully the schools will be able to adopt these new 
proposals now that they have been asked to keep any 
increase in their budgets to within three per cent. 
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MEDICAL EDUCATION _ 
Students Echo Todd 


from our Social Medicine Correspondent 


WHILE the medical students in Paris continue to press | 
vigorously for the postponement of examinations — 
and the right to work in hospitals, medical students — 
in Britain are quietly spelling out the changes they | 
would like to see in medical education. The latest 
publication of the British Medical Students’ Associa- 
tion (to which 95 per cent of medical students belong) — 
is a welcome addition to the literature of this subject, 
for until now it had largely been the teachers and _ 
administrators who have decided what direction these _ 
changes will take. To be sure, the report sometimes _ 
criticizes certain aspects of the current syllabus without 
suggesting workable alternatives, but it will be wel- 
comed, if only because it reflects a genuine desire of 
students to infuse and re-kindle an aspect of medicine 
which has remained virtually static over the past 100 
years. Nobody should be put off by the Marcusian 
reaffirmation of the belief of the International Federa- 


closer link between preclinical subjects and their 
clinical relevance in patients. They ask for more 
integration of subjects, less duplication in badly planned 
curricula and, most of all, an opportunity to feel that 
they are actively contributing to the care of patients. 
Planning and conduct of the medical curriculum should 
be entrusted to a Statutory Curriculum Committee 
similar to that proposed for the new medical school at 
Nottingham. This would include senior and junior 
members of staff from preclinical and clinical depart- 
ments as well as student representatives. The chief 
objective of this committee would be the fullest inte- 
gration of teaching material. The students also ask 
that more attention should be paid to the general 
principles of science with the objective of encouraging 
an understanding of scientific method and technique 
which can be applied later in medicine. This ideal of 
an undergraduate course designed to produce ‘‘educable”’ 
young people able to keep on learning echoes one of 
the conclusions of the Todd Commission on Medical 
Education (Nature, 218, 121; 1968). 

The students’ report says, for example, that 
the number of hours devoted to anatomy could be 
reduced. Practical work would be done with greater 
enthusiasm if it were related to practical medical 
problems and if less time were spent on repetitive 
experiments of the “cookery book” type. The empha- 
sis in the report on the importance of research is 
encouraging. The general feeling seems to be that the 
second MB in its present form should be abolished and 
replaced by several examinations placed periodically 
throughout the course, with continuous assessment 
of the standard of the students’ work between examina- 
tions. This problem of assessment is not, of course, 
peculiar to medical students, and the solution may well 
come from outside the medical profession. 

To ease the load in teaching hospitals and to give 
clinical students a chance to see some of the more 
common complaints, it is suggested that students 





NATURE, VOL. 219. SEPTEMBER 28, 1968 


could be seconded to “non-teaching” hospitals for 
periods of about two weeks. This is already fairly 
general practice in obstetrics, but could be applied 
on a wider scale—in medicine, surgery and many of 
the specialities. This would also help to break down 
the barrier between teaching and non-teaching hospi- 
tals and would, the report suggests, be a stimulus to the 
staff in each. Ward rounds, it is emphasized, should be 
purely teaching rounds, and clinical “business” should 
not be carried on at the same time unless students are 
actively involved. Teaching in out-patient depart- 
ments is also encouraged because it enables the student 
to see new patients, to take the original history and to 
observe the physical signs—an advantage not always 
possible with in-patients. 

Concern is expressed about the extent to which pre- 
registration housemen are used merely as an extra 
pair of hands, with very little or no time or opportunity 
for study. The association believes that these posts 
should be regarded as a part of the basic medical 
education, and that the welfare of students filling them 
should be the responsibility of the parent medical 
school. 


INFORMATION HANDLING | 


Keeping Chemists Informed 

For the first time, all the principal societies and 
professional institutions for chemists in Britain are 
going to get together in a consortium to discuss the 
mutual problem of chemical information. The forma- 
tion of the consortium has recently been announced 
by its sponsor, the Chemical Society. To begin with, 
the members will be the larger societies, the Royal 
Society, the Chemical Society, the Royal Institute of 
Chemistry and similar bodies, but smaller chemical 
organizations may join in later on. Aslib will be a 
member from the start, and the Office for Scientific and 
Technical Information (OSTI) will be represented by an 


observer. The objective is to provide a comprehensive | 


information system in pure and applied chemistry and 
to collaborate with information services in other 
subjects and other countries. The chief advantage 
of the consortium may be that it will speak with one 
voice on information matters for all chemists in Britain 
especially important with computerized information 
services coming into service. 

The consortium does not, however, intend to stick 
to computer-based information services. The new 
arrangements will also make it possible to coordinate 
the development of journals and the training of chem- 
ists in the use of existing services, for example. Yet 
there seems very little doubt that the formation of the 
consortium has been inspired by the operation of the 
computer-based current awareness service which has 
been operating at Nottingham University for the past 
two years with the help of a large grant from the Office 
for Scientific and Technical Information. Initially 
that was operated for a selected group of chemists 
and users of chemical information in Great Britain. 
The runs were experimental and were provided 
free of charge. But since July of this year the 
unit has been running on a cost recovery basis for 
all comers. Profiles derived from the customer’s 
statement of research interests are matched each 
fortnight against magnetic tape versions of the Chemical 
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Abstracts Service publications Chemical Titles and 
Chemical Biological Activities. The Nottingham unit 


n, 


has an edge over similar services in the United States, i 
where the practice is for individual firms or other 
organizations to buy tapes from Chemical Abstracts 
Services and to operate internal services for their 
employees. In practice, however, the customers at 
Nottingham are mostly industrial chemists, presumably 
getting the service with their job. Academie chemists 
may find the cost of the service prohibitive—a profile 
at present costs about £40 a year—and may be left 
out in the cold if they have to continue to pay for this 
type of service out of their own pockets, 

Dr A. K. Kent, director of the Nottingham unit, is 
pleased with the response since the service was open 
to the public. About half the profiles on the books. 
(150) are for new customers, and he hopes that the _ 
service will be financially independent in 2-3 years. 
The service has been evaluated continually, and a 
report of the study is to be published soon by the 
Chemical Society. It is also hoped to extend the scope 
of the service being offered, possibly by includ 
Biological Abstracts on the tapes. The unit is al 3 
investigating the potentialities of the new service now 
being produced by Chemical Abstracts Service under 
the name of CA Condensates. The hope is that the 
average of four indexing terms a citation will increase 
the accuracy of searching. Nottingham’s customers 
should have a chance to find out when the first runs 
begin in the new year. 












POPULAR SCIENCE 


Dainton Defied 


Science in Action, the first issue of which was launched 
last week, is intended for children between 14 and 18. 
Appearing fortnightly during the school term, its aim 
is to deseribe the applications of science and to link 
the school curriculum with the practical world. The 










magazine has been gestating for several years, but the 
publishers claim that its birth was hastened by the 


Dainton Report, which earlier this year announced 
a growing disenchantment with science among school- 
children. The percentage of children studying for 
science A-levels in the first year of sixth form has 
sagged from 41-5 per cent in 1962 to 31-4 per cent last 
) per cent in 


aw 


year, and will reach a perturbing 23-5 
1971 if the trend is allowed to continue. : 

The high standard of the first issue encourages the —__ 
hope that the magazine will do well by doing good. 
Subjects range from the running of a zoo to the ways of 
stabilizing ships in storms. Professor Thring hands 
down the first two laws of Robotics and there is an 
excellent short biography of Fritz Haber. Special 
features include a description of school science projects 
and a section on careers. The magazine also announces 
the activities of the British Association of Young 
Scientists (BAYS) with which it shares a common 
purpose, Like Science in Action, the BAYS has been 
in the offing for some years and was founded by the 
British Association at its annual meeting this year. 
It arranges lectures and meetings on science subjects 
throughout the country and for its current programme 
has enlisted Dr B. J. Mason to talk on weather fore- 
casting, Sir Peter Medawar on organ grafting and Dr 
Maurice Burton on the Loch Ness Monster. 
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ROCKETRY 


Olympics in Space 


For a few moments last week, the Russians were able 
to divert attention from Czechoslovakia by the flight 
of the Zond 5 probe, launched from a parking orbit 
around the Earth on a trajectory which took it behind 
the Moon, ending in a landing by parachute in the 
southern Indian Ocean and a delayed recovery by a 
Russian vessel. Once the launching of Zond 5 had 
been announced, it was tracked throughout its journey 
by the Nuffield Radio Astronomy Laboratories at 
Jodrell Bank until it disappeared below the horizon 
at 1400 BST on September 21, shortly before landing. 
It seems clear enough from the signals picked up at 
Jodrell Bank that the flight is a prelude to a manned 
flight around the Moon. One interesting piece of evi- 
dence pointing in this direction was the recorded voice 
transmissions picked up from the spacecraft. The 
wide-band data transmissions also distinguish Zond 5 
from previous Luniks. Professor Sir Bernard Lovell, 
director of the laboratories at Jodrell Bank, says there 
was obviously enough wide-band capability to accom- 
modate television transmissions, although none was 
detected on this occasion. 

The importance of Zond 5 in the race to put a man 
on the Moon may, however, have been overestimated. 
The Russians are probably now able to carry out a 
manned flight around the Moon—although they will 
probably want to have another unmanned test flight— 
but a journey to the surface of the Moon and back 
needs more sophistication and more weight. Professor 
Lovell points out that there has been no announcement 
from Moscow of the weight of Zond 5. The assumption 
is that Zond 5 was of the Soyuz type. Nevertheless, 
the Russians have a right to be pleased with the 
results of the flight and their opponents in this astro- 
nautical olympics are likely to come under increasing 
pressure to speed up the Apollo programme. 

This is the first time the Russians have used a land- 
ing at sea to recover a space probe. This departure 
from previous practice seems to have been made 
necessary by the trajectory of Zond 5, but it may also 
be important that landings in the sea may help with 
making manned flights during the winter months, 
when much of the Soviet Union itself is inaccessible. 
Judging by the delay in recovering the probe from 
the sea—the probe was kept waiting more than three 
hours—all did not go perfectly well with the recovery 
procedure. Given the dubious fate of the previous 
Zond probe, which was launched in March this year 
in what is now presumed to have been an attempt to 
carry out the programme accomplished by Zond 5, 


the Russians will probably carry out another trial of 


the unmanned system in the near future. One peculiar 
footnote to the flight was the reaction from Moscow 
to the early announcements last week from Jodrell 
Bank that Zond 5 was on its way to the Moon. This 
met with an instant denial by the Foreign Ministry in 
Moscow, but later Russian announcements confirmed 
the reports from Jodrell Bank. Professor Lovell has 
since confessed he is baffled by the initial Russian 
denial. 

This latest achievement seems to have caught the 
American space programme in some disarray. Last 
week saw the resignation of the chief administrator 
of NASA, Mr James Webb. Although the cuts in 
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spending do not affect the Apollo programme, there is 
probably now no hope of an acceleration of the pro- 
gramme. The first manned Apollo flight is expected 
on October 12, when three astronauts will orbit the 
Earth for ten days. 


BUILDING RESEARCH 


Living with Noise 


NOISE may be inseparable from the modern world, but 
it is at least possible to hope to live with it. *This 
seems to be the inspiration of the work on noise which 
is being carried out at the Building Research Station 
at Garston m Hertfordshire, much of which was on 
exhibition at the open days last week. The station 
has been carrying out surveys of traffic noise in the 
neighbourhood of motorways and of the reactions 
of people living nearby. It has been found that a 
function of the noise levels exceeded for 10 per cent 
and 90 per cent of the time respectively correlates well 
with people's reactions to traffic noise, and that there 
is an empirical relation between noise levels on motor- 





Scanning electron microscope picture of glass reinforced 


cement, 
can be seen protruding from the cement matrix. 
copyright, Building Research Station.) 


Individual glass fibres of about 10 mu in diameter 
(Crown 


ways (the “traffic noise index” as it is called) and the 
minimum acceptable distance between them and the 
nearest dwellings. The Building Research Station 
hopes by this means to have made an important 
contribution to the planning of motorways and of 
development alongside them. 

In a spirit of cure when prevention fails, the station 
is also working on the development of a window 
operated by noise. This is designed to close auto- 
matically when the external noise level exceeds a 
pre-set value and to open again when peace returns. 
The window may be useful in situations where high 
noise levels are intermittent, as, for example, near 
airports and railways. A prototype of one design has 
been operating successfully in a school near Heathrow 
Airport for some time and the window is now commer- 
cially available. 
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The research station is also developing for use in 
buildings a variety of fibre-reinforced. cements and 
plasters. The incorporation of fibres in cements and 
plasters provides a composite material with an impact 
resistance 20 times greater than that of the plain 
binder and with a tensile strength between two and 
four times greater than that of the unreinforced matrix. 
It now seems probable that the first practical applica- 
tion of these new materials will be in the form of glass 
reinforced plaster partitioning in new school buildings. 


ROAD RESEARCH 


Roundabouts Observed 


Tue Road Research Laboratory, now a dependant of 
the Ministry of Transport, seems to have been uplifted 
a little in spirit by the occupation of its new laboratory 
at Crowthorne in Berkshire. Certainly the latest annual 
report (Road Research 1967, HMSO, £1) is smarter 
and fuller than for many years, and replete with metric 
units as well. It is also plain that the scope of the 
laboratory’s work is being extended. The new labora- 
tory, which has cost £4 million, now houses, as 
well as the four research divisions, the Transport 
Research Assessment Group, with staff drawn from the 
Atomic Energy Authority, the Royal Aircraft Estab- 
lishment and British Rail. Although it is too soon for 
the group to have produced tangible results, there is 
optimistic talk about the possibilities of automatically 
guided bus systems, electric auto-taxis for cities and 
ways of easing the transfers. 

During the past year, the Road Traffic Division has 
embarked on a study of the effect of the size of round- 
abouts on the capacity of road intersections. There 
will be some head-shaking in the offices of borough 
treasurers at the discovery that the capacity of an 
intersection is often greatest for circles which are 
smaller than those usually provided for circulatory 
roundabouts., The laboratory is also testing a number 
of instruments being developed under contract by 
commercial manufacturers and designed for use in 
schemes for imposing charges on road vehicles using 
city streets. It seems quite plain that the Road 
Research Laboratory, having in its recent years willed 
the ends of traffic pricing, is now determined to will the 
means as well. 

Accident statistics yield some unexpected results. 
A survey of accidents in Rutland and Leicestershire 
has shown that despite jack-knifing and other handling 
problems peculiar to articulated vehicles, their accident 
rate is virtually identical with that of rigid vehicles 
in the same conditions. Another survey made by the 
Road Safety Division justifies the introduction of the 
70 mph speed limit on motorways; the casualty rate 
per million vehicle-miles which until 1966 had risen 
every year fell to the lowest value ever recorded and 
the total accident and injury accident rates were lower 
than ever before. The safety division’s work on street 
lighting and other furniture with break away joints 
has been completed and the new columns are ready for 
use in roads where there are few pedestrians. Some of 
the 200 people who die annually through collisions 
with lamp posts may survive. Experiments with 
central crash barriers on the M1 motorway have shown 
that they do not reduce the number of fatal and serious 
accidents, 
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SUN 


Solar Eclipse 





from our Astronomy Correspondent 


A partial eclipse of the Sun was visible from Britain on Sunday, 
September 22, and Mr Colin Ronan took this photograph at 
10.05 GMT from a location in West Suffolk (longitude 0° 26’ E, 
latitude 52° 6’ N). There was light cloud on Sunday morning, 
some of which is drifting in front of the Sun in this picture, 
and some observers in southern England were able to observe 
the eclipse without using protective filters when the Sun's 
disk was all but obscured by cloud. When Nature went to 
press this week, no reports had been received from observers 
within the path of totality, which passed through the Soviet 
Union to the east of the Ural Mountains. The day of the 
eclipse also saw gatherings of druids on Primrose Hill and 
on Parliament Hill in London, to celebrate the autumnal 
equinox. (Photograph, Ronan Picture Library.) 


EXPLORATION 


South to Deception 


PLANS for the joint expedition of the Royal Society 
and the British Antarctic Survey to Deception Island 
will have been confirmed at a meeting in Birmingham 
on Friday, September 27. The expedition is to be led 
by Dr P. E. Baker, a geologist from Oxford. With 
him are going two other geologists, a biologist and two 
assistants. 

The island was overwhelmed by earthquakes and 
voleanic eruptions on December 4 last year, and its 
fifty-two inhabitants, members of Argentine, Chilean 
and British research teams, were forced to evacuate 
Large areas were blown out of the coast, and a new 
island, half a mile across, made an appearance near 
by. But Antarctic research should profit from the 
cataclysm. Dr Baker and his colleagues intend to 
carry out a full geophysical and ecological survey of 
the consequences of the eruption. The 
and the new dents in the coastline will be mapped, and 
a full analysis of ash distribution will be made. The 
accumulated data should make it possible to assess 
the explosive force of the eruption. 


new island 
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With luck, the expedition should also be in a position 
to learn a great deal more about the long-term volcanic 
processes which have not merely chased away the hand- 
ful of inhabitants but which have also given the island 
its characteristic shape of a lagoon three miles across. 

The expedition’s biologist will investigate the effects 
of volcanic ash on the local flora, and see if any vegeta- 
tion has yet secured a footing on the newly formed 
island. Simultaneously, a hydrographic survey of the 
neighbourhood will be carried out by HMS Endurance. 
The party expects to reach Deception Island in Novem- 
ber, and their work will keep them on the island for 
some months, although it is not intended that British 
personnel should stay there through the next Antarctic 
winter. 

The US Antarctic Research Program also plans to 
send a team to Deception Island, to make a study 
of the effects of the eruption on the island’s glaciers. 
The Americans intend to combine research with nos- 
talgia. The survey ship they will use to support the 
glaciologists is a newly built wooden sailing craft 
modelled in name and style on Hero, the sloop 
which sailed southward from the island in 1820 to 
make the first American sighting of the Antarctic 
continent. 


HYDRAULICS 


As a part of the development of the four ports in the 
Humber estuary—Hull, Grimsby, Immingham and 
Goole—which are handling more than 25 million tons 
of trade annually, the British Transport Docks Board 
has spent £250,000 on a tidal model of the Humber. 
One of the first investigations to be undertaken with 
the model, which should play a part in the future of 
the Humber, will be on a dredging programme— 
already begun—to allow 200,000 ton tankers to call at 
the new refineries at Immingham. 

The model is at the King George Dock in Hull and 
was opened last week by Mr Stephen Swingler, Minister 
of State at the Ministry of Transport. It represents 
the Humber estuary from 9 miles east of Spurn Head 
to the confluence of the Rivers Ouse and Trent, on a 
horizontal scale of 1: 720. Thus the 55 miles of the 
Humber estuary are reproduced in a model 337 foot 
long. The tidal sections of the Rivers Trent, Ouse, 
Don, Aire, Derwent, Wharfe and Hull which contribute 
to the Humber are included in the model but in a 
compact form to save space. To reproduce the tidal 
flow in the estuary, the volume of water corresponding 
to the difference between high and low tide is stored in 
a tank to the seaward side of Spurn Head. The 
bottom of the tank is open and is submerged just 
below water level; water is released into the model 
and later drawn back into the tank by controlling the 
air pressure within the tank. The tidal cycle of 12 and 
a half hours takes 8 min 46 s, and a cycle of tides 
from spring to neap can be produced. A number of 
pumps generate the North Sea currents to the east of 
Spurn Head. 

Most probably, the first questions to be tackled 
with the model will be concerned with the dredging of 
the Humber to facilitate the use of the estuary by the 
gargantuan tankers which are now coming into opera- 
tion. Once this problem has been solved, studies of 
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the movement of the sand and silt in the estuary will 
be carried out, leading to an investigation of the 
possibilities of reclaiming the area to the west of 
Spurn Head. The possibility expressed by the chief 
docks manager at Hull, Mr J. A. Lacey, of develop- 
ment along the lines of the Europort near Rotterdam 
is unlikely to come to fruition, however. Despite its 
superficial r semblance to the Rotterdam area, the 





Tidal model of the Humber. 


hinterland of the Humber, industrially important as it 
is, is nothing like as extensive as the hinterland of the 
Europort. At some stage, the model will also be used 
for experiments on the effects on storm surges and on 
the movement of sewage and industrial waste. 

The docks board estimates that there will be 
enough problems to keep the model occupied for 
20 years or so. As now constructed, the floor of the 
estuary is represented on the model by a moulding of 
mortar. In two or three years, this will be replaced 
by mobile material to represent the river sand and the 
3 million tons of silt which are estimated to be in 
suspension in the estuary during a spring tide. River 
sand will be simulated by obeche wood cubes of side 
+ mm, and the river silt by obeche wood flour. 


OCEANOGRAPHY 


from our Special Correspondent 


Monaco, September 

Tne Institut Oceanographique at Monaco, which since 
1957 has been under the directorship of Captain J. Y. 
Cousteau, is in the peculiar position of being financially 
dependent on the state of the French tourist industry. 
When founded by Albert I of Monaco, the institute was 
endowed and also given premises, but unfortunately 
the endowment consisted of French Government 
securities, which since the 1920s have become virtually 
worthless. Today, roughly half of the income of the 
institute comes from contracts from French Govern- 
ment agencies for specific research projects. The other 
half derives from gate receipts from tourists visiting 
the aquarium, and has dropped by about 5 per cent 
because of the slump im the tourist trade last year. 
The plans for a Marinarium like Marineland in California 
are no nearer realization and, until they are, there is 
little likelihood of a great improvement in the institute's 
private income. Indeed, if the institute is to do more 
than survive, it will increasingly depend on French 
Government funds with a corresponding loss of some 
independence. 
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Apart from the museum and aquarium, the institute 
has three chief departments—biology, physics and chem- 
istry and geology and geophysics. It also houses the IAEA 
Laboratory of Marine Radioactivity and the institute’s 
research vessels are at everybody’s disposal. Naturally, 
the institute is principally concerned with the Medi- 
terranean and with physical rather than biological 
oceanography, but the biologists are surveying the 
populations of organisms on the continental shelves 
off Corsica and Tunisia. In collaboration with the 
Department of Physics and Chemistry, they are using 
cohtinuous recording apparatus to measure pH, 
salinity, temperature and oxygen tension and to 
correlate these parameters with marine populations. 
There is also a project for recovering bathypelagic 
animals and maintaining them under the appropriate 
pressure and temperature for study in the laboratory. 

The institute as a whole has a particular interest in 
radioactivity in the sea and, in conjunction with the 
IAEA laboratory and a Laboratory of Radioactivity 
financed by the Centre Scientifique de Monaco (which 
also provides one of the three carbon-14 dating services 
in France), the biologists are studying the metabolism 
of radioactive iodine, iron and chromium in seawater 
by marine animals. This work is closely related to that 
of the IAEA laboratory, which in the past has been 
solely concerned with the fate of radioactive materials 
disposed at sea. Extraordinarily little is known, 
however, about the consequences of marine radioactive 
pollution and there has been much argument about the 
practice of dumping in the sea. One way and another, 
however, it seems that the most forceful arguments 
against this method of disposal have been softened 
lately, but critics of the IAEA laboratory, who see 
little point in competing with national laboratories 
in this field, have had their way. In future, the IAEA 
laboratory at Monaco will spend most of its time trying 
to standardize methods for measuring marine radio- 
active pollution. One of the obstacles to international 
agreement is the diversity of measuring techniques 
in use. 

The Physics and Chemistry Department at the 
institute is developing apparatus for continuously 
recording parameters such as salinity and pH, and 
there is also an ambitious project for measuring by 
neutron activation analysis ten trace elements in sea- 
water in collaboration with the Centre d’Etudes 
Nucleaires at Grenoble. In collaboration with workers 
at Marseilles, the group is also working on gas chroma- 
tographic analysis of dissolved gases. The geophysicists 
developing and using seismic reflexion techniques have, 
during a survey of the sea floor between France and 
Corsica, recently discovered salt domes piercing 
fracture lines in the seabed similar to those in the 
Gulf of Mexico, and there is cheerful talk about 
the possibility that oil may be associated with these 
structures. 


NATIONAL ACADEMY 


New job for Shannon 


Dr James A. SHANNON, who retired as director of the 
National Institutes of Health at Bethesda on Septem- 
ber 1, has been appointed special adviser to the President 
of the National Academy of Sciences. Dr Shannon 
will advise the president and the council on academy 


“biology and other sciences related to prol 







programmes and activities, which involve mec 


human health and wellbeing. Among these 
grammes are the Board on Medicine, a group ree : 
established to study the social functions of medicine; — 
and the numerous committees which are concerned 
with controversial topics such as tissue Roel sr ny 
drug dependence and the biological effects of atomic 
radiation. 

Dr Shannon has had a distinguished career in both 
medical research and in the US Public Health Service. 
During World War II, his work on malaria research 
and as consultant on tropical diseases won him the 
Presidential Medal for Merit, at that time the highest 
award for civilian service to government. Since then, 
Dr Shannon has gained several awards, among them 
the Rockefeller Public Service Award for the “SUS 





tained excellence of his service to the nation’s seientifie 





effort”, and in 1966 the Presidential Distinguished 
Federal Civilian Service Award. 


EUROPEAN ACADEMICS 


British-litalian Collaboration 


As part of the general move to promote closer links 
between scientists in Europe, the Royal Society and 
the Accademia Nazionale dei Lincei of Rome are 
engaged in discussions. At the invitation of the Lincei 
Academy, the president and other representatives of 
the Royal Society went to Rome for a diseussion with 
Italian colleagues in January 1968. It was decided 
then to appoint a joint committee to consider possible 
ways of increasing scientific cooperation between the 
two bodies which might be of scientific and economic 
benefit to both Italy and the United Kingdom. The 
first meeting of the joint committee was held at the 
Royal Society on May 16, 1968, when Professors A. M. 
Angelini, G. Puppi and G. Sartori met Sir Harold 
Thompson, Professor B. H. Flowers, Professor H. Ford, 
Sir Ashley Miles, Professor J. Z. Young and ‘other 
representatives of the Royal Society. Unfortunately 
two other Italian members of the committee {Professors 
R. Margaria and G. Montalenti) were prevented at the. 
last minute from attending. The present level of 
exchange between Italy and the UK in the | Royal 
Society European Programme was reviewed, and it 
was agreed that, in spite of recent increases, there was 
still some room for expansion, especially in fellowships 
from the UK and Italy. Efforts are bemg made to 
make the active centres of research in Italy better 
known in the UK, 

One important innovation is that the discussions 
have led to the suggestion that British and Italian 
scientists who have good plans for collaborative pro- 
jects should submit their grant applications simal- 
taneously to the Science Research Council and the 
Consiglio Nazionale delle Ricerche respectively. Al- 
though it seems to have been recognized that discussion 
between British and Italian scientists would be of 
value in many fields, a few subjects have been singled 
out for encouragement. These included astronomy, 
biomedical engineering, computer software and polymer 
engineering. It was also suggested that steps should 
be taken on a European scale to study the needs of 
scientific research in both physical and biological 
sciences for good electronic equipment. 
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A record of a remarkable discussion about the future 
of the 300 GeV CERN accelerator has now been made 
available to Nature. The discussion took place in 
Vienna on September 13, during the high-energy 
physics conference, and consisted of the replies of a 
number of interested parties to a series of prepared 
questions. The October council meeting referred to 
by Professor Gregory is that due to take place in 
Geneva next Thursday. 


What will be the role of these national accelerators when 
a new international laboratory comes into being ? 


Professor B. Gregory (Director-General of CERN). 
One fundamental point in our field is that at a given 
_ point in time we should have the most modern equip- 
ment possible. If at the same time there is a set of 
Jess modern machines as a complement to the big 
-= machine, we are then in a very healthy situation. If, 
however, we do not have in Europe one of the best 
machines in the world, then I believe that activity in 


< this field will slowly decay. I believe that some people 


will be invited to work on the US machine and will 
indeed participate in the work there, but in terms of the 
overall status of physics research in Europe, essentially 
this field will decay. Certainly for some time people 
will continue to work on the old accelerators, but . . . 
we should be in a position of having second rate 
equipment producing second rate results. Moreover, 
we should lose our best people to other fields and to 
other countries and there will be little opportunity in 
the future of regaining the situation. The 300 GeV 
machine is a piece of equipment that will be modern 
for a very long time and will preserve our potentiality 
in Europe with respeet to the United States. 


If the worst came to the worst, could the American 
project accommodate a significant overseas participation ? 


Professor R. R. Wilson (director of the 200 GeV 
project in Hlinois). 

The answer is with money “yes”, without money 
“no”. Without money we cannot even accommodate 
our own regional interest. But we could expand the 
intensity of the machine, I suppose. However, there 
is always the problem of so many hours, so many 
square feet, and you just cannot do everything. We 
should, of course, try and accommodate people from 
Europe if the worst came to the worst, but I think we 
should regard this as a pretty desperate circumstance. 


If these are the principal arguments for the project, 
which then have the British Government dishelieved ? 


Professor E. Amaldi 

I am sure that if we go on with the project, Britain 
will come in. I have absolutely no doubt in my own 
mind about this. There is even historical proof of it. 
If we go on and we do well, as we shail do, then they 
will join and they will become one of the top members 
of the new laboratory. I am quite sure that the 
important thing is to keep the other countries going 
and Britain will be with us later. 


What interpretation should be placed on the statement of 
Mrs Shirley Wiliams in effect encouraging other Euro- 
pean countries to go on with the project ? 
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Professor B. Gregory 

This statement seems to me a very important com- 
plement to the negative statement made in June. I 
don’t think it can be overstressed that Britain remains 
a member of the organization at CERN. The new 
convention will provide for two laboratories and the 
countries who are members of the organization can 
elect to join one or both of the laboratories. The 
British statement in no way indicated that they wish 
to withdraw from the organization. 





What is the intention regarding the scale of the project 
now in view of the British withdrawal ? 
Professor B. Gregory 

Without British participation, we are not going to 
start the full project as it had been presented. ft 
would be phased so that the contributions of those 
countries who do wish to join will not be greater than 
had been originally calculated. The project although 
scaled down will preserve the essential features of the 
original in such a way that the items cut out can be 
put back at a later stage with only a small penalty. 
The study is not vet complete, but one considers a 
reduced operation of the accelerator over the first two 
years, running at say 200 GeV instead of 300 GeV and 
the intensity reduced by a factor of 4. Then again the 
original project provided for two experimental areas 
with two extracted beams and this can be reduced to 
one. A major item also in the cost of the project 
was a large bubble chamber and we are considering 
postponing that project and seeing how we could 
re-adapt existing chambers or alternatively modify 
our experiments to make use of streamer chambers and 
other techniques. This will lead to a reduction equival- 
ent to a little more than the contribution of Great 
Britain. 
How can the project proceed now then ? 


The October council will be an extremely important 
meeting in establishing the time-scale of the decisions 
that now have to be taken. I think that we might 
assume that a certain number of other countries will 
give a positive answer between October and December 

: s * . ” . 
and we should work on this basis. This would then 
provide the necessary number of participants for a 


major decision to be taken in December, but three 


description of what countries are committing them- 
selves to. We have to prepare for the selection of the 
site and a new director-general, and I think it would be 
the material aspects now of the decision rather than 
letters of intent which will determine the time-scale. 


So there is a real possibility that the project can move 
f orward as of March next year ? 


Professor E. Amaldi 


I would say definitely “yes”. If we can get the 
decision at the December meeting with the number of 
sites reduced to four, then maybe we could have a 
special meeting of the council in January, nominate a 
director and sign the description of what the countries 
engage themselves to. We have then four to five 
months to do this and it is during these four to five 
months that we shall hope to have the answers from a 
maximum number of countries. 
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Is There a Future for Technology ? 


THE report of the Working Group on Manpower for 
Scientific Growth under the chairmanship of Professor 
M. Swann, published on September 25 (HMSO, 17s. 6d.), 
makes sober reading. 

If industry is to attract technically qualified people 
in the numbers which the national interest demands, 
there will have to be 2 radical re-examination of the 
whole educational system. According to the working 
group, the aims of the British educational system, at 
least as far as science and technology are concerned, 
should be to produce people well prepared for their 
prospective employment—especially in science-based 
industry and schools—and to produce people willing, 
even eager, to work in industry and the schools. The 
report says that the present educational system 
manifestly fails in the second of these aims and may 
well be failing in the first. 

Industry and the schools, where demand is numeri- 
cally greatest, have consistently failed to attract the 
best graduates (see Tables 1 and 2) and there is also 
now the swing away from science in the schools, 
revealed by the Dainton report. Even on the most 
optimistic assumptions, which provide for an increase 
of the ratio of sixth formers who go on to higher 
education from 63 per cent in 1966-67 to 75 per cent 
in 1971-72, the annual output of scientists will grow 
at less than 5 per cent per year compared with the 
10 per cent growth rate in the recent past (see Fig. 1). 


Table 1. FIRST EMPLOYMENT OF FIRST DEGREE SCIENCE 
GRADUATES GRADUATING IN 1966 
First class All 
graduates ( 3%) graduates (°%) 
Universities 72 34 
Industry 9 25 
Schools 7.7 (1962; 97) 19 
Table 2. FIRST EMPLOYMENT OF FIRST DEGREE TECHNOLOGY 
GRADUATES GRADUATING IN 1966 
First class A 
graduates (°%) graduates (°) 
Universities 45 18 
Industry 38-5 60-5 
Schools cave 2.5 
00 ; 
m Actual 
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1985-66 66-67 87-68 69--79 70-71 71-72 
Academit year 
Fig. | . Estimates of undergraduate university population in 


science and technology (A) assuming no increase in proportion 
of sixth formers going on to higher education ; (B) assuming 
increase of proportion from 63%; to 7592. 







Although the rate of growth of the numbers of sej ient- 
ists and technologists will decrease, the absolute- nuw 
bers will rise, and if the proportion of these going on 
to postgraduate education remains constent at the 
present 43 per cent, the total postgraduate population 
will exceed that allowed for in the UGC quinguennial 
financial allotments. Inevitably, if the number of 
postgraduate students is not to decline, the universities 
will have either to find new sources of money or, as. 
the report recommends, change their ideas on post- 
graduate education and resort to shorter courses. 

The working group agrees with the UGC that it is 
in the national interest that undergraduate education 
should have priority over postgraduate edue 
It also reluctantly and perhaps surprisingly agrees: 
that, given the trend away from science in the schools, 
the major increase in undergraduate places must bein. 
the arts-based faculties. To maintain the growth of the 
number of graduate scientists and technologists, the- 
first responsibility of the universities must” be: to 
accommodate qualified first degree applicants, even. if 
at the expense of traditional postgraduate work, 

ee will these ae aoa find T ? T DE l and 


ey 


The diff i erene: Ge 
“firsts” me the. Test entering school 
Aa ee is pono marked (see Table 1). 

Industry is, of course, the chief employer of all 
technology graduates, but for those with first-class 
degrees it is only the second choice after research. 
Forty per cent of the “firsts” went into industry, 
compared with 60 per cent of all graduates. € Joviously 
the overwhelming majority of scientists and tech: 
nologists who are in a position to choose bet 
research, industry and school-teaching choose research. 
Industry and the schools fail almost completely to 
attract the best graduates and it is the same story for 
people with higher degrees (see Table 3). Admittedly 
more postgraduate technologists enter industry than 
the universities and research, but the numbers have 
fallen since 1962. 


Table 3. 











FIRST EMPLOYMENT OF HIGHER DEGREE 
GRADUATING tT 1466 


GRADUATES 
Science (%) Technology (%4) 
Universities 35 23 

Industry 12 41-5 (1962: 37-5) 


m 


Schools 7 4 


The working group has bravely attempted to predict 
the long term need for scientists and technologists in 
schools and industry on the basis of discussions with 
industrialists, official statistics and a commissioned 
survey of the employment of graduates in Britain and 
the USA. Wisely, the group has confined itself to a 
discussion of overall trends. The outstanding feature 
of the survey is that British schools are living off their 
pre-war legacy of science graduates, and that the 
shortage of e qualified science school masters will become 
even more acute unless something is done quickly (Table 
4}. In maintained schools, for example, 35 per cent of 
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graduate mathematicians and 27 per cent of science 
graduates are more than fifty. 


Table 4. AGE DISTRIBUTION OF SCIENCE SCHOOL MASTERS AND 


UNIVERSITY TEACHERS 


Age School University 
masters (%) teachers (°) 

Under 25 11-8 2.5 
25-29 21-9 20-2 
30-34 12-1 23 

35-39 10-7 17-7 
40-44 6-8 14-9 
45-49 6-7 8-5 
50-54 11-4 5-8 
55 and over 18-2 8-3 


Universities, by contrast, are going to be even more 
embarrassed by choice. Opportunities for employ- 
ment in the universities are going to be many fewer 


oy in the current quinquennium than in the last. If the 


3 | i staff to student ratio does not change, and if the 
_ forward projection of the university populations is 


< o anywhere near accurate, the number of new university 





_ posts will increase by only 20 per cent in this quin- 
- quennium, just over half that of the past decade. 

Professor Swann and his colleagues apparently had 
“Tess evidence than we could have wished for” for the 
assessment of industry’s future needs. Industry’s 
own forecasts are never certain because of changes in 
the economic climate, and the working group recog- 
nized that estimates of demand may reflect available 
supply as much as real need. But by comparison with 
the United States, and given British industry’s recent 
history, the conclusion is that industry really does need 
more graduate scientists and technologists—especially 
bright ones. The difficulty, of course, is that industry’s 
demands seldom coincide with the university courses, 
but the working group does take the view that specialist 
education in Britain discourages graduates from 
moving outside the fields in which they have been 
trained. How can the educational system be made 
more vocational and produce in its best people a willing- 
ness to enter industry and schools rather than almost 
exclusively higher education and research ? 

In the short term, the report recommends that PhD 
training should be more closely geared to industrial 
problems without decreasing intellectual content. The 
UGC, the research councils and the ministries should 
instigate these changes by manipulating their purse 
strings, according to the Swann committee. Industry 
must play its part by seconding staff to teach post- 
graduate courses, must become intimately associated 
with the research projects and will have to revise its 
opinion that PhD training is at best irrelevant and at 
worst a permanent alienation from itself and the schools. 
The PhD should be opened up to people working out- 
side the universities, and the working group says it 
has been attracted to the idea of a professional doctor- 
ate, PrD, of equal status and standard to the PhD 
but open to industrial scientists. 

The working group is quick to emphasize that in 
the next few years there will be twice as many PhDs 
as new university jobs, so that industry has a unique 
chance of recruiting them by offering intellectually 
challenging work. There should also be a change in 
emphasis at the universities to shorter postgraduate 
courses and provision for training of graduates from 
industry in short specialist courses. In other words, 
the report urges much greater flexibility in postgradu- 
ate education, and the overthrow of the mutual distrust 
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between universities and industry. 

On the recruitment. of teachers, the report considers 
that the easiest way to increase the flow of first class 
graduates and PhDs into the schools would be to 
create financial incentives; science teachers’ pay should 
be increased, selectively if necessary. Experienced 
scientists or technologists, made redundant by rational- 
ization in industry and Government research establish- 
ments, should be encouraged to move into teaching 
either by golden handshakes or payment of pensions 
before retirement age, and recently superannuated 
teachers should be re-employed. The other obstacle 
to recruitment is the emphasis on a formal teacher 
training, which adds an additional year to a graduate’s 
training. The report suggests that teacher training 
should be included as an ancillary course during the 
usual three years of undergraduate study. Ways of 
bringing university teachers into school science teach- 
ing should also be explored, and Professor Swann and 
his colleagues make two suggestions—the use of 
university lecturers or even postgraduate students 
as locum tenens for teachers and lecture courses at 
schools or universities for sixth formers. 

The working group admits that none of these measures 
really gets to the root of the problem. The British 
educational system, it says, is devoted to specialized 
rather than generalized education—as epitomized by 
the single subject specialization possible at Oxford— 
and specialist education tends to impede change. 
The working group therefore considers that the system 
will have to move towards the American pattern of a 
broad first degree followed, where necessary, by post- 
graduate specialization. The schools and the universi- 
ties will have to cooperate in revising entrance require- 
ments and sixth form teaching, and the working group 
believes that Oxford and Cambridge, with their great 
influence on the schools through the open entrance 
examinations, carry special responsibility for achieving 
a broadening of the whole of science education. It 
believes that the increasing numbers of sixth formers 
who take both arts and science subjects indicate that 
a broad rather than a specialist education would be 
welcomed by the students as well as being in the 
national interest. 

Every university is asked to experiment with general 
courses for scientists: the Committee of Vice-Chancel- 
lors and the UGC are urged to examine science and 
engineering curricula in an attempt to broaden them. 
The working group also considers that the three year 
degree courses should be revised so that the general 
course is no longer considered a soft option. The 
group rejects on academic as well as economic grounds 
that if degree courses are generalized they should be 
lengthened. 

The group also asks that industry should accept 
responsibility for mounting postgraduate courses and 
should be prepared to release its graduates from time 
to time, both to teach and to take postgraduate 
specialist courses. As a basis for discussion with 
industry, Professor Swann and his colleagues offer a 
career outline for the twentieth century man-—a three 
year general degree course, with the emphasis on intel- 
lectual synthesis rather than analysis, a sixth month 
matching course for particular vocational training, 
three or four vears in industry, a university course in 
some aspects of advanced technology, five or ten years 
in industry and finally a course in management. 
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Science as a Constituent of University Educ 


by 
A. B. PIPPARD 


Cavendish Laboratory, 
Cambridge 


Wirxtn the next few days the new academie year will 
begin, and I shall be facing again an audience of some 
250 freshmen, to tell them of Newton’s laws of motion 
and their consequences. Three years from now they 
expect to go down with honours degrees, whose stand- 
ard is nowadays so elevated as to leave me little choice 
but to get down to business at a pace that would have 
made me sit up in my own student days; though I 
had the advantage of being taught at school very much 
better than are most students. This picture is not 
peculiar to Cambridge (which indeed still attempts a 
broad scientific education), but is typical of the whole 
country. The rigid three year course and the tradition 
of deep learning for the intellectual élite constrain 
secondary and university science education into a 
strait-jacket of specialism which is increasingly seen, 
especially from outside, as menacing our future develop- 
ment, industrial and social. So long as the standards 
of the only reputable degree are pegged to the inter- 
national professional qualification (say a master’s 
degree at a major American university), we cannot 
avoid training a greater number of specialists than 
are needed as such, and overlooking the real needs of 
the vast number of students who would be happier, 
better educated and more useful in society if they had 
had a more general course. Moreover, the standards 
we find ourselves promoting can only be achieved in 
the allotted time by early specialization at school, 
even though we have no hope of producing school- 
teachers in the quantity or of the quality that would 
justify this practice. 


Educational Reality 


I do not see clearly any way of improving the situa- 
tion by the sort of gradual measures that are most 
generally acceptable, but it may be possible if we have 
some idea of what we are aiming at, so that we can take 
advantage of every opportunity that occurs. I there- 
fore propose to outline my personal view of what would 
be an improved pattern of university education, sub- 
stantially different from our present pattern, though 
with marked affinities with what has grown up in 
America. It involves the attempt to make an educa- 
tional reality of what most of us assent to without 
hesitation: that science is more than a specialist 
expertise, it is indeed an inescapable part of an “‘ad- 
vanced” culture, and its acceptance as such is essential 
to social health. It is my ideal, therefore, not to attempt 
to produce more science teachers in schools but, quite 
the reverse, to make them in the long term almost 
unnecessary. It should be possible for every school- 
master at a pinch to take a class in science, just as he 
takes a class in English—-mugging up the set book, 
perhaps, but able to do so with a fair chance of success 





Professor Pippard, a member of the Swann working group on 
scientific manpower, argues for a pattern of university education 
based on two years of general study and further years of specialization, 


because what he reads is compatible with his cultural 
background. At the same time, the general scientific 
education which could bring this to pass would not just 
produce schoolmasters, but would provide a solid back- 
ground for careers in government and all sections of 
industry, except the research laboratories and specific- 
ally technical posts. 

Most attempts to provide general courses in science 
at universities have instituted them as an alternative, 
in parallel with the conventional specialist courses. It 
is difficult to believe that they can thrive in these 
circumstances, and indeed they do not seem to—most 
students feel the pull of the more demanding, intel- 
lectually more “respectable”, specialism, and university 
teachers find it hard to maintain enthusiast for the 
general courses for long enough to create a tradition 
of attractiveness for the brighter students. I propose 
therefore, as the only arrangement likely to succeed, 
that all students concerned with science or technology 
should spend two years on a course built around a 
general syllabus, specifically designed to educate rather 
than impart professional skill. I shall say a little more 
about the content of this course later. The rest of the 
time might be devoted to a rather deeper study of a 
number of more specialized topics in mathe Di 
science, though it would be better still if most s 
took courses in economics or other social studies. But, 
however the courses were compiled, it should be the 
overall aim to range widely, and only for a small 
fraction of the course to indulge in the intense intel- 
lectual activity that science students have to face at 
present. This is not a proposal to throw academic 
standards overboard, but only to make no greater 
demands at this stage on seience students than on arts 
students, in the hope that more of the latter would be 
attracted by the intrinsic interest of science into basing 
their education on it, and at the same time would have 
enough time to study and to enjoy university life 
simultaneously, 

At the end of two years would come the examination 
for the bachelor’s degree, and here many students 
would finish their university course. Those who wished 
to receive specialized education, or training for a specific 
career, would compete for places, and aim for master’s 
degrees, at any institution that offered what they 
wanted. Thus one might picture advanced courses, 
lasting two years, in any one pure science at ten or 
twenty different universities, while other universities, 
especially the former colleges of advanced technology, 
would offer general and special engineering degrees, 
and others would cater for medical students, teachers 
and so on. The idea would be to replace three years 
for all by two years for all and four for some, with 
mobility at the end of the second year. By making 
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entry to the master’s courses competitive it would be 
possible for government to control in a general way the 
output of specialists in various fields. If half the 
students went on to the master’s degree the average 
university course would still be three years, so that no 
extra new building would be needed and student 
grants would total the same, with the same numbers 
entering as at present. Perhaps the present “wastage” 

rate, though not inordinately high, would be sub- 
stantially reduced. 

For the proposed scheme to work efficiently it would 
be necessary to restrict the number of universities 
offering specialist courses in any one subject. Physics, 
for example, should be taught at the present honours 
level by a team whose research interests are well 
_ diversified, and for this purpose between twenty and 
-thirty staff members are desirable; with this size of 
- department, and with help from the considerable body 

of research students whom they should be supervising, 

there is no reason why the master's class should be 
less than eighty. But with this as a typical class size, 
there need not be more than fifteen classes in the 
country to produce as many specialists as are needed. 
One would expect most universities, then, to have only 
a small team of physicists, to take part in the general 
courses, and—this is most important—to undertake 
research. If the staff were chosen chiefly within a 
limited specialism, a team of ten could well be the 
leading research team in their own field, and could 
expect to attract good research students, especially 
from those who took their bachelor’s degree there, and 
would enjoy returning after a master’s course else- 
where. An arrangement along these lines would permit 
all universities to run advanced courses and diversified 
research programmes in a limited number of fields, 
without debarring them from building up more special- 
ized research teams in other subjects. It might be hoped 
that critical control of research grants by central com- 
mittees, formed principally of university representa- 
tives, would lead to a higher overall standard than is 
attained by the present somewhat haphazard free for 
all; but the problems involved in encouraging centres 
of excellence and, perhaps even more important, 
discouraging mediocre research are too complex to 
discuss here. 


Organizational Problems 


Without doubt this proposed scheme involves many 
organizational problems, some perhaps so serious as to 
make it unworkable, but I see no value in giving up 
the attempt to promote radical reform if the alternative 
is acceptance of the present system as the best we can 
hope for. At any rate, one at least of the fundamental 
problems is one which I am confident can be solved in 
many different ways, and that is the problem of devising 
a general course in science. Many scientists believe that 
the only way to understand what science is really 
about is to learn it thoroughly, but surely this is mis- 
placed professional pride. "In particular, the hours of 
drudgery (or perhaps enjoyment) in practical classes 
could be enormously reduced, for they often involve 
repetitious practice in a narrow gamut of techniques 
which are only of professional value. And the same 
goes for much of the problem solving that is rightly 
central in specialist courses in mathematics and physics. 
These are things that could be eliminated from a 
general course, with a transfer of emphasis to quite 
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other matters. 

The content of the course, for example, should in- 
clude a world-picture as seen by cosmologists, phy- 
sicists, chemists, biologists, psychologists and others, 
without necessarily any detailed discussion of how it 
was built up. Various special topics might be selected 
for closer examination to exhibit typical examples of 
scientific reasoning (for example, the mapping of the 
solar system, natural selection, Mendelism, valency, 
radioactivity), and these need not involve elaborate 
chains of argument—it would be a mistake to cen- 
centrate too much (following so many philosophers of 
science) on the rather atypical science that physics 
has become, with its long mathematical deductions 
from well-tried postulates. 

A second, and equally important, strand in the 
development of the argument would explore the re- 
lationship between pure science and technology and 
the social implications of engineering, agricultural 
science, medicine, drugs and so on. Even though one 
might not elect to give lecture courses on the moral 
problems involved, there is no lack of books and 
articles from which a thought provoking reading list 
could be compiled. 


Everyday Life 

In all these facets of the course the intellectual 
attitudes inculcated should be those which are also 
relevant to everyday life. For example, genetics might 
be made an excuse for teaching the use of statistics 
and recogniticn of its abuse. Part of the discussion of 
technology could deal with the logical organization of 
complex tasks, and there can be little doubt about the 
value of an extended treatment of modern computers 
and their capabilities. And there is no lack of material 
in human physiology to exhibit scientific methods of 
investigation while simultaneously teaching the student 
something about himself. 

Having started, one could go on indefinitely, and 
everyone wouid have different ideas about how to get 
across the meaning of science in the modern world. 
Perhaps what is needed is a publisher to commission a 
series of texts from an enthusiastic team; surely it 
would sell well, even before it became the basis of 
systematic teaching. But this is a detail—it is no more 
than one way of helping our society to decide whether 
a reorganization of the educational system along these, 
or other, lines is called for, and, if so, to see how to put 
it into practice. 

In all this I have concentrated on the university 
course, although it might be argued that it is more 
logical to start with the schools, especially as they are 
more centrally controlled and more capable of coherent 
reform. I cannot see, however, that real liberalization 
of science teaching in schools can come without first 
creating a new generation of schoolmasters. Moreover, 
I see no serious harm, jor the moment, in science being 
introduced as a collection of specialized ideas and 
techniques, provided a broader view is adopted later. 
After all, the study of classics makes grammar the 
prelude to a genuinely humane education, and science 
might well attempt a similar pattern. But, when all 
is said and done, the important thing is to set up a not 
impossible, even if limited, objective and to aim to 
achieve something like it as a first step, recognizing 
that this is indeed only one stage in what should be a 
continuing evolutionary process. 
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NEWS AND VIEWS 


Palaeounthropologisis at Odds 


PALAEOANTHROPOLOGISTS are notorious for the open- 
ness of their disagreements, and it is therefore no 
surprise that Dr David Pilbeam of Yale University adds 
fuel to old controversies in this week’s issue of Nature 
(page 1335). Pilbeam is one of three palaeontologists— 
the others are Professor Elwyn Simons and Dr L. S. B. 
Leakey-—-who has made particular studies of the Pre- 
Pleistocene members of the family Hominidae during 
the past few years, and one of his principal points of 
attack is directed against Leakey’s conclusions about 
taxonomic status of the fossil primate genera Dryo- 
pithecus, Sivapithecus, Ramapithecus and Kenyapithecus. 
As well as being a reply to some of Leakey’s recent 
articles in Nature, however, Pilbeam’s arguments bring 
out only too well the gaps in the fossil records of early 
hominids and the lack of agreement between palaeo- 
anthropologists over the precise morphological defini- 
tion of a hominid. Only when this definition is made 
can there be agreement over the point at which a fossil 
primate has sufficient morphological characters to be 
considered more man-like than ape. But, with surprises 
in the fossil record still probably in store, it is doubtful 
whether even a definition could be uncontroversial. 

On one point, however, Pilbeam more or less agrees 
with Leakey. This concerns the hominid status of 
Ramapithecus, remains of which have been found in 
Miocene and Mio-Pliocene deposits in Kenya and India. 
Pilbeam does not accept completely that Ramapithecus 
was a hominid, because no post-cranial remains have 
yet been found to show how upright a stance it had; 
but he goes so far as to suggest that even if such 
material were produced to show that it was in fact not 
a bipedal walker, he would probably press for the 
retention of the genus in the Hominidae. This opinion 
is not likely to find favour in all anthropological 
circles. 

In 1962, Leakey announced the discovery of a fossil 
primate about 14 million years old from the late 
Miocene of Fort Ternan in Kenya, which he described 
under the name of Kenyapithecus wickeri. In previous 
articles both Pilbeam and Simons have argued that 
this form is none other than Ramapithecus and specific- 
ally synonymous with R. punjabicus from India. Leakey 
has stood his ground and argued that the two are not 
synonymous and that Aenyapithecus is a valid genus. 
In this issue of Nature, Pilbeam, while sticking to his 
view that Aenyapithecus is the same genus as Rama- 
pithecus, withdraws his earlier assumption that the 
two are the same species. Disagreements aside, the 
information now available about the two forms does 
definitely seem to suggest that there was a faunal 
link between Africa and Eurasia in late Miocene times. 

Much of Pilbeam’s article, however, concerns the 
fossil primate material from the early Miocene of 
Kenya, which Leakey claims to be the earliest known 





hominid and which he has named Kenyapithecus — 
africanus. Pilbeam has disagreed with Leakey over 
this on other occasions and it is not surprising that 
he again argues at some length that Kenyapithecus is 
invalid and that Leakey’s remains, on the evidence of 
dental and maxillary material, belong to the dryo- 
pithecine group and are therefore pongid and not 
hominid. In other words, he asserts that. Leakey has 
not found the earliest hominid. At this stage, perhaps 
the only safe conclusions are that negative assertions 
are easier to accept than positive assertions—and that 
it is unlikely that this controversy will rest for very 
long. 





PHYSICAL METALLURGY 


Limitations of Frontier Guards 


from our Materials Science Correspondent 





BECAUSE engineering metals are polycrystalline, their 
strength, ductility, formability, recrystallization, im- 
munity from contamination——the whole gamut of their 
properties, in short—depend on the number and nature 
of the boundaries between the constituent erystals 
or grains. Accordingly, metallurgists have an un- 
quenchable interest in grain boundaries, and particu- 
larly in the nature of their interaction with impurities. 
A brilliant paper has just been published by Ashby 
and Centamore (Acta Metallurgica, 16, 1081; 1968) 
which is sure to stimulate much research in this field. 
The paper is concerned with the draggin: “ol small. 
oxide particles by migrating grain boi nd a res 
aenn ie | 

The story starts with the demonstration in 1963, by 
Barnes and Mazey at Harwell, that helium-filled | 
bubbles in irradiated copper are able to move through 
the solid metal in a temperature gradient, which pro- 
vides the driving force for the motion. In a sequence 
of electron microscope stills the bubbles are seen to 
move just like gas bubbles rising in a glass of beer, 
with the essential difference that the copper is and 
remains solid. Shewmon, and Speight and Greenwood, 
agree that metal diffuses along the bubble wall in 
counter-flow to the direction in which the bubble is 
migrating. 

Ashby, working at Harvard, has for some time been 
interested in the possibility that solid inclusions in 
metals, which in a sense are merely stuffed bubbles, 
may also be capable of migrating through the solid 
metallic matrix. This would be of distinet practical 
significance, because dispersed particles in metals are 
of ever- growing importance in conferring high strength, 
especi ially at high temperatures. A part of the i impor- 
tance of particles in strengthening metals comes from 
their ability to inbibit grain boundary migration. 
Thus extruded “thoria-disperse nickel” owes its 
strength largely to a high concentration of dislocations 
locked in position by the thoria particles, and if new 















grains could grow into this deformed structure, the 
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dislocations would disappear and the metal would be 
seriously weakened. Hence the practical interest in 
the possibility that a moving boundary may be able to 
drag along solid particles. 

Ashby and Centamore have carried out a series of 
beautifully clear and conclusive experiments on highly 
alloyed copper samples which, by internal oxidation, 
have been provided with dispersions of B,O3, GeO,, 
SiO, or ALO, Grain boundaries were caused to 
migrate in these samples at about 1,000° C under a 
driving force just insufficient to allow them to break 
free from the dispersions. Thus the boundaries could 
move only by dragging the particles along, and if they 
did this, a band of copper swept clear of particles was 
lets behind. The boundaries were found to be carrying 

all the particles which had been swept up; there was 

- no coalescence. The width of the band was measured 
for different temperatures, particle sizes and alloy 
systems. The ease of dragging diminished in the four 
systems in the order quoted above-—-B,O, particles 
moved readily while Al,O, particles could not move at 
all 
Near 1,000° C, B,O,, GeO, and SiO, are all viscous 
fluids, while Al,O, is not fluid at all. The authors 
conclude that viscous fluid inclusions migrate like 
bubbles, and comparison with theory confirms that at 
higher temperatures the diffusion of copper along the 
matrix/inclusion interface is the controlling mechanism. 
At lower temperatures, the rate of dragging declines 
steeply, and the authors postulate that diffusion of 
copper through the particles plays an essential part. 
This, of course, explains why AI,O, particles are not 
mobile at all—diffusion through them is impossible. 

In passing, the authors conclude that a coherent 
inclusion, which has a lattice parallel to and continuous 
with that of the matrix, should be immobile because of 
the difficulty of putting vacancies into the interface. 
This prediction is likely to be correct but will be difficult 
to test because it is known that coherent particles can 
be dissolved in the matrix at an advancing grain 
boundary and then reprecipitate in coarser form once 
the boundary has passed. This has been demonstrated 
in a nickel alloy containing coherent y’, Ni,Al, inclusions 
(Haessner et al., Z. Metallkde., 57, 270; 1965) and in 
copper containing coherent cobalt (Tanner and Servi, 
Mat. Sci. Eng.,1, 153; 1966). 

Another recent paper has emphasized a further way 
in which alloy constituents may affect the behaviour 
of grain boundaries. Dorward and Kirkaldy (J. 
Mat. Sei., 3, 502; 1968) have demonstrated that the 
tendency of solute to concentrate at grain boundar- 
ies causes the small solubility of copper in single crystal 
silicon to increase by a large factor when grain boundar- 
ies are present; for example, at 650° C a 350-fold 
increase was found. The existence of this potentially 
serious source of error was first established 20 years 
ago by Voce and Hallowes, who showed that the small 
solubility of bismuth in copper depends on the grain 
size, but this work has been forgotten. Solute segrega- 
tion at grain boundaries is also of practical importance, 
for dissolved impurities exert a drag on a moving grain 
boundary just as discrete particles do, and in recent 
years a body of experiment has been accumulated to 
describe the role of this drag in determining recrystal- 
lization kinetics and also the nature of the preferred 
orientation created during recrystallization. These 
studies have thrown up some theoretical puzzles 
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which will be debated at an international conference 
in Germany in early October. 


LEPROSY 


Progress on All Fronts 
from a Correspondent 


Tar ninth International Leprosy Congress held at 
Imperial College, London, during the week of Sep- 
tember 16 was attended by more than 500 clinicians 
and scientists from 70 countries. Although Myco- 
bacterium leprae, the causative organism of leprosy, 
was identified in 1874—before many of the other 
bacteria causing disease in man—laboratory research 
on leprosy has progressed very slowly because the 
causative organism has never been cultured in vitro, 
and only in 1960 was a limited infection produced in 
animals. 

On the scientific side, this congress was dominated 
by the results obtained from fundamental and applied 
studies based on experimental model infections in 
animals. Although only a localized and limited. 
multiplication of Mycobacterium leprae results from” 
mouse footpad inoculation of bacilli from man, this 
model infection has been used successfully to determine 
the generation time (12-15 days), to sereen drugs for 
anti-leprosy activity and to demonstrate for the first 
time the emergence of drug resistance in patients on 
standard treatment with dapsone (diaminodiphenyl 
sulphone). 

The most important advances were, however, those 
reported from the National Institute for Medical 
Research, London, members of which reported that a 
more extensive and generalized imfection can be 
obtained in mice made immunologically incompetent 
by thymectomy followed by total body irradiation 
(900 r). Such an infection can be obtained by both 
local or intravenous inoculation of Mycobacterium 
leprae. This model infection has been unexpectedly 
rewarding because it has reproduced a disease mimick- 
ing lepromatous leprosy seen in man, including nerve 
involvement and heavy infection of the skin and nose. 
Moreover, after a year or more, a proportion of these 
heavily infected mice develop intermediate types of 
leprosy of the borderline and near-tuberculoid type 
also seen in man. Similar changes can be brought 
about in thymectomized-irradiated mice with estab- 
lished lepromatous type leprosy by donating back 
syngeneic lymphoid cells from normal mice, thus 
indicating the importance of the immunological 
capacity of the host in determining the type of disease. 

Other immunological aspects of leprosy were 
featured at the congress. For example, an earlier 
chance observation that thalidomide suppresses the 
reactional phases in leprosy was confirmed by a series 
of double-blind trials. Finally, the much awaited 
interim results were given of three important trials on 
the prophylactic effect of BCG against leprosy im 
children. BCG gave some 80 per cent protection 
in Uganda, only 56 per cent in New Guinea and no 
significant protection in Burma. An independent team 
has, however, already made comparative studies of the 
methodology in the three BCG trials and was able to 
report that no significant differences exist in the 
methods used, so that the differmg results must 
therefore have a biological basis. 
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MOLECULAR BIOLOGY 


Building DNA 


from our Molecular Biology Correspondent 


‘Tue hoary problem of the mechanism of DNA replica- 
tion has appeared in a new light since the discovery 
last year of the polynucleotide ligase enzyme. It had 
been noted previously, in experiments on two strains 
of E. coli, that freshly synthesized DNA appears in the 
form of small (about 7S) single-stranded segments 
which are only later incorporated into double-stranded 
DNA of high molecular weight. Okazaki et al., who 
reported these experiments, suggested that the ligase 
must be at work in this latter part of the replication 
process, a suggestion which has now been confirmed 
independently y and by identical means in two labora- 
tories. 

Newman and Hanawalt (J. Mol. Biol., 35, 639; 
1968) and Sugimoto, Okazaki and Okazaki (Proc. US 
Nat. Acad. Sci., 60, 1356; 1968) have both availed 
themselves of a mutant of T4 bacteriophage, which 
directs the synthesis of a ligase, functional at 25° C, 
but inactivated at 37° ©. Pulse-labelling experiments 
with thymidine show a high concentration of the 
low molecular weight fragments in infected cells grown 
at 43° C. In due course some high molecular weight 
material is formed, and some small amount of ligase 
activity, from phage or host, is therefore present. The 
difference, however, between these and cells infected 
by the mutant phage but grown at 23° C, or those 
infected by wild-type phage and grown at 43° C, is 
striking, for both the latter pr oduce high yields of high 
molecular weight DNA. One may eliminate the 
possibility that the small DNA is a degradation product, 
because a chase with cold thymidine drives the label 
into the high molecular weight fraction. Further, 
Sugimoto et al. observe that incubation at 20°-30° C of 
cells pulse labelled at 43° C leads to the rapid appear- 
ance of high molecular weight DNA, so that evidently 
the ligase is reactivated on cooling. This evidence 
appears to leave little room for doubt that DNA 
replication occurs by synthesis of short single-stranded 
lengths, followed by their assembly under the action 
of the ligase. 

Spectacular use has been made of the T4 ligase by 
Khorana and his associates for the synthesis in vivo of 
predetermined DNA sequences. The object is nothing 
less than the synthesis of the gene for yeast alanine- 
tRNA. The latest report (Gupta et al., Proc. US Nat. 
Acad, Sci., 60, 1338; 1968) outlines the present state 
of progress—preparation of a deoxyribonucleotide 
duplex, corresponding to the last 30 nucleotides in the 
{RNA sequence (nucleotides 21-50). The strategy 
consists of chemical synthesis of (say) two oligo- 
nucleotides with an overlapping segment of comple- 
mentary sequence; these are then annealed together, 
to form a duplex, with a hanging, unpaired, “sticky” 
end, An oligomer complementary to this end is then 
added, pairs with it and is then linked to its adjoining 
segment by the ligase. The process may then be 
continued. Gupta et al. show in the first place that 
quite short duplexes will form at room temperature, 
though they are destabilized by the “sticky” ends. In 
marginal cases, where melting occurs near room 
temperature, the j joining reaction is carried out at 5° C, 
and the ligase will join something as short as a pent- 
amer to another chain, in the presence of an appropriate 







complementary sequence. By the use of a 2p labi 
and subsequent hydrolysis of the chain, the 
shown that the join occurs in the anticipatec 
No insuperable problems are foreseen in the syn 
of the remaining deoxyribo-oligonucleotides required t 
manufacture the complete alanine-tRNA gene. 


WORK SAFETY 


Farming hazards 


from a Correspondent 


THE mechanization of farming techniques and chemical 
control of weeds and pests has transformed agriculture 
in the United Kingdom since 1939. The 23rd confer- 
ence of the British Occupational Health Society, held 
at Cambridge on September 17, was devoted to the 
health hazards which have resulted from these changes. 

The hazards that accompany mechanization were 
discussed by C. J. Moss of the National Institute of 
Agricultural Engineering who pointed out that 30- 
40 per cent of accidental deaths on farms are caused by 
the overturning of tractors. Regulations which have 
been introduced recently should reduce this toll; 
similar legislation in Sweden has virtually eliminated 
deaths which arise from this cause. Better tractor 
design could also reduce noise, which sometimes 
exceeds the “hearing conservation” limit, It could also. 
lessen the vibration from very “rough” diesel engines 
operating on uneven ground; this is probably respon- 
sible for the high incidence of stomach complaints and 
spinal deformity in tracter drivers. Risks which are 
not associated with tractors include the accumulation 
in glass-houses of carbon monoxide from petrol-driven 
cultivators, the noise of machines and of livestock in 
buildings. 

Mr Alasdair Steele- Bodger, a veterinary surgeon, said 
that although agriculture is the most hazardous of 
British industries, few accidents are caused by animals. 
The increase in the number of animals per stockm aT 
creates problems, however, because stockmen no longer. 
know individual animals and animals are less aceus- 
tomed to humans. Mr E. S. Jamieson, an orthopaedic 
surgeon, pointed out that the pattern of injuries on 
farms is changing all the time, and many now resemble 
those seen in manufacturing industry. The small role 
of chemical hazards was underlined by Dr E. F. Edson, 
director of Fison’s Chesterford Park Research: Station 
He maintained that the toxicity of pesticides has been. 
much publicized, but they have accounted for only 14 
out of about 2,500 accidental deaths on farms since 
1946 and only 6 deaths have occurred sinee 1951. 
The fertilizers which are used at present are fairly 
harmless, but the highly concentrated ammonia and 
phosphoric acid used in North America could cause 
trouble if introduced here. Dr P. K. Fraser of the 
Public Health Laboratory at Ipswich deseribed the 
diseases communicable from animals to man, but these 
are not an important health risk for farm workers. 

The respiratory diseases of farm workers were 
discussed by Dr J. ©. Gilson (MRC Pneumoconiosis 
Research Unit). Farmers suffer less from bronchitis 
than the general population, but are liable to mycoses 
which cause both infections and delaved hyper . 
sensitivity. They are also subject to the effects of 
toxic gases such as the oxides of nitrogen given off 
in silos. 
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In the final lecture Mr G. S. Wilson, chief safety 
inspector of the Ministry of Agriculture, gave an 
overall picture of the present situation and of proposed 
measures to improve it. He stressed, however, that 
mest accidents are caused by ignorance, carelessness 
and “sheer human folly” and would not be prevented 
by legislation. Adequate training is the only sure 
safeguard. 


VITAMIN FUNCTION 


Vitamin K and Prothrombin 


from our Medical Biochemistry Correspondent 
ALTHOUGH vitamin K has been known to be essential 


aa -for the coagulation of blood for about thirty years, 





| = there is still no satisfactory explanation of how it 


- _ functions. It has recently been suggested that vitamin 
_  # is necessary in protein synthesis and that prothrom- 


= bin and the other coagulation factors which are de- 

-creased in the absence of the vitamin are the first to 

_ show the deficiency because of their relatively short 

half-lives. It is therefore of some interest that Hill 
and co-workers (J. Biol. Chem., 248, 3930; 1968) have 
now shown that vitamin K deficiency has no significant 
effect on protein synthesis in general, but that vitamin 
K is necessary for a relatively late step in the synthesis 
of prothrombin. 

The authors have measured prothrombin in isolated 
rat liver microsomes and have shown that no prothrom- 
bin can be found in the microsomes from animals 
deficient in vitamin K or treated with dicoumarol. 
Injection of 10-20 ug of vitamin K, caused prothrombin 
to appear in the microsomes within two hours, however, 
and the concentration approached that in normal 
microsomes within three hours of vitamin K injection. 
This rapid response to vitamin K injection seems not 
to be due to any general effect on protein synthesis, 
for the incorporation of labelled amino-acids into 
protein in the heart, spleen, kidney, liver and plasma 
is the same for K-deficient and normal animals. Simil- 
arly, isolated liver microsomes incubated with pH 5 
enzymes were equally aetive in protein synthesis, 
whether they came from K-deficient or normal 
animals, and vitamin K deficiency was found not to 
affect the production of tryptophan pyrrolase in the 
presence of tryptophan in intact or adrenalectomized 
animals. 

Further evidence that protein synthesis is not 
directly affected comes from the observation that 
injection of vitamin K will stimulate the appearance of 
prothrombin in microsomes from deficient animals 
and those treated with coumarin even though the 
animals have been treated in advance with actinomycin 
D. Because actinomycin D blocks the synthesis of 
messenger RNA, this implies that the step requiring 
vitamin K must be later than the synthesis of messen- 
ger RNA. Cycloheximide appeared to inhibit peptide 
bond formation, but did not prevent vitamin K from 
releasing prothrombin. By contrast, puromycin almost 
totally abolished the response of the whole animal to 
vitamin K. Puromycin acts as an analogue of amino- 
acylated transfer RNA, becomes incorporated at the 
end of the peptide chain and prevents further elonga- 
tion of the chain. It also breaks down polysomes into 
smaller subunits. If vitamin K and puromycin were 
given together, some prothrombin appeared in the liver 
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microsomes but, if puromycin was given first, no 
prothrombin was detectable in the liver microsomes 
after vitamin K administration. 

It seems that vitamin K is necessary for a very late 
stage in the synthesis of prothrombin and the other 
coagulation factors which are decreased in its absence. 
Hill and his colleagues suggest that vitamin K or some 
compound derived from it is involved in folding the 
polypeptide chains to form the prothrombin molecule. 
If this can be proved, it will be the first time that the 
clinical symptoms of a vitamin deficiency have been 


A 


explained in terms of biochemical function. 


GAS CHROMATOGRAPHY 


Columns Further Refined 


from a Correspondent 


THE Gas Chromatography Discussion Group held its 
autumn informal symposium at the University College 
of Swansea on September 13. Dr J. R. Conder of 
Swansea, speaking on finite concentration gas chromato- 
graphy, showed how by alternate switching of carrier 
gas and carrier gas containing a fairly high concentra- 
tion of solute, gas-liquid and gas-solid interactions at 
dilutions other than infinite can be studied. The 
three methods in use all depend on measuring the 
retention volume of a solute zone the concentration of 
which remains constant as it passes through the column. 
The technique is interesting and probably valuable for 
interaction studies. Its use for analysis, however, 
requires a considerable amount of background work to 
establish feasibility and accuracy. 

“The Determination of Vicinal Diketones and a-Keto 
acids by Gas Chromatography using an Electron 
Capture Detector” by G. A. F. Harrison of A. Guinness, 
Son and Co., Dublin, described a very elegant use 
of the selective properties of the electron capture 
detector to determine vicinal diketones and a-keto- 
acids when present as trace components (down to 
0-1 p.p.m.). Dr F. R. Cropper of ICI Dyestuffs 
Division, Manchester, spoke on the determination of 
total organic carbon in aqueous effluents. Although 
this was not strictly a paper on chromatography, 
everything was there but the column. Carbon com- 
pounds are passed over heated copper oxide and con- 
verted to carbon dioxide, which is then reduced over 
a nickel catalyst to methane. The final estimation is 
done with a flame ionization detector. The “blank” 
on the apparatus is 1-2 p.p.m., which sets a lower limit 
of about 2 p.p.m. for volatile carbon compounds. Non- 
volatile material can be pre-concentrated and very 
much lower amounts estimated. 

Dr S. W. Willmott (Mullard Research Laboratories, 
Redhill) described an application of the Curie point 
pyrolyser for the determination of polyolefins. This 
device gives such reproducible pyrograms that not 
only can copolymers be distinguished from homo- 
polymers, but a great deal can be deduced about the 
microstructure of polymers. The addition of a micro- 
hydrogenator after the chromatographic column en- 
abled olefinic fragments to be identified. Dr K. Jones 
of Petrocarbon Developments, Manchester, discussed 
direct digital control of the processing of gas chromato- 
graphic data. His chief point was that any routine 
laboratory with more than 10 chromatographs should 
now seriously consider a complete computer data 
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processing system. In the subsequent discussion, it was 
suggested that hiring computer time by means of an 
ordinary telephone link is probably the cheapest way 
of processing results. 

After a brisk discussion, it was decided to form a 
pyrolysis subsection of the discussion group under the 
chairmanship of ©. R. Jones (Vinyl Products Ltd, 
Carshalton). 


ANTHROPOLOGY 


Unity and Fragmentation 
from a Correspondent 


THE Japanese satisfied the rival claims of two univer- 
sity cities to be host to the eighth International 
Congress of Anthropological and Ethnological Sciences 
(September 3-10) by transporting it from one to the 
other half way through. The congress, meeting for the 
first time in Asia, spent its first five days in Tokyo 
when administrative facilities and participants alike 
were whisked off to Kyoto. Western participants 
preferred the magnificent Kyoto International Confer- 
ence Hall to the modernity of Tokyo, though the pace 
of the meetings was such that there was little time for 
the appreciation of either during the sessions. 

The international situation caused gaps in the planned 
programme, and the economic situation diminished the 
size of the delegations from several countries, but 
there were nevertheless more than 1,000 participants, 
some 120 invited presentations and more than 500 
offered papers. But these numbers are not as impres- 
sive as they may seem. As Professor Oka stressed in 
the opening address, the congress embraced the concept 
of the unity of anthropology. Its aim, the closer 
integration of the cultural and biological facets, was 
in that respect backward looking. For the days are 
gone when anthropology was a single discipline and 
when workers in one branch understood what those in 
others were doing. This was particularly clear at the 
congress, for in the biological sessions social and 
cultural anthropologists were conspicuously absent, 
and there were few linguists to be seen in the archaeo- 
logical sessions. Yet. perhaps it was this fragmentation 
which, in retrospect, was responsible for the success of 
many of the sessions. In intimate gatherings of a few 
authorities, where most knew each other, discussion, 
if not furious, was fast, provocative and stimulating. 
Outstanding in this respect among the biological 
sessions were the symposia on growth, selection and 
differential fertility and some of the sessions on human 
genetics and on primate studies. 

The presentations on topics which the Japanese 
have made peculiarly their own were especially inter- 
esting. Biological anthropology in Japan stems, of 
course, from European interest at a time when the 
Dutch were the only people from the west allowed to 
trade there. The earliest compilations of Japanese 
physical measurements were by Mohnike (1852), by 
van Siebold a little later and by Wood (1864). Similar 
measurements of the Ainu were made by Baelz (1883). 
But with the foundation of the Anthropological Society 
by Shogoro Tsuboi in 1884 and of the journal Zin- 
ruigaku Zassi in 1886, and with the establishment of 
the Department of Anthropology in the University of 
Tokyo in 1892, the subject began to develop a number 
of characteristic specialities often antedating European 





interest. Thus at the beginning of the century, 1 
fessor Adachi was among the earliest proponents 
studies of variation in the soft tissues and Kike 
was among the first in the world to advocate body. 
measurements of children in Japan. The result of 
this tendency to evolve in a direction rather different 
from that in Europe was conspicuous at the symposium. 
Of particular interest were the Japanese contributions 
on physiological variations, variations in work capacity, 
fatigue, muscle action and posture, biochemical varia- 
tions during growth and body composition. Ina rather 
different and relatively new field, the Japanese have 
also carried out interesting sociological studies of son- 
human primates in the wild. 

If the western participants gained much profession- 
ally, so did all those who attended, particu arly those 
from poorer territories. Indeed, the benefit which 
these workers derive from large congresses is 
often overlooked by those who recommend their 
abolition. At the congress, the barrier between 
east and west in Europe assumed its true perspective, 
and Russians, Rumanians and Czechs were freely 
accessible to the British, French and Americans. The 
impressions left by these encounters may well last 
longer than those of the formal resolutions at the end 
of the congress, amalgamating the International Union 
of Anthropological and Ethnological Sciences with the 
International Congress and appointing an inter- 
national standing committee to inquire into forced 
acculturation of indigenous peoples. 















ELECTRON MICROSCOPES 


Towards Higher Voltage 
from a Correspondent 


AT the fourth European Regional Conference on 
Electron Microscopy there was a strong biological bias, 
but significant advances were also reported in o her 
fields, particularly metallurgy and metal p 3 
where the few existing high voltage microseo es aT 
proving extremely valuable. In an opening lecture, 
Dr H. E. Huxley emphasized the great advantages: of 
combining electron microseopy with X-ray diffraction 
and the newer optical diffraction method. Diffraction 
studies often show regularities not detected by electron 
microscopy while the latter may show different struc- 
tural components within such regular arrays. Thus 
the existence of both thick and thin musele filaments 
and of cross bridges was not predicted by the A-ray 
method. 

Dr R. C. Valentine described how, m enzymes 
studied by electron microscopy, it is apparent that the 
first step in reassociation is the formation of a subunit 
dimer; the dimers then associate to form the active 
molecule. It is somewhat disappointing that the very 
successful negative stain technique that has permitted 
such effective visualization of macromolecular structure 
limits resolution to about 20 A, some five times poorer 
than the resolution of the microscope. 

Recent developments in high voltage electron miero- 
scopy have stimulated much interest. Such micro- 
scopes are now being used in France, Britain, Japan 
and the United States. With increased electron pene- 
tratton, metallurgists can study thicker specimens 
thought to be more represe ntative of bulk material. 
Although chromatic aberration, which is an important 
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factor limiting resolution, decreases dramatically at 
high voltages, it increases again with specimen thick- 
ness, and performance is as yet no better than 10 A. 
For higher resolutions, electronic instabilities also 
become limiting. 

Efforts by R. K. Hart and co-workers in the United 
States to design and produce a 1 A resolution 700 kV 
microscope incorporating superconducting lenses and 
an ultra-high vacuum system were criticized by V. E. 
Cosslett as a waste of money at a stage when conven- 
tional problems are still being resolved. As well as in 
metallurgy the microscope is being applied to the 
structure of ceramics, cements and polymers and also 
to problems of magnetic domains, although work 
described at the conference showed that the scanning 
eleetron microscope may often be more suitable. There 
are prospects, too, for biological material where, for 
example, thick sections or whole organelles could be 
visualized in three dimensions by using the stereo- 
technique or more extensive tilting procedures. 

Of considerable interest were recent developments in 
Germany by G. Mollenstadt et al. and F. Thon aimed at 
enhancing resolution in the normal 100 kV mic roscope. 
By the use of a zone plate, originally suggested by W. 
Hoppe in 1961, placed in the back focal plane of the 
objective lens, the resolution and the phase contrast 
effect in the image may be improved. Despite the 
complex problems of manufacturing and calculating 
the required characteristics for such ‘plates, the resolu- 
tion limit valid for a circular aperture has already been 
surpassed and future prospects are very encouraging. 


SPORTING PHYSIOLOGY 


Rugby Football as a Science 


from a Correspondent 

THE first conference ever to discuss the use of scientific 
methods in rugby football to assess fitness, limits of 
endurance, techniques and interaction with society 
was held at the University of Salford from September 
13-15. The conference organizer, Mr D. Masterson, 
director of physical education at Salford, pointed out 
that scientific studies in sport have developed rapidly 
sinee 1960, but that Britain lags behind other European 
and North American countries in the application of 
scientific method. One exception to this was the 
general acceptance of coaching at all levels in rugby 
football in Wales. 

Among the participants at the conference were 
doctors, surgeons, physiotherapists and physicists as 
well as players and coaches. Contributions covered a 
wide range of interests and included lectures on 
physiological, sociological, psychological and medical 
topics. There was also a session on modern coaching 
and training techniques. 

At the conference, J. D. Brooke and H. Thomason, 
of the University of Salford, introduced the human 
biological concepts of linear and stress physical work 
states during exercise to exhaustion. They presented 
data referring to normal and strained physiological 
responses observed in several experiments. Other 
techniques of assessing the fitness of rugby players 
were described by E. Gwyn Evans of the University 
College of Wales, while A. Willey of Firbeck Hospital, 
Nottingham, demonstrated his modified controlled 
interval method of cardiovascular training. 
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The importance of personality characteristics was 
emphasized by Professor J. Loy of the University of 
California, who claimed that coaches experimenting 
with innovations in techniques and tactics are more 
successful at producing winning teams than those 
who keep to established methods. The personality 
assessment of players, as measured by Cattell’s sixteen- 
factor inventory, was described by K. Hardman, 
who has used the technique on a number of national 
teams. 





Aquaplaning at Wembley. 


In another contribution, Dr P. Wooler and D. 
Masterson described certain aerodynamic aspects of 
kicking. They described this as theoretical effects of 
forces and showed film loops which have been used in 
analyses of the punt and screw kicks. The sociology 
of rugby football included a lecture by J. Huins on the 
problems the game is encountering in Wales, and E. 
Saunders of the Carnegie College of "Physical Education 
spoke of the role of games in society with particular 
reference to rugby. 

The conference closed with three papers on the 
medical aspects of rugby. Dr Evans Robson of Lough- 
borough College of Education described the admini- 
strative difficulties involved in the provision of medical 
facilities for a large seven-a-side tournament which 
might involve 1,000 players over a number of days. 
Dr 8. T. Lunt from Hull Kingston Rovers Rugby 
League Football Club spoke about typical injuries and 
their treatment and emphasized the danger of allowing 
injured players to carry on. He stressed, in particular, 
the possibility that concussed players may later be 
injured more seriously, and praised the substitution 
rule in Rugby League, which has reduced the practice 
of sending injured: players back into the game. 
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Ballistic Missile Defence—This Time for Real 


by 
C. M. HERZFELD 


Defence-Space Group, 
International Telephone and Telegraph, 
Nutley, New Jersey 


For the past decade, one of the most difficult and por- 
tentous decisions in US defence has been whether or not 
to deploy a ballistic missile defence. Each year, until 
1967, the decision not to deploy was taken by every 
President and Secretary of Defense. The year 1967 was 
different; on September 18 Mr McNamara announced 
the decision to deploy a “light” ABM system. As ex- 
pected, the decision pleased no one. Critics were unclear 
about the purpose of the system, its proposed capability 
and, most of all, about the general status of the ABM 
question. It therefore seems worthwhile to review some 
of the basic technical and strategic considerations related 
to ballistic missile defence, and to the penetration of such 
a defence by ballistic missiles. Both sides of this question 
must be examined because of the close interaction of 
offence and defence in this field. 

Limitations of security make it difficult to cite some of 
the more important numerical facts precisely, but the 
principal features of the problem can be discussed in 
qualitative terms. 


The Technical Aspects of Defence 


Briefly, the technical functions of an ABM system are 
these. The target has to be located, usually with radar. 
At great distances, however, the defence may not know the 
exact nature of the attacking objects because the attacker 
can easily hide them in “chaff”. Next, the defence must 
discriminate between the real targets, that is, the re-entry 
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missile defence system now being 
The first firi 
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missile, which is the basis of the ballistic 
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was carried out from 


Considerations of strategy and cost-effectiveness a a justifica- 
tion for at least some types of defence a | 
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nst ballistic missiles. Dr 


vehicles carrying nuclear warheads, and the false ones, 
such as decoys and chaff. Discrimination is the most 
difficult problem of the defence, and hundreds of millions 
of dollars have been expended in search of its solution. 
No foolproof discrimination methods have been found, 
but much has been learned, especially about what cannot 
be done to decoy the threat, a limitation which it is im- 
portant to understand. Finally, interceptors must be 
launched against the threatening objects. The interceptors 
are likely to be large and fast rockets, probably carrying 
nuclear warheads. 

Nuclear warheads are more effective than non-nuclear 
warheads because they have the larger lethal radius. 
But they also interfere with the defence’s radar system, 
creating the so-called “black-out”, which constitutes a 
serious handicap for the defence. It is not, however, true 
that the explosion of a defensive warhead, when used 
“according to plan”, produces damage in the defended 
area. Nor would such an explosion produce radioactive 
fall-out locally, although it would, of course, contribute 
to the world-wide fall-out of the nuclear war being fought. 
Non-nuclear warheads for interceptors produce no black- 
out, but because of their much smaller lethal radius 
they would require a greatly improved, and hence more 
complicated and costly, guidance for the intercep- 
tor. In consequence, nuclear warheads are at present 
preferred. 


Alternative Systems 


The various types of defensive system can be charac- 
terized either by the technique to be employed or by the 
military problem to be solved. A defence system which 
attacked enemy ICBMs during their launch phase, should 
it be feasible, would catch the enemy over his own 
territory. Another advantage of such a system would be 
to make possible a real defence in depth, by combming a 
launch defence system with other systems described 
below. BAMBI was a launch defence system where all 
functions—detection of launches, discrimination of real 
from false targets, and launching interceptors—were to 
be carried out from satellites. A reasonably effective 
system would have required thousands of satellites. After 
several years of intensive studies, it was concluded that 
such a system would cost between ten and a hundred 
billion dollars a year to maintain. Work on the system 
was therefore abandoned. But if radical improvements 
should be made in reliability and reductions in launch 
cost, such a system may become reasonable from a purely 
technical point of view. Different launch defence systems 
ean perhaps be built, but this is not certain. 

Other defensive systems attack the enemy missiles 
during the mid-course phase of flight, while the enemy 
missiles float through space on a ballistic trajectory. This 
would resemble an anti-satellite defence system. Its chief 
advantage would be its long reach, which also offers the 
possibility of defence in depth. Its chief problem would 
be discrimination, because it is easy to hide threatening 
objects in mid-course with chaff and balloon decoys. It 
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is possible to design a defence system for “late mid- 
course” interception, when the effects of the atmosphere 
on the re-entry vehicle are still slight, while retaining the 
advantageous long reach of the mid-course system. This 
type of system is discussed below. 

The terminal defence system, designed to intercept in 
the atmosphere at re-entry, has received the widest public 
attention. Its great advantage is the systematic use of 
the atmospheric effects of re-entry in the business of 
discrimination, while its chief disadvantage is the ‘‘close- 
in” feature of the air battle—everything happens right 
overhead, and there is no time for second guesses. The 
deployment cost of a “thick” terminal city defence system 
is between 20 and 40 billion dollars. 

Another way to categorize ABM systems is by the 
military problem to be solved by the defence. One type 
of system is geared to defend cities, which are targets of 
moderate size (5-10 miles in diameter), and which are 
rather soft, that is, vulnerable to attack. Airfields and 
major troop concentrations also belong in this category. 
The protection of soft targets requires that attacking 
warheads of large yield are intercepted at large distances. 
This is difficult for a terminal defence, and is one of the 
arguments for a late mid-course defence. | 


Hardened Sites 

Yet another type of defence is designed for the protec- 
tion of “hard points”, such as hardened missile silos and 
hardened command posts. These targets are small and 
resistant to the effects of nuclear explosions. The defence 
can let the attacker come close, and be satisfied with a 
very late terminal interception system. This in turn 
makes atmospheric discrimination, hence the defence, 
relatively more effective. 

Finally, there is area defence, in which large areas are 
protected by mid-course or late mid-course defence 
methods. This is made possible by using powerful long- 
range radar systems together with large, long range 
interceptor rockets. The system can be supplemented by 
terminal defence. In fact, it is usually wise to defend 
the principal radars of an area defence system with a 
special terminal defence. These radars, which usually 
are not numerous, make attractive targets for the offence 
because their destruction would eliminate the fighting 
capability of the defence. It is this system, broadly 
speaking, which is being deployed as SENTINEL. The 
deployment cost of the system is approximately 5 billion 
dollars. 

As indicated in the last example, defensive capability 
is to some degree an additive matter. The defence can 
be designed for a certain “thickness”, which requires the 
offence to pay a certain “entrance price” in missiles to 
overwhelm it. The cost of a defence increases with the 
entrance price it wishes to exact from the offence, and it 
increases very steeply at the higher levels of defence. 


Offence and Defence 

The ABM system and its counterpart, the penetration 
capability of the offence, must be considered together. 
All devices which make the tasks of the defence harder, 
such as decoys, confusion devices and multiple warheads, 
are effective penetration aids for the offence. Much effort 
has been expended on understanding the interaction of 
offence and defence. This interaction is now quite well 
understood in the United States, though public discussion, 
even in this country, still seerns too much confined to the 
confusions of 5 years ago. 

It is, of course, difficult to cite exact and detailed results 
of such studies, because of the great sensitivity, as well 
as complexity, of their nature. But it is possible to make 
some general, though significant, remarks on the inter- 
action of offence and defenee which are relevant to the 
current strategic options and decisions. Let us consider 
two limiting cases each for defence and for offence. There 
is the case of a very sophisticated defence of the Nike-X 
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or Sentinel type, and an unsophisticated defence of the 
early Nike Zeus type. Also consider a very sophisticated 
offence, like Minuteman ITT or Poseidon, and an un- 
sophisticated offence like the early Atlas ICBM. Table 1 
summarizes the four possible limiting encounters. In two 
cases the clear outcome is that a sophisticated force can 
exact large penalties from the unsophisticated force; in 
other words, it “wins”. The two toss-up cases are en- 
counters of which the outcome depends on the details, 
but where the offence usually has the advantage in cost- 
effectiveness; it costs the offence less to defeat the defence 
than it costs the defence to build the defence. 


+ 
Table 1, OFFENCE AND DEFENCE 
Offence/ Defence Sophisticated Unsophisticated 
Sophisticated Toas-up Offence wins strongly 
Unsophisticated Defence wins strongly Toss-up 


These conclusions, brutally summarized here, are the 
real kernel of the arguments about ballistic missile defence 
(BMD). It is a simple fact, as surely known as any in 
defence technology. that no really effective defence can 
be built against a determined and sophisticated attacker. 
This means that the Soviet defence system now being 
deployed can be overcome by advanced US penetration 
systems, and also that it would be futile, as well as very 
costly, to build a US defence system in the hope of 
defending effectively the US population against a well 
prepared and executed first strike by the USSR. 

It is also true that a sophisticated defence system is 
likely to be very effective against a small sophisticated or 
a medium-sized unsophisticated attack. The second alter- 
native is typical of the Sentinel system when attacked by 
first or second generation ICBMs from the Chinese 
People’s Republic (CPR). Other examples are the possible 
effect of a Soviet defence against the various “forces de 
frappe” of countries such as France. An important ques- 
tion here is this: how much effort and time does it take 


to develop third generation penetration systems like 


Minuteman HI or Poseidon ? The numbers are discussed 
in more detail below. They are quite large, which is 
one reason why the investment in a defence against 
unsophisticated ICBMs cannot be dismissed out of 
hand. 


Orbital Systems 

Let us consider briefly the Soviet fractional orbital 
bombardment system (FOBS), which was recently men- 
tioned by Secretary McNamara. Its principal purpose 
would be to make a Soviet attack on the United States 
more effective; it could be considered as a general kind 
of Soviet penetration aid. As such, it does not change the 
strategic balance one iota. No one familiar with ABM 
technology and with Soviet technical accomplishments 
has ever doubted that the Soviet Union could, and sooner 
or later would, develop methods to make a US anti- 
missile defence more difficult. Again, Sentinel is not 
intended to defend against the Soviet Union, for which 
task it would be tcetally inadequate, which is why the 
FOBS does not affect the appropriateness of the Sentinel 
system. The arguments about the type and mode of 
deployment of an ABM are complicated, and have been 
given here and elsewhere. 

The arguments for two limiting cases, the “thin area 
defence’, such as Sentinel, and the “thick city defence” 
are summarized in Table 2. Each system is rated in terms 
of several sets cf standards. Consider some of the entries 
of Table 2 briefly. The thin system is no help in confront- 
ing a sophisticated attack, and the thick system is not a 
much greater help (remember the cost disparities). The 
thin system is quite effective against an unsophisticated 
attack, while the thick system is more effective than is 
necessary. Both systems provide marginal, though pos- 
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-gibly important, advantages in times of serious crisis or 
accident. Both systems provide fire breaks in very serious 
crises, because they render small token attacks, made for 
bargaining purposes, ineffective and not credible. Finally, 
the thin system is much less likely than the thick system 
to exacerbate the arms race with the Soviet Union. 


Table 2. WEFECTIVENESS OF THIN AREA DEFENCE (TAD) AND THICK CITY 
DEFENCE (TCD) 


TAD TCD 
Against sophisticated attack 
(for example, Soviet Union) . 
Effect on war planning Small effect Increases enemy plan- 


ning problem 
Some effect 
Small effect 


No effect 
No effect 


Pffect on deterrence 
Effect on war fighting 


Against unsophisticated attack 
(for example, CPR) 
Effect on war planning by CPR 
Effect on deterrence of CPR 


Very strong effect 


Strong effect 
Too good 


Makes threat 
by CPR not 
credible 

Very good de- 
fenge 


Effect on war fighting by CPR Too good 
Other aspects 
Effect on irrational attacks, large 
Effect on irrational attacks, small 


Good defence 
Too good 


Poor defence 
Good defence 


Effect on accidents Good defence Too good 

Effect on arms race with Soviet Small Large 
Union . 

Fire break in large crisis Yes Yes 

Danger of miscalculation by Small Large 


United States 


I have not presented the arguments from grand policy 
for deployment of the Sentinel system. These raise issues 
such as the meaning of deterrence, and the nature of 
Chinese politico-military psychology, which are best 
discussed by experts in these fields. 


US Efforts in ABM and Penetration 

It is of interest to consider the magnitude of the US 
research and development effort in this area which has 
been carried on over the past 5-10 years. The total cost 
of research and development expended on ABM so far is 









approximately 4 billion dollars. This includes about 
years of Nike-X and Nike Zeus funding and a 
9 years of Project Defender effort. This is a large! 
more thorough, research and development effort than 
been devoted to any other single military problem. I 
US effort on penetration is of comparable magnitude. A. 
sizable part of the research and development on US 
offensive forces has led to better penetration eapalility, 
particularly to the new systems of Minuteman HP ancl 
Poseidon. Also, much of the information obtained from 
ABM research and development has been directly apple- 
able to improving US penetration capability. 





System Studies 

These costs have gone to support relevant laboratory 
work, extensive flight prograrames and field measurement 
programmes, as well as radar and missile development. 
A comparatively large effort has also gone into detailed 






defence, and hence protects and keeps credible the US 
deterrent. Second, this deep understanding indicates 
that it is very unlikely that one could get equivalent 
knowledge for a much smaller effort. Hence it is highly 
unlikely that a Sentinel type system will be made obsolete 


by any less sophisticated nation either quickly or cheaply 





This serves to produce perhaps a mild measure of stability 
for at least a few years in the otherwise rapidly evolving 
strategic situation. 





Some Engineering Limitations of Superconductors 
in Power Transformers, Power Cables and 


Machines 


by The use of superconductors for handling electrical power is still 


K. J. R. WILKINSON * 


Associated Electrical Industries Ltd, 
Central Research Laboratory, 


Rugby advantage. 


Excerr where superconductors are used to provide 
permanent, or only slowly varying, magnetic fields, and 
with intensities beyond ferromagnetic limits, there is 
little prospect of economic gain from their use in place of 
conventional copper. The known superconductors require 
refrigeration by liquid helium at around 4° K, but the 
case against them is as much electromagnetic as thermal. 
To conduct alternating currents entirely without loss 
requires that the current shali remain completely at a 
surface. This implies a soft superconductor and niobium, 


* Present address: The General Electric Co. Ltd, Hirst Research Centre, 
Wembley, Middlesex, England. 


limited by the refrigeration involved and problems to do with hi 
magnetic fields at the conductor. Copper therefore still halds its 





the best soft superconductor in this respect, reverts to 
normal conduction when its ambient field exceeds 1-5 
kgauss. From the engineering standpoint this intensity 
is low. The a.c. application of hard supereonductars also 
demands low magnetic intensities, but for the different 
reason of reducing energy losses m the conductor. 


Power Transformers 

For energy to transfer between the primary and second- 
ary windings of a transformer, both the magnetic and 
electric components of the Poynting vector mast be 
present. The electric component derives from alternation. 
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of core flux, but the magnetic component—known as the 
leakage field—relates to transformer current, and lies 
between the primary and secondary coil systems. It 
extends with diminishing intensity between the turns of 
each coil and permeates the metal of normal conductors. 
It alternates at power frequency with a crest value that, 
between coils, is typically 2-6 kgauss but on the occasion 
of a system fault this value can rise by a factor ranging 
from 7 to 25. To reduce leakage field intensity without 
affecting the transformer rating, it would be necessary 
either to increase the bulk volume of the transformer 
winding or to increase the degree of interleaving of its 
primary and secondary coils, at the expense of higher 
electric stress between them. Transformers are already 
embarrassingly large, so we consider the second possibility. 
but remember that because greater interleaving would 
also lower the transformer’s reactance this step would 
worsen its fault duty. | 

The most favourable unit for superconduction is a gener- 
ator transformer, because high reactance in the alternator 
moderates the extent to which transformer current would 
rise in the event of a system fault. I estimate that in this 
instance, interleaving of the coils might reduce the inten- 
sity of the leakage field by a factor as high as 6 at full 
load; that is, to 0-43 kgauss as measured between a 
primary and secondary coil. The corresponding factor 
would be 4, leading to 3 kgauss, for a worst* fault on the 
high voltage system. 

Soft superconductors are diamagnetic, so it is necessary 
to ensure that no turn magnetically obscures-~and 
thereby has to reproduce for itself—the magnetic field of 
other turns. A way of avoiding this is to confront each 
primary layer of turns with a secondary layer and provide 
niobium as a surface coating on copper tubing wound in 
single layers for this purpose; the tubing would carry 
liquid helium as the refrigerant. Non-uniformity of the 
: field near each conductor would increase the local magnetic 
intensity at the niobium surface above that in the space 
between the coils by a factor that is likely to be 2. It is 
now evident that during a fault in the power system, the 
flux density at the niobium could reach 6 kgauss and 
current would pass from niobium into the underlying 
copper. 

But an objection is that while this might save the 
transformer from instant damage it fails to meet 
the user's requirement that his transformer shall remain 
operational both during and immediately following any 
fault or sequence of faults that does not arise within it; 
for if current once entered the copper, sufficient heat would 
be liberated to keep it there when the load reverted to its 
normal level. 

The result would be a niobium coil of considerable 
complexity, which would have to be de-rated at least four 
times compared with a conventional winding of the same 
gross bulk. 

Superconducting compounds and alloys that carry 
current in depth, known as “hard” superconductors, can 
tolerate steady fields of around 100 kgauss. This level 
would be more than sufficient for transformers, even 
under fault duty, if it were not for alternation of the 
leakage field of the transformer. Alternating magnetic 
fields penetrate the conductors of a conventional trans- 
former because the copper has sufficient resistivity. Hard 
superconductors that are used within their limit of current- 
saturation and magnetic intensity have no resistance in 
the normal sense, but none the less dissipate energy when 
there is a change in any magnetic field existing inside 
them. This happens whether the change is associated 
with their own net current or with an ambient field. 
Loss of energy in this way is electromagnetically unavoid- 
able, for there can be no change of internal flux without 
a corresponding internal electric field. This dissipative 





* A fully ‘offset’? fault. A similar generator fault could lead to 11 


kganssg, 
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mechanism has its counterpart in eddy currents in normal 
a.c. conduction. | 

Although a.c. loss in a hard superconductor can never 
be eliminated, its effect can be minimized by appropriate 
action. Energy loss in a transformer conductor would 
arise much less from the current it transports than from 
penetration of the conductor by the leakage field. For 
this reason the conductor-section would be kept as small 
as would allow it to carry the largest expected fault 
current without exceeding its superconductive-saturation 
level. It would be thin radially if the leakage field were 
axial. The best approximation to a uniform leakage field 
is obtained by winding with wide foil.in such a way that 
each turn fully oecupies one layer. The field then becomes 
axially uniform except at the coil ends, where the field 
intensity is locally higher, and loss is inversely dependent 
on the available saturation-current density. For example, 
in a 570 MVA generator transformer, assuming that 
10° A cm~? could be uniformly achieved in foils that are 
3 m wide and 3x thick, a highly interleaved design would 
give rise to as little as 1-4 kW loss. This is about 1,000 
times less than conductor loss in a conventional winding, 
but the refrigerating power, to remove heat at the rate of 
L4 kW at 4° K, would be optimistically assessed at 
400 kW. More seriously, the purchase cost of refrigerating 
plant would alone exceed the capitalized cost of conductor 
losses in the conventional transformer. If, to be still more 
hypothetical, foil superconductor 0-34 thick and uni- 
formly capable of 10° A em- were used, prospective losses 
would decrease ten-fold and refrigeration economics would 
correspondingly improve, but vulnerability to fault would 
remain. The reason is that hard superconductors can be 
allowed no metal substrate, for this would cause prohibi- 
tive eddy-current loss. As a result, the time that a given 
overload may safely last before thermal instability sets 
in remains as short with 10° A cem as with 10° A cem, 
or any other density, because the higher saturation levels 
lead to a proportionate decrease in the thermal capacity 
of the conductor. 

If the generator transformer conductors were designed 
to saturate with an offset system fault of seven times the 
crest working current, then the maximum safe fault-time 
would be nearly 2 s for the main part of its foil winding. 
Unfortunately, at the foil edges both flux density and 
current concentration are greater. Even if severe shaping 
problems were overcome, loss near the edge would be 
about six times as dense as in the rest of the foil, and this 
restricts the fault duration which is allowed to 0-3 s, a 
time which is discouragingly short for reliable duty. 


Cables 


In underground cables, superconduction has its best 
chance of success where load current is high and con- 
tinuously maintained. But it would only follow from this 
that superconducting cables should work at higher than 
normal current, and lower than normal voltage, if the 
higher current were to raise less difficulty from magnetic 
fields than the associated voltage reduction could com- 
pensate through simpler insulation. This is by no means 
true of known superconductors. In other words, if 
superconduction is to succeed it will incorporate levels of 
transmission impedance that are at least as high as those 
now employed. 

In the bulk transmission of a.e. power, current is high 
and tends to have a high load factor. In a conventional 
three-phase underground feeder, rated 760 MVA, 275 kV 
1,600 A, the copper section is 3 square inches per phase. 
In each km about 120 parts per million of the transmitted 
energy are lost in the copper. It is the capital cost of this 
relatively small loss-—about £9-6 m~!—together with any 
saving in conductor cost from adopting supercenduction, 
that must therefore offset costs incurred in refrigeration, 
and in the more expensive construction, handling, installa- 
tion and operation that would attend the superconducting 
cable. i 
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It has been argued that at superconducting temperature 
there would be no free gas and the dielectric properties of 
a vacuum would qualify it for use as the chief electrical 
insulation. Unfortunately, it is the metal surface, far 
more than the intervening space, which governs voltage 
strength in vacuum. Reliable electric strength is only 
attained in valves by a process of high-temperature 
baking and discharge conditioning to remove adsorbed 
gas from the electrode surfaces. This is a process that 
would be difficult to apply to cables, but there is no reason 
why they should not incorporate solid dielectric, placed 
outside the refrigerated zone to avoid contributing dielec- 
tric loss at an embarrassing temperature. 

The stability of a power system demands that in no 
emergency shall any component need to be switched out 
of service unless it harbours a fault itself, and this is a 
condition that is easily met in cables by copper cores at 
their normal working temperature. In the 1,600 A275 kV 
eable, a fully offset fault can conservatively reach 30,000 A 
crest, so a cylindrical niobium surface which is to carry 
this at a level safely below 1:5 kgauss would have a 
diameter not less than 10 em. ‘This refrigerated core 
must be supported to withstand handling and working 
forces. During a 30 kA fault, electromagnetic force on 
the core would rise to 60 kg m- and super-insulation— 
a loose, continuous wrapping of aluminium-coated plastic 
ome is quite inappropriate for loads of this nature. 

Therefore suppose that in each cable a 10 cm diameter 
niobium-coated cylinder cooled by liquid helium is sup- 
ported concentrically by thin radial spokes of some high- 
tensile fibre, within a jacket that in turn is cooled by liquid 
nitrogen, and that the spokes continue beyond the nitro- 
gen to a shell at working temperature. Outside that shell, 
there would be conventional electrical insulation. Between 
the helium and nitrogen, and again between the nitrogen 
and outer thermal shell, there is a set of three concentric 
polished metal screens, acting as thermal radiation 
shields. In a system of this sort, that is otherwise evacu- 
ated, heat would reach the nitrogen jacket in each of the 
three cables at the rate of 700 W km™ by radiation, and 
200 W km by conduction through the spokes, whereas 
3 W km~ would radiate inwards from nitrogen to helium, 
6 W km- would occur as fluid loss in the helium and 
37 W km~ would leak into it by conduction. 

Assuming that heat can be pumped from 4° K using 
the optimistic factor of 300, and from nitrogen at 77° K 
with the factor of 7-5, refrigerating drive power for each 
three-phase feeder becomes 76 kW km~ (and costs 
£16 m=) and the cost of refrigerating plant is likely to be 
£76 m-. If six cables, comprising two three-phase 
feeders, follow the same route and share refrigeration 
plant, there would be some saving in plant cost, but the 
result, when the plant is placed to its best advantage, 
remains economically disappointing (see Table 1). 


Table 1. ECONOMICS OF POWER TRANSMISSION BY SUPERCONDUCTING CABLES 


Capitalized costs per metre of 3-phase 
Core feeder when two feeders are refrigerated 
Dia- Refrigerant together (2 m~4}} 


Material meter liquid Conductor Drive Core 
(em) loss Plant power material Sum 
Capper 6 None 96 - ~ < 30 396 
Niobium 
foil 19 He and N, a 59 14-2 10-5 83:7 


Other superconductors are also ruled out. A thim- 
walled hard superconductor of 6 em diameter, even if 
assumed capable of 10° A em~*, would lead to no less cost 
than niobium foil. 

While nothing can be certain either of the practicability 
or the costs of making and laying cables that have therm- 
ally insulated and deeply refrigerated cores, these costs 
are likely to exceed the corresponding figures for conven- 
tional cables. Considerations of operating expenses and 
of the vulnerability of the refrigerated network to extrane- 
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ous damage also weigh in favour of conductors at normal 
temperature. 


Electrical Machines 

Torque in electrical machines comes from magnetic 
forces between stator and rotor current systems. To 
improve the effectiveness of this interaction it is normal to 
arrange stator and rotor conductors intimately entrenched 
in steel on each side of their common air gap. Consider- 
able force is now experienced by the end-winding conduc- 
tors, and to support these effectively would lead to expen- 
sive thermal leakage. Difficulty in leading refrigerant 
into a rotor, and in providing for centrifugal forces on 
rotor conductors, virtually restricts superconductive 
consideration to the stationary members. 

The Faraday disk, or homopolar d.e. machine, of which 
the large generator built by Professor M. L. Oliphant 
and used in Canberra is a notable example, is unique, not 
only in using sliprings instead of a commutator, but in 
eliminating working torque from its field conductors. 
This is because mechanical torque on the rotor is reacted 
not by the main field coil but by any fixed conductor 
through which current reaches the rotor, whatever path 
this “stator” conductor may take. The rotor-‘‘stator” pair 
together set up a magnetic field because of the machine's 
load, but this acts on the main field winding in such a 
way as to give no resultant torque about the rotor axis. 
If, to be more particular, the rotor-stator conductor 
system forms a toroid enclosing the load flux, then neither 
torque nor local force will reach the main field conductors 
from the machine’s toroidal torque-reacting field. 

A development to employ superconductors for providing 
the main field of a homopolar motor, at intensities that 
are higher than ferromagnetic saturation levels, is now 
being extended by the National Research Development 
Corporation (NRDC) and International Research and 
Development Ltd (IRD) to a d.e. motor at 3,250 horse- 
power. The outcome of this venture is for the future 
to reveal, but some idea of the economic problem can be 
seen by considering the physical support of the refriger- 
ated coil. Apart from carrying the substantial weight of 
the copper-stabilized niobium titanium superconductor, 
the struts must be stout enough to carry those forces 
which could arise, not from roter torque, but from external 
steelwork within effective range. The thermal leak to 
the liquid helium at the superconducting coil in this 
IRD machine is estimated to be 25 W. In itself this is 
small, but to remove heat from 4° K at this rate requires 
plant costing £40,000. This capital sum would not only 
pay for sufficient copper to give the same homopolar 
excitation at normal temperature and for the electrical 
plant to excite that field, but would also provide the 
capitalized cost of the excitation energy. 


Copper retains the Advantage 

In view of the great advance made at the beginning 
of this decade by the discovery of hard superconductors, 
with their conduction in depth, it is difficult to avoid a 
sense of disappointment in their probable failure to enter 
the field of electrical power, whether the superconductors 
are hard or soft. There is, of course, an economic handicap 
in the capital and operating expense associated with deep 
refrigeration, but there is also, as becomes prominent in 
the transformer, the circumstance that in handling a.e. 
power economically the conduction of current is synonym- 
ous with high magnetic fields at the conductor. 

It is in these respects that copper-——despite its moderate 
loss—retains the advantage; for its conductivity is 
largely insensitive to magnetic intensity, its resistivity 
enables it easily to be disposed in a manner that avoids 
diamagnetism, and it suffers no catastrophic change in 
conductivity during the brief abnormal overloads under 
which all power-system components must remain service- 
able. 
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Drugs which affect the Structure and Function 


of DNA 


by 
M. J. WARING 


Department of Pharmacology, 
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Tae therapeutic use of selectively toxie antimicrobial 
drugs has led to the virtual eradication of many infectious 
diseases and represents one of the great triumphs of 
It is hardly 
surprising therefore that, with the growth of molecular 


biology, a great deal of interest is at present being focused 
©- on elucidating the action of chemotherapeutic drugs in 
.. molecular terms. 


During recent years there have been 
great advances in our understanding of the mechanism 
of drug action. This article deals with developments 


-< welating to drugs which interfere (sometimes selectively) 


with nucleic acid metabolism. But there is another reason 
- why this particular group of antimicrobial agents provides 
- a fruitful topie for study: these agents are of considerable 
importance as biochemical tools in the experimental 
investigation of living processes. Thus apart from the 
_ Intrinsic interest of elucidating their action at the molecu- 
lar level, there is an intriguing story of how the same drugs 
have contributed significantly to the study of molecular 
biology itself. It is worth recalling that Paul Ehrlich, the 
father of chemotherapy, referred to what we would now 
call selectively toxic antimicrobial drugs as “magic 
bullets”? (meaning substances which would discriminate 
between the metabolism of host and parasite and specific- 
ally attack the latter), for the present day use of such 
drugs as tools is merely exploiting their “magical” 
specificity in another sense-—their capacity to interfere 
with one aspect of metabolism but not another. It must, 
of course, be remarked that the use of drugs as biochemical 
tools is not restricted to substances which affect the 
metabolism of the nucleic acids; puromycin, for example, 
is a specific inhibitor of protein synthesis and has recently 
found valuable application as a model substrate for assay- 
ing the peptide bond-forming reaction of protein syn- 
thesis’. But a number of striking examples are afforded 
by drugs which interfere with the function of DNA, and 
their usefulness as tools is probably more characteristic 
of these drugs than of any other group of antimicrobial 
agents. 

Three representative examples of drugs which interfere 
with nueleic acid metabolism are considered here. 
Examples of their use as tools for research are described, 
but the main emphasis is on developments which have 
clarified our understanding of their action at the molecular 
level. All three eombine with DNA, distorting its struc- 
ture and function. The aim is to present as coherent a 
picture as possible in terms of the answers to two related 
questions: first, what is the exact nature and specificity 
of their interaction with DNA ?; second, how does that 
mechanism of interaction explain their biological effects, 
especially the selectivity of their action ? 


Acridines and Phenanthridines 

These two groups of chemieally synthesized drugs can 
be considered together. The acridines have been used as 
antibacterial agents for some time, and the phenanthrid- 
ines are important as trypanocides; the biochemistry of 
their action seems to be very much the same, however. 


Some antimicrobial drugs seem to function by combining with DNA, 
distorting its structure and function. This article provides a detaMed 
description of three such modes of action. 


Proflavine and ethidium (Fig. 1) provide the best examples 
of these two groups. 

The ability of acridines to combine with nucleic acids 
in vivo is well known and this forms the basis of an import- 
ant histological stain for DNA and RNA. It is also easy 
to demonstrate the binding in vitro because both acridines 
and phenanthridines form well defined metachromatic 
complexes with either DNA or RNA (Fig. 2). Attempts to 
demonstrate preferential binding to particular sites in 
nucleic acid molecules—for example, by looking for meta- 
chromatic effects induced by bases, nucleotides, synthetic 
polynucleotides or DNAs of differing base ratio—have 
met with little success, except perhaps at very low con- 
centrations of drugs. But what does seem probable is 
that the binding depends on (base-paired ?) secondary 
structure in the nucleic acid. For example, the meta- 
chromasia characteristic of ethidium binding produced 
by poly A or poly U is small, whereas that produced by 
the double helical poly A+poly U mixture is large’, 

There are important changes in the physical properties 
of DNA caused by binding of these drugs. In particular, 
there is a large increase in viscosity, the sedimentation 
coefficient falls, and X-ray diffraction shows that, although 
the 3-4 A reflexion corresponding to the stacking of the 
base-pairs is retained, the longer range ordering of the 
molecule is lost. These observations led Lerman‘ to 
propose the intercalation model for the binding of pro- 
flavine. In brief, he suggested that the planar triple ring 
system of the drug becomes intercalated between adjacent 
base-pairs of the double helix, as represented schematic- 
ally in Fig. 3. A phenomenon of this kind would be 
expected to make the molecule longer and more slender 
(hence the effects on viscosity and sedimentation) and, if 
the insertions occurred roughly at random, would distort 
the long-range regularity of the helix. Two important 
features of this model should be noted: first, the base- 
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: pairs on aiden side of the drug are separated by about 
twice the normal distance (and thus the DNA molecule as 
a whole should be longer); and, second, the helical rota- 
tion between the affected base-pairs must be reduced in 
order to provide the space into which the drug molecule 
fits. This is because the phosphodiester backbones linking 
the base-pairs are already fairly well extended in the 

` normal helix. The angle of back-rotation which occurs 
has been estimated at 36° (ref. 5), but the minimum needed 
(about 12°) is preferred, as in the model deseribed for 
intercalation of ethidium’. 

Jhese two predictions of the intercalation hypothesis 
have been verified. Cairns’ demonstrated the actual 
extension of the DNA molecule using autoradiography of 
*H-T2 DNA in the presence and absence of proflavine. 
Evidence for the uncoiling came from experiments using 
supercoiled DNA, the sedimentation coefficient of which 
changes drastically on binding of ethidium, and in a 
fashion which clearly results from drug-induced local 
uncoiling of the primary double helix® (Fig. 4). An added 
bonus of this type of experiment is that it provides a 
simple means of estimating the number of supercoils in 
closed cireular duplex DNAs, based on the accepted 
figure of 12° uncoiling per drug molecule bound?-, 
Vinograd’s group have shown that, at low drug concentra- 
tions, binding of ethidium to supercoiled DNA is enhanced 
over its binding to non-supercoiled DNA, whereas the 
reverse is true at high drug concentrations’*. The former 
of these effects could be highly relevant to the selective 
attack of several drugs on episomes and on the kinetoplast 
of trypanosomes (the kinetoplast is known to contain 
closed circular duplex DNA}, while the latter effect can 
be exploited to permit the isolation of closed circular DNA 
from natural sources; in this way the catenated circles of 
mitochondrial DNA were discovered". 
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Fig. 2. Shift of the absorption spectrum of ethidium bromide in the 
presence of DNA. A, Spectrum of the drug alone in buffer; B-E, with 
increasing concentrations of T2 DNA added. {From ref. 2 J 


Interest in the þiological activities of acridines centres 
principally on their ability to produce frameshift muta- 
tions. Acridine-induced frameshift mutants are now 
famous for their role in the first proof of the triplet nature 
of the genetic code!’, and, more recently, for their use as 
a powerful means of deducing codons used in vivo. But 









Fig. 3. Sketches representing the secondary structure of no 
DNA (left) and DNA containing intercalated proflavine mo 
(right). The helix is drawn as viewed from a remote point, so 
base-pairs and the intercalated proflavine appear oniy oe 
projection, and the phosphate-deoxyribose backbone appii a E S 

smooth coil. (After Lermant.) 


how do the mutations arise? The problem is to. account 
for the generation of mutants which either have an extra 
base-pair inserted into their DNA or one deleted. Three 

explicit theories of acridine mutagenesis have been pro- ee. 
posed”: = (and one feels that the So aap a are not yet. 








and which is tho most oby cans relate d to the as 
calation model, is that of Lerman'*, The essence e of this “ee 
theory is that insertion and deletion mutants can beo - 
generated by a recombination-like event between paired, | 
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Fig. 4. Uneoiling of bacteriophage pee 174 replicative form DNA. by 
ethidium bromide. A DNA preparation containing 70 per cent s 
coiled (twisted circular} molecules and 30 per cent nicked (oper 
molecules was ultracentrifuged in the presence of increasing cone 
centrations of ethidium bromide in 0-05 M trie HC buffer, oH 7 oo. ee 
abacissa represents the average level of drug binding to. the. two. iri 
components together. The curve for the supercoiled molecules reflects: 
conformational changes resulting from the accumulated untwisting: of in 
the double helix caused by binding of the drug, The three porti # 
of the curve correspond to progressive removal C4), loss (8) and 
reversal (C) of the supercoils. Nicked molecuies (see curve) ahow H m 
change in sedimentation coefficient because the uncoting needed for 
drug binding can take piace by rotation about the point of the at 
strand break. From the drug binding ratio at the minima i 
eurve for the supercoiled molecules (B) it ean be calcula i 
DNA contains about twelve full turns of supercoiling in f 
ethidium, assuming that each drug molecule unwinds the primary: a 
by 12° (ref. 8 and my unpublished observations). 
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homologous DNA molecules if one of them (temporarily) 
contains an intercalated acridine. A representation of 
this idea in its very simplest form is given in Fig. 5. The 
feature of the intercalation model which is crucial for this 
explanation of frameshift mutagenesis is the pushing 
apart of the base-pairs by a distance exactly equivalent 
to that which would be cecupied by another base-pair. 
One property to its credit is that it can explain the 
production of mutations independently of replication. It 
does require that mutational events be dependent on the 
occurrence of recombination, which seems to be generally 
compatible with experimental findings, but, at least in 
the simple form described here, it does not obviously 
explain why acridine-induced mutations seem to occur as 
heterozygotes'®, 


Mitomycin 

This substance (Fig. 1) is an antibiotic which first 
attracted interest because of its therapeutic action against 
certain tumours. It is also active as an inhibitor of bac- 
terial growth; the cells are rapidly killed, DNA synthesis 
is blocked and massive degradation of the pre-existing 
DNA frequently sets in, but RNA and protein synthesis 
continues!’, These observations clearly point to a direct 
attack on DNA, but if mitomycin is added to purified 
DNA in vitro nothing obvious happens, at least over the 
time scale of an hour or two. DNA extracted from 
bacteria given a brief exposure to the antibiotic is, how- 
ever, clearly altered: it contains a proportion of molecules 
which have become refractory to treatments which would 
normally produce irreversible denaturation’. The propor- 


t tion of altered molecules can be as high as 100 per cent. 
~ When heated and cooled, for example, these molecules 


return to a native-like condition as judged by three 
independent criteria: ultraviolet hypochromicity, specific 
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Fig. 6. Cs,8O, density gradient centrifugation of DNA from normal 
and mitomycin-treated Bacillus subtilis. A, Normal native DNA; 
E, normal DNA after heat denaturation: C, DNA from mitomyein- 
treated cells after heat denaturation; D, DNA from mitomycin-treated 
cells mechanically sheared before heat denaturation. The broken lines 
represent a density marker. Shaded areas correspond roughly to the 
denaturation-res'stant molecules, The proportion of irreversibly de- 
naturable DNA, determined by comparing the areas under the peaks, 
increases on shearing from 23 per cent (C) to 73 per cent (D>. (From 
Sszybalski and Iyer.) 
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Fig. 5. Lerman's theory of acridine mutagenesis. The upper block 
represents a normal recombinational event between a pair of homologous 
DNA molecules. The two double-helical molecules lie side-by-side with 
their base-pair sequences apposed and “in register’. Each molecule is 
represented as a succession of letters, one letter corresponding to a 
single base-pair. Lower case letters are used for the lower molecule 
merely to distinguish It from the upper one so that the result of re- 
combination may be clearly seen; the molecules themselves should be 
thought of as identical, Breakage, exchange and rejoining take place 
at X as indicated, producing ‘“‘reeombinant’ molecules each of which 
Sapa paid exactly the same information content as the starting molecules, 
The lower block represents the same event taking place when the lower 
molecule contains, temporarily, and at the instant of the exchange 
process, an intercalated acridine represented by @. As long as the 
orce maintaining the molecules “in register” (here assumed to be 
operating at the left-hand ends) and the point of breakage and rejoining 
occur at positions on opposite sides of the acridine, the result is the 
production of altered molecules, one with an extra base-pair inserted 
ithe upper} and one with a base-pair deleted (the lower). 


transforming activity, and buoyant density in caesium 
salts. The last mentioned technique is useful for estimat- 
ing the proportion cf altered molecules (Fig. 6). 

Failure of DNA to denature irreversibly in appropriate 
conditions can only mean one thing-—some sort of linkage 
must be holding the complementary strands “in register” 
at one or more points in the molecule (Fig. 7). The strength 
of this linkage in DNA from cells treated with mitomycin 
clearly indicates covalent bonding; it is, in fact, because 
a mitomycin molecule has become bonded to two sites, 
one on each of the strands, by acting as a bifunctional 
alkylating agent. It is evident that mitomycin must be 
activated in some way before its alkylating functions 
appear. This activation seems to require reduction of 
mitomycin to its hydroquinone derivative, which is 
thought to be carried out in vivo by an NADP-dependent 
quinone reductase (diaphorase), but can also be accom- 
plished in vitro by several reducing agents such as di- 
thionite'’®, The activated mitomycin is highly reactive 
and will readily cross-link DNA in vitro. 

The apparently specific attack of mitomycm on the 
structure and function of DNA in vivo cannot, however, 
be attributed to absclute specificity for DNA as a sub- 
strate for alkylation. Mitomycin will also react nearly 
as well with RNA, and indeed will bind to protein, 
although less than one-tenth as effectively on a weight-for- 
weight basis®®, Also of significance is the finding that only 
one-fifth to one-tenth of the mitomycin associated with 
DNA seems to be in the form of cross-links®,. The fre- 
quency of cross-links is always very low (not more than 
one per 10° or 10° daltons) and can be estimated by the 
type of experiment shown in Fig. 6, using DNA sheared 








NATURE, VOL. 219, SEPTEMBER 28, 1968 


to low molecular weight so that each denaturation- 
resistant molecule is unlikely to contain more than one 
cross-link. The remainder of the bound mitomycin 
presumably reacts by monofunetional alkylation. 

The chemical details of cross-linking by mitomycin are 
not yet settled. Three lines of evidence indicate that 
guanine residues in DNA are the most likely sites for 
alkylation: (1) the susceptibility of DNA to alkylation 
increases with increasing GC content**; (2) reaction with 
synthetic polynucleotides containing guanine proceeds to 
a greater extent than with others”; and (3) mono and 
di-guanyl derivatives of porfiromycin (a methylated rela- 
tiye of mitomycin) can be isolated from sRNA after alkyla- 
tion with this antibiotic?'. Of the possible reactive sites 
in the reduced mitomycin molecule”, the highly strained 
three-membered aziridine ring (Fig. 1) could well become 
an alkylating group, and perhaps the other could arise 
from the —CH,--O—-CO—-NH, group. In any event, 
the cross-links formed in DNA by mitomycin seem to be 
considerably more stable than those formed by sulphur 
mustards which are thought to involve the N-7 position 
of guanine, so the likelihood is that mitomycin alkylates 
some other position such as the O-6 (refs. 19 and 22). 

A cross-link in DNA prevents separation of the comple- 
mentary strands, but the semiconservative replication 
of the bacterial chromosome clearly requires that the 
parental strands become permanently separated and in- 
corporated into different daughter chromosomes. The 
presence of a cross-link between the parental DNA 
strands would effectively prevent the progress of the 
replicating fork, and thus might account for the powerful 
blockage of DNA synthesis and the lethal action of mito- 
mycin against bacteria. This quite simple view of mito- 
mycin action seems to be essentially correct. Perhaps the 
most compelling piece of evidence is the calculation that 
cell death occurs when a bacterium has acquired roughly 
one cross-link per genome’. The extensive degradation of 
DNA in the treated cells is not so easy to explain. Some 
observations favour a connexion between this degradation 
and the action of the mechanisms which are known to 
repair damaged DNA, especially DNA which has suffered 
irradiation; others suggest that mitomycin-effected 
damage to sRNA and ribosomes may lead to unmasking 
of latent nucleases*. 
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Fig. 7. Molecular events following the denaturation (A-B) and rapid cooling {B-C} of 
normal and cross-linked DNA, the latter before and after subjection to hydrodynamic 
The possibility of hydrolytic breakage of the phosphate ester bonds and its 
(From Iyer and 
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Szybalski*.) 
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One other feature of the action of mitomycin. 4 
deserves mention—although no adequate explanat 
it can be given—is its capacity in certain cireumstal 
block synthesis of host cell DNA, but permit viral DANA 
synthesis**. In addition, it is a powerful inducer of lyso-— 
genic prophage development. 


the same cell is not altogether clear, unless it is just & 
question of size. Apart from its obvious wide applicability 
as a tool for shutting off DNA synthesis selectively, 
however, it is also finding investigational use where 
host cell DNA synthesis must be blocked in order to 
reveal bacteriophage (for example, pX 174) DNA 
synthesis. 


Actinomycin 

This antibiotic is probably the best known agent which 
blocks DNA function. The first observations on its mode 
of action were made by Kirk?’, who found that it promptly 
inhibited RNA synthesis in Staphylococcus aureus, but 
allowed DNA synthesis to proceed for a while. She also 
showed that it formed a metachromatic complex witb 
DNA in vitro and that it could inhibit the activity of 
partially purified DNA-dependent DNA polymerase. 
Later it was shown to inhibit much more powerfully the 
activity of purified DNA-dependent RNA polymerase”, 
a result which gratifyingly demonstrated that its selec- 
tivity as an inhibitor of RNA synthesis in vivo was 
retained in vitro. Thus the molecular basis of its selective 
action on DNA function became open for investigation. 
At the same time its value as a tool for specifically 
shutting off DNA-directed RNA synthesis was realized, 
from which two principal applications resulted: (1) for 
following the decay of unstable species of RNA®™; and 
(2) for showing the absence of DNA-dependent steps in 
the growth of many RNA viruses®?. 





guanine residues and helical secondary structure. It is 
completely specific for polydeoxyribonucleotides : the 






with increasing GC content of different 
DNAs. The synthetic dAT copolymer son 
tains no guanine and does not bind seting- 
mycin; dAT from crab testis contains & 
little GC and binds the antibiotic corre- 
spondingly. Perhaps the most revealing 
observation of all is that actinomycin binds 
well to the synthetic dGdC helix, but not at 
all to its analogue dIdC, which differs from 
dGdC only in the absence of the 2-anune 
group of guanine (Fig. 8) Apart from 
demonstrating at the polynucleotide level 
that it is guanine (not cytosme) which is 
needed, this result clearly implicates the 
2-amino of guanine as a group essential for 
the binding. In fact, it appear that even the 
guanine base is not necessary per se, but 
merely that an amino group is required in @ 
correct sterie relationship to a base-pair 
and to the small groove of a B-form DNA 
double helix. Reich?! has synthesized a 
dAT copolymer containing diasunopurme 


adenine residues; in its chemical and 
biochemical properties this copolymer þe- 
haves like dAT, but it possesses a 2-arnine 
group in the same position as does guanine 
(Fig. 8) and it binds actinomycin extremely 
effectively. . 
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Fig.8. Hydrogen-bonded purine-pyrimidine basepairs. G-C, Guanine- 


eytosine; I-C, hypoxanthine-cytosine; DAP-T, 2,6-diaminopurine- 
thymine, 
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the 7-position (that is, the side away from the helix in 
the model of Fig. 9) cause profound changes in the kinetics 
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Fig. 9. Schematic representation of a molecular model for the actino- 

mycin-DNA complex. The triple ring system of the chromophore, 

represented as a simple anthracene ring system in perspective, is 

hydrogen-bonded to a guanine residue. Its attached cyclic peptides 

(shown as rings) lie in the narrow groove of the helix and interact with 
the opposite strand. (After Reich.) 
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of complex formation, and (2) that hydrodynamic measure- 
ments on low-moleeular weight DNA complexed with 
actinomycin reveal the changes considered to be charac- 
teristic of interealation, in contrast to earlier measure- 
ments which had used high molecular weight DNA. A 
great deal of data is pertinent to a critical appraisal of 
the two models and cannot be summarized here. For the 
present, the wisest thing is to echo the comment of 
Nature’s molecular biology correspondenta who feels that 
the unbiased reader will wish to hedge his bets. 

A description of the mode of action of actinomycin at 
the molecular level involves accounting for its remark- 
able selectivity against RNA synthesis. Inhibition of the 
purified DNA-dependent polymerases has alread y been 
noted; we can quickly dispose of its action on DNA 
polymerase because this only occurs at actinomycin : DNA 
ratios where a significant stabilization against thermal 
strand separation is seen’! and thus may be explained in 
much the same way as the effect of mitomycin-induced 
cross-links. There are two suggestions as to why actino- 
mycin so much mere effectively blocks the function of 
DNA as a template for RNA polymerase. Reich?! visual- 
izes the RNA polymerase “reading” its template from 
the narrow groove, whereas the DNA polymerase “reads” 
it from the wide groove: if this were so, the bulk of the 
actinomycin peptide rings (which lie in the small groove 
according to either model) could selectively prevent the 
progress of RNA polymerase. In support of this idea, the 
acknowledged intercalating agents (proflavine and ethid.- 
ium) block the activity of both polymerases about 
equally**, and the distortion of DNA structure which 
they cause must presumably appear much the same viewed 
from either groove (Fig. 3). Miller and Crothers?4 conclude 
that the slow rate of dissociation of actinomycin from 
DNA is the primary factor responsible for its inhibition 
of the progress of RNA polymerase, and suggest that 
local denaturation immediately ahead of the DNA poly- 
merase (perhaps facilitated by the permanent parental 
strand separation which exists behind it) causes the anti- 
biotic to dissociate away much faster, and thus it would 
form a much less effective block. 


How many Intercalators ? 


Apart from the examples discussed here, there are 
numerous other compounds which are known to bind to 
DNA and interfere with its funetion. Of various sugges- 
tions as to how they might act, intercalation is quite the 
most popular. An important case in point is that of the 
carcinogenic polycyclic aromatic hydrocarbons, which 
have been under suspicion of intercalating for years, and 
recent evidence makes it appear quite likely®*, Until very 
recently the position of actinomycin as a definite non- 
intercalator seemed secure, but now that is brought into 
question. Even mitomycin has not escaped suspicion: 
one report®’ suggests that it, too, is capable of inter- 
ealating—-perhaps a preliminary to its forming a cross- 
link ? If it really does turn out that intercalation is at 
the bottom of the aetion of so many compounds, it will 
constitute a highly versatile process and we can look 
forward to more interesting explanations of how, and in 
what circumstances, its manifestation may be frameshift 
mutation, selective inhibition of RNA synthesis or the 
induction of cancer. 

We thank Dr W. Saybalski for providing Figs. 6 and 7, 
and Dr Szybalski and Professors L. S. Lerman, A. S. V. 
Burgen and E. F. Gale for critical reading of the manu- 
seript. 
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THE possibility of suppressing the immune response by 
the use of heterologous anti-lymphocytie serum (ALS) is 
widely acknowledged'~, but there is little agreement as 
to its mechanism of action. Some workers have admini- 
stered ALS to thymectomized adult mice*? and rats? and 
have concluded that the recovery of the immune response 
is in part thymus-dependent. We decided first to confirm 
this finding and, if it were substantiated, to investigate 
the possibility that inhibition and/or killing of cells of 
thymic origin is a significant feature of the immuno- 
suppression brought about by ALS. 

In order to determine whether recovery from immuno- 


suppression by ALS is thymus-dependent in normal 


mice, in the first experiment, adult CBA/H female mice 
(H,-K) were thymectomized or sham-thymectomized. 
Eight to ten days after the operation each mouse was 
injected subcutaneously on four occasions—-every other 
day—with 0-5 ml. of rabbit—anti-mouse thymocyte 
antiserum (ALS), prepared according to the method of 
Levey and Medawar'*. Twenty-four hours after the 
fourth injection of serum all mice were grafted with skin 
from AK mice (H,-K) using the technique of Billingham 
and Medawar'’. Seven days after the skin grafts had been 
applied, and 3 days before the plaster casts were removed, 
all mice were injected with 5x 10° sheep red blood cells 
(SRBC) suspended in 0-2 ml. of a 20 per cent suspension 
in Alsever solution. All mice were titrated for anti-sheep— 
red cell haemagglutinins at weekly intervals for 5 weeks 
after which time half the mice were re-injected with 
SRBC, and weekly titrations were continued. Through- 
out. this period the skin grafts were inspected macro- 
scopically every other day for signs of rejection. 

In the second experiment which was designed to 
determine whether recovery from immunosuppression 
by ALS is thymus-graft dependent in thymectomized 
radiation chimaeras, thymectomized male mouse bone- 
marrow radiation chimaeras of the constitution CBA/Cbi-> 
CBA/Cbi were implanted under the kidney capsule with a 





Recovery of the immune response both to sheep red blood celis and 
to skin homografts in mice treated with anti-lymphocyte serum is 
thymus-dependent. 
derived cells are rendered temporarily ineffective. 


One result of this treatment is that thymus- 


thymus graft from neonatal CBA/H-T676 mice of either . 
sex! Thirty days later laparotomy was performed and 
in some of the mice the graft was removed. Twelve days 
later some of the mice in each group were injected with 
ALS, the same dosage schedule being used as im the first 
experiment. Twenty-four hours after the fourth injection 
of ALS most mice were injected intraperitoneally with 
5x 108 sheep red blood cells. The injected mice were 
bled at weekly intervals to determine their titres of 
agglutinating anti-sheep—red cell antibodies. Half the — 
mice were given a second injection of SRBC 5 weeks after 
the first injection and weekly titrations were continued. 

To determine whether ALS selectively eliminates. cells 
of thymus-graft origin, 2 days after the first injection of 
SRBC the spleens of some mice were subjected to 
cytological analysis!?. This was to show whether ALS 
had suppressed the mitotic response of thymus-derived - 
cells usually seen in the spleen after injection of SRBC". 
The spleens of uninjected mice were also analysed cyto- 
logically at this time. 

Some mice which did not receive a second injection of 
SRBC were injected for the second time 71 days after 
treatment with ALS, and both their cytological and 
immunological responses to this stimulus were recorded. 
It was hoped in this way to determine whether thymus- 
derived cell mitoses which were (as will be seen) suppressed 
immediately after ALS could be observed later, indicating 
the existence of a recovery mechanism. 

The mean haemagglutinin titres of the various groups 
of mice for the whole time of the first experiment are 
shown in Fig. 1. It is clear that there were no significant 
differences in the reaction of untreated thymectomizedt 
and sham-thymectomized mice to either the first or second 
injection of SRBC. Thus adult thymectomy per se has 
no discernible effect on the immune response in the period 
soon after the operation'®. After treatment with ALS, 
however, there was a marked difference between mice 
with and without a thymus, and this was significant from 
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day 7 onwards. Recovery from the effects of ALS was 
evident in mice in which the thymus was left intact, and 
the response to a second injection of SRBC in these mice 
was similar to that seen in sham-thymectomized untreated 
animals. Treated mice without a thymus never developed 
appreciable amounts of antibody after a single injection 
_ of SRBC, but did respond to the second injection. 
_.. Table 1 shows the survival times of AK skin grafts on 
< the various groups of mice. Again in the absence of ALS 
= there is no noticeable difference between thymectomized 
and sham-thymectomized mice, but in its presence thymec- 
= tomy severely delays the recovery of the homograft 
response. From this first experiment it is apparent that 
recovery from treatment with ALS is strongly dependent 
on the thymus. 


en Table 1. SURVIVAL TIMES OF AK SKIN GRAFTS ON SHAM-THYMECTOMIZED 
OR TRYMECTOMIZED CBA/H FEMALE MICE TREATED (OR NOT) WITH ALS 













Co. Thymus No. of mice showing skin-graft survival for: 
ere | Treat- present No. of < 20 20-50 50-80 > BO 
. -o ment orabsent mice days days days days 
Lae + 9 7 2 0 Q 
SE + 9 0 7 2 0 
ALS ~ 8 ü 3 1 4 


=o Fhe haemagglutinin titres for experiment 2 are shown 
in Fig. 2. The result was similar to that obtained in the 
first experiment, but here, in the absence of the thy- 
tous (graft), there was virtually no recovery of the 
immune response: there was a highly significant differ- 
ence between the group treated with ALS and the un- 
treated group throughout the course of the experiment. 
On. the other hand, the group treated with ALS in which 


= the thymus graft was left intact showed no significant 
difference from the untreated group by day 28. There 
Was no significant difference between the groups treated 
with ALS, with and without a thymus graft at day 7, 
but by day 14 there was a significant difference which 
persisted throughout the experiment. The animals 

< without a thymus graft were, however, able to muster 

a slight response when rein jected, the titres 7 days later 
being significantly higher than those of mice not re- 
Injected (P<0-01). The response was not, however, 
sustained. 
a Results of the cytological analysis of the spleens of 
< miee in this group are presented in Table 2. Whether or 
not the thymus graft was present, the results show that 

the increase in the percentage of thymus-graft-derived 
(CBA/H-T6T6) cells observed after injection of SRBC 
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Table 2. CYTOLOGICAL ANALYSIS OF THE SPLEEN 2 DAYS AFTER INJECTION (OR 
NOT) WITH SRBC. 50 DAYS AFTER THYMECTOMIZED CBA/OM MALES WERE 
IRRADIATED (850 Ri, GIVEN 5x10% CBAICbi BONE MARROW CELES AND A 
SUBCAPSULAR CBA H-TOTG THYMUS GRAFT WHICH IN SOME MICE WAS 
REMOVED SO DAYS LATER BEFORE INJECTION (OR NOT) WITH ALS 





Thymus Injection No.of Total No. Mean 
Treat- graft (ornot) mice cells counted percentage 
ment present with per (CBA/Cbhi CBA/H-T6T6 P values 
or absent SRBC group CBA/H-T6T6) cells (+5.D.) 
+ + 12 709/89 11-4+9-3 < 
SAS O Oe agati Don 
„= she 23 ae + j+ y : 
k 9 543/7 16ż23 “005 
+ + 19 1410/11 0840-9 >07 
ALS m 18 1419/11 OF + 1-h 
- + 7 270/5 07412 Log 
_ 7 270/3 t0413 . 


Table 3. CYTOLOGICAL ANALYSIS OF THE SPLEEN 2 DAYS AFTER INJECTION 
(OR NOT) WITH SRBC 120 DAYS AFTER THYMECTOMIZED CBA (Cli MALES WERE 
IRRADIATED (850 T), GIVEN 5x 10° CBA/COi BONE MARROW CELLS AND å 
SUBCAPSULAR CBA/H-T67@ THYMUS GRAFT WHICH IN SOME MICE WAS 


REMOVED 30 DAYS LATER BEFORE INJECTION (OR NOT) WITH ALS 
(ALL MICE HAD BEEN INJECTED 70 DAYS PREVIOUSLY WITH SRBC) 
Thymus Injection No.of Total No. of Mean 
Treat- graft (ornot) mice cells counted percentage P 
ment present with per (CBRA/Cht! CBA/H-T6T6 values 
orabsent SRBC group CBA/H-T676) cells (4 8.D.) 
+ 4 263/137 8424129 aoe 
No ALS ~ 2 172/2 12409 Rii 
m + 6 233/305 5564133 pü 
5 2 85/2 $282 SU) 
+ + 4 384/16 4040-8 : 
ALS = 3 166/1 054 o7 <00 
- + 4 271; 9243-7 , 
-~ 2 78/1 LOt15 <0 001 


has been almost completely obliterated by treatment with 
ALS. Cytologieal analysis of the spleens of mice which 
were killed 73 days after treatment with ALS gave the 
results shown in Table 3. Here, in all examples, the 
injection of SRBC produced a significant response of 
thymus-derived cells. 

The results presented here clearly show that the 
thymus is impiicated in the recovery of the immune 
response both to sheep red blood cells and to skin homo- 
grafts in mice treated with an anti-thymocyte serum 
(ALS). Furthermore, it seerns that the mitotic activity 
of cells derived from a thymus graft is severely affected 
by this treatment. The significance of the mitotic re- 
sponse of thymus-derived cells after the introduction of 
an antigen is by no means clear", but the presence of 
thymus-influenced cells does seem to be necessary for 
the full potentiation of an immune response'35, It is 


therefore interesting to speculate that the immunosup- 
pression which results from ALS treatment may, at least 
in part, be a result of its direct influence on the thymus- 
derived lymphoid cell population. 


49 56 83 70 
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Fig. 1. The haemagglutinin titres to SRBC of various groups of CBA/H female mice. ©, Sham-thymectom- 
ined not ALS treated @. thymectomized ac are eerie a aan pRymectomized ALS treated; A, thymec- 
mize. reated, 
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Fig. 2. The eRe WI titres to SRBC of various groups of thymectomized irradiated (850 r.) CBA iCbi male 


mice given 5 x 10* 


RA(Chi bone marrow cells and a subcapsular CBA/H-T6T6 thymus pratt. 
grafted not ALS treated; A, thymus-grafted ALS treated: 


©, Thymus 
, thymus graft removed not ALS treated; 


A, thymus graft removed ALS treated. 


This hypothesis is lent some support by the demonstra- 
tion that the circulating lymphocytes and the zones in 
the lymphoid tissue which become depleted after removal 
of the circulating pool of lymphocytes'* are severely 
affected by treatment with an anti-lymphocyte globu- 
lin}?48 or an anti-thymocyte serum’. Because it has now 
been shown that the circulating population may contain a 
considerable proportion of thymus-derived lymphocytes” 
and also that the lymphoid areas associated with the 
circulating lymphocyte population are dependent on the 
thymus for their cellular composition’: ??, it follows that 
cells derived from the thymus must, in some circumstances, 
be the target of ALS. 

It has been suggested that ALS may operate more 
effectively on dissociated lymphoid cells’ and therefore all 
circulating lymphocytes might be expected to be more 
vulnerable to the effects of ALS than the non-mobilizable 
lymphocyte population. On the other hand, the effect 
of ALS on circulating cells may be a specific one, m particu- 
lar, perhaps, when an anti-thymocyte serum is used, 
because many of the circulating cells are likely to be of 
thymic origin and there is evidence that thymus cells 
show specific antigenicity when used to raise an anti- 
serum?®?4, Furthermore, in relation to the action of 
ALS, Balner and his colleagues” have found that an anti- 
serum raised against peripheral blood lymphocytes is a 
more potent immunosuppressive than an antiserum raised 
against spleen cells. 

If the effect of ALS can be attributed to the selective 
removal or inactivation of a particular lymphoid cell 
population, then it should be possible to replace this com- 
ponent and thereby restore the immune response. This 
has now been demonstrated by Denman and his col- 
leagues**, who found that rapid immunological recovery 
from the effects of ALS could be achieved by an intra- 
venous injection of peripheral blood cells, but not by a 
larger injection of spleen, lymph node and bone marrow 
cells. Thus replacement of cells from the circulating 
lymphocyte population seems to be a prerequisite of 
immunological restoration after treatment with ALS. 

It is, of course, not possible to determine whether ALS 
affects all circulating lymphocytes or only those of thymic 
origin. It has been postulated that the thymus-derived 
cells may act as an essential ‘reactor’ component in the 
immune response??. Taking this as a working hypothesis 
it might be suggested that depletion or inactivation of the 
thymus-derived cell population could alone induce a 
marked effect on the immune response. Furthermore, 
if the assumption is made that there would be an increase 


in the number of (ineffective) bone marrow derived ¢ alls 
brought into circulation in these circumstances, this 5 
could explain why some workers have observed that 
immunosuppression brought about by ALS may not 
be related to a long-term lymphopenia**. A similar 
suggestion has been made by Martin and Miller”. A very 
relevant point here is the finding that after treatment 










with anti-lymphocyte globulin there is a change m the 
proportion of long-lived and short-lived circulating small 
lymphocytes, a decrease in the long-lived population being 
followed by an increase in the numbers of short-lived 
lymphocytes’, There is now considerable evidence that the 
long-lived population is derived from the thymus and the 
short-lived population originates in the bone marrow**. _ 

As to the mechanism of action of ALS, it could be 
envisaged to have either a lymphocytolytic or some 
non-eytotoxie effect’! on the circulating cells. If 
the former is correct, marked thymus-derived cells should — 
be permanently obliterated; uf the latter is correct, 
then it is possible that following subsequent antigenic. 
stimulation, actively dividing marked cells might re- 
appear. From the cytological results obtained at the 
end of the experiment it seems possible that either or 
both of these hypotheses might be correct. There is - 
a significant recovery of thymus-derived cell mitosis — 
whether or not the thymus graft is present. This seems 
to be well below the response observed in control untreated = 
animals, but it must be remembered that the response 
of the animals treated with ALS should perhaps be con- > 
sidered to be a primary response' as the animals did 
respond to the first injection of antigen. Never g 
it is likely that a certain percentage of thymus-derived — 
cells may have been killed by the action of ALS, although 
it is clear that some cells (or their progeny) which were not: 
seen responding shortly after treatment with ALS are 
now able to do so. 

A further point which emerges is that in both the treated 
and untreated groups a lower percentage of thymus-graft 
derived cells are found in mitosis in those groups from 
which the thymus graft has not been removed. One 
explanation for this could be that there has been a dilution 
by cells emerging from the thymus graft which, at this 
time after grafting, has been shown to have only bone 
marrow derived cells undergoing mitoses in it’. The 
results of titrations show that in the presence of the. 
thymus there is an earlier and better restoration of the 
immune response and this could be a result of the release 
of cells from the thymus or thymus graft. The timing of 
this recovery corresponds well with that observed when. 
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a thymus restores immunological responsiveness to 
thymectomized irradiated mice**. 

In summary, in the system used here two points emerge 
concerning ALS treatment: first, immunological recovery 
is thymus-dependent and, second, thymus-derived cells 
are rendered temporarily inactive. The possibility cannot 
be excluded, however, that other lymphoid cells are also 
directly or indirectly affected by this treatment. 
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We have formulated a model of the opening of the 


Atlantic Ocean which shows how the simplest geometrical 


separation of the continents around the Atlantic might 
account for the gross structure and some hitherto anoma- 
ious features of its floor, and might explain the position 
and sense of wrench faulting in the Alpine orogenic belts 
around the Mediterranean and Caribbean. A time scale 
suggested for the opening is consistent with the available 
palaeontological and magnetic survey data, and we have 
made some predictions regarding the results of the United 
States Deep Sea Drilling Project (JOIDES)!. 


Method and Preliminary Interpretation 


The starting point for the analysis is the geometrical 
fit of the continents around the Atlantic proposed by 
_ Bullard et al.* (Fig. 1). They showed that the continents 

around the Atlantie could be reassembled by rotating 

adjacent continents about centres of rotation. Four 
centres were necessary for this reassembly: for South 
America and Africa; Africa and North America: North 
America and Europe (with Greenland attached); and 
Europe and Greenland. This article is concerned only 
with the first three pairs of continents; Greenland is 
emitted from the discussion. 

There are many possible paths by which the continents 
around the Atlantic might have moved to reach their 
present positions. The simplest is by simultaneous rota- 
tion about each centre of rotation. This might seem to be 
an unlikely route for the continents to have taken, but it 
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A simple model has been made of the opening of the Atlantic Ocean, 
based on a geometrical reconstruction, the stages of which have been 
dated by palaeontological methods. 


leads to conclusions consistent with several independent 
lines of evidence. 

Fig. 2 shows the position of the crest of the mid- 
Atlantic ridge taken from the US Navy Hydrographic 
Office’s Chart of the World’. (Defined in this way the ridge 
is simply a topographical feature as portrayed on a 
relatively small scale map.) Fig. 2 also shows parts of the 
original join for each pair of continents (Fig. 1), rotated 
about their appropriate centres of rotation to a point 
midway between the present positions of the continents. 
In this midway position there is a remarkable degree of 
coincidence between segments of the join for each pair of 
continents and the position of the mid-Atlantic ridge; 
in other words, join-segments and ridge crest lie within 
approximately 200 km of each other. These parts of the 
ridge are almost exactly median in the sense used by 
Menard’. For other parts of the ridge (b-c, d-e in Fig. 2) 
there is no such similarity of position, and the parts of 
the join and the ridge crest lie approximately 200 km or 
more from each other. 

It is simplest to account for these relationships by 
assuming that each centre of rotation has remained fixed 
in position relative to each pair of continents throughout 
opening. But more complex explanations may be neces- 
sary, especially if the different present poles of rotation, 
deduced from studies of transform fracture zones and 
spreading rates®, prove to be correct. It is suggested that 
the area of ocean floor traced out by rotating each join- 
segment about its appropriate centre of rotation marks the 
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Fig. 1. Geometrical fit of the continents around the Atlantic, after 
Bullard et al. Heavy line marks the principal join between the 
continents, (Transverse Mercator projection.) 


limits of a relatively simple structure. Here the ocean 
crust has probably formed by spreading from the position 
of the ridge in the manner suggested by Hess*, elaborated 
by Vine and Matthews’, corroborated by Heirtzler, Le 
Pichon and Barron’, and now recognized in all the prin- 
cipal ocean basins’. When rotated about their appropriate 
centres of rotation, the three join-segments sweep out 
three broad areas of relatively simple structure in which 
the new ocean crust and adjacent continents are assumed 
to have behaved as rigid plates in the manner postulated 
for the North Pacific’. 

Fig. 3 shows successive positions of the three join- 
segments (from Fig. 2) rotated about their appropriate 
centres of rotation between each pair of continents. In 
each case the join-segments have been moved by angular 
increments of 10 per cent between the continents, delineat- 
ing 20 per cent stages in the opening of the ocean. 

Between these zones of relatively simple structure are 
two transverse, wedge-shaped zones (Fig. 3) in which the 
structure must necessarily be more complex, and for which 
there is no coincidence between the midway position of 


Table 1 
Centre 
of Pair of continents Latitude Longitude Angle 
rotation 
1 N. America and Europe RS-4° N. 27T E. 381° 
2 N. America and Africa 676° N. 14-0° W. 748 
3 8. America and Africa 42-9° N. 301° W. 57°1° 


Data from Bullard et al.*, 
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the parts of the join and the present ridge. The m 
zone has its apex off Newfoundland and opens towards 
the Mediterranean; the southern zone has its apex off 
Africa and opens towards the Caribbean. These zones wil > 
be referred to here as the northern and southern tranaverse 
Atlantic zones. | 

At least two factors give rise to the more complex. 
structure of the transverse zones. First of all, there is an 
offset as one moves in a north-south direction from one 
rigid plate across the intervening transverse zone to the 
next rigid plate. The offset is nil at the apex of the wedge 
and increases along its length. The variable offsets must 
be represented by shear displacements in the ocean crust, 
distributed in some unknown way between each pair of 
rigid plates. These offsets might be represented by a zone 
of small wrench faults which cumulatively take up the 
required movement, or they may be concentrated into a 
few major wrench faults. Such faults are nob to be con- 
fused with wrench faults caused by transform faulting; 
rather, they represent shear displacements that are addi- 
tional to any caused by transform faults. 

Second, each of the transverse zones must contam 
areas of north-south extension as well as shear displace- 
ments, and they cannot have been formed simaply by the 
rotation of the original join about the appropriate centros 
of rotation. In Fig. 3 the amount, though not necessarily 
the position, of the north-south extension is indicated by 
stippling. The northern transverse zone must. include a 
relatively large amount of oceanic crust attributable to 
north-south extension of the original join, and this erust 
is distributed along almost its entire length. The offset. 
at the Mediterranean end of the wedge is comparatively 
small. By contrast, the southern transverse zone consists 
of a relatively limited amount of oceanic crust attributable 
to north-south extension, while the offset at the Caribbean 
end of the wedge is very large. It does not seem possible 
to predict the detailed structure of either the areas of 
north-south extension or the transverse belis as a whole. 
It is speculated that the southern transverse zone might 
prove to consist predominantly of relatively simple 
north-south magnetic anomaly patterns offset by large 
wrench faults, whereas the northern transverse zone might 
have a more complex anomaly pattern, with patches of 
anomalies parallel to the mid-Atlantic ridge and other 
patches of anomalies running oblique or perpendicular to 
it, the whole cut by smaller wrench faults. . 

At the edges of the rigid plates and adjacent to the 
transverse zones are three areas in which the form of the — 
join is preserved at the ridge and along only one con- 
tinental margin, as a result of subsequent distortion. 
These areas define wedges of somewhat uncertain structure 
extending from the ridge towards Rockall Bank, the Bay 
of Biscay and Trinidad, respectively. Their extent is 


shown by pecked join-segment (stage limit) lines in Fig. 3. 















So far essentially geometrical arguments have been ~ : 


used to substantiate the proposed structure, using 
evidence of near coincidence between the rotated seg 
ments of the original join of the continents and the 
topography of the mid-Atlantic ridge to support the 


hysical 





reconstruction. Some of the geological and geop 
evidence is now considered. 


Other Evidence for the Proposed Interpretation 

Paired magnetic anomalies which are symmetrical about 
the mid-Atlantic ridge and can be traced parallel to 1 
have been found over much of the South Atlantic", the 
central Atlantic! and the North Atlantic’. AI! three 
areas lie within one of the proposed rigid plates. By 
contrast, the magnetic anomaly pattern between latitudes 
40° N. and 45° N. is complex. This area Hes within much 
of the northern transverse zone and the wedge of uncertain 
structure extending to the Bay of Biseay, precisely where 
the predicted anomaly pattern would be complex. Direct 
geological evidence of uplift and deformation accompany- 
ing serpentine emplacement has already been obtained im 





















Fig. 2. Position of the mid-Atlantic ridge compared with parts of the 

- join between the continents in the midway position. A, Mid-Atlantic 

ridge; B, join between North America and Europe; C, join between 

North America and Africa; D, join between South America and Africa. 

a-b, cd, e-f, Almost coincident join-segments; see text. (Mercator 
projection.) 


the same zone", and the latter process is known to occur 
on land adjacent to the San Andreas wrench fault in 
California's, 

Further evidence for the localization of shear move- 
ments within the transverse zones is found in their 
extensions into the Alpine orogenic belts around the 
Mediterranean and Caribbean. Both areas are crossed by 


: large Mesozoic and Caenozoic faults, both wrench and 


fundamental (Fig. 3), of a kind not represented in the 
continental areas to the north and south. These faults 


n _ are interpreted as being directly linked with the shear 


movements in the adjacent transverse zones of the 


Atlantic; a similar suggestion was previously made by 
~~ Hess for the Caribbean region”. 


“Se Age of the Opening 
Du Toit regarded the break-up of the circum-Atlantic 
continents as possibly dating from the end of the Triassic 


~ period’, but he considered that complete break-up did 


not occur until the Cretaceous and Tertiary periods. 
Marine deposits on the western margin of the African 
continent begin with Upper Jurassic beds of northern 
Senegal’, and are followed by Lower Cretaceous beds 
associated with evaporite deposits both there and in the 
Congo and Gabon basins. The oldest sediments known 
from the ocean basin itself are some Upper Jurassic 
Aptychus limestones, containing radiolarians, preserved 
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on Maio Island, Cape Verde Islands®. These sediments, 





all three rigid-plate areas began simultaneously and con- 
tinued at a constant rate, then a simple model is obtained 
against which to test the available data. Neither the age 
adopted for the initial break-up nor the assumption of 
uniform rate of opening is likely to be precisely correct, 
but the assumptions allow tentative ages to be given to 
successive positions of the join segments plotted on Figs. 
3 and 4. On this model the relationship between V, the 
percentage of opening, and Y, the age in millions of years, 
is given by V=100—Y/2 per cent. The ages of the 
different portions of the transverse zones cannot be fully 
determined from the model because they would depend on 
the precise shear and spreading patterns within them. 

The model predicts that the percentage opening of the 
Atlantic at the end of the Cretaceous (65 million years) 
would be 67 per cent, which can be compared with a 
previous estimate of at least 50 per cent. based on the 
distribution of Upper Cretaceous microfossils and sedi- 
ments in the North Atlantic”?. 

The minimum actual age of the ocean floor at a particu- 
lar point can be estimated from the oldest fossil remains at 
that locality. The available data for the Atlantic™ are 
plotted in Fig. 4, in which they are compared with the 
model. The control is best for the Africa/North America 
plate. There are no discrepancies with the model, except 
for some Miocene occurrences adjacent to the Atlantic 
fracture zone*4; the time lag between model ages and the 
oldest fossil evidence is commonly 10 million years, 
approaching zero near the ridge crest itself. This lag is 
comparable with the distance of approximately 100 km 
(~10 million years ?) before accumulation of sediment on 
the sides of the mid-Atlantic ridge becomes appreciable”, 
Except for the Cape Verde Islands cecurrences, the time 
lag nearer the continents commonly exceeds 50 million 
years; the large lag probably refiects the lack of samples 
from older, more deeply buried sediments. 

The actual age of the rigid plates can also be provision- 
ally determined from the magnetic-reversal pattern. The 
younger of these reversals have been dated by direct 
sampling, but there is considerable uncertainty about the 
age of the older reversals and about their correct identi- 
fication in profiles that are far apart from one another®. 
Nevertheless in the South Atlantic (Fig. 4), where the 
anomalies have been traced out farthest from the ridge, 
anomaly 15, provisionally dated at 40 million years, plots 
in the model age range 30-70 million years; and anomaly 
30, provisionally dated at 70 million years, plots in the 
model age range 65-90 million years. Magnetic anomalies 
in other plates have not generally been traced out far 
enough from the ridge to allow comparison between them 
and the model, though anomaly 32 in the western part of 
the Africa/North America plate plots in the model age 
range 70-90 million years?*. 

The average spreading rates for points on the extremities 
of the rigid plates have been tabulated in Table 2, and 
can be compared with values inferred from magnetic- 
anomaly patternsè>U-1, Some of the magnetic and model 


Table 2. SPREADING BATES FROM THE MID-ATLANTEC RIDGE AT EXTREMITIES 
OF RIGID PLATES SHOWN ON FIG. 3 


Spreading rate in cm/yr (rates of 


Plate Extremity opening are twice these values) 
Model Magnetic anomaly pattern 
N. America/ Europe N. 0-55 = 
8. 0-75 l 
Africa / N. America N., EA 1-26-1-4 (refs. 12, 13) 
Ss. or 
Africa/S. America X, r 128-2 25 (ref. 11) 
z, 1 
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rates agree well, but others disagree by about 100 per cent. 
‘The source of the disagreement may lie either in the model 
_or in the interpretation of the anomalies. 
o The “undisturbed” (quiet) magnetic zones around the 
Atlantic (Fig. 4) have been interpreted to reflect a long 
period of no reversals in the late Palaeozoic**. If this 
interpretation is correct, a serious discrepancy exists 
between the model and the actual history of the Atlantic 
basin. An equally plausible interpretation, however, is 
that the junction between “disturbed” and “undisturbed” 
zones marks the boundary between magnetized oceanic 
crust demagnetized by heating during burial under a 
thick blanket of continental rise and shelf sediments. 
Further determinations of the age of the ocean floor, 
by direct sampling of its magnetic material and fossili- 
ferrous sediments, will enable the model to be refined. 
The date of the initial opening and the stages and rates 
by which it took place can then be more accurately 
determined. Its compatibility with existing data, how- 



















ever, suggests that the ultimate model 
dramatically from that proposed here. 


Evidence for the Model 
Because so many important features ©: 
Ocean and adjacent regions follow logically. 
simplest geometrical separation of the reasser 
tinents, it seems likely that the original ass 
subsequent fragmentation approximated to tl 
in Figs. 1 and 3. The former existence of a supe 
(the Pangaea of Wegener)*? rather than of | 
supercontinents (Gondwanaland and Laurasi 


be substantiated by the model. 





Striking correspondence between the exten 
transverse zones and the Mesozoic and Caenoz« 
faults of the Mediterranean and Caribbean or l 
implies a causal connexion between them. Itẹ 
for example, that shear occurred along: Tet 
Mesozoic seaway stretching from southern E 
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representing limits of 20 per cent stages of opening. Northern and southern transverse zone limits indicated by dashed Hnes, and a 
Principal fundamental and wrench faults indicated for Mediterranean and Caribbean orogenic belts, Far 
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Viz. 4. Stages of opening of the Atlantic with relevant geophysical and palacontological data superimposed. Palaeontological ages refer to 


the oldest fossil occurrences in each 2 


south-east Asia-—but that the sense of shear in the present 
Mediterranean region was principally sinistral, and not 
dextral as suggested by some palacomagnetic data. Many 
of these conclusions were anticipated by Carey in his 
imaginative tectonic syntheses of 1958 (ref. 29). 

Perhaps the most important aspect of the model is 
that it gives a concrete picture with which present and 
future geological and geophysical data can be compared. 
In particular, the United States Deep Sea Drilling Project 
(FJOIDES), which started drilling in August', will provide 
ample material to enable the model to be refined or 
rejected. The predicted age for the oldest sediments at 
any point on the rigid plates is approximately that 
indicated in Fig. 4 (though some may be up to 10 million 
years younger), but the intervening transverse zones may 
yield ages that would appear anomalous on a simple 
spreading hypothesis. | 

We thank Dr D. H. Matthews and Dr D, P. McKenzie 
for critical comments. 
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Friction and Deformation of Metals at Extremely Low 


Temperatures 


by 
F. P. BOWDEN * 
T. H. C. CHILDS 


Cavendish Laboratory, 
University of Cambridge 


EARLIER work has shown that the friction between sliding 
surfaces is greatly affected by surface cleanliness’. This 
is particularly marked with ductile metals; if the surfaces 
are free of contamination, coefficients of friction of the 
order of 5 or 10 or even more are often observed. 

This has usually been explained in terms of the com- 
bined effect of normal and tangential stresses: as the 
tangential (frictional) force is increased the area of real 
contact of the friction junctions grows until, at some 
critical stage, the interface yields and gross sliding at a 
very high value of friction occurs’. 

On the other hand, with brittle solids coefficients of 
friction greater than unity are not usually observed, 
however clean the surfaces may be‘. This has usually 
been attributed to the limited ductility of these materials 
which inhibits junction growth. 

It is natural to ask whether the ductility of metals can 
be reduced to such a point that their friction can be 
limited and their wear behaviour modified by their 
deformation properties. In the present work this has 
been studied in two ways: first by comparing the be- 
haviour of cubic and hexagonal metals, and second by 
studying the effects of very low temperatures, down to 
about 25° K, on the friction and wear. At very low 
temperatures high work hardening rates and brittle 
behaviour are observed with some metals. 

The detailed deformation of the friction Junction 
between metals is, of course, more complicated than the 
junction-growth model described by Tabor’. Recent 
experiments by Cocks*, Antler? and Ainbinder and 
Pranes* have shown that when metals of similar hardness 
slide over one another, both an increase in the area of 
contact and the indentation and grooving of one surface 
by the other can oceur. The grooving gives rise to a 
deformation or ploughing component of friction, in 
addition to the adhesion component discussed by Tabor. 
The work described here shows how, m high adhesion 
conditions, the surface deformation is affected by limited 
ductility and suggests an explanation of the results in 
terms of the interaction between the adhesion and 
ploughing components of the friction force. 

The results are also of some technological value; the 
coefficients of friction of many of the metals studied here 
have not before been measured at such low temperatures 
and in such clean conditions. 


Experimental Procedures 
Hemispheres nominally of 1/16 inch radius were pressed 
onto flat surfaces of similar composition with a load of 
100 g and were slid over the flats at a speed of 0-1 em/s in 
* Professor Bowden has died since this article was written. 


Friction and surface damage between clean sliding metals is greatly 
affected by the deformation properties of the metals. 






the coefficient of friction measured over this tempera 


titanium were studied. 

It was found that if the failure mode im the friction 
track of a particular metal remained independent of tem- 
perature, so did the coefficient of friction; if the failure 
mode changed, so did the friction. 


Results with Face Centred Cubic Metais 








defined temperature. These results can be i 
those of nickel. Fig. 1 shows the variation of t 
of friction with temperature. Around room temy 


it is constant and equal to 2-4. Between 160°. Kand 80° RK o 
it decreases to reach, below 80° K, a further consiant o o= 


3-0 


2-0 





™ 
1:0 
0 100 200 300. 
T CK) _ 
Fig. 1. Variation of coefficient of friction » with absolute temperature 


for nickel sliding on nickel. There are two regimes: above 200° E, x 
is 2-4: below 100° K, a= 4-7. 
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Scanning electron micrographs of a polycrystalline nickel 
surface after traversal by a nickel slider. (a) Room temperature: the 
surface shows a built-up prow and a relatively smooth groove. (b) At 


Fig. 2. 


100° K: the surface damage is in the form of torn flakes. 
value of 1-7. The friction transition temperature, defined 
as the temperature at which the coefficient equals the 
mean of the high and low, values is 120°+10° K. 

The deformation mode in the flat above the transition 
temperature is illustrated in Fig. 2a. This shows the end 
of a track after the slider has been removed. The flat 
has been distorted beyond the end of the track so that 
a dead metal zone has been formed. A steady state 
grooving of the flat with side displacement of material 
can he seen, the side displacement occurring by flow 
around the dead metal zone. In contrast to this, Fig. 2b 
shows the end of a track formed below the transition 
temperature. A random agglomeration of torn wear 
particles is seen. The side flow seen above the transition 
temperature 1s not allowed to develop fully, tearing 
occurring preferentially. In the tracks, the predominant 
markings below the transition temperature are tear lines 
perpendicular to the direction of motion whereas above 
the transition temperature they are grooves parallel to 
the direction of motion. 

Similar behaviour was observed with gold, silver and 
copper, the transition temperatures for these metals being 
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60° K, 80° K and 110° K, respectively. Although all these 
materials are ductile down to the lowest temperatures 
used, compression tests show that their work-hardening 
rate increases as the temperature is lowered. For all 
four metals the transition in friction behaviour occurred 
at a temperature at which the work-hardening rate 
exceeded about 140 kg/mm! per unit strain. 

In these experiments where the surfaces are relatively 
clean and strong interfacial adhesion occurs. there is 
appreciable junction growth as the tangential force is 
increased. The front portion of the contact region builds 
up a prow of metal which must be displaced or ploughed 
away as sliding continues. A detailed plasticity study 
suggests that as a result of the interaction between 
junction growth and ploughing, tensile stresses are 
developed in the trailing portion of the contact region. 
These tensile stresses are greater for materials which 
possess a high work-hardening rate. At room temperature 
the trailing interface is strong enough to transmit the 
appropriate tensile stress across it; the friction is rela- 


tively high and a fairly well defined ploughed groove is 
temperature, 


formed, Below the transition however. 





Fig. 3. Scanning electron micrographs. (a) Polycrystalline molybdenum 

surface below the transition temperature showing typical brittle failure. 

(b) Polycrystalline cobalt surface: this shows little surface damage over 
the whole temperature range. 
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where the work-hardening rate exceeds the critical value, 
the trailing interface is not strong enough to transmit the 
augmented tensile stresses; a plastic instability occurs 
and tearing takes place (Fig. 2b) before the grooving mode 
of deformation can be established. The friction is cor- 
respondingly lower. 

In support of this interpretation of the results, experi- 
ments were carried out sliding diamond cones over silver. 
No deformation of the slider could oceur and, furthermore, 
there was negligible contact on the trailing face. For 
both these reasons the friction was appreciably lower in 
these experiments (u~0-8) and there was no transition 
either in friction or track appearance between room 
temperature and 25° K. 


Results with Body Centred Cubic Metals 

Broadly speaking, these materials--tantalum, iron, 
molybdenum and tungsten—resemble the face centred 
cubic metals in their frictional behaviour. They seem 
to show poorer adhesion, however, and a somewhat lower 
friction (u=1-1-4). Iron, molybdenum and tungsten 
are of particular interest because they show a decrease in 
friction at a temperature which corresponds reasonably 
well with their known ductile—brittle transition tempera- 
tures. The friction track shows a similar characteristic 
change. Above the transition temperature the track is 
fairly smooth; below the transition temperature the track 
shows typical brittle failure. (A representative result 1s 
shown for molybdenum in Fig. 3a.) 

With face centred cubic metals the change in sliding 
behaviour below the transition temperature seems to be 
caused by the increase in work-hardening rate. This 
in turn increases the tensile stresses developed in the 
trailing interface so that the adhesion is overcome; there 
is a decrease in friction and a change-over to a torn track. 
With body centred cubic metals such as iron and molyb- 
denum, the change seems to be associated more with the 
brittleness of the metals below the ductile—transition tem- 
perature; over the trailing interface these metals are 
unable to withstand tensile stresses. As a result the 
brittle type of track is formed and this is accompanied 
by a drop in friction. 


Results with Hexagonal Metals 


Experiments were carried out with polycrystalline 
specimens of the hexagonal metals cobalt, beryllium., 


The Earliest Hominids 


by 
DAVID PILBEAM 


Department of Anthropology, 
Yale University, 

New Haven, 

Connecticut 


One of the principal interests of primate palaeontologists 
is the matter of human origins. This topic has generated 
a considerable amount of heat, much of it due to genuine 
disagreements but some to questions of definition. Before 
one can answer the question, “what is the earliest 
hominid 2”, agreement must obviously be reached on 
how it is to be recognized. The family Hominidae in- 
eludes ourselves, our extinct ancestors and their extinct 
relatives. If the present hominids, Homo sapiens, and 
their closest living relatives, the Pongidae, are compared, 
there are many obvious contrasts between the two groups. 












zirconium and titanium. Zirconium and. tH 
relatively isotropic in their plastic properties 
frictional behaviour resembles that of the cubi 
Cobalt and beryllium, however, are highly anisot 
their frictional behaviour and track damage ar 
different. For example, with cobalt the fre 
stant at y= 0-6 over the whole temperature ra 
friction track shows little damage or ploughin 
This is presumably because of the restraint on} 
growth imposed by the limited number of s p sy 
cobalt and of the fact that, as a polyerystalline hexagon 
material, it fractures under a shear stress. In a frietion 
junction the maximum shear stresses occur in the surface 
plane and failure in this plane clearly results in very little 
wear. 








Limitation of Friction 

These results show that in the sliding of clean surfaces 
over one another the ploughing deformations, with cubic 
metals, play an important part in limiting the friction at 
very low temperatures, They provide a mechanism for 
generating tensile stresses which, in conditions of reduced 
ductility, can cause a friction junction to tear. The 
experiments suggest, however, that the major component 
of the friction force is interfacial adhesion. This occurs 
even in the ploughing process itself. With eubie metals 
the friction at low temperatures is affected by i 
ductility. With hexagonal metals the friction 15 









systems. We may conclude that in the slidin 

metal surfaces, where interfacial adhesion is § 

friction and surface damage are greatly fluenced by- 

deformation properties of the metals, The friction a 

wear are particularly small for cobalt. ae 
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One of the biggest problems facing palaeoanthropologists at the 
moment is the question of disagreement and definition. | 


Only some of the differences are of direct use to the 
palaeontologist. It is generally agreed’ that there are 
two principal sets of criteria which must be satisfied if a 
fossil primate is to be considered a hominid. 

The requirements are, first, evidence of habitual upright ae 
bipedalism as the chief method of locomotion, and, secc id, 





the presence of teeth which are essentially human mo 
form. It has become almost a matter of anthropological _ 


dogma that the earliest hominids differed from their 
pongid ancestors because of subtle locomotor changes in 
the direction of bipedalism. Hominids are also character- 
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ized dentally by a particular type of ecclusal pattern in 
the cheek teeth, vertically implanted incisors and small 
non-projecting canines morphologically resembling the 
incisors. The small canines are, at least in part, respons- 
ible for the fact that hominid teeth are arranged in a 
parabolic dental arcade. In apes the incisors are large 
and procumbent, and-—particularly in males-—-the canines 
are projecting, pointed tusks. The cheek tooth rows are 
parallel. The basic differences between dentitions of 
men and apes are in canine size and in the fact that both 
male and female hominids have small canines. The second 
of anthropology’s central dogmas is that reduction in 
hominid male canine size is correlated with the use of 
weapons (tools) in intra and inter-group feuding and in 
fighting between species. Clearly, then, these morphologi- 
cal complexes, associated with bipedalism and changes in 
tooth function, reflect marked shifts in behaviour between 
pongids and hominids’. 

Until quite recently, fossil hominids were thought to 
come only from deposits of Pleistocene age. The earliest 
forms, Australopithecus africanus from South Africa and 
Homo habilis (thought by some to be A. africanus) from 
East Africa, are 2 million or more years old’. Although 
in many features these creatures were primitive, they 
moved bipedally and possessed the dental adaptations 
typical of later men—small incisor-like canines and para- 
bolic dental arcades. Only a fow workers now hesitate 
to consider these forms unequivocally hominids. 

The course of hominid evolution before the Pleistocene 
has been much less well understood. Many species of 
fossil great apes have been described‘ since Lartet named 
Dryopithecus fontani from France in 1856. Large numbers 
of new nomina were coined for fossils from Europe, 
Asia and Africa, from deposits ranging in age between late 
Oligocene (about 30 million years ago) and middle Pliocene 
{about 6 million years ago). The whole group were classi- 
fied in a subfamily of the Pongidae named Dryopithecinae 
after the type genus. More than fifty species, in numerous 
genera, have been described in the 112 years since 1856, 
and many workers came to believe that dryopithecines 
had undergone a very extensive adaptive radiation. It 
was also widely believed that because fossil apes were 
“so fragmentary” little could be said about their evolu- 
tion. Recently more detailed studies by Simons and me‘ 
have shown both beliefs to be incorrect. We concluded 
that the adaptive radiation consisted only of names, not 
of species, and that one genus, Dryopithecus, was adequate 
for those Tertiary species that were valid. The numbers 
of specimens of fossil apes now known run into hundreds, 
some of them relatively complete, and include enough 
post-cramial material for inferences on locomotor behavi- 
our to be drawn for several African species®. 

The earliest Dryopithecus species (regarded by Leakey® 
as Proconsul species) are found in the early Miocene 
deposits of Kenya and Uganda. Some of the sites have 
been dated to about 20 million years’. One species, D. 
africanus, is known from cranial, dental ard post-cranial 
material. Although this has been considered as a general- 
ized hominoid “model” of an early hominid, D. africanus 
is now better regarded as a form ancestral to, or close to 
the ancestry of, the chimpanzee, Pan troglodytes*. Related 
to D. africanus, and sharing with it a number of primitive 
features, is a second species, D. major. Its dentition and 
face have been described in detail; this species is a plaus- 
ible ancestor for Gorilla gorilla’. Although Leakey does 
not agree that all Ugandan and Kenyan specimens of 
D. major properly belong in that species, he does accept 
the relationship between the Moroto (Karamoja, Uganda) 
palate and gorilla*. Several other pongid species are 
also known in East Afriea, none of which need concern 
us here. 

Dryopithecines have also been recovered from Europe 
and Asia, from deposits of middle Miocene through middle 
Pliocene age (approximately 16 million to 6 million years)‘. 
Several species are known in each of the major areas. In 
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general, European forms were classified in Dryopithecus, 
Asian ones in Sivapithecus. Like Proconsul from Africa, 
all these species can be subsumed under one genus, 
Dryopithecus. Some of the dryopithecines from deposits 
in the Siwalik Hills, north-west India, are, in all probabil- 
ity, ancestral to the only hving Asiatic pongid, Pengo 
pygmaeus, the orang-utan®:)9, 

The Eurasian dryopithecines had their origins in 
Africa and probably migrated there some time during the 
middle Miocene, perhaps about 15 or 16 million years ago. 
Their ancestors are therefore to be sought in earlier Miocene 
deposits in Africa. Those species described previously as 
Proconsul almost certainly are not directly ancestral to 
Eurasian Dryopithecus, although they are probably verv 
closely related to those ancestors. 

In 1950, Le Gros Clark and Leakey" named a new 
pongid species from Kenya, calling it Sivapithecus afri- 
canus, It consisted of one fragment of upper jaw with 
three teeth (British Museum number M.16649), together 
with two other isolated upper molars. This species 
differed from other African species of Dryopithecus 
(Proconsul) in several features, principally in that S. 
africanus lacked lingual cingula on the upper cheek teeth. 
Le Gros Clark and Leakey later? discussed this palate in 
great detail, concluding that it was very similar to 
Sivapithecus sivalensis (as it was then known) from the 
Siwaliks of India. They thought it possible that sS. 
africanus could be ancestral to S. sivalensis. As I have 
already noted, such a relationship, between African and 
Asiatic dryopithecines, should be expected. Simons 
and I* transferred both species to Dryopithecus, and 
thought that there was enough temporal and morphol ogi- 
cal evidence to justify placing them in one species, S. 
africanus. Tnow think, however, that there is enough time 
separation between the two to make specific synonymy 
not particularly useful. For the moment I shall refer to 
the African type specimen (M.16649) as “g. africanus”; 
it cannot be transferred to Dryopithecus without being 
given a new species name, for there is already one D. 
africanus. In all features, this palatal fragment is ape- 
like. 

It has come to be rather generally assumed, albeit in 
a rather vague fashion, that pre-Pleistocene hominid 
ancestry was rooted somewhere in the Dryopithecinae. 
Several species assigned to the sub-family have been 
considered to be rather more man-like than the others.: 
for example, Ramapithecus brevirostris from the late 
Miocene of the Siwaliks, named by Lewis!* in 1934, and 
described by him 2 years later in his unpublished PhD 
thesis as a hominid ancestral to Australopithecus and 
Homo. In 1961, Simons initiated a seriegsts.10,13-16 of 
studies of Ramapithecus. The chief point to emerge from 
these studies, which still continue, is that remains of 
hominid-like forms from the Siwaliks of India are more 
plentiful than had been supposed. A new name also 
became necessary because of synonymies, and is Rama- 
pithecus punjabicus, The species includes upper and 
lower jaws and teeth, but unfortunately no post-eranial 
bones. 

The chief contrasts between Ramapithecus and Dryo- 
pithecus are as follows' 43, The cheek teeth of Rama- 
pithecus resemble those of later hominids, being steep- 
sided and low-cusped, and the premolars are small. The 
canines are known only from their sockets, shaped and 
oriented like those of Pleistocene Hominidae. The crowns 
must have been small and non-projecting. The dental 
arcade was probably parabolic. In short, most of the 
features of hominid dantitions are found in Ramapithecus, 
and there are enough similarities between Ramapithecus 
and Pleistocene hominids to justify the view that they are 
part of one lineage or of closely related lineages. 

In 1962, Leakey announced a new primate from the 
late Miocene of Fort Ternan in Kenya (absolute age’ for 
these deposits is 14 million years). This he called Kenya- 
pithecus wickert. Morphologically, it is extremely similar 
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to R. punjabicus from India, as Leakey’s first description 
shows!?17, The specimen consists of two maxillae. The 
second premolar and first two molars are preserved and, 
fortunately, a canine crown is present. The canine is 
relatively smaller than that of any living or extinct pongid 
and is as small as those of the later hominids’. Morpho- 
logically the crown is a little ape-like*’. Simons and I, 
separately and together, have suggested that these two 
species are so similar that they must be regarded as onet’. 
I now take the view that they are sufficiently similar to be 
placed in one genus, Ramapithecus, but the step towards 
complete specific synonymy is perhaps rather more difficult 
te take. The final result will have to wait until further 
material is recovered, both in Africa and India. Suffice 
to say that this is further evidence in favour of at least 
some faunal links between Africa and Eurasia in late 
Miocene times. 

Should Ramapithecus be classified as a hominid, or is it 
a man-like pongid ? I think it can bə fairly argued that 
Ramapithecus is, broadly, ancestral to later Hominidae. 
Whether it should actually be classified in that family 1s 
as much a matter of semantics as anything else. I am 
inclined to the view that its hominid features so outweigh 
those that are primitive retentions as to indicate that at 
least one of those important and definitive hominid 
behavioural shifts had probably already occurred. Un- 
fortunately, no post-cranial remains are known, 80 locomo- 
tion cannot be deduced. I would argue therefore that 
Ramapithecus is probably a hominid, and should perhaps 
remain such even if fossil evidence were produced which 
showed that it was not yet a habitual biped. 

Recently, Leakey® has stated at length his view that 
R. punjabicus and “K. wickeri™ are not synonyms, that 
“Kenyapithecus” is a valid genus, and that early Miocene 
“S. africanus” is not a pongid but a hominid in the genus 
“Kenyapithecus”, ancestral to “K. wickert”” of the late 
Miocene. I find myself in agreement with Leakey on one 
point. Because we both accept late Miocene Ramapithecus 
as a hominid, earlier Hominidae should be expected in 
earlier Miocene African deposits. I am, however, in some 
disagreement with Leakey on a number of other points 
deriving from his article. Unfortunately there is only 
space here to mention a few of these. Lengthier comments 
ean be found elsewhere’. 

First, it is necessary to restate my belief in the synonymy 
of Ramapithecus and “Kenyapithecus wickeri”, at least at 
the generic level. Recently, both Simons*:?* and I° have 
discussed this matter of synonymy in some detail, and I 
shall not dwell on it here. In my opinion then, ““Aenya- 
pithecus” is no longer available. This leaves several 
questions still to be discussed. First, what evidence is 
there that the hypodigm of “S. africanus” as listed by 
Leakey samples only one species ? Second, what relation- 
ship does this “species” have to later Tertiary Pongidae 
or Hominidae ? Third, if “S. africanus” can be shown to 
have any sort of ancestral relationship to late Miocene 
Ramapithecus, should it be classified in the same family ? 
Fourth, if it ean be ranked with Hominidae, is it similar 
enough to Ramapithecus to be congeneric ? 

“S. africanus” as described by Leakey®'* consists of a 
small sample of rather fragmentary material. Maxillary 
specimens preserve evidence for the crowns of P8, Pt and 
M1. Broken roots only are available for canines. The 
maxillae are preserved superiorly as far as the region of the 
canine fossa. Isolated upper incisors and what is thought 
to be M2 are claimed to belong to the same species. In his 
first article, Leakey*® included in “S. africanus” three 
mandibular fragments, all lacking tooth crowns. Subse- 
quently, Leakey’? added a fourth mandible to the hypo- 
digm, this time with crowns of canines and all the cheek 
teeth preserved. 

No positive evidence has been produced to support the 
claim that this set of specimens belongs to a single species. 
Considering published dimensions alone, it is extremely 
unlikely that the later mandible (number 394) (ref. 19) 


and the type maxilla (M.16649) (refs. 5 and 6) are in fact. 
sampled from the same species. However, this point is 
not so important here as a consideration of the features of- 
“S. africanus’ which might point to pongid or hominid 
ties. 

First, the canine fossae of M.16649 and Sgr 111. These 
are not, as claimed in Leakey’s® diagnosis, “somewhat of 
the general type seen in Homo sapiens”. They resemble 
much more closely that of the holotype of D. nyanzae 
(M.16647) (ref. 5), and of specimens of Pan troglodytes 
and Penge pygmaeus. The forward position of the maxil- 
lary zygomatic process (above MI) is a resemblance to 
Ramapithecus, but is also to be found in Oreopithecus” as 
well as Pongo pygmaeus*. It may be a primitive feature 
in some hominoid lineages, and is not necessarily indicative 
of ties with Hominidae. 

As I have noted, no crowns of upper canines are pre- 
served, Root dimensions, however®*, indicate that the 
erowns would have been large relative to cheek teeth. 
Simons and I‘ noted (page 113) the presence above the 
P3 roots in M.16649 of parts of a large canine alveolus. 
The evidence shows clearly that maxillary canine crowns 
would have been as large relatively as in any of the living 
apes. 

In my preceding discussion of Ramapithecus, I men- 
tioned the fact that the upper cheek teeth were steep- 
sided. In this feature they contrast markedly with those 
of fossil pongids (Dryopithecus, Aegyptopithecus). The 
sides of the cheek teeth of these apes slope markedly, 
and the occlusal surface is therefore relatively constricted. 
Living pongids show trends away from this condition 
towards more vertically sided teeth. Sloping buccal and 
lingual surfaces are most marked in those species of 
Dryopithecus which lack lingual cingula on the upper 
cheek teeth (for example, D. sivalensis). In this feature 
the early Miocene “S. africanus” is closely similar to D. 
sivalensis. Table 1 lists ratios of minimum to maximum 
buecolingual breadth of Pt and Mt, an index of the slope 
of the buccal and lingual borders or of the degree of con- 
striction of the occlusal surface. (See also Fig. 8 of ref. 18, 
which shows clearly the contrasts between Dryopithecus 
(including M.16649) and Ramapithecus.) 





Table 1. RATIO (MINIMUM R-L BREADTH/MAXIMUM Heh BREADTH) x 100 


R. punjatieus D. sivalensis MiGO 
P- 62-0-06-4 46°0)-30-0 {n = 2) ABQ 
M- §1-8-63°5 $8-°8-87°0 On = 3) 46-8 


In this feature the type of “S. africanus” is much 
closer to D. sivalensis than to Ramapitheeus. No explana- 
tion for this contrast has been produced yet. “S. 
africanus” and Dryopithecus are similar, too, in detailed 
features of occlusal morphology. Leakey himself has 
pointed out the contrasts between the upper cheek teeth 
of M.16649 and East African Ramapithecus*’. 

Summing up the evidence from the upper jaws, S. 
africanus” is in almost all features like other Dryopithecua, 
Basically, the maxillary characters are those of apes, not 
of hominids. Of particular interest here are the large 
canines. Although there is no definite information about 
the shape of the dental arcade, no complete palates being 
available, it is probable that the arcade would not have 
been parabolic. (Indeed, because this feature appears to 
be closely correlated with canine size and facial length, 
it should be used only with cireumspection as an additional 
character to “eanme size.) 


dimorphic one. Sgr 417 may in fact be a D. africanus. 
CMH.142, however, is not, I think, a D. (Proconsul) at all. 
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lis canine, to judge from the root, would have been large 
and probably projecting; the crown of Pz too, known 
only from broken roots, was elongated and probably 
a sectorial, unicuspid tooth. The symphyseal cross-section 
and tooth root outlines are similar to those of the type 
specimen of D. fontani+ (Muséum National d'Histoire 
Naturelle in Paris, specimen No. AC.36), Whatever are 
the exact affinities of CMH.142 (and it is impossible to 
say anything definite about these because of the unsatis- 
factory nature of the remains), the specimen comes from 
an animal which was, dentally at least, a pongid. A third 
mandibular fragment (276) may belong to the same species 
as CMH.142. Little more can be said about it, except 
that probably canines projected and P 3 was sectorial 
{roots only are preserved for both teeth). 

More recently’?®, Leakey has described a relatively 
complete mandible with cheek teeth and canines intact. 
As Leakey notes, this mandible contrasts in a number of 
ways with D. major and D. nyanzae. The symphyseal 
section is quite similar to that of 276, although a small 
simian shelf is present. The divergent tooth rows, 
relatively small Mjs, triangular Mgs, molar buceal cingula, 
and rounded anterior symphyseal contour are all similari- 
ties to D. africanus. Canines are relatively large and 
markedly pomted and projecting. The Pg is unicuspid, 
elongated and sectorial. The overall similarities of the 
dentition are with D. africanus and other early Miocene 
African pongids. There are no features at all which 
point to links with known hominids, nor are there any 
reasons for not classifying this specimen (which may not, 
as I have noted, even be an “S. africanus”) in the Pongidae. 

The material hsted by Leakey therefore is probably not 
sampled from one species, although the remains are too 
scrappy for a definite conclusion. All these specimens are 
ape-like as far as can be assessed from the rather limited 
remains. The post-cranial material of large hominoids 
from East Africa is also completely ape-like’. There are 
no indications therefore of any trends towards the evolu- 
tion of hominid dental or post-cranial characters. 

Considering the holotype maxilla of “S. africanus”, 
M.16649, there are a number of features (canine size, and 
size, shape and morphology of the cheek teeth) which 
contrast with both Indian and East African Ramapithecus 
(see particularly ref. 17). There are, on the other hand, a 
complex of characters hnking M.16649, and any other 
specimens which might prove referable to the same 
species, with D. sivalensia; the mandibular evidence also 
points to ties with D., fontani and D. sivalensis (which are 
themselves closely similar forms). Symphyseal contour 
and cross-section, canine size and shape, premolar size 
and shape, and incisor disposition are all features linking 
these Eurasian and African groups. If the mandibles and 
maxillae from Kenya are conspecific, these resemblances 
would appear to strengthen the views that some, at least, 
of the early Miocene East African material is, broadly 
speaking, ancestral to Eurasian dryopithecines, and that 
it should be classified in Dryopithecus. I would still 
hesitate to give a species name to, or provide a differential 
diagnosis for, such inadequate material. 

One specimen im the Kenya National Museurn collec- 
tions, CMH.133, is a right P4 classified until now as D. 
nyanzae. In this tooth the pattern of grooves and the 
shape and relative height of the cusps are about equally 
similar both to Dryopithecus and to Ramapithecus. The 
slope of the buccal and lingual surfaces resembles Dryo- 
pithecus. This specimen is almost certainly not a D. 
nyanzae; whether or not it is conspecific with M.16649 
is uncertain but probable. Does this show that some 
specimens in the East African early (or middle) Miocene 
were part of a pre-Ramapithecus lineage ? Unfortunately 
CMH.133 is but one tooth, has never been mentioned 
outside Le Gros Clark and Leakey’s report® and is from 
an unknown locality on Rusinga Island. 

Concluding this discussion of the East African fossils, 
I believe it more probable than not that much of the 
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material is sampled from a dryopithecine broadly ancestral 
to the D. sivalensis;/D. fontani group. It is still possible, 
however, based albeit on slender and tentative evidence, 
that one or two specimens might be drawn from a pre- 
Ramapithecus species. If this is the case, should such a 
species be classified in Hominidae ? The dental adapta- 
tions present in this material are those of apes, as are the 
post-cranial ones. 

I think that the division between Hominidae and 
Pongidae should be drawn somewhere along the lineage 
leading to the Pleistocene Hominidae, after at least. one 
of the two major adaptive “boundaries” (dental or post- 
cranial) has been crossed. Ramapithecus can therefore 
be considered a hominid (provided that its “hominid 
features” are not parallelisms), whereas the early Miocene 
forms cannot. Leakey may have recovered an early 
hominid ancestor (although I doubt this), but he has not 
found an early hominid. It should be emphasized that 
this conclusion depends first on assigning fossils to their 
correct lineage, and second on semantics, on the definition 
of Hominidae. 

Now, although Leakey and I do disagree on a number of 
points, we are In agreement on two things: that late 
Miocene Ramapithecus is a hominid and that still earlier 
hominids are to be expected. Recently several authors??? 
have stated their view that the African apes shared a 
common ancestry with Hominidae as late as 5 million 
years ago. This common ancestor would have beer, like 
the African apes, a knuckle-walker. If this theory is 
correct, Ramapithecus cannot be a hominid, as Leakey, 
Simons, I and others**? believe. None of the Dryopithe- 
cus species can be ancestral to any living pongids, nor can 
lamnopithecus® or Pliopithecus be ancestral to Hylobati- 
dae. Any characters of these (supposed) ancestral species ’ 
suggesting ancestor/descendant relationships with living 
apes must therefore be parallelisms. I am more inclined 
to accept, however, the fossil evidence for the moment. 
This indicates that hominids were recognizably distinct 
from pongids 14 million vears ago, that certain early 
Miocene species are ancestral to gibbons, chimpanzees, 
and gorillas, and that many of the “basic hominoid similar- 
ities” are likely therefore to be parallelisms. 

To test these alternative hypotheses, discussed more 
fully elsewhere’, we need more fossils, a closer look at the 
meaning of biochemical similarities and contrasts, and 
more complete comparative anatomical and biochemical 
studies. It is to be hoped that a wider consensus can then 
be achieved. Only when an agreed framework for homin- 
oid evolution is produced can we hope to move on to the 
numerous questions of human morphological and be- 
havioural evolution which still need to be answered. 


Received August 27, 1968, 
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LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 


+ 


Radio Observations of Five Pulsars 


We have reported! measurements of the characteristic 
pulse shapes, dispersions and spectra of the four pulsars, 
CP 0834, CP 0950, CP 1133 and CP 1919, discovered by 
Dr Hewish and his group at Cambridge”. The 250 foot 
telescope at Jodrell Bank has been used to observe the 
five new pulsars CP 0328, CP 0808, HP 1506, PSR 
1749-28 and PSR 2045-16 reported by Cole and Pilking- 
ton®, Huguenin et al.4, and Turtle and Vaughan®. We 
describe here measurements of the positions, periods, 
dispersions and pulse shapes obtained at frequencies of 
151 MHz, 408 MHz and 610 MHz. The observational 
techniques used have been described before’. 

Improved positions for three of the sources were ob- 
tained by series of scans in right ascension or declination 
at a frequency of 610 MHz. The best estimates of the 
positions are shown in Table 1. The right ascensions for 
CP 0328 and CP 0808 are the values provided by the 
Cambridge observers’. The value for HP 1506 is the best 
estimate obtained from the Cambridge measurements and 
our own. 


‘Table 1 
a (1950) & (1950) Period (8) 
CP 0328 O8h@ams2s +15 54° 23° + & O-714518608+ ins 
CP 0808 O8hoSm508 + 30 74° 42° + € 1292241305 + 30ns 
HP 1506 TbhOTmS0s +20 55° 41’ + 6 O-739677616+ ZNS 
PSR 1749-28 17h40m48-88 +038 — 28° 05'57"+ 8” 05625533 +200 ns 


PSR 2045-16 20h45m47-684+ 0-48 -- 16° 27° 50° + 12” 1-9615639 +700 ns 


The positions of the two southern pulsars, as given by the Australian 
measurements, are also quoted here. 


The arrival times of the pulses at Jodrell Bank have 
been measured at a frequency of 408-0 MHz. A standard 
reference point has been chosen at the half power point on 
the rising edge of the pulse profile. The mean phase of 
this point has been determined over several hundred 
pulses at intervals of hours and of days. These mean 
phases have been converted to arrival times measured 
with a rubidium standard clock (compared periodically 
with Al atomic time). The pulse arrival times at the 
barycentre, the centre of mass of the solar system, have 
then been deduced, assuming that the souree positions 
given in Table 1 are exact. A period has then been fitted 
to these times. The variation in phase has been plotted 
against the number of periods elapsed, as shown in Fig. | 
for CP 0328. The error bars in the diagram represent the 
limits set by the recording system. This demonstrates 
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Fig. 1. Variations in the arrival times of pulses from CP 0328 with 


reference to a barycentric parioa on 0-71451860400 s (August 1-10, 
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Fig. 2. The dispersion in arrival time of the pulses for the throe sources. 
The errors on the points are too small to represent. 


the remarkable phase stability of the pulses from this 
source. More refined techniques than ours may show the 












The differences in arrival times of the pulses at fre 


quencies of 151 MHz, 408 MHz and 610 MHz have. been 
measured on all three sources. This relative delay in 
arrival time of the pulses has been attributed to the 
different propagation times through an ionized medium’, 
giving a delay proportional to (frequency)*. As in refs. 
l and 6, Fig. 2 shows graphs of relative delay, f — ts 


l 1 | 
plotted against -— — yy. The measurements on all five 


Yo fs" 
sources give straight lines passing through the origm. 
implying that the pulse delays over our frequency range 
are accurately described by a plasma dispersion law. — 

A confirmation of the delay between 151 MHz and 
408 MHz is demonstrated in Fig. 3 which shows. simul- 
taneous recordings of a train of pulses at these frequencies. 
on CP 0328. As reported earlier for CP 0950 (ref. 1), the 
pulse to pulse amplitude variations are found to be cor- 
related over a wide frequency range. This shows a relative 
delay of just under six periods between these two fre- 
quencies. 

The values deduced from these measurements of the 
integrated electron density in the line of sight between the 
source and the Earth are shown in Table 2, together with 
the estimated distances assuming a mean interstellar 
electron density of 0-1 em. 

The distances estimated in this way are up to four 
times larger than similar estimates for the first sample of 
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Fig, 3. A fast galvanometer recording of a train of pulses from CP 0328 received simultane- 
The dispersion delay of nearly 


ously at frequencies of 151 MHz and 408 MHz fon August 4}. 
six periods is evident. 


four sources. Unless the electron density of interstellar 
space in the neighbourhood of the Sun has been under- 
estimated, some of the sources are many hundreds of 
parsecs away from the Sun. It seems that sources with 
low galactic latitudes tend to have high dispersions. In 
particular, CP 0328 and PSR 1749-28 both lie in the 
galactic plane and have dispersions greatly above the 
others. This suggests that the sample is now including 
sources from a large section of the galaxy and not just 
from the immediate neighbourhood of the Sun. 


Table 2 
Integrated 


electron density Distance WH bil 
(pe emt} {pe} 

SP 032% 26°75 £ 0-05 268 145° 0“ 
CP O808 TF7 + 0-03 58 140° 34° 
HP 1506 19-60 + 0-08 196 90° 53° 
PSR 1740-28 50-88 + O14 509 1-6° — 1-9° 
PSR 2045-16 11-40 + O25 li¢ 30-5° — 331° 


Assuming that all the sources are randomly distributed 
through the disk of the galaxy, which has a half-thickness 
of 200 pe, we can arrive at an estimate of the mean 
electron density from the high latitude sources of 0-05 
em~*, If the pulsars lie in the halo, then the dispersions 
are due to the electrons lying in the disk and are not 
measures of distance. This gives an estimate of 0-025 em-3 
for the mean electron density in the plane. Both these 
values are entirely consistent with previous estimates. 

It is now important to improve the statisties of the 
distribution of pulsars in galactic coordinates. With the 
discovery of the high dispersion sources, suggesting that 
distances range beyond the thickness of the disk, it seems 
possible that there will be an excess of high dispersion 
sources near the galactic plane. As pointed out by Cole 
and Pilkington’, the Cambridge survey and other low 
frequency surveys are limited to low dispersion pulsars. 
For a study of the spatial distribution of pulsars in the 
galaxy, it is therefore necessary that future surveys 
should allow for a large range of dispersions as well as a 
full coverage of galactic coordinates. 

Pulse shapes have been measured at 151 MHz and 
408 MHz either from recordings of individual pulses or 
from the addition of many pulses in the on-line computer 
as in earlier work!*, Individual pulses could only be 
recorded with high resolution from CP 0328, the other 
four sources being weaker at 408 MHz. Fig. 4 shows a 
train of consecutive pulses from this source recorded with 
an effective resolution of 1 ms. They typically show a 
single sharp feature of 5 ms duration occurring at a 
constant phase of the period. Occasionally other features 
appear some 20-30 ms before and after the main pulse. 

The integrated pulse shapes measured at 408 MHz of 
all five sources are shown in Fig. 5. As for the other four 
pulsars, the integrated profiles appear to be characteristic 
of each source and to be independent of frequency. There 
are marked differences between the sources both in shape 
and duration of the profiles, though consistent shapes for 
each source have been measured over several days. 

The large dispersion for CP 0328 necessitates observa- 
tions with a narrow bandwidth to reveal its extremely 
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fine profile. The half-power width of the 
main feature is 6 ms when corrected for 
the finite resolution of the recording 
system. The falling edge of the pulse is 
extremely sharp and is unresolved. Two 
small features can also be seen at 27 ms 
before and 20 ms after the main pulse, 
corresponding to the features seen on 
some of the individual pulses. The rela- 
tive heights of these features are some- 


what variable, the leading one varying 
between 4 and 8 per cent and the follow- 


Eaa 


ing one between 5 and 15 per cent of 
the main pulse height in a few minutes’ 
integration. 

CP 0808 shows an integrated pulse profile which is 
remarkably smooth and long. The half-power width is 
45 ms and the duration is 80-100 ms. HP 1506 shows a 
short pulse profile with half -power width 13 ms and no finer 
structure has been observed, 

PSR 1749-28 has a very high dispersion and, as for 
CP 0328, a narrow bandwidth was necessary to measure 
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Fig. 4. Fast galvanometer recordings of a sequence of pulses from 
CP 0328 observed at 408 MHz on August 3, The instrumental resolution 
is 1-3 me. 
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its pulse shape. Again the pulse is short in duration with 
a half-power width of 6 ms. In contrast to CP 0328 the 
rising edge in this case is unresolved and there is no clear 
evidence for secondary features either before or after the 
main pulse. 

PSR 2045-16, however, has a very extended profile 
with total duration of about 110 ms. The main feature 
has half-power width of 40 ms and appears double with a 
separation of 20 ms. There is a smaller component 60 ms 
earlier. 

The result for CP 0808 is in marked contrast to the 
pulse shapes recorded by Cole and Pilkington? at 81-5 MHz. 
They observed a train of pulses showing two well defined 
c8mponents with a separation of 60 ms. We have looked 
for this in our integrated profiles and find no sign of a 
double structure either at 151 MHz or 408 MHz. The 
double structure would only appear if the two com- 
ponents maintained a constant phase within the repetition 
period throughout the integration, as in the case of 
CP 1133 which shows a double structure both in inte- 
grated and individual pulse shapes. The spacing might 
be variable for CP 0808. Other possible explanations 
might be in terms of the two observations being at dif- 
ferent times, different frequencies or different aerial 
polarizations. 

A search has been made for impulsive emission outside 
the main features of the pulses’. With a 20 ms resolution 


CP 0378 
0.35 MHI 
13 ms 








PSR 7025 - i$ 
i MHz 
6 ms 
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Fig. 5. Mean pulse profiles at 408 MHz over periods of 10 min on 
the five pulsars. For each source the bandwidth and overall resolution, 
including dispersion and time constant, are indicated. The aerial 
polarization was circular for the first three and linear for the other two. 








nothing has been detected to 0-25 per cent of the mam- 
pulse height on CP 0328 and 2 per cent on . TP 150) 
The pulse profiles now obtained for the nine sot 
show a wide variety of forms and no obvious patter 
evident. There appears to be a relationship between the 
period and the width of the main feature. Fig. 6 shows @ o 
diagram of the half-power widths of the main features: 
plotted against repetition period. There is a clear ten- 
dency for the longer period sources to have longer pulses, 
This implies that the parameters of the source which 
determine the pulse period also determine the pulse 
duration. The most obvious interpretation is that the 
shorter periods and pulse durations are both charac- 
teristic of the smaller diameter objects. 
Bland? has proposed a theoretical model to explain 
the observed pulse profiles in some detail, and he has 
given computed profiles from pulsating white dwarfs. It 
is clear that some of the observed shapes cannot be 
directly identified with his results, though some modifica- 
tions to his model might make this possible, 
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Because of the deep amplitude variations, simultaneous | 
measurements over a wide frequency range and for many = 
hours are necessary to define a mean spectrum. The 
present observations have concentrated on the det : 
of pulse shape and dispersions, giving only qualita 
measurements of spectra. Two of the sources, however 
The measurements 









be the strongest source we have yet observed an: 
is among the .weakest. ae, 

mean pulse energy at 151, 408 and 610 MHz together with 
the 81-5 MHz values? are given in Table 3. The two 
southern pulsars have only been observed for a very 
limited period and no adequate flux estimates are avail- 
able. 

All five sources show similar variability in amplitude 
to the first four sources'. The most notable difference 
appeared in the steady mean pulse amplitude from CP 
0328 and PSR 1749-28, when observed with a 4 MHz 
bandwidth at 408 MHz. In a 200 KHz bandwidth, 
however, these sources also show deep variation, implying 








Table 3 
Mean pulse energy (Joules Hz, m- x 10-4) 


81-5 MHz 151i Miz 408 MHZ G10 MHz 
(ref, 3) 
CP 9328 6-3 6-8 16 ig 
CP 0808 12 0-4 0-2 G4 
HP 1506 0-4 0-2 ais pa 
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frequency structure much finer than the broader. band- 
width. The amplitude variations and frequency structure 
will be described in another communication. 

With the increase from four to nine pulsars now dis- 
covered, some trends are beginning to show in their 
measured characteristics. The constancy of period, 
variability of amplitude and decreasing flux with fre- 
quency are characteristic properties of these sources. 
There is at least one source, however, the flux of which in- 
creases with frequeney. In addition the shorter period 
sources are now found to have shorter duration pulses. 
The plasma dispersions are beginning to show some de- 
pendence on galactic coordinates, suggesting that the 
sources we see are beyond the immediate neighbourhood 
of the Sun and are part of a galactic distribution. As more 
pulsars are discovered it is hoped that these properties 
will throw some light on the actual nature of these objects 
and their distribution in the galaxy. 

We thank Professor J. G. Davies and Professor F. G. 
Smith for helpful discussions. 


A. G. LYNE 
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-Jodrell Bank, 
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Helium Line Strengths in the 
Spectrum Variable a Centauri 


a CENTAURI (HD 125823) is a sharp lined B type star in 
which the neutral helium lines undergo a remarkable 
variation in strength. This was first noted by Bidelman! 
and Thackeray’, and Jaschek and Jaschek? have confirmed 
and further discussed the phenomenon. Jaschek and 
Jaschek described two spectra taken 17 nights apart in 
which the helium lines indicated spectral types B3 and B8 
respectively. The present investigation shows that the 
_ strength of the He I line 44471, for example, varies 
periodically between 300 and 2200 mA. All helium lines 
observed share similar extreme variations. 

The material on which this report is based consists of 
photographic high dispersion spectra (6-7 A/mm [twenty- 
one], 10 A/mm [ eight], and 23 A/mm [four]) over the 
_ wavelength range 3800-6700 A together with measure- 
< ments [nine] of the photoelectric continuum over the 
- range 3300-5600 A. The data were obtained at Mount 
~ Stromlo in 1967 and 1968, with the exception of one plate 
~ (67 A/mm) taken in 1965 and made available by Dr A. R. 
> Hyland. Intensity traces have been made of the photo- 
- graphic spectra; the continuum observations have been 
reduced to the standard scale suggested by Bessell?. 
We have found the period of the helium line variations 

to be 8-812+ 0-004 days. Fig. 1 shows the variation of 
the equivalent width of He I 14471 with phase (phase = 
(J D-2439864-109)/8-812). All other helium lines vary in 
phase with 24471, but the lines of no other element vary 
in this way. There is either no measurable variation 
(Mg If, C If, Si II) or an antiphase variation of much 
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smaller amplitude (N II, Si IH). In view of the impor- 
tance of the different behaviour of the two species of 
silicon, we illustrate their variation in Fig. 2. 

a Centauri thus seems to be one of a class of helium 
spectrum variables which includes HD 34452 (refs. 5 and 
6), 56 Arietis®, HD 124224 (ref. 7) and perhaps 21 Aquilae®.s 
and CPD-45 7545 (ref. 9). It should be noted, however, 
that whereas HD 34452, 56 Arietis and HD 124224 are 
peculiar A stars (showing abnormally strong lines of Si TT) 
a Centauri is considerably hotter and its colours indicate 
a spectral type around B2-B3. Apart from the recent 
work on 56 Arietis and HD 124224 by Peterson!*, there 
seems to be little quantitative information regarding the 
behaviour of the helium line strengths in such stars: ner 
is it clear whether the variation in line strength results 
from changes in the effective temperature and gravity 
of an atmosphere of constant composition or whether it is 
caused by some other phenomenon (for example, the 
segregation of elements over a rotating stellar surface 
or departures from local thermodynamic equilibrium 
(LTE)). 

In the absence of magnetic fields and rotation, a stellar 
atmosphere is defined by its effective temperature, gravity 
and composition. (We have examined a Centauri for the 
presence of a magnetic field but find no evidence for one 
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Fig. i. The variation of the equivalent width of He I 24471 with phase, 
A/mm; A, 22 A/mm. 
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greater than 700 gauss.) For B type stars the Balmer 
jump and the hydrogen line profiles are good indicators of 
effective temperature and gravity respectively. From our 
material we obtain the important result that the Balmer 
jump and the hydrogen line profile, Hy, are invariant 
throughout the helium line variation. (A comparison of 
the observations with the unblanketed model atmo- 
spheres of Mihalas™ yields the parameters 0, = 0-25 + 0-01, 
log g=4-0+0-1.) It is thus possible to infer that the 
stratification of pressure and temperature within the 
regions of formation of the continuum and the hydrogen 
lines (and hence of the other lines) do not vary grossly 
throughout the helium cycle. 

We now compare the profiles of He I 44471 in a Centauri 
with that in y Centauri, a normal B3V star of similar 
effective temperature and gravity (0.=0-24+0-01, log 
g=3-9+0-1). Fig. 3a shows the profile in a Centauri at 
maximum and minimum line intensity, while Fig. 36 
compares the profile in a Centauri at maximum with that 
in y Centauri. a Centauri is not only helium weak at 
minimum but also helium strong at maximum as com- 
pared with stars of similar effective temperature and 
gravity. 
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Fig. 3. a, The profiles of He I 44471 in a Centauri at minimum and 
maximum line strength. b, The profile of He I 44471 in a Centauri at 
maximum line strength compared with that in y Centauri. 


The basic parameter determining the strength of lines 
in stellar atmospheres is y,, the ratio of line to contmuum 
opacity. For those helium lines of which the broadening 
theory is reasonably well understood™ we have computed 
line profiles assuming hydrostatic, radiative and local 
thermodynamic equilibrium. In this work we have used 
the Mihalas'! model 0.=0-25, log g=3-8 and N(He)/ 
N(H)=0-15. For any one profile computation, however, 
we multiplied the computed value of 4, by an arbitrary 
factor F assumed to remain constant throughout the 
atmosphere. We have computed the lime strengths as a 
function of F in order to find the values necessary to 
explain the strength of the helium Imes at the extremes 
of the variation. This has been done for the He I lines 
114121, 4438, 4713, 5876 and 6678. A value of F in the 
range 0-4-2-0 fits the lines in y Centauri while for a 
Centauri we find that # ~0-03--0-1 explains the lines at 
minimum and F~ 1-0-3-0 explains those at maximum. 
For all lines in a Centauri, F varies by a factor ~ 30-40 
through the cycle. 

What is the significance of this range in F? Because 
some elements vary in antiphase to helium, changes in the 


continuum opacity cannot cause the variation. A- reat. 
change in the line opacity per gram of stellar mate: 
required. Such a change may be caused in one of 
ways. Either the abundance of helium relative to hydro- 
gen changes (segregation of elements over a rotating 
stellar surface) or the levels are populated by some non- 
LTE mechanism. There are difficulties incumbent on 
either mechanism. If we produce a model with elements 
segregated over the surface of a rotating star it is difficult 
to explain the different behaviour of Si TE and Si IH. 
(We note, however, that our estimate of the projected 
rotational velocity, v sin i, is about 15 km/s, which is of 
the same order as the rotational velocity of a main 
sequence B3 star with a rotational period of 9 days.) M, 
on the other hand, we invoke some non-LTE mechanism to 
explain the variations, we have the important restriction 
that both singlets and triplets seem to experience the 
same change in level population. 

I thank Dr Bodo Baschek, Mr E. B. Newell, Dr A. W. 
Rodgers and Dr Leonard Searle for encouragement and 
helpful discussion, and General Motors for a Holden 
postgraduate fellowship. 
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An Observer moving in the 
3° K Radiation Field 


Ir an observer is situated in a radiation field and observes 
that the radiation is black-body radiation of temperature 

T, then a second observer moving with a velocity # 
relative to the first will observe a different spectrum, and 
the spectrum will depend on the direction im which he 
looks. It is generally assumed! that the second observer, > 
using the same radiometer as the first, would receive > 
more power from the direction in which he is moving, but, 
according to a defective derivation by Condon and — 
Harwit? based on photon counts, a detector receives less 
power from an approaching source than from a receding 
one, if Av/kT < 1-60. This also imphes that the spectrum 
no longer appears as a black-body spectrum. 

The purpose of this communication is to demonstrate 
classically that in any one direction the spectrum remsins 
that of a black-body. The temperature 7” associated with 
the direction making an angle 9 with the direction of 
motion is given by 7” = 7(1+68cos0), where §=r/e and 1s 
assumed to be much less than unity. Thus in the forward 
direction, 6=0, the temperature and brightness are 
increased, regardless of frequency. 

Table 1 is a summary of results for the forward direc- 
tion, in which primes refer to the second observer and the 
customary MKS units of radio astronomy are quoted as a 
means of identifying the various quantities clearly. For 
wavelengths where Av<kT, simple approximations are 
included. 
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Table 1. SUMMARY OF RESULTS FOR THE FORWARD DIRECTION 

Solid angle of source F = (1-29)Q sr 
Integrated flux density <A’ = (1+28)8 W m 
integrated brightness bo = (1449) W mgro 
Temperature T = 1+hT °K 
Monochromatie bright- exp (he/kT)— 1 Ar mn ~ Ase 

aesa i = exp irik 1 by W ma Hri sr 


= (+B, (Ar <kT) 


Monochromatic flux _exp Gn /kT) —1 (1—28)Sy 


density 8,’ W m Hz 


= exp e/kk) 1 
= (1-B)Sy (hv <kT) 


The relation Q’=(1~28)Q is due to aberration, which 
changes the apparent direction of a point source in a 
direction 0 by an angle —ßsinð and thus compresses a 
two-dimensional source in the forward direction by a 
factor 1—28. The result for S follows from the special 
relativity transformation according to which both electro- 
magnetic field components are increased by 1+8, and so 
the power per unit area is increased by 1+28. Hence 
S” = (1+28)S. Then b’ = S/Y = (1+ 28)8/(1—28)Q = 
(1 +48). 

To obtain the spectrum by'{(v) in terms of b,(v), where 

2h v3 


AOS a exp (hv/kTj—i 


let b, and b, be the powers received per unit area per unit 
solid angle by the first observer in bands 8v centred at 
v and v, Let him caleulate the ratio b,/b,. Using the 
result for b, and allowing for the Doppler effect, we can 
say that the second observer sees (1+46)b, and (1+ 48)b, 
in bands (1+8)8v centred on (1+8)v, and ( l-8) He 
calculates the same ratio as the first observer if he uses 
frequencies higher by 1+ than those used by the first 
observer. It follows that 

fo 


Hy) = K l 
by (y) (B)dy VETO 


where K(8) is independent of v. Because b is the infinite 
integral of by with respect to v and, because b'={(1 + 45)b, 
AB) = Jby’(v)dv/fby(v/(1 + 8))dv=b'/(1+8)b=14+38. Hence 


by) = (1+88) by (775) (1) 
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which is the black-body spectrum associated with the 
temperature T’=(14+8)7. Equation (1) is not limited to 
black-body spectra. 

The results for by’ and Sy’ follow directly. It is interest- 
ing to note that, where hv<€kT, the power received from 
an extended source per unit area per unit frequency 
interval is indeed less for the second observer, by a factor 
1—8-—that is, Sy’=(1-—8)Sy. Nevertheless, the source 
appears brighter, and at a higher temperature, because it 
subtends a solid angle that is less by a factor 1~28. If 
these arguments are carried through, taking into account 
the angle 0 and without the restriction 8<1, the result 
is T = T(1 + Bcos8) (1 —8?)-1/2. 

The frequency of maximum brightness difference 
between the backward and forward directions is given 
by the condition 

a Oby 


ov ( o P) j 

which reduces to exp(hv/kT) = (4 + Av/kT)/(4—hv/kT). This 
equation gives hv/kT = 3-83; when T = 3° K, v= 2°39 x 10% 
Hz (A=1-25 mm). It would be equally valid to measure 
brightness per unit of wavelength rather than per unit of 
frequency, so an equally valid maximum can be found at 
0-80 mm. The intrinsic maximum based on a logarithmic 
unit of bandwidth is at 0-97 mm. 
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The possibility of determining the velocity of the 
Earth relative to the 3° K radiation field also depends on 
the degree of fine scale isotropy that this field will prove 
to possess. We reported? the root mean square departure 
from 3° K to be less than 0-0017° K at 2-8 em using an 
angular resolution of 2°. If this situation holds over the 
whole sky, the motion of the Earth about the galactic 
centre (B~ 0-001) will be detectable, as may be the motion 
of our galaxy within and with the local cluster of galaxies. 
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Explosive Ignition of Carbon in 
Stars of Intermediate Mass 


Hoyle and Fowler’ have suggested that type I supernovae 
are the result of an explosion following the ignition of 
degenerate nuclear fuel in an evolved star. The purpose 
of this communication is to place this idea within the 
context of current stellar evolutionary calculations and 
to examine the development of the instability. The 
growth of carbon—oxygen core as a result of helium shell 
burning in stars of intermediate mass has been studied 
by Hayashi, Hoshi and Sugimoto®*, Kippenhahn, 
Thomas and Weigert’, and Weigert®. For a carbon- 
oxygen core of mass M,~():7 Mo, these authors find that 
inclusion of energy loss by neutrino emission prevents the 
carbon flash from occurring, and that a cold degenerate 
core of potentially explosive carbon and oxygen slowly 
grows. If energy loss by neutrino emission is included, a 
carbon star cannot ignite by the C+C reaction if its 
mass is less than about 1 Mo (unpublished results of 
T. Murai, D. Sugimoto, R. Hoshi and C. Hayashi, and of 
G. Beaudet and E. E. Salpeter). This implies that all 
stars which have a less massive carbon—oxygen core at the 
onset of the helium shell burning stage will not ignite 
carbon burning by the comparatively gentle carbon flash, 
In what follows I consider how this ignition might occur, 

In a star with a carbon—oxygen core, helium shell source, 
helium zone, hydrogen shell source and hydrogen zone to 
the surface, the carbon—oxygen core is degenerate, with 
the temperature lowest where the plasma—neutrino 
emission rate is large (fer the most evolved model of 
Weigert? this temperature minimum occurs at the centre). 
The helium burning shell develops a local thermal instabil- 
ity which is followed by a thermal runaway and rapid 
expansion of the shell. A slow contraction follows after 
which the shell becomes unstable again. Weigert has 
followed the evolution of his 5 Mo model through six 
of these thermal pulses; they seem to be growing in 
amplitude. One possible course of evolution is clear: 
if the thermal pulses become sufficiently violent they 
may result in loss of the envelope of the star, eventually 
leaving a white dwarf composed of a carbon—oxygen core 
with perhaps a thin outer layer of helium and maybe 
hydrogen. This requires that more than about 3-6 Mo 
be expelled from the star, a rather extreme requirement. 

If the thermal pulses cannot reduce the total stellar 
mass to less than the Chandrasekhar limit’, then the 
hydrogen and helium shells will continue to process- 
hydrogen to carbon and oxygen, increasing the mass of 
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the carbon—oxygen core. The thermal structure of the 
earbon—-oxygen core will be determined by the balance 
between energy loss by neutrino emission, and energy 
supplied by electron conduction from the hellum burning 
shell and by gravitational contraction. If gravitational 
contraction is slow, as will initially be the case, electron 
conduction from the helium burning shell is the dominant 
source. The helium burning takes place at a temperature 
of about T,=0-2 (T,= T/10° °K); this, taken with the 
rapid decrease in the rate of plasma neutrino energy loss 
with decreasing temperature, suggests that the core 
temperature is roughly T, < 0-2. 

. In the idealized problem of white dwarfs® it was found 
that for a sequence of carbon—-oxygen hydrostatic models 
at zero temperature the central density becomes infinite 
as the mass approaches M/M-=1-44. When the central 
density increases beyond o¢~10* g/em*, the electrons, 
which supply the dominant contribution to the pressure, 
become relativistic and have a much reduced resistance 
to compression relative to the gravitational attraction. 
Consequently, as the He and H burning shells add more 
mass to the carbon-oxygen core, the central regions are 
compressed at an increasing rate. The work done by the 
gravitational contraction, — PdV, goes into counter- 
acting the plasma neutrino cooling. Fig. 3(b) in the article 
by Beaudet, Petrosian and Salpeter’ shows that the rate 
of the plasma neutrino energy loss drops drastically with 
increasing density after a certain critical density is reached. 
For 7’,= 0-1 the rate of plasma neutrino energy loss is a 
maximum at ọ~ 107 g/em? while at 7,= 0-385 the maxi- 
mum is p~10° g/em*, Thus in the central regions the 
rates of energy loss decrease and those of energy genera- 
tion increase. Heating eventually results. Electron 
screening! enhances the rate of the "C+ YC reaction most 
at the centre of the star, where the thermonuclear ignition 
occurs. This region is highly degenerate, and the explosive 
instability proposed by Hoyle and Fowler’ for type I 
supernovae occurs. 

This instability has been examined quantitatively. 
The rate of the C + 1C reaction was from the experimental 
fit of J. Patterson, H. Winkler and C. Zaidins (unpub- 
lished results), and the hydrostatic and hydrodynamic 
stages were calculated by a modification of the technique 
suggested by Cox, Brownlee and Eilers’. The initial 
model was taken to be an isothermal core composed of 
equal parts by mass of 1C and 10. The core mass was 
taken to be 1-37 M o (2-723 x 10% g) and the temperature 
to be that of the helium burning shell. For a reasonable 
structure (radiation pressure dominant in shell) this 
implies a rate of mass addition’? of M =6-8 x 10° g/s. 
The central density was ¢~ 2x 10° g/em*. 

The temperature-density structure of the stellar core 
is shown at various instants of time during subsequent 
evolution in Fig. 1. The initial model is represented by 
the curve A. As more mass is added to the core the 
subsequent compression results in heating of the central 
regions, which results in configuration B. Because of 
strong screening, "C+1#C ignites at the centre, and 
develops a central convective core, the beginning of which 
occurs at configuration C. At the instants corresponding 
to configurations D and E the convective core has grown 
to include 0-43 M o and 0-64 Mo respectively. 

During the evolution a drastic decrease in thermal 
time scale occurs, going from t~10*!* s at configuration 
A to t~10-% s at F and returning to only +~10-* 8 at 
G. This increasing rapidity of evolution is noticeable at 
E where the convective transport of energy is becoming 
superadiabatic but is nevertheless unable to prevent a 
further increase in central temperature. 

At F the central region reaches its peak temperature. 
The dashed line in Fig. 1 represents the boundary of a 
‘6Fe and ‘He gas at which the equilibrium abundance by 
mass is half helium and half iron'. This represents in a 
qualitative way the set of temperatures above which 
iron-peak elements begin to undergo endoergic photo- 
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Fig. 1. History of structure for explosive ignition of “O. “Snapsho ts” 


of temperature-density structure at selected instants in time are shown 
and labelled A-G. Numbers labelling contours refer to the quantity 
n= RoT]uP which is the ratio of ideal gas pressure ta actual pressure, 
and illustrates the effects of degeneracy and electron pair production on 
the equation of state. The dashed line qualitatively ilustrates the 
boundary above which endothermic photodisintegration of iron-peak 
nuclei occurs. 
disintegration. The reactions "C+™C and 0-410 go 
rapidly to completion at high temperature, so that the 
explosion merges into a silicon-burning quasi-equilibrium 
and finally into a true equilibrium with respect to the 
strong interactions. The nuclear reaction network used 
was sufficiently complex to illustrate this behaviour in a 
realistic way. Although the time scales are short, electron 
capture by free protons may effect the total neutron; 
proton ratio of the system. As the endothermic photo- 
disintegration reactions come into equilibrium (in a time 
z~ 10- s) the peak temperature is reduced to about 
9-6 x 10° °K. 

The subsequent expansion phase (@) is sufficiently 
violent to compress and ignite the relatively cold matter 
lying outside the central region in which nuclear burning 
is occurring. A detonation front develops. Extreme 
requirements of computer time halted the computation 
at this point. 

As the detonation front propagates towards the surface, 
its peak temperature will decrease, giving regions which 
have been processed to the e-process, to silicon burning, 
to oxygen burning and to carbon burning, each to various 
stages of completion. This behaviour is of special interest 
for nucleosynthesis. It is interesting to note that any 
star which can undergo this instability will process 
essentially the same amount of material through the 
same series of temperature and density conditions for the 
same time intervals. This is because the critical parameter 
is the mass of the carbon—oxygen core, not the total mass 
of the star. A consequence is that the nuclear abundances 
produced will vary relatively little among objects of this 
type. This investigation demonstrates the existence of 
the explosive instability, but a more careful evolutionary 
calculation is needed to ascertain at exactly what density 
the thermal runaway occurs. The value found here is 
an upper limit, and enables a reasonable estimate to be 
made of the range of conditions for nucleosynthesis. 
Previous investigations (refs. 1, 12, 13 and unpublished 
work of W. D. Arnett and J. W. Truran) suggest that 
such a range of conditions is quite likely to produce 
abundances from carbon to iron in reasonable agreement 
with those observed in the solar system. Prelimmmary 
quantitative investigations of this point have been 
completed only for that range of mass sufficiently far from 
the centre that the detonation front only ignites the 
2C42C reaction. For a post-shock temperature F~ 2-0 
and density p~ 10° g/cm’ to 107 g/em*, direct numerical 
solution of the relevant detailed reaction network (W. D. 
Arnett and J. W. Truran, unpublished) (containing 
ninety-seven reactions and their inverses) for a hydro- 
dynamic expansion gives startling results. Elemental 
abundances of C, O, Ne, Na, Mg and Al agree with solar 
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system values to well within a factor of two, as do most 
of the isotopic abundances. These preliminary results 
are most promising. It seems that this explosive instabil- 
ity will certainly eject large amounts of newly synthesized 
heavy elements (Z<6) into the interstellar medium. 
Because of the relative simplicity of the stellar evolution 
involved, it is suggested that the expenditure of effort 
needed to predict quantitatively the total composition 
of ejected matter may be well worthwhile. 

it is intriguing that the particular nature of energy 
loss by plasma neutrino emission (which depends on a 
direct e-y coupling}. and the equation of state for relati- 
vistic degenerate electrons conspire to prevent the 
carbon-oxygen core from igniting until relatively high 
density is reached, thus ensuring a violent explosion. 
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Behaviour of Weyl—Levi Civita 
Coordinates for a Class of Solutions 
approximating the Schwarzschild 
Metric 
Tae search for energy sources for the ultra-high-energy 
phenomena in astrophysics discovered recently (quasars 
aned pulsars, for example) has led to renewed interest in 
the study of general-relativistic gravitational collapse. 
(For a survey of relativistic astrophysics, see ref. 1.) 
Important unsolved problems include whether realistic 
models of collapsing bodies must pass through an event 
horizon, and, if so, whether they must continue collapsing 
until the inevitable development of a singularity. It has 
been conjectured? that, once the simplifying assumption 
of spherical symmetry is dropped, it may be possible to 
avoid the formation of an event horizon (the generaliza- 
tion of the Schwarzschild radius) during collapse. In the 
hope that in the late stages of collapse the exterior field 
of the collapsing object might be well approximated by a 
static field, Israel? has attempted to prove that “. . . there 
exists a general class of Weyl [static, axially-symmetric 
exterior gravitational] fields which deviate arbitrarily 
little from Schwarzschild’s solution for r> (1+ 4/(2)) m, 
which are analytic except for a particle-like singularity 
(well within the gravitational radius r= 2m) and which 
are free of event horizons”. 

Consideration of the class of solutions given shows the 
need for extreme caution in the use and interpretation of 
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the Weyl coordinates + examples counter to the properties 
given here exist within this class. 

Israel starts from the Weyl—Levi Civita form of the 
Schwarzschild metric, which is generated by the New- 
tonian potential of a uniform rod, which he expands in a 
series of Legendre functions 


Le Oi 
As — E {m/RP* Py (cos0)/(2n + 1) (1) 


n= 
giving the Schwarzschild metric in the form 


ds? = e?r- (dR? + R*d0*) + e- R? sin? Ode? — etide, 
R>m (2) 


where v is a funetion determined by à}. He then considers 
the class of solutions generated by in, obtained by ter- 
minating equation (1) after n+ 1 terms. Because the series 
is now finite, it converges for R>0. He discusses this set 
of solutions, interpreting R=0* as a “multipole singu- 
larity”, and assuming no event horizon occurs. 

To study these solutions fully, it would be necessary 
to investigate the nature of the region described in these 
coordinates by R=0+, the only place where %, could 
approach negative infinity, the criterion here for an 
event horizon. Usually this is no easy matter, because the 
condition R=const is not characterized invariantly. But 
in these coordinates R >0 always characterizes a region 
outside a possible event horizon. 

The important family of surfaces are the equipotentials 
An = const because e4 obeys an invariant Laplace equation 
on the three-space t=const; but these surfaces are 
generally difficult to analyse in Weyl coordinates. 

For n=0 (the Curzon metric), however, the equi- 
potentials coincide with the R-=const surfaces. As 
shown recently*, for positive mass the limiting surface 
R= 0* corresponds not to a point but to an event horizon 
of infinite area on which a curvature invariant becomes 
infinite in almost all directions. This shows a mixture of 
the characteristics of the Schwarzschild surface and the 
Schwarzschild singularity; but the solution is character- 
ized by neither a point-like singularity nor the absence of 
an event horizon. 

A theorem, proved by Israel‘, states that the Schwarz- 
schild metric is the only static exterior metrie with 
simply connected equipotentials which can have a non- 
singular event horizon. The Curzon metric provides an 
example of a case where the equipotentials remain simply 
connected, but a singular event horizon develops. The 4, 
metric provides an example of a case where the equi- 
potentials bifurcate. This will happen when the gradient 
of eĉ! vanishes, as Israel shows’. This occurs when 
R=m/+/2 in the “plane” 9=7/2. The bifurcation of an 
equipotential need not correspond to the presence of more 
than one source. as Newtonian examples show, but it 
may well do so. In the present case, the fact that e^! 
approaches zero in some directions as R-—-0+, but not in 
others, indicates that these limiting points include horizon 
points, as well as others; so that the structure of R= 6+ 
must be rather complex. It is by no means certain that 
the manifold may not be extendable beyond R= 0*, nor 
that the source may be considered a single multipole 
object. Similar comments apply to all higher à» metrics. 
Numerous examples show that the structure of the source 
of the Newtonian potential used to construct a Weyl—Levi 
Civita metric may be quite different from the structure 
of the source of that metric. 

It would be extremely interesting to try to characterize 
single static sourees more generally than by the demand 
for closed simply connected equipotentials, and see 
whether some generalization of Israel’s theorem about the 
uniqueness of the Schwarzschild solution still holds in 
this wider class of static metrics. 

The statement of Israel about being well within the 
gravitational radius r=2m becomes imprecise without 
some invariant meaning for the concept of distance. In 
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particular, suppose we assume it is possible to continue 
the exterior metric within some equipotential surface by 
a well behaved static interior solution corresponding to a 
reasonable stress~energy tensor. Then the dimensions of 
this source region could be invariantly characterized. But 
it seems unlikely, in view of the fact that R= 0* corre- 
sponds to any points of the event horizon accessible in 
these coordinates, that the body will be found to lie 
within its gravitational radius. 

The very crucial nature of the static assumption in 
Istael’s resulti, as well as recent work on non-state 
perturbations of the Schwarzschild metric®, lead one to 
Suspect that the application of any static results to the 
problem of gravitational collapse is premature. 
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Extinction Curves for Graphite Particles 
coated with Solid Hydrogen 


Many attempts have been made recently to match the 
wavelength dependence of the observed interstellar extinc- 
tion curves with calculations for theoretical models. These 
attempts (reviewed in refs. 1 and 2) have met with varying 
degrees of partial suecess. It is now generally recognized 
that a pure dielectric particle will not be able to explain 
the entire wavelength range of the extinction observa- 
tions. In particular the very strictly linear portion 
(0-8u-! << a< 23u) of the mean extinction curves of 
Nandy? and the continued increase in extinction towards 
the far ultraviolet® would seem to rule out homogeneous 
dielectric particles as a significant constituent of inter- 
stellar material. Calculations by Stecher and Donn’ and 
by ourselves? have indicated that a size-distribution of 
pure graphite particles could produce general agreement 
with observations in the visible and ultraviolet spectral 
regions up to ~ 2200 A, but no agreement is possible 
further in the ultraviolet. This agreement includes the 
reproduction of an apparent hump in the observed extinc- 
tion at ~ 2400 A—-which Stecher and Donn have referred 
to as the “signature of graphite”. Of the grain models so 
far proposed the graphite core-ice mantle grain seems 
most favourable in being able to reproduce the detailed 
extinction curves in the visible spectral region as well as 
the overall features of the extinction up to ~1500A 
(ref. 8). For such particles, however, the hump in the 
extinction at ~ 2400 A characteristic of graphite is washed 
out because of the effect of the outer ice mantle. If the 
structure in the extinction curve at the same wavelength 
is confirmed by future observations, the graphite core—ice 
mantle grain cannot be regarded as an entirely satisfactory 
model. A graphite component of the grains is, however. 
strongly indicated both by this ultraviolet feature as 
well as by the kink at 4-!=2-3y-' of the visible extinction 
observations, the latter being probably associated with a 
change in the refractive index of graphite. It 1s therefore 
interesting to explore the possibility that a graphite core 
with a dielectric mantle of refractive index different from 
that of ice may produce better agreement with the 
observations. 

The conditions required for the formation of solid 
hydrogen mantles on graphite grains have recently been 


discussed by Wickramasinghe and Reddish’ and by H 
et alo”. The critical parameter is the grain tempe 





Tg which in turn is determined by the energy density ot 
the ambient radiation field. If T,<34° K, m condi- 
tions of galactic gas densities, all H. atoms impinging on 
grains will stick on as H, and result in the growth of solid 
H, mantles. The possibility that such a condensation 
process takes place throughout extensive regions of the 
galaxy cannot be excluded at present. Observations of 
the lack of H II regions in certain OB associations’ as 
well as of the absence of 21 cm features in the Coal Sack 
(Kerr and Garzoli®) would tend to support this hypothesis. 
~The size to which a mantle of solid hydrogen can grow, 
in suitable conditions, will be controlled chiefly by 
the ratio of the number density of graphite nuclei to 
that of H atoms. We shall assume that an appreciable 
fraction of the interstellar carbon density is in the form 
of graphite flakes of radii ~5x 10° em and thickness 
~5x 10-7 cm (ref. 1, page 85). The mass of each flake is 
~10-6 g, A spherical hydrogen mantle of radius r 
around such a particle has a mass ~ (4/3)rrsq, where 
sy is the specifie gravity of solid hydrogen. Assuming 
that most of the hydrogen in a local region has condensed 
onto the graphite the average outer mantle radius r is 
given by 


T a E m 
10 a 18 L2a¢- ver vi 





Extinction calculations for graphite core-selid hydrogen 
mantle particles require a knowledge of the refractive 
indices both of graphite and of solid hydrogen as functions 
of the wavelength. For graphite the complex refractive 
index m(A) is available from direct measurements’. Al- 
though no direct measurements are available for the 
refractive index of solid hydrogen, such measurements 
are available for liquid hydrogen’ at optical wavelengtihe 
as a function of the liquid density. The refractive mdex 
of solid hydrogen cannot be significantly different from 
that for the liquid at the same value of the density. Fron 
the available data?! we estimate m= 1-05 as the refract 
index of solid hydrogen at a temperature ~ P K. i8 
value would seem to be valid in the visible and ultravialet 
spectral regions. The general features of our r alts, 
however, are not sensitive to the precise value of me. 







Using the data given here we carried out caleulations of 


a 





hydrogen mantles of various radii. 4 
observations the theoretical extinction efficiency Qeysi A} 
was normalized according to the equation 


Am (A) = S S ext (Ao) . (2) 
West (Ar) ~ Gext (Ae) 
where hyt = 1-22u-) and Ah = 2-22u-7. The observational 


extinction data were also normalized im a simular manner. 

General agreement with the observations was possible 
for a wide range of models. If the core radius feor Was 
fixed in the range ()-04-0-06u, a radius for the outer mantle 
within the range 0-15-0-30u always yielded a satisi 
fit with the observations. In Fig. | we have plots he 
normalized extinction curves for a graphite core of 
radius Peore = 0-055 with three values of the outer mantle 
radius: (1) rm=0-19n, (2) rm =0-23u and (3) pm = Bou 
The points are the mean observations of Nandy’ in the 
visible spectral region and of Stecher® in the ultraviolet, 
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Fig. i. Comparison of theoretical extinction curves with observations. 

_ Curve 1 is the normalized extinction due to a graphite core of radius 

0-055u with a solid hydrogen mantle of outer radius 0-194; curves 2 and 

3 correspond to solid hydrogen mantles of radii 0-23 and 0-25u around a 

graphite core of radius 0-055z. Points @ denote the observations of 

Nandy for the Cygnus region*, Points A denote the rocket ultraviolet 
observations of Stecher®, 


All three curves give good agreement with observations 
throughout the visible spectral region. Curves 2 and 3 
give very good agreement over the entire wavelength 
range of the observations. A striking feature in Fig. 1 
is that the hump in the extinction at A 2400 A due to the 
graphite core is present to varying extents in all the 
seurves. The preservation of this feature in the case of the 
hydrogen-coated grains would seem to be a consequence 
of the extreme translucence of solid hydrogen. 
Extinction calculations were also performed for various 
size distributions of solid hydrogen mantles around 
graphite grains. Remarkably close fits with the observed 
extinction curves were found for most cases considered, 
provided the core radii were in the range 0-04-0-05u and 
the mean outer mantle radius was close to 0-2u. Details 
of these calculations will be published elsewhere. 

The far infrared observations of Johnson!® have been 
excluded from the preceding discussion on account of the 
considerable variability of the results from star to star 
and on account of the limited number of stars for which 
data are available. The observations as they stand would 
tend to indicate that a strong excess of extinction in the 
range 3-10 exists in some stars. Such an effeet may be 
due to the presence of a cloud of large hydrogen grains of 
radii ~ 1—3u in the line of sight of the star. It may also be 
caused by absorption by the graphite lattice near its 
Debye frequency. 

We thank Professor F. Hoyle and Dr V. C. Reddish 
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Observations of CP 1133 with a Fast 
Night Sky Cerenkov Detector 

FoLLowineG the observations!-* of sources of pulsed radio 
emission, attempts have been made to detect gamma 
radiation, or other neutral particles, from the source 
CP 1133 using the Cerenkov night sky technique! in the 
energy region above 101? eV. 

The system used was a modified version of that described 
before. Four f/2 mirrors 90 cm in diameter were mounted 
with their axes parallel on a steerable altazimuth mounting 
and viewed with fast photomultipliers using 0-49° half 
field of view. The photomultiplier signals were amplifiede 
clipped to 2-5 ns length and fed into coincidence units 
which gave four-fold coincidence pulses with an overall 
resolving time of 3-5 ns. One channel was also delayed 
artificially and used in a further coincidence unit to give 
a continuous record of the rate of random coincidences. 
The random coincidence rate was maintained constant 
by using servo lamps? which kept the individual cur- 
rents constant and the rates constant to +10 per cent 
at about 7x 105/s. At these rates the discriminator biases 
were set at the two photo-electron level; the photon 
threshold sensitivity was then estimated at about 30 
photons/m*. 

The resolving time used was intended to favour the 
detection of a fast component of Cerenkov light, produced 
by high energy particles at altitudes of 10-18 km. Because 
of a fortuitous cancellation of the variation of Cerenkov 
angle by the height factor at these altitudes, an annulus 
of high intensity and short time spread is produced at 
sea level. This fast component will be stronger for a 
gamma-ray induced cascade, because of the rapid develop- 
ment and higher energies, than for a proton-induced 
cascade. The angular resolution is also better than for a 
system with longer resolving time. In this case the 
threshold energy for a gamma-ray induced shower at the 
zenith was calculated to be about 10% eV, with a col- 
lection area of 1-5x 104 m?. At a zenith angle of 60° the 
threshold energy is raised to about 45x 10? eV with 
a collection area of 6x10 m’. For a proton-induced 
shower the energy can be calculated, from the observed 
rate of approximately I/min, the solid angle, and the 
theoretical collection area of 6 x 104 m? (refs. 7 and 8); it is 
about 10% eV at the zenith. The rate of proton-induced 
showers falls off experimentally with zenith angle approx- 
imately as cos Z, as observed earlier’. 

Drift scans were carried out by setting the system on 
a point through which the source would pass and observing 
the counting rate as the source passed through the field 
of view. The shower counting rate was the excess obtained 
by subtracting the random rate from the prompt rate 
(genuine plus random rate) at 1 min intervals. The setting 
accuracy was approximately 02°, 

Eleven 40 min scans of CP 1133 were obtained between 
April 21 and May 2, 1968, before the brightness of the 
sky made further operation impossible. In these a total 
of 208 showers were observed in 440 min, at zenith angles 
between 37° and 60°. Sixty-two of these showers occurred 
in the 6 min about transit (T = + 3 min, 66 min in all); that 
is, a shower rate of 0-94/min on source and 0:47/min off 
source. The prompt, random and excess counting rates 
for the eleven scans, grouped in 6 min intervals, are 
shown in Fig. 1. Assuming Poisson statistics for the 
prompt and random rates the standard deviation for the 
excess counts is 11-5 eounts, so that the count of sixty- 
two events during the “on” period departs from the 
average “off” rate of twenty-five counts (per 6 min) by 
3-2 standard deviations, a probability of ~ 0-07 per cent. 
The experimental standard deviation in the excess “off” 
counts is less than 11-5, so that the assumption of Poisson 
statistics would appear valid. No anomalous effect appears 
in the random counts. It must be remembered, however, 
that in night sky Cerenkov experiments, fluctuations 
larger than the Poisson values are frequently observed. 
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a » 
The effect is more apparent in scans at large zenith 
angles. This is compatible with a primary flux of gamma- 


rays for the proton shower background falls rapidly with 


zenith angle. For a fast component of Cerenkov light 
from gamma-ray showers, a reduction in counting rate with 
increasing zenith angle would only be strong if the slope 
of the gamma-ray spectrum were very steep. The estim- 
ated flux, averaged over the zenith angles of observation, 
is about 5x 10°" primary photons/em’ s, at an energy 
threshold of about 3 x 101? eV. The uncertainties in these 
estimates are at least a factor of two; but these results 
are compatible with recent observations by Charman 
et al. (personal communication), who have also used a 
night sky Cerenkov system. 
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Fig. 1. Total numbers of events summed for all eleven drift acans, 
grouped in 6 min intervals. The source passed through the centre of the 


field of view at the time marked 0. The number of shower events in each 
time interval is the histogram marked “Excess”, 


The possibility that the apparent effect is due to flashes 
of light in the source itself, produced by some process 
analogous to an air shower, cannot be ruled out from 
these observations. It is not clear whether such a process 
can be excluded by previous negative observations with 
lower bandwidth systems". 
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Localized Interstellar Molecular 
Hydrogen 

Hyprocen molecules are expected to have very short lfe- 
times (~ 1,000 yr) in the interstellar radiation field so the 
overall interstellar density of H, must be very low!, This 
view is supported by the observational evidence? that the 
upper limit of the H, density is one-tenth that of atomic 
hydrogen, and also by the overall correlation’ found 
between optical extinction and measurements of hydrogen 
atoms at 21 em wavelength. Nevertheless, localized 
regions of the sky have been observed in which there is a 
negative correlation of H atom density and optical extinc- 
tion®-*, Moreover, Heiles? has reported normal OH 
emission from regions which show no H atom emission at 
all at 21 cm. These results have been interpreted to mean 
that the H atoms have been converted into H, molecules: 
in the presence of the dust. Observations* of OB clusters 
and associations which involve large amounts of extinc- 
tion and from which there is little H« emission have been 
interpreted? to mean that hydrogen molecules have been 
formed in the gas by surface reactions on grains and that 
these gaseous molecules have condensed on to the grain 
surfaces, so becoming stable against photodissociation. 
We discuss here the formation of hydrogen molecules in 
situations relevant to these observations. 

Physical adsorption processes on interstellar grains can 
produce hydrogen molecules!’ if the grain temperature 
T; is less than a certain critical value, 7. If this con- 
dition holds, then an H atom arriving at the grain surface 
will be retained at least until a second H atom arrives-— 
obviously a necessary condition for molecule production. 
If the grain temperature is too much below gs then 
atoms will be retained on the surface for so long that a 
complete monolayer of molecules will be formed®?. Thus 
there is a minimum temperature characteristic of this 
surface, say P below which a monolayer must be 
formed. Reaction of incident atoms on this monolayer 
surface must be treated separately: there will be a new 
Tmax for this surface, T Ši, below which reaction will 


take place, and a new T min, 7 AA below which a further 
monolayer will form and on which there is a new Tmax 
(T {È} ) and so on. As the number of monolayers increases, 
the associated Tmax and Pmin must approach the values 
pimi and Pe which they would have for a solid 
hydrogen grain. Table 1 shows results for a graphite 
grain inside gas clouds of various densities. The tempera- 
tures are given by 


(surface) Gu-surface 7, Yu sa 
y) hasnt SO eeiam sate Foi ct ss . 
| k atta Gt. 
re xT 
qusurface) _ Yuy-surface f p YN J71 


k 2 


where Qu-surface aNd y,-surface are the relevant binding 
energies of H atoms and H, molecules to whatever surface 
is being considered. @y-surface appears in lapre because 
this temperature defines the retention of atoms for 
sufficient time to react, whereas diagonal involves qi -surface 
because it defines the retention of molecules. v represents 
the frequency of zero point vibration perpendicular to the 
surface, taken here as 10" H for both H and H, (ref. 12), 
a is the sticking coefficient usually assumed on the order 
of unity, Q is the cross-section of the grain, the value 
10-?* em? being used here}, v is the thermal velocity of the 
gas atoms, taken here as typical of a 100° K gas, and V 
is the number of H, molecules in a monolayer, ~ 16° for 
the grains considered here. The binding energy Hy 
graphite comes from experiment**, and the contribution 
from the monolayers is calculated on the basis that the 
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H-H, bond energy in solid H, is equivalent to 107° K. 
(This was deduced from solid H, vapour pressure data 
supplied by Professor A. C. Rose-Innes, and is consistent 
with an extrapolation of the data of Woolley, Scott and 
Brickwedde¥ and with a calculation by Trubitsyn'™.) The 
ratio of binding energies involving H atoms to those 
involving H, molecules is taken as 0-72. This is suggested 
by considering relevant ratios of computed van der 
Waals coefficients'® involving H and H,, and also from 
various approximate formulae for these coefficients’. 


Table 1 


nyilem?) 1 10 10 108 108 
pi) 8-4 8-9 a4 10-0 10-8 
joa 9-1 9-5 10-0 10-5 11-0 
ee 27 2-8 3-0 3-2 $5 
git) 2-9 3-0 3-2 33 35 
Tee 20 2-1 2-2 24 2-6 
ae 22 23 2-4 25 2-6 
aol 1-8 L9 20 22 2-3 
poe 2-0 21 22 2-3 2-4 


Table 1 shows the surprising result that T max <T min, 
and this result can also be proved analytically for any 
grain model under the present assumptions. Let us con- 
sider the consequences as T, is lowered, in a cloud of 
ny = 10° cm, for example. If T,>9%4° K, there is no 
If 17,<9-4° K, it is also <7 =10-0° K so 


Hun 

that a complete monolayer appears en which IUN A = 
30° i. No further reaction occurs (except to replace 
molecules lost by evaporation from the monolayer) until 
T; is below 30° K. Then a second monolayer appears 
because T, is also less than rey) =3-2° K. On this second 
layer no reaction occurs (apart from replacement of H, 
lost by evaporation) unless Ty <2-2° K. The process is 
repeated as Ty falls, the limiting value of Tmax being 
2-0° K, below which the grain retains all H atoms colliding 
with it, pairing them as molecules. Thus nothing signi- 
ficant occurs (no large numbers of molecules are formed, 
neither in mantles nor in the gas) unless 7’, is less than 
ae. It is worth noting that the slightly larger 
binding energy given by Hoyle, Wickramasinghe and 
Reddish!* only increases f A by 0-4° K for the cases 
considered here. Our approach differs from theirs in that 
they have started with H, gas and seek to put it in mantles, 
whereas we demand first that we form H, from H, and 
examine the later behaviour. 

Does an appreciable population of gaseous H, build up 
by evaporation from monolayers ? The maximum 
evaporation rate from a single monolayer on a graphite 
surface (which occurs at the maximum temperature at 
which a monolayer can exist) is ~10-* s-! per grain, or 
10-"ny cem- s-t, which is neghgible. (This calculation 
uses the H,--H, bond energy of ref. 17, p. 1091.) Evapora- 
tion of H, from a grain covered with two monolayers is 
even less. If Zg<T%™) and the grains possess solid 
H, mantles of radius ~3x 10-5 em, however, then the 
rate of loss of H, molecules is ~ 10-4 s-t per grain, or 
~10-Bny em? s- For TaZ? K, in short time scales 
(~ Iina s) equilibrium can therefore be established with 
a large fraction of hydrogen im molecules in the gas. All 
the hydrogen cannot be kept on the grams, and it is not 
reasonable to explain the lack of an H H region in certain 
situations® by this means. 

The conclusion for physical adsorption processes is 
that unless T; can be reduced to ~ 2° K neither the solid 
H, mantles will be formed, nor will the H atom gas be- 
come H, molecular, to any appreciable extent. Grain 
temperatures ~3° K may result from grains with an 


reaction. 
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impurity atom cooling mechanism'.?° although it is 
generally agreed that the lower limit to T, will be that 
defined by the microwave background (unless the grains 
themselves are responsible for that background?*). _ 
Other H, formation processes are: (i) two-body re- 
combination: rate ~10-%! n?y TH? ọm- s-t; (ii) three- 
body recombination: rate ~ 10-1 ny TI em s~; 
(il) by means ef molecule destruction: XH -+ HX +H,. 
Among suitable molecules are CH, NH, OH. For CH 
the rate of formation by two-body association?! is ~ 0-2 
n'y T em s- (see also Herbig??). This chemical ex- 
change reaction gives a destruction rate per CH of ~ 10-2 
na PH? e-220/T g-i, much less than the CH productioh 
rate at ~ 100° K. Consequently, assuming high extinction 
and no photodissociation, the CH density is limited only 
by the abundance of C atoms, and this limits the H, 
formation rate to ~ 107 nèg 7? eT em g7, (iv) By 
chemical exchange on grain surfaces. This process has 
arate ~ 10-18 niy T3 e-t90/T em s7, (v) By chemical 
exchange on grain surfaces with thermal protons created 
in cosmic ray ionizations. If n(H*+)~ 10-4 ng, then the 
production rate is ~ 10-*° ny em- s~, although this figure 
is somewhat uncertain. i 
Thus the processes (Hi), (iv) and (v) are dominant. 
Even at 100° K, the rates of (iii) and (iv) are ~ 10-74 ntg 
cem? s- With a time scale of ~ 10° yr and densities of 
~ 10° em at the centre of a heavily obscured cloud, it 
would be possible to have all hydrogen in molecular form, 
without the need for very low grain temperatures. 
Finally, to account for the lack of an H II region in 
Cyg II by requiring that all hydrogen be in molecular 
form on grain surfaces is unnecessary. For, before ioniza- 
tion can occur, H, molecules must first be photodissociated. 
In an optically thick case, the calculations? lead to the 
result that H, is destroyed behind a front which moves 
out from the star at a velocity of ~ 10®/ny, em s-. Thus 
it is possible that an appreciable H IT region has not yet 
been established in Cyg II, especially as this star system 
is probably the youngest known in the galaxy’, 
One of us (D. A. W.) thanks Dr N. C. Wickramasinghe 
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Relationship of Chautauqua Seamount 
to Seafloor Spreading in the 

North Pacific Ocean 

CHAUTAUQUA SEAMOUNT is one of a north-south trending 
group of seamounts 155 km west of the island of Kauai 
(Fig. 1). Wet described the magnetic and gravity fields 
of Chautauqua Seamount, and its age has subsequently 
been discussed (ref. 2 and personal communication from 
J. Francheteau, J. G. Sclater, M. S. Richards and C. G. A. 
Harrison). We conclude that in the light of evidence 
presented within the past year, strong arguments can be 
pat forward for a Cretaceous age of Chautauqua Seamount. 

It has been suggested? that Chautauqua and other 
seamounts south-west of Hawaii were formed either when 
the magnetic equator was about 30° north of its present 
latitude, or at a geographic latitude some 30° south of 
their present position. 

Vine’s estimates of spreading rates of the ocean floor? for 
the East Pacific Rise are consistent with a 30° crustal 
movement over the past 83 million years. If, however, 
the direction of movement since the formation of the 
seamount has corresponded to that indicated by the 
strike of the Hawaiian archipelago with its imereasing age 
to the westward as suggested by Wilson‘, the 30° north- 
ward drift in latitude of the seamounts near Hawan 
would be accompanied by a large westward shift in longi- 
tude (unless one assumes that both the crust and the 
magma source beneath Hawaii have experienced additional 
northward drift). We note that sufficient drift to produce 
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a 30° change in latitude fixes the area in which Chaute 
Seamount. originated at 7° $, 112° W., which les $ 
280 km north-west of the current axis of the East F 
Rise. If this was the generating area, we are forced 
the conclusion that either Chautauqua Seamount ; 
much older than has been previously suggested (possibly © 
as old as 140 million years), or the sea floor has moved 
much more rapidly during some previous time than the 
fastest rates currently estimated. 

A more reasonable solution is consistent with a model n 
which a fixed locus of magma generation caused the forma- 
tion of the Emperor seamounts when the Darwin Rise was 
active, and subsequently caused the Hawaiian Islands when 
the East Pacific Rise developed. This hypothesis parallels 
one suggested independently by Christofferson? and can 
be demonstrated by establishing a great circle baseline. 
through the south-east corner of Hawai and Kure 
(Ocean) Island and a similarly established baseline through. 
the Emperor seamounts (Fig. 2). Hypothesizing that the 
direction of movement of the North Pacifie Ocean Hoor 
relative to the fixed magma source has followed these two 
baselines and assuming an average rate of movement of 
4-5 em/yr, we find that Chautauqua was at a latitude of 
7° S. 114 million years ago and at a longitude of 137° wW. 
Assuming a 10° uncertainty (or difference from the rota- 
tional pole) in the location of the palacomagnetic pole, 
the uncertainty in the time necessary to move from its 
present location to its point of origin is 24 million years. 

If Chautauqua and the seamounts south-west of Hawaii 
were formed sequentially on the flank of the ancient Darwin 
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Fig. 1. Location of area No. 6 (ref. 6) relative to Chautauqua Seamount and Kauai. 
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Rise as new crust was being produced, and moved along 
the Emperor seamount baseline to the north-north-east 
at a rate of 45 em/yr, Chautauqua should be some 8 
million years older than the dated mountains discussed 
by Richards et al.*, giving it an age of about 90 million 
years, which is just within the limits of the 114+ 24 
million years travel time derived earlier. According to 
this hypothesis, Chautauqua could be some 2-5 million 
years older than seamount No. 6 discussed in a US Naval 
Oceanographic Office Technical Report’. 
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Fig. 2. Hypothetical motion of the central Pacific Ocean floor since 
Cretaceous time, 


It is interesting that Richards et al.6 commented on the 
anomalous magnetization of the seamount in area No. 6. 
This seamount is the southernmost in the chain which 
contains Chautauqua, as shown in Fig. 1. They speculate 
that its magnetization “may reflect a weak geomagnetic 
field during the transition from one polarity to the other”. 
The poor “goodness of fit ratio” for this seamount would 
indicate non-uniform magnetization. The structural 
relation of No. 6 and Chautauqua Seamount suggests 
that this transition may be the same reversed-to-normal 
change in magnetic polarity previously postulated? as a 
possible cause of the weak normal magnetization of the 
upper portion of Chautauqua seamount. This hypothesis 
would also make Chautauqua slightly older than No. 6. 

Further evidence that the direction of ocean floor 
motion during Cretaceous time was roughly along the 
Emperor seamount baseline can be derived from the 
bathymetric contour charts in 7R-137 (ref. 8). The sea- 
mounts in areas Nos. 2, 3, 5, 7 and 8 of this publication all 
occur in pairs orientated north-north-east, with the 
distance between peaks ranging from 20 to 46 km, sug- 
gesting intermittent voleanic activity or intermittent 
motion of the crust with a high degree of spatial correla- 
tion over the entire survey area. As seen in Fig. 1, 
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seamount No. 6 forms*another north-north-east orientated 
chain with Chautauqua. 

The bathymetric trend indicated by the 2,500 and 2,600 
fathom contours in Fig. 1 and previously noted (personal 
communication from J. Francheteau, J. G. Sclater, M. S. 
Richards and C. G. A. Harrison) is evidently the westward 
extension of the Molakai fracture zone. Its relationship 
to the hypothetical system set forth above remains unclear, 
but the age of the fracture zone is not critical relative to 
the above hypothesis. 

I the hypothetical motion took place at the assumed 
rate, we would expect most of Kure Island to have been 
formed during Eocene time (57 million years), and the 
Emperor seamount located at 44:5 N., 170° E. (Suiko 
Seamount) to be a near contemporary of Chautauqua. 
The best date available for Midway tends to argue against 
this hypothesis, but the date may be questionable because 
the samples, which were analysed by the potassium- 
argon method, had evidently lost argon during weather- 
ing’. 

We thank Dr Robert K. McConnell, jun., for helpful 
discussions and comments. 
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Borehole at Mochras, West of 
Llanbedr, Merionethshire 


THE first suggestion that Cardigan Bay and the southern 
half of the Irish Sea might be floored by Mesozoie deposits 
was made by Jones! on purely geological evidence. He 
pointed out that the radial drainage from Wales into 
Cardigan Bay could be explained if the Bay was underlain 
by a Triassic basin and that Cardigan Bay closely re- 
sembled the Cheshire plain in outline and dimension. This 
idea was used by Powell? to explain gravity and magnetic 
anomalies found in a traverse from the Cambrian beds of 
the Harlech dome across the coastal sandhills south of 
Dyffryn Ardudwy (Fig. 1). A fault of considerable down- 
throw was considered to run along the coast from near 
Barmouth to Harlech, throwing down younger beds to 
the west. 

Further geophysical research in the area was carried 
out by Griffiths, King and Wilson’ and by Blundell, King 
and Wilsont. These authors confirmed the presence of a 
fault along the coastline, and identified three layers of 
rock of different seismic velocities on the western (down- 
throw) side of the fault. The upper layer, 1,800 ft thick. 
thought to be of late Mesozoic or Tertiary age, rested on 
a second layer, 6,000 ft thick, which was considered to be 
a southwards prolongation of the rocks of Lleyn, and 
thus presumably of Ordovician age. The third layer, 
below this, probably consisted of Cambrian strata lke 
those of the adjacent Harlech dome. 
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These interpretations of the ttavel velocities were 
challenged in the discussion of the first paper by Neville 
George and Jones, the former considering that Carbon- 
iferous beds might be present, the latter renewing his 
previous suggestion of a Triassic floor to the Bay. Blun- 
dell, Davey and Graves® have recently reaffirmed the 
existence of a sedimentary basin as much as 18,000 ft 
deep in Cardigan Bay. In all this work the actual age and 
character of the rocks infilling the suggested basin have 
been deduced from geophysical observations, and there 
has been no direct evidence of the nature of the rocks 
concerned. 

. These speculations have now taken on a new and urgent 

interest, because the postulated rock relationships bear a 
striking similarity to the Mesozoic and Tertiary basins 
now proved in the North Sea and which in the right 
structural environments have yielded commercial quan- 
tities of methane. If Mesozoic strata, including reservoir 
rocks, should prove to be present beneath Cardigan Bay 
in association with suitable source rocks, then this sea 
area, too, may yield commercially exploitable hydro- 
carbons. 

The Natural Environment Research Council and the 
Institute of Geological Sciences agreed to provide the 
necessary funds for a borehole. Boring was started in 
November 1967 as a joint project shared by the University 
of Wales and the Institute of Geological Sciences. The 
site (Nat. Grid Ref. SH 553 259) is situated among the 
coastal sand hills of Morfa Duffryn at a point where the 
land projects farthest into the area of the suggested sedi- 
mentary basin (see Fig. 2). 
a depth of 3,148 ft. The abridged succession is as shown 
in Table 1. 

The gravels and boulder clay in the top 173-5 ft are 
undoubtedly glacial in origin; and the main bulk of the 
lignitic clayey sequence between this depth and the top 
of the Lias at 1,974:5 ft, by analogy with the superficially 
similar Bovey Tracey Beds and Lough Neagh Clays, 1s al- 
most certainly Tertiary. It is not yet possible to indicate a 
division between the Pleistocene and the Tertiary; this 
and the exact correlation and dating of the Tertiary must 
await detailed palaeontological work. Well preserved 
bivalves in the pebble bed between 599 ft and 622 ft are 
strikingly modern in appearance and may not be in place. 
Several of the carbonaceous clays and lignitic bands are 
known to contain pollen and perhaps can be dated by 
palynology. 

Above the 33 ft pebble bed at 1,378 ft the clays are 
generally grey in colour, and were mainly soft and plastic 
when first recovered; below the pebble bed, brown and 
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Fig. 1. Gravity and magnetic anomalies acrosa Morfa Duffryn as inter- 
preted in ref. 2. 
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Fig. 2. Sketch map showing location of Mochraa borehole. 
reddish colours predominate and the sediments are harder 
and more blocky in character. A bright-coloured basal 
conglomerate, with deeply weathered pebbles, rests 
abruptly on nearly horizontal Lias. 


Table 1 . 
Thickness Depth 
(ft) (fb) 
Sand and silt with shells 7-0 To 
Sand and gravel 21+ 28-6 
Boulder clay, with boulders mainly of local origin 145-0 L733 
Soft grey banded clay with sporadic sandy, gritty and 
pebbly layers; sporadic plant remaing (mosses, 
leaves) and a few thin carbonaceous layers FER pac ef 
Park grey mudstone (boulder) 2-7 amig 
Grey, yellow and buff clays, silty to sandy, with beds of 
sand: lignitic plant remains _ 1157 370-4 
Grey, yellow and brown elay, mottied in part, with a 
few sandy layers; 11 in, lignite at top; sporadic 
lignite and lignitic clay layers and partings 220-1 SEO E 
Pebble bed with marine bivalves (possible contamina- 
tion) 22-5 621-7 


Grey and buff clay with a little sand and silt; sporadic 
lignitie layers throughout; red and ochre mottling 
below 1,118 ft Taos 

Pebble bed with clay band; pebbles up to 15 cm asd 

Yellow, buf and reddish brown clays, mainly hard and 
blocky; reddish mottling common: sporadic sandy 
and pebbly layers; carbonaceous and lignitic part- 
ings becoming rare downwards 


{as 
Grey to dark grey calcareous mudstones, silty mud- 
stones and siltstones; 31 in. sandy shelly lime- 
stonesat2,.058ft; ammonites throughout; plant 
debris 2,673 ft to 2,708 ft O B665 8841-0 
Harder grey to dark grey massive calcarecus silty 
mudstone and siltstone with a few impure lime- 
stone developments; sparsely fossiliferous with 
sporadic bivalves, crinoids and belemmnites 307 -D $,148-0 


The uppermost 2 ft of the Lias are softened and decal- 
cified; below this are monotonous grey calcareous silty 
mudstones and siltstones with scattered ax : 
the uppermost 900 ft. 
macrofauna has not yet been carried out, but the following 
determinations of ammonites have been made 





Dumortieria levesquei Zone: D. moorei Subzone at 1,987 ft . 
D, levesquei Subzone at 2,058-5 fE to 2,0730 n 

Subzones not yet determined, at 2550-7 ft to 

2562-5 Ft and 2,700 ft to 2714-5 ft 

The beds from 1,974-5 ft to 2,714-5 ft, at least, are all 
of Upper Liassic age. This thickness is considerably 
greater than any previously recorded in Britain, and 
compares with 300 ft in Dorset (including the Bridport 
Sands)*, 378-5 ft in the Bredon Hill No. i Borehole in 
Worcestershire’, and 408 ft near Whitby in north 
Yorkshire*®. 

A comprehensive series of geophysical logs by Schham- 
berger Inland Services has been taken down to a depth 


Harpoceraa faleifer Zone: 


nmonites in. a 
The detailed collecting of the 
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of 2,000 ft. Preliminary evaluation of results gives the 
Lias a velocity of about 11,000 ft/s, which is unusually 
high for this formation in the United Kingdom and 
accounts in large measure for the previous ascription of 
this layer to the Ordovician*®. 

The borehole has already revealed what is presumed 
to be a considerable Tertiary and Mesozoic succession, 
which is unique in Wales. The existence of the coastal 
fault, postulated by the geophysicists, has been established 
beyond doubt and the vertical component of its throw 
must be very considerable. At least 2,000 ft of the 
faulting is probably of Tertiary age because much of the 
clay-with-lignite sequence appears to have been deposited 
in a marshy environment, presumably near sea level. This 
thickness of the Upper Lias strongly suggests faulting or 
downwarping in Mesozoic times as well, though the 
original shaping of Cardigan Bay may be earlier. The 
whole Layer 2 of Griffiths, King and Wilson? may well 
be Mesozoic and according to their calculations may 
extend to 8,000 ft below the surface. 

The borehole will be extended if necessary to 10,000 ft, 
m order to prove the full thickness of Mesozoic rocks 
present. 

We thank Dr D. W. Powell and the Council of the 
Geological Society of London for permission to reproduce 
Fig. 1 from ref. 2. 
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Large Earthquake Forces on 
Gravity Dam 


On December 10, 1967, at 22 h 5 min (GMT), western 
india was shaken by a severe earthquake. The epicentre 
of the shock was computed by the US Coast and Geodetic 
Survey at about 17-7° N.-73-9° E. and it lies in the Deccan 
Trap, an area so far considered to be seismically quiescent. 
This earthquake, which had a magnitude 6-5, belongs to a 
series of shocks that commenced after the first filling of the 
Koyna reservoir in 1962, and culminated in the December 
shock, followed by numerous strong aftershocks. The 
reservoir has a storage capacity of 2,000 million m 
and it has been created by the construction of a 100 m 
high concrete gravity dam. The oceurrence of a 
destructive earthquake associated with the filling of a 
large artificial reservoir has been observed at Kremasta in 
Greece, and the occurrence of smaller earthquakes 
accompanying the filling of a reservoir or rapid fluctuations 
of its level has been observed in other cases (Marathon 
Dam in Greeee, Contra Dam in Switzerland, Kariba Dam 
in Rhodesia, Boulder Dam in the United States)‘. 

Before the Koyna earthquake, a strong motion accelero- 
graph had been installed in a gallery in the body of the 
dam, very near the right abutment. At this point the 
structure is 31 m high and the instrument is located about 
12m above foundation level. The accelerograph is a 
three-component UH D-AR-240; it has a natural frequency 
of about 18 Hz and approximately 60 per cent critical 





NATURE, VOL. 219, SEPTEMBER 28, 1968 


damping. The longitudinal axis of the instrument was 
aligned with the axis of the dam. 

During the earthquake, the instrument functioned 
properly and produced a three-component record which, 
however, was very faint and in places difficult to read. 
The record was analysed using three independent tracings 
of the original provided by Dr 8. Guha (G record), 
Professor 8. Okamoto (O record) and Professor J. Krisha 
(S record). Sections—-11 and 16 s long-—of each record 
were digitized at Imperial College and integrated. The 
records were then correeted for terminal velocity fitting 
a cubic parabola baseline by least squares on the velocity 
records and imposing a zero initial velocity conditioné. 
Two of the resulting acceleration records after correction 
for the base line are shown in Fig. la, and b, as drawn by 
the computer. In view of the high frequency components 
in these records, two of them were corrected for the 
instrument characteristies. The removal of the instru- 
ment effects does not significantly alter the acceleration 
records, but has some effect on the velocity and displace- 
ment records. 

The maximum values of the acceleration, velocity and 
displacement from the three sets of records provided as 
tracings are shown in Table 1. There is some difference 
between individual tracings caused by tracing errors and 
the different estimates of the peak acceleration values 
which were apparently too faint to be read accurately. 
For the accelerations these differences do not exceed 
20 per cent, but they reach 30 per cent for the maximum 
velocities and displacements. 


Table 1 
S Record G Record O Record 
Maximum acceleration (% g} Transverse 46 42 pl 
Longitudinal 83 56 66 
Vertical 37 35 36 
Maximum velocity (cm/s) Transverse 25-3 19°5 se 
Longitudinal a ~ 
Maximum displacement (em) Transverse i5 156 -= 
Longitudinal t00 aa 


Nevertheless, it can be seen from this table that the 
transverse component showed a maximum acceleration of 
nearly 50 per cent g, and that the longitudinal acceleration 
exceeded on an average 55 per cent g. These values 
indicate that during the earthquake, near the location of 
the instrument, the body of the dam had been subjected 
to horizontal inertia forces at least half as large as its own 
weight. For example, the 8 record shows that 4 s after 
the beginning of the earthquake the longitudinal accelera- 
tion rose from zero to 63 per cent g in about 20 ms and fell 
back to zero in 30 ms. Even shorter rise and fall times 
were noticed in the other large accelerations. Thus 
the duration of the application of these large inertia forces 
on the structure was extremely short, much shorter than 
any other duration ever recorded. The damage to the dam 
caused by these forces is not very serious. They caused 
numerous horizontal cracks at different levels in the body 
of the dam-~—most of them continuous. 

The high frequency content of the records and con- 
sequently the extremely short duration of the individual! 
earthquake pulses is apparent from the low velocities that 
are associated with such high accelerations. From Table | 
it ean be seen that velocities did not exeeed 25 cm/s, a 
figure far below the 50 to 70 em/s that has been measured 
during strong earthquakes of much smaller acceleration. 

Strictly speaking, the acceleration records produced by 
the instrument are response records of the concrete block 
rather than ground accelerations. Because, however, 
in the longitudinal direction the body of the dam, which 
consists of more than thirty-six such blocks, is very stiff, 
it can be assumed that the motion recorded im that 
direction is that of the ground. In the tranverse direction 
each block is free to deform in bending and shear and also 
to rock on its foundation so that in that direction the 
recorded motion represents a response rather than the 
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Fig. 1. Transverse (a) and longitudinal (6) components, Koyna earthquake (8), 


ground movements. To decouple the compliance of the 
dam in the transverse direction from that of the ground is 
practically impossible. Decoupling of a complicated 
structure such as the Koyna dam from the ground 
movements will require so many assumptions and approxi- 
mations that any reasonable solution will be more a 
coincidence than an indication of the reliability of the 
decoupling procedure. 

In order to clarify whether the transverse component 
has been influenced by strong compliance effects, the 
response acceleration and velocity spectra of the corrected 
records were calculated for intervals of periods of 10 ms 
and for 5 per cent critical damping. The acceleration 
spectrum is defined as the maximum value of Sa(T’s, q). 


w(1 — 2q*) 


t 
where SalTo g) = i) q.(p) exp[ —gw(t — p) isin 


w(1 —q*)t (t— p)dp + 2wy |, go(p) exp [ —qw(t—p)] 
cas w( 1 —g*)}t {t— p) dp 


and Te is the undamped period of the oscillator, w the 
undamped frequency, g(t) the corrected ground accelera- 
tion, and g the damping in per cent of critical. Similarly, 
the velocity spectrum is defined as the maximum value of 
S,(T'o.q), where 
Sa(To.q) = g(t) + L DSe(Tog)] 

Figs. 2-4 show the computed response spectra for the § 
and G records In the transverse component, the differ- 
ence between the acceleration spectra of the S and G 
versions of the original record is comparatively small; 
differences in spectral response up to 10 per cent may 
easily arise from reading errors alone. Both spectra, 
shown in Fig. 2, show an extremely sharp decrease in 
response with increasing period (Ts), a rate of decrease 
not found for the same amount of daar ig in other 
response spectra of strong. earthquakes. The maxima 
oceur over a very short band of comparatively high 
frequency and the most prominent peaks correspond 
exactly to the first three periods of combined bending 


Ša (g per cent) 


and shear of a 100 m high truncated beam of S-wave 
velocity of 1,250 m/s, unit weight of 2-5 tons/m* and 
Poisson’s ratio of 6-15. These periods are 0-34 s, O- 175s 
and 0-125 s, respectively. This is rather odd because 
the height of the block on which the instrument WRB o 
located is only 30 m high. Should these three peaks = 
(numbered I to 3 in Fig. 2) correspond to the first three ~ = 
coupled modes of the dam with small damping, they 
could suggest a very strong interference between indivi- 
dual blocks. | 
The response acceleration spectrum of the longitudinal = 
component in Fig. 3 shows the same decrease in a 
with increasing periods, but here the sharp pi 
short period band of the previous figure 
Moreover, the magnification of the m 
acceleration now is only two, as compared. 
magnification of the transverse component W $ 
almost four. This suggests that the longitudinal compo- ~ 
nent of motion as recorded should be very similar te co 
that of the ground and that distortions of representation. 
of the ground motion should be smaller than in the 
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Fig. 3. Acceleration spectra, Koyna earthquake, Dec. 10, 1967, Longi- 
tudinal component. Damping 5 per cent critical, 
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transverse component which has been affected by coup- 
ling. 

The velocity spectra of the two horizontal components 
of the § record are shown in Fig. 4, They show a spectral 
intensity SI,o; of only 2-9, which is indeed very low 
for an earthquake of this acceleration and for such a 
small damping. 

The accuracy of the available records from Koyna 
is uncertain and a more thorough treatment of the data 
is unwarranted. These records are the first so far to 
show that engineering structures can be subjected to 
such large inertia forces. Earthquakes have shown 
ground accelerations greater than 50 per cent g before 
this, but there were no important engineering structures 
from which the effeet of these large ground accelerations 
could be assessed®. 
that exceptionally severe loads can occur on engineering 
structures because of earthquakes. Most dams in seismic 
areas are usually designed to resist statically 10 per cent 
to 20 per cent g and any such caleulation will show that 
the accelerations at Koyna dam should have caused 
collapse of the structure. The fact that the dam did 
not fail, although it had not been designed to resist 
earthquakes, raises the question concerning the validity 
of current methods of seismic design. This shows not only 
that the ground accelerations during a strong earthquake 
can be very high, but also that an earthquake cannot 
be specified solely by its maximum acceleration nor can 
a structure and its foundation be assumed to be abso- 
lutely rigid. Obviously, the Koyna case shows that a 
basie revision of engineering thinking with respect to 
the design of dams to resist earthquakes is needed. 

We thank Dr S. Guha of CWPRS, Poona, Professor 


Thus the Koyna records now show 
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J. Krishna of Roorkee University and Professor S. 
Okamoto of Tokyo University for supplying us with 
copies of the AR-240 records. This work was carried 
out as part of an SRC grant for the seismic stability 
study of dams. 
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Extent of the I/f Noise 
Spectrum 


SPECULATIONS are often made about the possible extent 
of the 1/f noise speetrum which is exhibited by many 
electronic devices at low frequencies. This has been 
found to extend to the lowest frequencies so far investi- 
gated (about 10-4 Hz), but the view is often expressed 
that it can only hold for a limited frequency range. The 
reason invoked is that the total noise power would tend 
to become infinite if the 1/f spectrum extended over a 
sufficient frequency range. This is either implied or 
explicitly stated in several papers'-§, and I examine the 
question in this communication. 

In constant current conditions, the I/f spectrum 
of a noisy resistor can be described by the following 
relation 


where v? is the mean square noise voltage developed 
across the resistor in some small bandwidth 4f at frequency 
f. and f is the d.e. current flowing in the resistor. K and a 
are constants, a usually being close to unity. This equa- 
tion implies that the noise is in the nature of a fluctuation 
in the resistance of the resistor, and that the fluctuations 
take place regardless of whether there is a current flowing 
in the resistor or not. The resistance fluctuations could 
presumably be caused by a change in the total number of 
current carriers in the resistor or by a change in their 
effective mobility, or possibly by both. 

Thus it may be said that no power dissipation is actually 
involved in I/f noise, but only in its measurement. 
Current must pass to enable the conductance fluctua- 
tions to be observed. If this is the case, there seems to 
be no fundamental reason on grounds of power why the 
I/f spectrum of these fluctuations should not extend 
more or less to zero frequency. The “infinite power” 
case arises apparently in the following sort of way. The 
conductance of the resistor can be measured in constant 
current conditions. The 1/f spectrum implies that after 
a sufficiently long time, very large fluctuations of con- 
ductance will be observed. Indeed, the conductance 
would eventually fail to zero and this would require 
infinite voltage to drive the constant current through the 
resistor. But the idea of the conductance of the resistor 
falling to zero is just as objectionable as the idea of 
infinite power. It could happen if all the electrons in the 
resistor were immobilized at the same instant, for example, 
by trapping, and it is reminiscent of Maxwell’s demon. 

It is therefore interesting to see what fluctuations 
are likely for a reasonable range of validity of the 


1/f law. If the mean square voltage fluctuations p? 
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are integrated with respect to ffequency for /,<f<f; 
(equation (1)), then with a=1 


vt = KI? log (falfi) (2) 


Thus the mean square voltage integrated over any decade 
of frequency is the same regardless of where this decade 
is taken in the spectrum. In choosing a suitable frequency 
range it must be borne in mind that both zero and infinite 
frequency are, of course, mathematical abstractions. For 
a typical dectronic component it might be thought reason- 
able to take a lower frequency equivalent to a period of 
10 yr (3x 10-* Hz) and an upper limit of, say, 10° Hz. 
But, to be on the safe side, we may take a lower limit of 
f0-'? Hz corresponding to current estimates of the age of 
the universe. The upper limit could correspond to the 
time taken for light to traverse the classical radius of the 
electron. This would be about 10% Hz. For this huge 
frequency range of 40 decades, the root mean square 
voltage would only be about six times as great as that 
taken between 1 Hz and 10 Hz. A practical example 
shows the implications of this in terms of conductance and 
power fluctuations. For example, consider the 50 kQ 
carbon resistor on which Brophy* has recently made noise 
measurements with a d.c. current of 2-8 mA. At a fre- 
quency of 10 Hz this gave a noise density of about 
1:7x10- V*/Hz with an approximate 1/f spectrum. 
Assuming that the exponent a in equation (1) is 
unity, the noise integrated over the above frequency 
range suggests a root mean square resistance fluctuation 
5R/R of about 10-* and a root mean square power fluctua- 
tion J28R of 3-5x 10-7 W. Even if the exponent a is as 
high as 1-4, 8R/R only increases to 6 x 10-* and the mean 
power fluctuation to about 2 x 10-* W. 

Similar results have been obtained in the case of an 
M.O.S. transistor, devices which are also well known, at 
present, for their well developed 1/f noise spectra, 

Two conclusions can be drawn from these results. 
(1) There is no inherent reason to expect a departure from 
the 1/f noise spectrum at realizable low frequencies. 
One must rather look to the, as yet, imperfectly under- 
stood mechanism of this noise to set a lower limit, 
if any. to the spectrum. (2) Existing constant current 
d.c. power supplies should be perfectly adequate to cope 
with the power fluctuations which occur in 1/f noise 
measurements, however low the frequency to which 
measurements are extended. 
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Primary Silicon Spherulites in 
Aluminium-Silicon Alloys 


WHEN metallic sodium is added to a eutectic aluminium- 
silicon alloy, the structure of the eutectic silicon is modified 
by a mechanism which has been described by several 
authors'-*. Sodium also modifies the structure of primary 
silicon crystals in this system, and various workers!’ have 
stated that a spheroidal form of silicon can be obtained 
by this means. Evidence that these spherical particles 
are true spherulites has not been provided and I wish to 
describe some preliminary experiments carried out to 
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Section through a primary silicon particle showing iInterpene- 
Etched in modified CP4 solution. (x 200.) 


Fig. 1. 
trating twin structure. 





Section through the centre of a primary silicon spherulite. 
Etched in modified CP4 solution. (* 100.) 


Fig. 2. 


ascertain the morphology and possible crystallography 
of these interesting particles. 

High purity alloys of aluminium and silicon (20 per 
cent by weight) were used (impurity content <5 p.p.m.) 
and the primary silicon structures were modified by the 
addition of varying amounts of sodium metal to the melt 
just before furnace cooling. In the pure alloys, primary 
silicon exists as large idiomorphic faceted erystals which 
contain a few {111} twins. The effect of adding small 
amounts (150 p.p.m.) of sodium to the alloy is to produce 
the well known modified eutectic silicon. Larger additions 
230-1,000 p.p.m.) cause modification of the primary 
silicon crystals as well and these crystals are more com- 
pact, have a higher {111} twin density, and show a rounded 
outline. The addition of 0-5 per cent by weight of sodium 
produces roughly spherical crystals, and a modified CP4 
etchant reveals that the {111} twin boundaries in the 
silicon are not radial and that the crystals consist of a 
few interpenetrating twin crystals (Fig. 1). It may be 
argued that these crystals are not true spherulites. 
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Fig. 3. An off-centre section through a primary silicon spherulite. 


Etched in modified CP4 solution. (= 100.) 


If stall more sodium is added the twin density increases 
in these spherical crystals. grinding and 
polishing down through the particles reveal that they 
now have a radial structure and the crystals may thus 
be termed spherulitic. The spherulites are characterized 
by high twin density and radial twin markings. Figs. 2 
and 3 show typical sections through such spherulites. 
The effect of sodium on primary silicon thus seems to be 
the same as that of sodium on eutectic silicon—namely, 


Successive 


that it leads to an increase in silicon twin density®:*. If 


the twin density is sufficiently high, the primary silicon 
can grow in a spherulitic form. X-ray diffraction analysis 
of these spherulites is being carried out with a view to 
determining the orientation relationship the 
vanious segments of these crystals, 
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High Gradient Magnetic Field inhibits 
Embryonic Development of Frogs 


Data on biological effects of static magnetic fields? have 
not provided explanations of predictive value and the 
most recent biophysics literature simply adds contradictory 
evidence**. I have obtained new evidence for the exist- 
ence of magnetic interactions with living organisms: the 
early embryonic growth of the common leopard frog 
(Rana pipiens) is strongly inhibited by a high magnetic 
field with a high gradient. 

After the animal—vegetal axis had rotated into the 
vertical direction, twenty-six freshly fertilized eggs at a 
time were put into two holders (Fig. 1). One holder was 
then placed between the pole caps (Fig. 2) of a permanent 


magnet designed for this work and the other into a similar 


aluminium dummy “magnet”. The same spring water 
was circulated, mixed and recirculated through both 
holders at the same rate of about 0-5 1./h. The tempera- 
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tures of both holders end their contents were monitored 
and maintained, to within 0-1° C, at about 20° C in a 
temperature controlled room (+0-5° C). 

The embryos were examined daily, and were removed 
when clearly not developing, or after they hatched (Shum- 
way stage 25). Those removed were either allowed to 
develop further in finger bowls for continued observation 
or fixed or frozen for later histological and chemical 
examinations. 

The magnetie field direction at the positfon of the 
embryos was parallel to the animal-vegetal axis; its 
magnitude H was 10* oersted and its gradient dH/dz 
was 8°35 10" oersted/em along the axis. The product 
(H) x (dH /dz) amounted to 8-35 x 10° oersted!/em, com- 
pared with less than 1-0 at the controls. 

Twenty-nine sample and control runs were made, 
during which 119 out of 377 exposed and 195 out of 377 
control eggs hatched. Most of those that did not stopped 
developing after gastrulation. From a 2 x 2 contingency 
table y*= 31-4, with one degree of freedom. This is highly 
significant, far exceeding the 0-1 per cent level. It is 
therefore concluded that exposure to the magnetic field 
prevents normal embryonic development. 

There are two possible explanations of this result. The 
first assumes the existence of ferritin aggregates of radius 
R (u) and of magnetic susceptibility AA (c.g.s. units) in 
relation to the rest of the tissue. If the product R* AK is 
larger than 10-?’—in other words, if AK = 10- ¢.g.s. units 
and R=0-3u—then using equations (1) and (2) in ref. 4, it 
is found that ferritin aggregates could be moved through 
the cell. Their velocity would be 300u/day and at equili- 
brium a concentration gradient of 1,000:1 could be 
maintained across a 1 mm distance against thermal 
motion. The developing embryo requires the Fe (approxi- 
mately 1-0 ug)’ supplied as ferritin in each egg for the 
formation of haemoglobin, and its mechanical displace- 
ment might interfere with its proper use. 

Attempts to locate this ferritin exactly or to determine 
a preferential distribution of Fe before and after exposure 
to a magnetic field have been unsuccessful, so this explana- 
tion rests only on theoretical caleulations. The same 
hypothesis might also explain the results obtained with 
mice®-? if it is assumed that their utilization of Fe, together 
with the function of all its blood forming elements, is 
altered as the result of ferritin aggregate displacement. 
The ferritin hypothesis is inadequate if R* AK < 10-7, or to 
explain effects at low fields or results obtained by Leven- 
good", 

My second explanation is therefore more general; 
there may be a common biomolecular or cellular particle 
or structure with a magnetic moment, formed, possibly 
momentarily, during protein synthesis or mitosis, 





Fig. 1. 


Frog eggs being inserted into temperature controlled ‘Teflon’ 
sample holder. 
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Fig. 2. Holder between shaped pole pieces. Apparent asymmetry is 


due to camera angle. Meniscus of water is just visible. 
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Electron Tunnelling in Biological 
Structures 


DeVautt et al. have proposed that electron transfer 
through biological structures over distances of a few tens 
of Angstroms occurs by tunnelling, the height of the 
energy barrier stipulated being 1 eV. Similarly, Wei* has 
suggested that electron tunnelling through the nerve 
membrane is involved in producing the N-shaped current 
voltage characteristics observed in, for example, squid 
axons? and other membranes‘. The question of the rela- 
tive probability of the electron going over instead of 
through the barrier—in other words, electron transfer 
by hopping—has, however, not yet been resolved. 

This question may be decided by calculating the 
Christov® characteristic temperature T'cn for a somewhat 
idealized barrier—the temperature at which the probabili- 
ties of tunnelling and hopping are equal. Below T'cn 
electron transport is predominantly by tunnelling while 
hopping is the prevalent mode of transport above T'cn. 
The values of T'cn depend critically on the rate of curvature 
at the top of the barrier, as well as on its height and width. 
It can be assumed, however, that the actual shape of the 
barrier will fall somewhere in between two extremes: the 
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rather steep Eckart* barrier and the rather flat parabolic 
barrier. Using the equations derived by Christov* for 
these extremes, 


h E,}/* 
Ten = 0-28 -— —_ for the Eckart barrier 
k l (2m)i" 


and 








h Ep” i 
— for the parabolic barrier 


Tor = a 
(12)!'* xkl(2m)'"* 


Tc, has a value between 1,950° K (Eckart) and 640 K 
(parabolic barrier) for a 1 eV barrier 40 A wide. Here k 
is Boltzmann’s constant, h Planck’s constant, m the mass 
of the carrier here taken as that of the free electron; 
1 stands for the half-width and E, for the height of the 
barrier. 

This treatment tacitly assumes a resonance condition, 
in that there is an exact alignment between the highest 
occupied and the lowest vacant energy levels on both sides 
of the barrier. Moreover, it takes no account of the 
spin un-pairing which may have to precede the tunnelling, 
nor of any phonon interactions. The resulting Christov 
characteristic temperatures are so much higher than the 
biological range, however, that electron transport at and 
near room temperatures must occur almost entirely by 
tunnelling, as envisaged by DeVault et al.' and by Wei*, 
irrespective of the shape of the potential barrier. 

This is not the case for proton tunnelling: assuming a 
1 eV barrier and a Christov characteristic temperature of 
400° K, a barrier width 2} of 4:6 A results for the case of 
an Eckart barrier and 1-5 A for a parabolic barrier. Thus, 
at least in some cases, proton tunnelling will critically 
depend on details of the shape of the potential barrier. 

The tunnelling resistance per cm? area of a membrane 
can be estimated by considering the aqueous phases on 
both sides as providing an electron source and sink; in 
other words, acting as a Redox system, as suggested, 
inter alia, by Weit. If the voltage V across the membrane 
barrier is small, so that V<E, (within the ohmic range), 
then the tunnelling current density J can be written’ 


J = 3:16 10" (E,)'” > exp (— 2-05 1 (#,)*"*) A cm s 
The tunnel resistance per cm? area, V/J, for a 40 A wide 
membrane involving a potential barrier of 1 eV is then 
about 10° Q/em*. Typical membrane resistances’ are of 
the order of 107-10* Q/em?*, so charge transfer through 
such membranes must oceur predominantly either by 
means of an icnic mechanism or by the formation of 
charge transfer complexes as envisaged by Rosenberg et 
al.-. and others"*. It is of interest, however, to note 
that cholesterol membranes'*:"* do exhibit resistances of 
about 10° Q/em?; these values might be explained by 
electron tunnelling. 
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Haemoglobin Babinga (§ 136 Glycine - 
Aspartic Acid): a New Delta Chain 
Variant 


DvRinG the past 3 years the Babinga pygmies living in 
the Central African Republic have been the subject of 
an extensive genetical study by Cavalli-Sforza and co- 
workers’. Haemoglobins were studied during this in- 
vestigation and the results will be reported in full else- 
where. ‘This communication deals with the chemical 
characterization of a new haemoglobin variant found 
during this survey. 

Blood specimens were collected in vacuum tubes con- 
taining solid EDTA, cooled and sent by air to Leiden 
within a few days. The washed red cells were haemolysed 
by adding one volume of distilled water and 0-5 volume 
of carbon tetrachloride. Screening for the presence of 
abnormal haemoglobins in the haemolysates was carried 
out by starch gel electrophoresis in tris-EDTA-borate 
buffer, pH 8-6 (ref. 2). 

An abnormal minor haemoglobin component, moving 
slightly faster than Hb A, at pH 8-6, was detected in 
twenty-one of 1,201 samples. The presence of this haemo- 
globin was clearly associated with a decrease of intensit y 
of the Hb A, band (Fig. 1). The proportions of the 
abnormal minor fraction and of Hb A, were determined 
by DEAE-cellulose chromatography. Samples to be in- 
vestigated were dialysed at 4°C against 0-003 M tris- 
phosphate buffer, pH 8-5, containing 100 mg of KCN n. 
The same buffer was used to equilibrate columns (0-75 x 24 
em) of DEAE-cellulose. The ion exchanger was washed 
and the buffers were prepared by the methods used 
before’. Dialysed samples, containing 50 mg of haemo- 
globin, were applied to the columns and eluted at room 
temperature with a linear gradient formed by 50 ml. of 
0-005 M and 50 ml. of 0-010 M tris-phosphate buffers at 
pH 8-5, containing 100 mg of KCN/l. Only Hb A, and the 
abnormal variant are eluted at this molarity: Hb A 


HbA 


Hb F 


Hb Bab. 


Hb A, 





Origin 


a h 


Fig, 1. Starch gel electrophoresis of haemolysates of (a) a carrier of 

Hb Babinga, with elevated Hb F (3-84 per cent), and (b) a norma! 

adult pygmy. Hb F values in carriers of Hb Babinga were usually 

within normal limita. iiiar e ace buffer, pH 8'8, Stained wit 
o-dianisidine. 


NATURE. VOL. 219, SEPTEMBER 28, 1968 


= 
A 
2 Bab. 
0-3 
g 
o 02 A 
=- 
S 
2 
. 
-l 
25 50 75 
mil, effluent 
Fig. 2. Separation of Hb A, and Hb Babinga on a DEAE-cellulose 


column, with a gradient from 0-005 to 0-010 M tris-phosphate buffer, 
pH 8-5, containing 100 mg KCN/I, Hb A is not eluted in these conditions. 


remains on the column (Fig. 2). The concentration of 
haemoglobin in mg/ml. was determined at 418 mu by 
multiplying the optieal density (1 em light path) of the 
eluted fractions by the factor 0-144. 

The proportion of the abnormal minor haemoglobin in 
twelve individuals ranged from 0-8 to 1-3 per cent of the 
total haemoglobin (mean 0-98 per cent). The amount of 
Hb A, was always somewhat higher: from 0-9 to 1-4 per 
cent (mean 1-13 per cent). The sum of these two minor 
haemoglobins was equivalent to values normally found 
for Hb Ay: from 1-6 to 2-6 per cent (mean 2-11 per cent). 
This finding together with the absence of an abnormal! 
major haemoglobin fraction on electrophoresis strongly 
suggested the presence of an anomaly of the 8 chain in 
this variant. The ratio between the amounts of Hb A, 
and of the abnormal haemoglobin was fairly constant. 
irrespective of the total amount of these minor haemo- 
globins. The proportion of the abnormal fraction, as a 
percentage of the sum of the two minor haemoglobins, 
varied between 45 and 49 per cent. 

Preparative isolation of the abnormal haemoglobin 
fraction was performed by DEAE-cellulose chromato- 
graphy, using the method we have deseribed, on a larger 
scale. Up to 500 mg of haemoglobin was loaded on 2-4 x 20 
em columns, and eluted with 300 ml. of each gradient 
buffer. Concentration of the eluted haemoglobin peaks 
was carried out on carboxymethyl—‘Sephadex’ (C-50). A 
column of this ‘Sephadex’ (13x45 em bed size) was 
equilibrated with 100 ml. 0-05 M tris-NaH,PO, buffer. 
pH 6-5. Solid NaH,PO, was added to the haemoglobin 
solution up to a final concentration of 0-04 M, giving a pH 
of about 6, One litre of this solution, containing up to 
100 mg of haemoglobin, could easily and rapidly be con- 
centrated on such a column, at room temperature. Elu- 
tion of the adsorbed haemoglobin, with quantitative 
recovery, was obtained with a few millilitres of 0-05 M tris- 
NaH,PO, buffer, pH 8-5. About 40 mg of the pure 
abnormal haemoglobin could be obtained from the pooled 
haemolysates of the carriers, 

Globin was prepared with acid—acetonet and chains were 
separated by column chromatography on carboxymethyl- 
cellulose® (Fig. 3). The resulting 18 mg of abnormal chain 
was digested with trypsin (1: 100) for 2-5 h at 37° C. 
keeping the pH values between 7-9 and 8-0 by automatic 
titration with 0-2M trimethylamine’. The undigested 
core was spun down after lowering the pH to 6-5 with 
0-2 M acetic acid and heating the mixture for 10 min 
at 95°C. The core was aminoethylated’? and digested 
again with trypsin. The soluble peptides of both tryptic 
digests were subjected to paper electrophoresis in pyridine, 
n-butanol, acetic acid and water (2:4:3:72) buffer, 
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Fiz. 3. Chain separation of globin Babinga on a carboxymethyl- 
cellulose column, with an ionic gradient in 8 M urea buffers. 


pH 4-5, followed by descending chromatography with 
n-butanol, pyridine, acetic acid and water (15: 10:3: 12)". 

The peptide map of the non-« chain (Fig. 4) of the 
variant haemoglobin was identical to a normal è chai 
fingerprint with only one exception: peptide ôT-15,16, 
which stains positively for histidine and tyrosine, was 
absent and a new histidine and tyrosine positive spot was 
visible anodically to the position normally occupied by 
8T-15,16. Peptides of the normal and abnormal -chains 
were eluted with 6 N HCl from fingerprints stained with 
0-02 per cent ninhydrin in buffered acetone®. Hydrolysis 
under reduced pressure was carried out for 18 or 72 h at 
107°C. Amino-acid analyses of the hydrolysates were 
performed by the method of Spackman, Stein and Moore” 
with a Beckman ‘Unichrom’ amino-acid analyser. 

As shown in Table 1, the difference between S5T-15,16 
and the abnormal peptide consists in the presence of an 
additional aspartic acid residue and the absence of glycine 
in the abnormal peptide. This means that the only glycine 
residue in 8T-15,16 at position 136 has been replaced 
either by aspartic acid or by asparagine. As the finger- 
print shows that the abnormal ST-15,16 is more negatively 
charged than normal 8T-15,16, the substitution can only 
be 8 136 Gly—-Asp. All other peptides of the abnormal 
è chain showed the amino-acid composition of the cor- 
responding peptides of the normal § chain. 


Table 1. AMINO-ACLD er OF NORMAL AND ABNORMAL PEPTIDES 
-l 


16 
Normal Abnormal 

ne 0-96 0-98 
stidine 1-84 1-90 
Aspartic acid 1-13 2-06 

Glycine 1-10 Nil 
Alanine 4-25 4'18 
Valine 2-74 2-94 
Leucine 0-87 0-96 
e 0-61 0-69 


Results are given as molar ratios. Hydrolysis was performed with 6 N HC! 
for 72 h at 107° C under reduced pressure. 


Furthermore, the allelism of this mutant with the 6 
chain locus is supported by the finding of an individual 
with both Hb Flatbush, a known 6 chain variant, and this 
new haemoglobin in which Hb A, was completely absent. 
We propose the name Hb Babinga for this ô chain variant 
with the structure ð; 136 Asp. 

It is interesting that the same amino-acid substitution 
present in Hb Babinga has been found in the § chain of 
Hb Hope (8 136 Gly—-Asp)'*. This abnormal haemoglobin, 
detected in an American Negro family, is remarkable 
because it does not separate from Hb A on starch gel 
and paper electrophoresis in different buffer systems at 
pH 8-6, although, considering the kind of replacement 
(Gly—-Asp), one would expect an electrophoretic mobility 
of the same order of Hb J. Hb Hope, however, shows the 
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same behaviour as Hb F on agar gel electrophoresis at 
pH 6-2 and in ‘Amberlite JRC-50' chromatography in 
0-1 M citrate, pH 6-2. Hb Babinga separates from Hb A, 
on starch gel electrophoresis at pH 8-6 in tris-EDTA- 
borate and fris-citrate buffers. The same amino-acid 
replacement in the same region of the molecule therefore 
affects the physical properties of these two haemoglobins 
in different ways, although the electrophoretic mobility 
of Hb Babinga is also lower than expected. 

The differences in the primary structure of 6 and 6 
chain between the non-helical segment GH (ref. 11) and the 
COOH terminal consist in the substitutions 124 (or 125) 
8 Pro—>ô Gln and 126 8 Val—-3 Met. The region ĝ 124-125 
is rather peculiar because it represents the only instance 
in haemoglobin where two consecutive proline residues 
contribute to the formation of an «-helix. The site cor- 
responding to residue @ 125 is occupied by a valine in 
the «-chain and by a glutamic acid in the y-chain. Further- 
more, Pro 124 is important because it is involved in a 
non-polar bond with « 34 Val, contributing to the con- 
nexion between unlike chains at the same side of the 
molecule («,3,). It might be interesting therefore to know 
the site of replacement in position 124-125 of the 3 chain 
and work is now in progress to establish the correct 
sequence. 

It is clearly not possible to draw any conclusion on the 
modification(s) of the secondary and tertiary structure of 
the 8 chain brought about by the amino-acid substitutions 
discussed here. Nevertheless a modified orientation of 
Asp 136 in Hb Hope and Hb Babinga due to the different 
primary structure of the H segment in the 8 and 6 chains 
respectively could explain the variable degree of ioniza- 
tion of this particular residue and in turn the different 
electrophoretic behaviour of these two haemoglobin 
variants. 

Another case of analogous amino-acid replacements 1s 
found in Hb A,’ (8 16 Gly—-Arg)*** and in Hb D Bush- 
man (8 16 Gly—-Arg)". These two variants, however, 
both show the same decrease in electrophoretic mobility 
relative to Hb A, and Hb A, respectively. 

Hb A,’, or Ba, is one of the three 6 chain variants that 
have been described in the literature. It is rather wide- 
spread in negroid populations in America and Africa, and 
can reach frequencies of over 1 per cent". Hb Sphakié 
(è 2 His—Arg) has only been found in one family from 
Crete’*, Hb Flatbush (3 22 Ala—>+Glu)" has been found in 
a Puerto Rican family’? and in two American Negro 
families"*. Delta chain mutants of Hb A, with electro- 
phoretic mobilities like Hb A,’ and Hb Flatbush have 
also been found during the population study of the 
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Fig. 4. Fingerprint of the abnormal ô chain. (1) The abnormal peptide 
öT-15,16. (2) A small amount of the abnormal 6T-15. (3) Kormal 
6T-18. (4) A trace of the normal é6T-15,16. 
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Babinga pygmies. Their final characterization is now in 
progress in our laboratory. T 
The small number of known 8 chain variants is in 


sharp contrast with the number of published 8 chain 


variants (mora than sixty) and « chain variants (more than 
thirty). 
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-< DNA Synthesis is Essential for 
increased Haemoglobin Synthesis 

in Response to Erythropoietin 

MAMMALIAN erythropoietic stem cells differentiate into 
granulocytes or erythrocytes. In differentiating into 
erythrocytes they go through several maturation divisions 


>o during which the basophilia of the cytoplasm diminishes, 
© = protein accumulates and the nucleus changes its structure 
and is eventually expelled. The most basophilic cells 
oo. take little or no haemoglobin whereas most of the meta- 


E bolism of reticulocytes is directed to its synthesis. Matura- 


- tion of these cells is stimulated by erythropoietin, a 


< glycoprotein produced in the kidney in response to low 
oxygen tension in the blood. This stimulation can be 


s _ Studied in cultured bone marrow or foetal liver cells. It 


-has been shown that the response involves both haemo- 


globin and RNA synthesis; RNA synthesis occurs first 


and the entire process can be eliminated by treatment 


-with actinomycin D'. We report here experiments which 


2 _ show that DNA synthesis is a prerequisite for any in- 


= erease in haemoglobin synthesis following erythropoietin, 


although cell division is not. 

= We used liver cells explanted from foetal mice 13 days 
after fertilization. Following the technique of Cole and 
Paul?, suspensions of cells were prepared and dispensed to 
replicate tubes of medium (Waymouth’s 752/1 medium + 
10 per cent foetal calf serum) so as to give 10° nucleated 
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cells/ml. Rates of synthesis of protein-bound haem were 
determined by incubating with °*Fe for a fixed period and 
then extracting and counting the haem as described 
earlier?, To measure DNA synthesis the cells were 
incubated for 1 h with 10+ M thymidine, containing 5 
uCi/ml. of *H-thymidine, in the presence of 10-4 M 
5-fluorouracil deoxyriboside (FUdR) to block thymidyl- 
ate synthetase. The washed tissue was extracted at 0° C 
with 2 N perchloric acid and then for 20 min at 70° C to 
extract the degradation products of DNA. The perchloric 
acid solution. was neutralized with 2 N KOH and the | 
insoluble potassium perchlorate was spun off before 
counting the supernatant. Correction was made for 
exchange of °H. Table 1 shows the effects on haemoglobin 
synthesis of adding colchicine, actinomycin D and FUdR 
to these cultures. 


Table 1, EFFECTS OF INHIBITORS ON THE STIMULATION OF HAREM SYNTHESIS 


BY ERYTHROPOIETIN IN RODENT FOETAL LIVER CULTURES 


Haem synthesis 
(gumoles/10* cells/h) 


Sample Time (h)  —-Erythro- + Erythro- 
poletin poletin 

Control 2.5 18-9 

Control T5 153 36-6 
Puromycin, 10“ M 7-5 3g 4-2 
Actinomycin D, 10 pgjml 7-5 13-9 13-5 
Colchicine, 10-4 M TS 16-6 34:0 
meant he a T5 16-1 159 
FUAR, 10% M 75 12-5 12-6 


In the absence of inhibitors erythropoietin stimulated 
the rate of synthesis of haemoglobin about 2-5-fold in 
75 h. This stimulation was completely prevented by 
puromycin and actinomycin D as might have been 
expected, and in confirmation of other published findings. 
Colehicine had virtually no effect, but the response was 
completely eliminated in cultures in which DNA synthesis 
had been prevented by FUdR. That this effect was a 
consequence of the inhibition of thymidylate synthetase 
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Fig. i. Effects on haemoglobin synthesis of withdrawing erythropoietin 
or adding 5’-fluorodeoxyuridine. Replicate cultures were set up with or 
without erythropoietin (step 3, 0-2 0/10* cells). After 8 h the medium 
was removed and replaced. One set of cultures without erythropoietin 
was returned to a similar medium (Wj; another was returned to the 
same medium +10 M FUdR (@). One set of cultures with erythro- 
poietin was returned to similar. medium (V-~—-V); another was. 
returned to medium without erythropoietin (V-——--—V¥); a third returned 
to medium containing erythropoietin +104 M FUAR (©), The amount 
of “Fe incorporated Into haem was determined during the one-hour 
pulses indicated by blacked-in areas on the abscissa. 
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pumb)les haem/10* cells/h 
pumoles thymidine/10°* celis/h 





2 


4 6 

Hours 

Fig. 2. Rates of synthesis of DNA and haemoglobin after treatment 
of cultures with erythropoietin. Replicate cultures were set up with or 
without erythropoietin (step 3, 0-2 U/10° cells), The amounts of **Fe 
incorporated into haemoglobin or *H-thymidine incorporated into DNA 


were determined during one-hour pulses indicated by blacked-in areas 
on the abscissa. 


and not of an effect on RNA synthesis was shown by the 
fact that the inhibition was reversed by thymidine but not 
by uridine. 

If erythropoietin was continuously present the rate of 
haemoglobin synthesis increased progressively for 20-30 h 
in these experiments. Fig. 1 shows that the withdrawal 
of erythropoietin arrested the increase; the rate of 
synthesis then declined. Treatment of cultures with 
FUdR at the same time had an even more dramatic effect 
in arresting the rate of haemoglobin synthesis, even in 
the continuous presence of erythropoietin. 

The evidence that DNA synthesis is a prerequisite for 
increasing haemoglobin synthesis suggests that there 
would be an early increase in DNA synthesis following 
treatment with erythropoietin; it might be found to 
precede haemoglobin synthesis. This could be clearly 
demonstrated (Fig. 2). Synthesis increased remarkably 
quickly; it was already marked at the time of the first 
measurement and was almost maximal by the time an 
increase in haemoglobin synthesis could be detected. 
These results conflict with some previous findings*-}. 
The culture medium used in these cases, however, was 
different, and included nucleic acid precursors which 
might be expected to obscure the phenomenon. 

Our experiments can only be interpreted as showing 
that, in cultured 13-day mouse foetal liver cells, DNA 
synthesis is an absolute requirement for the increased 
haemoglobin synthesis which occurs in response to 
erythropoietin. The increase in haemoglobin synthesis 
reflects the formation of new mRNAs and, in general, the 
differentiation of blood-forming cells. Requirements for 
DNA synthesis during differentiation of mammary gland 
epithelium’ and iris regeneration® have been described 
before. Two things are remarkable about our observa- 
tions. First, the increase in DNA synthesis is almost 
immediate in response to treatment with erythropoietin. 
Second, DNA synthesis is apparently more important 
than cell division. One can only speculate about the 
reasons. Selective gene replication may occur in differen- 
tiation (compare the selective replication of the ribosomal 
RNA genes during egg maturation’ *). An alternative 
possibility is that replication of chromosomes is necessary 
to permit the association of repressor or derepressor 
molecules with DNA. It could also be postulated that 
mRNA is transcribed only when DNA is replicated or 
that transcription and/or translation rates are related 







directly to the amount of DNA in cells synthesizing . 
haemoglobin. ret Ge 
The erythropoietin used in this work was a gift from the — 
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Structure of a Mammalian 
Serine tRNA 


Tuer structures of several transfer RNAs from yeast and 

E. coli have recently been determined?*. Although their 
sequences differ widely, they have some interesting 
features in common. They all conform to the clover-leat. = 
model! with the same numbers of nucleotides in the o 
base-paired regions. In the five known structures of- 
yeast transfer RNAs certain minor bases, when present, _ 
occur at identical sites. For example, l-amethyiguanine 

and N?-methylguanine always occupy positions 9 and 10, 
respectively, from the 5’ end; 1~-methyladenine occupies 
position 19 from the 3’-adenosine end and N*-dimethyl- 
guanine lies between the dibydrouridine-containing and 
anticodon loops. Because the primary structure .of — 
tyrosine {RNA from Æ. coli? differs from that of yeast. 
tyrosine tRNA, it seemed of interest to compare the 
structure of a yeast transfer RNA with that of a mam- 
malian one. a 









h 


initiation 





hormones?! as well as in plant virus protei 
suggests a possible role in polypeptide chair 










Transfer RNA from large batches of frozen rat liver — 
was fractionated by partition chromatography. Ana- 
lysis by this method and by chromatography on methy- 







lated albumin—kieselguhr columns revealed sev 
species of transfer RNA which could accept serine. One 
of the major peaks was isolated and characterized. The- 
end products of pancreatic RNase and of 7,-RNase 
digestion were separated by chromatography on DEAE- 
cellulose columns 36, 

The sequences were determined by further enzymatic 
digestion with the complementary enzyme, with micro 














coccal nuclease, T,/T,-RNase, alkaline phosphatase or 
snake venom diesterase’*-}*, followed by thin-layer => 
Od 


chromatography. Overlapping sequences were constructed 
by locating minor nucleotides or by isolating the products ~~ : 
of partial digestion with 7T,-RNase”’. 








| | and G-A-G--U in yeast serine (RNA IL. 


1364 


eo 
G 
eG-C 
U- A 
A = Uj 
UTA 
G-E UA 
p . G IIIi G 
MO- 
G IHi GCAGG C 
Spi 
D-U, , _AGGC G 
G~ COo 7 ; 
A- Pom 
3am: C A 
U A- IP 
I GA 


Fig. 1. Clover-leaf model of rat liver serine {RNA. Base paired regions 
are indicated by bonds between paired bases. Abbreviations: A,C,G, U; 
adenylic, eytidylic, guanylic and uridylic acids respectively: Ac—C, 
N*-acetyl-cvtidylic acid; D-U, dihydrouridylic acid; MO-G, 2-0- 
meéthyiguanylic acid; DM-G, N*-dimethylguanyiic acid; w, pseudouri- 
dylic acid, 3MC, 3-methyleytidylic acid; I, inesinie acid: IP~A, iso- 
pentenyladenylic acid; MO-W, 2’-O-methytpsoudo-uridylic acid; 
MO-U, 2°-O-methyluridylic acid; 5M-C, 5-methylovtidylic acid: 
T, tibothymidylic acid; 1M-A, l-methyladenvlic acid; pG is the 
-phosphate end of the molecule, 
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than in the minor dhes. Of the major ones present in 
both yeast serme RNAs, sixteen are actually different in 
rat liver serine «RNA. These differences are ehiefly in 
the base paired regions near the end groups, and near 
the anticodon region where a change from adenosine to 
pseudouridine also occurs, but the new bases still allow 
the formation of hydrogen bonds. Thus eight base pairs 
are different, five of them in the region adjacent to the 
amino-acid acceptor end. i 

In summary, of the twenty-one nucleotides which are 
different in liver serine iRNA, sixteen occur in the base- 
paired regions adjacent to the -C-C-A end and the 
anticodon loop, and in the anticodon loop itself. We haye 
evidence that these regions also differ in a second serine 
tRNA species from rat liver. Although the serine {RNA 
isolated from rat liver accepted 1 mole of serine per 
mole of transfer RNA, oligonucleotides from these regions 
were found in less than stoichiometric amounts, and 
small amounts of oligonucleotides of related sequences 
were also present. 

It seemed interesting to examine the effect of the base 
substitutions on the recognition by amino-acid transfer 
RNA synthetase. Using a serine {RNA synthetase, 
purified 600-fold from rat liver (unpublished work of 
M. Rouge and M. 8.), the Michaelis constants for both 
liver and yeast serine {RNA were determined. The 
enzyme had the same affinity for both transfer RNAs. 
Serme (RNA synthetase purified from yeast also recog- 
nizes serine tRNA from both yeast and rat liver. The 


MAN =» [a 


GGGCUCUGCOCCGCGCAGGTYC AA AUCCUGCAGUUGUCGCCA 
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Fig. 2. Comparison of nucleotide sequences in yeast serine (RNA I (above) and rat liver serine {1RNA (below). Differences in the primary 
nucleotides are indicated by empty brackets. The three positions where the nucleotidesin yeast and liver serine (RNA differ only by methylation 
are indicated by stippled brackets. Abbreviations asin Fig. 1. 


The clover-leaf model of the probable structure deduced 
from the sequence of one of the major serine {RNAs 
from rat liver is shown in Fig. 1. A comparison with 
the structure of yeast serine tRNA I (Fig. 2) shows long 
stretches of identical sequences and differences in about 
one quarter of the nucleotides. Serine 1RNA from rat 
liver contains three additional methylated nucleosides: 
3-methyleytidine, 1-methyladenosine and 2’-O—methyl- 
pseudouridine. The minor loop contains 3-methyleyti- 
dine at a position occupied by cytidine in yeast serine 
‘RNA I and by uridine in yeast serine {RNA IT. It is 
interesting that 7~methylguanosine is found in the minor 
loop of yeast phenylalanine tRNA*® and of one of the 
E. coli N-formylmethionine tRNA species’, for both 3- 
methyleytidine and 7~methylguanosine bear a cationic 
charge at neutral pH. 1-—Methyladenosine (which also 


an l has a cationic charge at neutral pH) is foun d in the Samo 
-` position in liver serine {RNA as in yeast tyrosine, phenyl- 
. alanine and valine {~RNAs?*-*. 


The sequence containing 
-. l-methyladenosine, G-]1MeA-A—U, corresponds in posi- 
` tion to the sequences A-A-A-U in yeast serine {RNA I 
à Although the 
. sequence G-IMeA-A-U is not present in any of the known 


yeast transfer RNA structures, it occurs in total yeast 
transfer RNA (unpublished work of M. S. and B. Č. B.) 

< and it is the major sequence found in FE. coli transfer RNA 
© after in vitro methylation by an adenine methylase from 
. vat liver! The anticodon of the isolated liver serine {RNA 


is identical with that of yeast serine tRNA. The anticodon 
is, however, flanked by the sequences A-3MeC-U and 
IPA-A-2’-OMeY instead of A-Y-U and IPA-A-Y. 
There are six different codons for serine”, with differences 
in all three positions, so other serine tRNAs with different 
anticodon sequences probably exist. 
There are even more differences in the major nucleotides 


base differences, including the transition from eytidine to 
3-methyleytidme and from adenosine to 1-methyl-adeno- 
sine, cannot therefore be important in enzyme recognition. 
This leaves a limited number of possible sites for enzyme 
recognition; significantly the dihydro—uridine-containing 
loop is identical in all three serine (RNAs. Assuming 
the 2"-OMeG—G sequence in that loop to be paired with 
the C-C sequence in the C-C--A end and the A-G sequence 
with the ¥-C sequence of the thymine-containing loop 
as in the model of Cramer?4, the nucleotides in this 
region would come close to the amino-acid acceptor site. 
Admittedly the dihydrouracil residue may be degraded 
without impairment of amino-acylation™, but the spatial 
conformation of the major nucleotides of this very large 
loop may be more important than the actual dihydro- 
uracil residue itself, especially in view of the importance 
of electrostatic interactions between tRNA and amino- 
acyl synthetases**, which suggests that the arrangement 
of the phosphate groups may be a factor in enzyme 
recognition. 
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In vitro Reversal of Antibiotic 
Resistance by Ethylenediamine Tetra- 
acetic Acid 


SomE cases of bacterial resistance to antibiotics may be 
a consequence of the development of a permeability 
barrier which prevents the antibiotic from reaching its 
site of action in the bacterial cell. Such permeability 
barriers have been thought to be responsible for the 
resistance of Escherichia coli and other Gram negative 
organisms to chloramphenicol’, actinomycin D (ref. 2), 
benzyl penicillin? and vancomyein*, The permeability of 
several Gram negative organisms to a variety of unrelated 


seemed to be interesting to determine whether this com- 
pound can reverse antibiotic resistance of Gram negative 
pathogens. 

Pathogenic strains of Æ. colt, Pseudomonas aeruginosa 
and Proteus mirabilis, obtained from the routine labora- 
tory, were screened for resistance to penicillin G, ampicillin, 
tetracycline and chloramphenicol by the “‘multodisk” 
(Oxoid) technique. Three strains of each of these organ- 
isms which showed resistance to one or more of the four 
antibioties were selected for study. The minimal inhibitory 
concentration (MIC) of the four antibioties for each of the 
organisms selected was measured by a tube dilution 
technique. Double dilutions in nutrient broth (Oxoid 
No. 2) adjusted to pH 7-0 were used. The tubes were 
incubated for 18 h at 37° C and the MIC was determined 
by inspection of the tubes for the presence of visible 
growth. The lowest concentration of the antibiotic which 


MIC of the trisodium salt of EDTA (sodium ‘Versenate’, 
Riker Laboratories) for each organism was determined in — 
an identical way. Thereafter the effect of sub-inhibitory 
concentrations of EDTA on the MIC of the four anti- 
biotics for each of the organisms was determined by a 
further series of tube dilution experiments in which the 
concentrations of antibiotice and EDTA were varied 
together. The inoculum used in all MIC determinations 
was taken from overnight broth cultures and consisted of 
approximately 10° organisms/rnl. All experiments were 
carried out at pH 7-0. 

Table 1 shows the results obtained with one strain of 
each organism tested. Very similar results were obtained 
with the remaining two strains of each organism. Ib will 
be noted that sub-inhibitory concentrations of EDTA 
produced a reduetion in the MIC of all four antibiotics 
for each of the organisms. Complete reversal of antibiotic 
resistance was obtained with all tetracycline resistant 
organisms and with penicillin and ampicillin resistant 
strains of Ps. aeruginosa. In these cases, the MIC was 
reduced to within the range of fully sensitive organisms, 
In the case of all chloramphenicol resistant organisms 
and the penicillin and ampicillin resistant strains of W. coli 
and Proteus, the reversal of antibiotic resistance was 
partial, the MIC not being lowered sufficiently to reach 
the sensitive range. In a further series of experiments it 
was shown that reversal of antibiotic resistance by 
EDTA can be completely prevented by the addition of 
0-1 M magnesium sulphate or caleium chloride. 

The mechanism of this reversal of antibiotic resistance 
is not fully understood. The activity of a variety of anti- 
bacterial agents (chloroxylenol’-*, chlorhexidine diacetate’, 
benzalkonium chloride’, polymyxin B sulphate and vanco- 
mycin‘) against Gram negative pathogens can be enhanced 
by chelating agents. In some cases, this effect is of 
sufficient magnitude to reverse bacterial resistance, “Thus 
McGregor and Elliker'® showed that EDTA rendered a 
resistant strain of Ps. aeruginosa fully sensitive to 
quaternary ammonium compounds. The effects of 
EDTA on Gram negative organisms have been studied 
by several workers. Repaske’! showed that EDTA 
renders Gram negative organisms sensitive to lysozyme. 
This observation suggests that EDTA affects the bacterial 
cell wall. Gray and Wilkinson’ confirmed this by showing 
that the bactericidal effect of EDTA on Ps. aeruginosa, 
Alcaligenes faecalis and E. coli was associated with the 
release from the bacterial cell wall of larger substances of 
molecular weight which Leive showed to be lipopolysac- 
charides”. Asbell and Eagon” postulated that divalent 
ions are essential for the integrity of the lipopolysacecharide 
layer of the cell wall of Gram negative bacteria, for lipe- 
polysaccharide subunits are cross-linked by these ions. 
EDTA may therefore act by binding divalent ions in the 
cell wall which leads to disintegration of ita lipopoly- 
saccharide layer. This effect of EDTA is associated with 
an increase in bacterial permeability to a vanety of 
unrelated molecules. Leive* showed that Æ. colt becomes 
permeable te carbamyl phosphate, o-nitrophenylgalacto- 
side and actinomycin D. She also showed that the mcrease 
in the permeability of Æ. coli to actinomycin D produced 
by EDTA rendered the organisms fully sensitive to this 
antibiotic to which they are otherwise completely resistant. 


EFFECT OF EDTA ON THE MINIMAL INHIBITORY CONCENTRATIONS OF PENICILLIN, AMPICILLIN, TETRACYCLINE AND CHLORAMPHENICOL FOR THREE 


SPECIES OF RESISTANT GRAM NEGATIVE PATHOGENS 


prevented visible growth was taken as the MIC. The 
Table 1. 
Antibiotic Organisni 0 $4x%10-4 &4« 10° 
Penicillin E. coli 1) 1,000 1,060 500 
aru/ml.) Ps. aeruginesa (13 > 5,000 5,000 250 
; Pr. mirabilis (1) > 6,000 2,000 2 O00 
Ampicilin E.coli (i) 2,000 500 500 
(ugimi.) Ps. aeruginosa (1) 500 63 31 
eke Pr. mirabilis (1} > 5,000 > §, 006 1,000 
Tetracycline E. coli (3) 250 #3 63 
(ugiml.) Ps. aeruginosa (3) 250 63 51 
f Pr. mirabilis (1) 250 125 63 
Chloramphanicol E. coli (1) 20,000 20,000 16,000 
(ugimh} Ps, aeruginosa (43 20,000 10,000 10,066 
Pr. mirabilis (3) 2,000 1.000 1,000 


EDTA concentration (molar) 


MIC, EDTA 
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These observations suggest that EDTA reverses 
resistance to germicidal and antibiotic agents by in- 
ereasing the permeability of resistant organisms to these 
agents. This may not, however, be the only mechanism 
whereby EDTA produces reversal of antibiotic resistance. 
Weinberg" showed that addition of Mg++ and Fe 
reduces the activity of tetracycline against Gram negative 
bacteria. It is possible therefore that EDTA by chelating 


these ions in the nutrient broth enhances the activity of 
“tetracycline. 

‘Whatever the explanation of the reversal of antibiotic 

resistance by EDTA, its elinical relevance clearly needs 


to be studied. Thus in the treatment of burns which are 
commonly infected by Gram negative pathogens, m 
particular Ps. aeruoginosa, the combination of EDTA with 
penicillin, ampicillin or tetracycline may prove of value. 
Studies are now in progress to examine the value of such 
_eombination therapy. 
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Insulin Dependence of Cells in Primary 
Culture: Influence on Ribosome Integrity 


We have found that, unlike cells in continuous culture 
(for example, L cells and HeLa cells), primary cultures of 
chick embryo fibroblasts have a demonstrable requirement 
for insulin. The requirement is manifest when insulin is 
added to the culture medium in the effect on protein 
synthesis by cells and on the capacity of ribosomes pre- 
pared from such cells to synthesize protein in vitro. 

The sensitivity and simolicity of the cell culture for 
insulin assay are as interesting as the evidence that the 
role of insulin is associated with the integrity of the 
ribosome. 

Previous findings have revealed that cells deprived of 
serum macromolecules yield ribosomes (Se~ ribosomes) 
impaired in their capacity to synthesize proteins in vitro!. 
We have obtained evidence that insulin is one of the 


Table 1. PROTEIN SYNTHESIS AND PROTEIN CONTENT OF 
Experiment 1 
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Fig. 1. Stimulation of protein synthesis in cells by added insulin, 


Primary cells were plated in Eagle's basal medium supplemented with 

3S percent calf serum. Forty-eight hours later insulin in BSS, 0-01 U/ml. 

iA), OL U/ml. ¢x), and 1-0 uml. (CO) was added to some cultures, 

BSS alone to controls. Protein determinations by the Lowry procedure? 
were made on duplicate cultures for each experimentalinterval. 


macromolecules the absence of which contributes to the 
impairment of ribosome function and the addition of 
which to serum-free medium restores in part the normal 
properties of the ribosomes. Such a role for insulin in the 
animal has been proposed* on the basis of studies of 
cardiac muscle ribosomes from diabetic and normal rats. 

A first indication that the fibroblasts would respond to 
the hormone was the enhancement of protein synthesis 
when insulin was added to cultures. Cells grown in 
Eagle's basal medium? supplemented with 3 per cent calf 
serum synthesize protein at a linear rate after recovery 
from trypsinization’. If insulin is added to cells so main- 
tained for at least 48 h, the rates of synthesis and of net 
increment of protein are accelerated for at least 48 h. 
Results of a representative experiment are illustrated in 
Fig. 1. Addition of insulin (10-1 u/ml.) before the end of 
48 h may or may not inhibit protein synthesis. Higher 
concentrations (0-5-2-0 u/ml.) are likely to be inhibitory 
even after 48 h or more. 

The possible effect of insulin on the restoration of Se- 
ribosomes was explored next. Cells maintained as mono- 
layers for 48 h in Eagle’s basal medium? supplemented 
with 3 per cent calf serum were washed free of serum 
containing medium and supplied with the same medium 
components except for serum. After incubation for 24 h 
at 37° C the serum-free medium was replaced in some 
bottles by medium containing serum (3 per cent calf 
serum), in others by medium containing insulin (0-01 
u/ml.), and in a third group by more serum-free medium. 
4C-.Phenylalanime was added to each bottle and incubation 
was continued for 22 h more. The concentration of insulin 
(0-01 v/ml.) was selected after preliminary experiments 
had indicated that concentrations of 1-0 or 0-1 u/ml. were 
likely to be inhibitory. Concentrations of 10-? and 10-3 
u/ml. were equally effective (unpublished results of H. A.). 


CELLS CULTIVATED WITH ANI: WITHOUT SERUM OR INSULIN 


Experiment 2 Experiment 3 


Cop.m./10 ug ug protein/yg C.p.m./10 gg ug protein/ug C.p.m./10 ug 
DNA* DNA t DNA DNA DNA 
Celis at time zero — 33-9 + 0-2 ~— S7TB+1-5 =m 
Cels in BME (a) 130412 20-4 + 0-6 13326 28-1406 143 + & 
Cells in BME with 0-01 u/mi. insulin (b) 21845 35-440 20149 84-240 19942 
Cells in BME with 3 per cent calf serum (e) 205 +14 30-8 +0-4 305 +9 424+ 0-4 436418 


The cells were cultivated for three days in Eagle's basal medium plus 3 per cent calf serum. They then all received Eagle’s basal medium without 
serum. Twenty-four hours later the medium was again removed and one of the three new media substituted: (a) Eagle's basal medium withoxt serum: 


($) Eagle’s basal medium plus 0-01 units/ml. insulin; (c) Eagie'’s basal medium with 3 per cent calf serum. 


and assayed for total DNA and protein. 
* 4C.Phenylalanine incorporated into hot TCA insoluble fractions. 


Twenty-two hours later the cells were collected 


t Ratio gg protein to eg of DNA. 
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Fig.2. The effect of Mg++ concentration on endogenous incorporation by 


Se- ribosomes. The ratio of the endogenous incorporation of “C-phenyl- 


alanine per ribosomal unit for the Se~ and the Set ribosomes is plotted 
for each of several Mg** concentrations. Incorporation of “C-pheny!l- 
alanine was effected in a total volume of 0-8 ml. containing 6-003 M 
mercaptoethanol; 3x104 M ATP; 5 gg of creatine phosphokinase; 

1-1 mg of creatine phosphate; 3x 104 M GTP; 8-7 x 107 M KCI; 0-25 

uCi of 4O-phenylalanine; 00125 moles each of 19 “C-amino-acids; 

1-0-1-5 mg of 8-100 protein and 100-200 zg of ribosomal RNA. Mgt 
was supplied as Mg acetate. 

After appropriate washing the cells were collected and 
the protem, DNA and acid-insoluble radioactivity were 
determined for each bottle or for cells pooled from a pair 
of bottles. In the cells deprived of serum, amino-acid incor- 
poration, expressed per unit DNA, was about 40 per cent 
of the control, while cells that received 0-01 U/ml. of 
insulin instead of serum were 70 per cent as active as the 
control (Table 1). It is also interesting that the cells 
cultivated in medium containing insulin maintained their 
protein content while those without serum or insulin lost 
protein and those with serum gained protein. 

Ribosomes prepared with deoxycholate and obtained 
from cells cultivated in each of the three media were exam- 
ined for their ability to incorporate 4C-phenylalanine when 
supplied with soluble factors prepared from normal 
embryos (Table 2). In comparing ribosomal! activity care 
was taken to ensure that the same quantity of ribosomal 
material was included in each reaction vessel. As with 
whole cells, the ribosomes most active in vitro were those 
from cells cultivated with serum; least active were those 
from cells deprived of serum. 


Table 2. Ja vitro INCORPORATING ACTIVITY OF RIBOSOMES 


C.p.m, of 4C-phenylalanine/ 


Souree of ribosomes 200 ag microsomal RNA 
Expt.i Expt.2 Expt. 3 

Cells in BME without serum (Endogenous) 11384+9* 1204138 115:0 

(Poly U) 13947 84411 14727 
art =a +insulin (Endogenous) 15643 20449 158210 
(Poly U) 236422 31049 272433 

Cellsin BME +calf serum (Endogenous) 239415 321426 204+] 
a (Poly U} 3854415 525422 375+17 


Deoxycholate-treated ribosomes from cells cultivated with serum, with 
insulin, and with neither, were assayed with supernatant fraction from normal 
embryo cells. l Approximately 200 ug of ribosomal ENA was incubated in 
each reaction vessel for 30 min at 37° C in standard conditions at 4 mM Mg**. 
when used, poly U was provided in a concentration of 100 ug per reaction 
re Wallies are average of duplicate reaction vessels with mean deviations. 

The previously reported differences in the in vitro 
activity between Se- and Set ribosomes were obtained at 
50 mM Mg*+, a concentration optimal for translation of 
natural mRNA (ref. 1). At that concentration of Mg*+ 
poly U-directed stimulation of “C-phenylalanine by Set 
ribosomes was of the order of 200-250 per cent of endo- 
genous, while Se- ribosomes were not much stimulated 
(110-130 per cent of endogenous) by addition of poly U. 

We have since determined that Se- ribosomes have a 
higher optimal concentration of Mg*+ for incorporation 
directed by endogenous mRNA (Fig. 2) than Set ribo- 
somes. The same is true for incorporation directed by 





poly U which in no condition so far attempted with Se=- 
ribosomes is more than 50 per cent of that achieved by. — 
Se+ ribosomes in the same conditions (unpublished results 
of A. G. 8.). 

The ratios presented in Fig. 2 were obtained from- 
several experiments. Each ratio is of values obtained from 
a compariscn of ribosomes prepared at the same time 
from a single plating of cells. There seems to be a clear 
correlation between the concentration of Mg*+ and the 
relative functionality of Se- ribosomes. 

We interpret our findings as consistent with an indirect 
role for insulin in the maintenance of ribosomal function. 
One could speculate that the ribosome in primary chick 
cells must be constantly supplied with an unstable protein 
in the synthesis or activation of which insulin has & role. 
Of course, an insulin stabilizing function for the protein 
in question cannot be ruled out. The commonly observed 
retention of ribosome functien in cells exposed for long 
periods to actinomycin’ suggests that mRNA for synthesis 
of such a projected protein has a long half-life. The role 
of insulin is proposed to be indirect because its addition 
(unpublished results of A. G. 8.) in vitro to ribosomes has 
no observable effect on their function. 

Whereas insulin supplied to serum-free cultures restores 
only partially protein synthesis in the cells, and to a 
similar degree the in vitro activity of the ribosomes 
they yield, its addition to serum-containing medium pro- 
duces a dramatic stimulation of protein synthesis an 
accumulation in cells. It is therefore tentatively 
that at least one other macromolecule is imp 
effect ascribed to serum. (Exhaustively dialysed serum. 
can be substituted for undialysed serum in all experiments 
cited.) 

In experiments in which both Hela and L cells growing 
as monolayers were deprived of serum macromolecules 
and supplied with insulin, no evidence of a serum or 
insulin requirement was detected (unpublished results of 
H. A.). 

The proteins of defective (Se~) ribosomes are now being 
compared with those of normal ribosomes by gel electro- 
phoresis. 

The primary emphasis here is on the responsiveness of 
protein synthesis and ribosomal integrity to added insulin 
in dispersed cell culture. The cells must be primary or 
secondary cultures as opposed to established cell lines. 
Neutralization of the insulin effect is obtained when 
insulin is first treated with precipitating proportions. of 
anti-insulin antibody. 

A comparison of the effect of insulin on DNA synthesis 
and cell division in Rous transformed and normal chick 
fibroblasts has been discussed by Temin*. The contribu- 
tion of the hormone to mammary tissue culture’ and to 
a developmental sequence in mammary gland fragments* 
has been reported. 

This work was supported by grants from the US Public 
Health Service and the American Cancer Society. H. A. 
is a career development awardee of the US Pubhe Health 
Service. 
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Rapid Mixing in Radiobiology 

Tue mechanism by which N-ethylmaleimide (NEM)! 
sensitizes bacteria to the lethal effects of radiation has not 
yet been elucidated. (For a recent review see ref. 3.) It 
has often been suggested that removal of naturally 
occurring radioprotective SH groups may explain this 
effect of NEM and related sulphydryl-reacting agents. 
_ This hypothesis could be eliminated if it were possible to 
_ demonstrate the sensitization when the interval of time 


between addition of NEM and irradiation of the mixture 
_ 18 too short for the thermal reaction between SH and the 
sensitizer to take place. 


| Here we deseribe experiments 
using a rapid-mixing apparatus in which this condition is 
fulfilled. 

Serratia marcescens? was grown in synthetic medium 
containing glucose. The stationary phase was then diluted 
in 0-15 M phosphate buffer before irradiation. Syringes A 
and B (Fig. 1) contained respectively a deoxygenated 
suspension of bacteria and a deoxygenated solution of 
NEM. Both syringes were connected to two glass capillary 
tubes (C) and (D) of internal cross-section 0-75 mm2, 
which intersected at point E with a third capillary tube 
of cross-section 1:5 mm? (F). Tube F was connected to a 





O. `~ 

| H 
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Fig. 1. Rapid mixing apparatus (for details see text). 
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Fig. 2. Survival curves after rapid mixing. a, Line A, anoxie control: 


line B, (©) O, mixed 4 ms before irradiation; (@) O, mixed 40 ms before 
irradiation; (W? O, and 10 mM NEM mixed 40 ms before irradiation. 
b (AH data anoxic): line C, anoxic control; line D, 1 mM NEM mixed 
4 ms before irradiation; line E, 1 mM NEM mixed 20 ms before irradia- 
tion; line F, 3 mM NEM mixed 10 ms before irradiation; line G, 10 mM 
NEM mixed 20 ms before irradiation {x} and 40 ms before irradiation 
(Oh line H, bacteria added 4 ms after irradiation of 10 mM NEM. 


collector syringe G, The plungers of syringes A and B 
were driven simultaneously by a constant speed linear 
actuator (H) displacing the contents of each syringe at a 
speed of 2-0 cm3/s. Bacteria and sensitizer came into 
contact in the mixing junction (E) and the combined 
solution then flowed into the collector syringe (G). The 
mixture was irradiated over a 9 mm field with about 
1,750 2 us electron pulses from a 1-8 MeV linear accelerator. 
The pulse repetition frequency was 350/s. The flow rate 
through tube F was 27 mm/ms which ensured both 
turbulent flow and efficient mixing (90 per cent complete 
in l ms). No liquid passed through unirradiated. 

Simultaneous comparative ferrous sulphate dosimetry 
was carried out in the section of the apparatus which was 
connected to syringe J. Fig. 2a shows survival data for 
anoxic suspensions of bacteria which were mixed with 
either anoxic or aerated buffer, 4 or 40 ms before irradia- 
tion. The data are reproducible and show a large oxygen 
enhancement ratio (OER) of 3-8, which is in approximate 
agreement with the average ratio measured over a similar 
range of survival for the same bacteria irradiated in broth‘ 
with 250 kV X-rays. This confirms the rapid time scale 
of the oxygen effect which was observed previously by a 
different technique’. 

Examples of survival data for irradiated anoxic sus- 
pensions of bacteria which were mixed with anoxic 
solutions of NEM 4, 10, 20 and 40 ms before irradiation 
are shown in Fig. 26. The concentration of NEM ranged 
from 0:3 to 10 mM. The interval of time between irradia- 
tion of the mixtures and subsequent 100-fold dilution 
before plating was of the order of 2 min. Control experi- 
ments established that even at the maximum concen- 
tration of 10 mM, NEM was non-toxic when mixed with 
bacteria in the absence of radiation. 

Fig. 3 shows the anoxic enhancement ratio (ER) 
plotted as a function of the mixing time before irradiation 
over a range of NEM concentrations. A high degree of 
sensitization can be produced by large concentrations 
present 4 ms before irradiation or by low concentrations 
present for somewhat longer times. 

The data obtained from various experiments, including 
essential controls, are summarized as follows. (1) For all 
concentrations used, NEM is non-toxic to unirradiated 
bacteria when present for a time which is in excess of the 
period between mixing and subsequent dilution and 
plating. (2) A large degree of sensitization of anoxic 
bacteria is observed when NEM is mixed 4 to 40 ms before 
the irradiation. (3) Unirradiated bacteria added to 
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Fig. 3. Variation of anoxic NEM enhancement ratio (ER) with pre- 
irradiation contact time over the NEM concentration range 03-10 mM. 


irradiated NEM or irradiated buffer 4 ms after irradiation 
are completely unaffected. (4) NEM added 4 ms after 
irradiation of anoxic bacteria produced a small degree of 
sensitization (ER about 1-25). (5) Very little sensitization, 
if any, was observed when anoxic NEM was mixed with 
aerated bacteria 40 ms before irradiation (ER < 1-2). 

That bacteria added to irradiated NEM were unaffected 
shows that the sensitization is not a result of the pro- 
duction of toxie chemical substances (of life-time longer 
than a few ms) by radiolysis of NEM. The absence of a 
large sensitization effect when NEM was added after 
irradiation of anoxic bacteria suggests that the chief 
mechanism is not a result of the mhibition of long term 
repair processes by interaction of NEM with some repair 
enzyme. <A small post effect (ER 1-25) was, however, 
observed which suggests that such a process might con- 
stitute a minor component (about 10 per cent) of the 
overall sensitization. 

With respect to —-SH suppression there is no doubt that 
NEM reacts rapidly with cysteine and similar compounds. 
although both the rate and the extent of the reaction 
depend on pH, the structure of the molecule and, pre- 
sumably, on temperature also’. The maximum reactivity 
obtains at pH 7 (ref. 7), where the half time for the second 
order reaction of equimolar solutions of both reagents was 
about 10 s (refs. 7 and 8). Bound --SH groups in protein, 
for example, bovine albumin, are oxidized even more 
slowly®, 

Although the reactivity of NEM is undoubtedly high, 
however, the sensitization in the rapid mixing experiments 
takes place over a contact time which is very much less 
than the time likely to be required for suppression of intra- 
cellular —SH. We conclude that the mechanism of 
NEM sensitization does not involve, at least in this bac- 
terium, the suppression of —-SH groups which are 
normally present in the cell, and that the extreme 
rapidity of the effect reflects the participation in some 
fast reaction of free radical precursors produced by the 
radiation. The time scale for such radiation chemical 
processes would be likely to be even shorter than that 
indicated by the response time in the mixing experiments. 
This period may therefore represent the time required 
for diffusion of NEM to the necessary site or sites in the 
bacterium. 

Preliminary calculations have shown that the form of 
the enhancement ratio time curve does not fit a simple 
diffusion model for either a cylindrical or spherical bac- 
terium irrespective of whether the target les at the 
centre or.just inside the outer membrane. The experi- 
mental increase of ER with time is more gradual than 
would be required by these models. The time dependence 
may therefore indicate that diffusion to the target is more 
complex, possibly involving transport through a multi- 
compartment system containing several membrane 
barriers. 


















It is clear that more data are required to establish tt 
exact nature of the diffusion process. 
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Effect of ACTH on the Electrical 
Properties of Adrenocortical Cells 


CELLS of the adrenal cortex have a membrane potential 
of —65 mV to —70 mV {ref. 1). No significant shift of 
this potential was apparent when steroidogenesis was 
stimulated by adrenocorticotrophin (ACTH) in normal 
Krebs-Henseleit medium*®. In recent experiments with 
rabbit adrenal glands, using methods described previ- 
ously!?, we have observed that in medium free of KA, 
ACTH caused depolarization and often induced action 
potentials in adrenocortical cells. 

When the tissue was exposed to a Kt-free environment, 
the cells showed the expected hyperpolarization, reaching 
potential values of — 80 mV. These values were sustained 
for 2--3 h in the absence of ACTH, but in its presence the 
cells progressively depolarized. Approximately 30 mun 
after exposure to ACTH (10 mv/ml.) membrane potentials 
had declined to ~50.mV and action potentials were fre- 
quently observed (Fig. 1). The amplitude of the action 
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Fig. 1. Action potentials in an adrenocortical cell afier exposure to 
ACTH (10 mujm.) in K*-free solution. Records A and A Are from the 
same cell but with different time scales. 
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potentials varied frorn cell to cell and ranged from 10 
to 40 mV, with a duration of 600 ms and a frequency of 
up to 18/min. After treatment for 2 h with ACTH in 
K+-free medium the adrenocortical cells had depolarized 
to about —24 mV; action potentials were still seen. 
ACTH caused depolarization in the presence of 0-47 
mM K+ which is one-tenth the normal extracellular 
- eoncentration of K+. At this concentration of K+, 


_ however, action potentials were no longer observed. 


Jn contrast to the marked stimulation of steroidogenesis 

by ACTH in normal Krebs medium, there was little or 
no stimulation when K+ was omitted from the solution. 
Fall suppression of the steroidogenic effect of ACTH did, 
however, seem to depend on the duration of previous 
exposure to a K*-free environment. 

In nerve axons, Nat is the chief ion involved in the 
genesis of action potentials’, while in smooth muscle, 
Catt seems to be of equal or greater importance’. The 
selective action of tetrodotoxin in blocking the inward 
flux of Nat, but not apparently of Ca++, has been exploited 
to define a Na+ dependent action potential. We have 
observed that tetrodotoxin, 10-* g/ml., does not block the 
action potentials induced in adrenocortical cells by ACTH, 
suggesting that Nat flux is probably not an important 
factor in their initiation. In view of the Ca++ requirement 
for optimal stimulation of adrenal steroidogenesis by 
ACTH (ref. 6), it will be of interest to determine the 
relative importance of Ca*+ in the mechanism respon- 
sible for ACTH induced action potentials. 
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Effect of Anoxia on Mechanical 
Performance of Isolated Atria from 
Ground Squirrels and Rats acclimatized 
to Altitude 


A FUNCTIONAL adaptation to hypoxia has been described 
in cardiac tissue from rats acclimatized to altitude!, but 
little information is available to explain why hibernating 
rodents are more tolerant to hypoxia than non-hibernating 
rodents, even at body temperatures near 37° C (ref. 2). 
Adaptations which enable hibernators to maintain physio- 
logical integrity at body temperatures of 3°-5° C could 
contribute to survival of severe hypoxia’; this interpreta- 
tion, however, remains open to question. After exposure 
to hypoxia, no greater oxygen carrying capacity was found 
in the blood of a typical hibernator (Citellus lateralis) 
than in that of the rat‘. Thus the ability of the hibernator 
to survive hypoxia could be associated with a functional 
adaptation to lowered pO, at the tissue and/or cellular 
level. 

To test this hypothesis experiments were performed with 
left atria from Charles River albino rats and normothermic 
golden-mantled ground squirrels (Citellus lateralis). The 
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ground squirrels were trapped in the vicinity of White 
Salmon, Washington, USA {altitude 5,000 feet). In 
addition, atria were obtained from rats which had been 
exposed continuously to a simulated altitude of 19,000 
feet for 6 weeks. The facility for simulating high altitude 
conditions has been described previously’. All animals 
were fed unlimited Purina lab chow and water. Each 
atrium was suspended at 35° C in 50 ml. of modified 
Locke's solution containing (g/l): NaCl, *9-0; KCl, 
0-42; CaCl, 0:2; NaHCO, 0-5; and d-glucose, 2-0, 
After placing an initial tension of 1 g on the atria, they 
were stimulated by surface clectrodes with a Grass model 
S4 stimulator set to deliver rectangular pulses of 5 ths 
at a frequency of 1-5/s and maintained at an intensity 
of 1-5 times threshold. Isometric contractile force was 
measured with a Grass FT03 transducer and recorded 
with a Brush mark 280 recorder. Further details of this 
preparation have been described previously*. The 
solution was aerated with 95 per cent O,-5 per cent CO, 
for 30 min to establish stable control. Thereafter, 95 per 
cent N,-5 per cent CO, was introduced for 60 min followed 
by reintroduction of 95 per cent O,-5 per cent CO,. The 
flow of gas was maintained at 100 ec/min during each 
experimental phase. Oxygen tension in the bath was 
monitored repeatedly with a model 113 IL oxygen 
electrode. After introduction of 95 per cent N,-5 per 
cent CO,, the oxygen tension decreased from an average 
of 684 to 6 mm Hg in 5 min; whereas 5 min after the 
reintroduction of 95 per cent O,-5 per cent CO,, it returned 
to 672 mm Hg. 

The effect of anoxia on the contractility of isolated 
atria is summarized in Table 1 and Fig. 1. Atria from 
the smaller ground squirrel contracted less forcefully 
than those from control rats when the tissues were well 
oxygenated. In contrast, atria from ground squirrels 
contracted with significantly more force during anoxia. 
The decrease in force at the onset of anoxia was less 
rapid in atria from ground squirrels than control rats; 
consequently the time to reach 50 per cent of preanoxic 
contractility (Ts) was significantly less in the latter 
species. At 60 min, contractility was reduced to less than 
6 per cent of the preanoxic values in all atria. After 
oxygen was reintroduced, atria from ground squirrels 
regained 87 per cent of their preanoxic contractility 
whereas control rat atria regained 52 per cent. 

The contractility of atria from rats acclimatized to 
altitude was significantly less than that of control rat 
atria during the preanoxic period, but no differences were 
noted during the anoxic phase. On the other hand, Te 
was significantly higher for atria from altitude animals 
and these tissues regained 99 per cent of their preanoxic 
contractility. 

Myocardial tissue from rats acclimatized to altitude has 
been described as being more resistant to anoxia than 
that from control rats'. When expressed as the time to 
reach 50 per cent of preanoxic contractility after introduc- 
tion of 95 per cent N,-5 per cent CO, (Te), or as the 
percentage recovery of preanoxic contractility after 
reintroduction of oxygen, the present data agree with 


Table 1. EFFECT OF ANOXIA ON CONTRACTILITY OF ATRIA FROM GROUND 
SQUIRRELS AND RATS ACCLIMATIZED TO ALTITUDE 
Ground Altitade 
squirrel P Rat P rat 
{eight} ften) (ten) 
Body weight (g) 205 + 9* <0-001 846+4 NS 357 +11 
Atrial weight (mg) TL1L208 <0001 1904+186 NS 17°54 1-2 
Contractile force (mg) 
Preanoxic at 30 310 +38 < 0-05 408420 <0-O061 231426 
min 
At 5 min anoxia 7646 < 0-001 33 +3 NS 33 + 6 
At 10 min anoxia 4344 «QGH 1821 NS 172 
Postanoxic 270+37 NS 212+15 NS 229 +17 
(maximum) , 
T's (min) 3-08¢015 <0-001 188+0-06 <0-001 2364+009 


T,= Time to reach 50 per cent of preanoxic contractility after introdue- 
tion of 95 per cent N.-5 per cent CO. 

NS = Non-significant difference between adjacent means (P>0-05: non- 
paired £ test). 

* Mean + S.E. for namber of observations in parentheses. 
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previous results. In addition, the data show that con- 
tractility during the preanoxic period was significantly 
less in tissue from animals acclimatized to altitude. 
This observation supports the proposal that chronic 
hypoxia could result in reduced myocardial contractility’. 

During exposure to hypoxia in vivo (ambient pO,=49 
mm Hg at 20° C for 1 h), the heart rate increased and 
cardiac output was maintained in the golden-mantled 
ground squirrel‘. In contrast, a decrease in heart rate 
and cardiac output was evident when control or altitude 
acclimatized rats were exposed to the same conditions. 
Furthermore, no marked differences in arterial or venous 
oxygen content were noted when the three experimental 
groups were compared. Evidence is therefore provided 
that cardiac tissue from the ground squirrel is better 
adapted for function at a lowered pO, than that from 
normal rats or rats acclimatized to altitude. Anaerobic 
glycolysis plays an important part in preserving 
myocardial function both during anoxia and recovery 
therefrom*. Myocardial tissue from ground squirrels 
seems to have a greater capacity for anaerobie glycolysis 
than similar tissue from the rat*, but further clarification 
will be necessary to determine whether this is an adequate 
explanation for the functional adaptation of ground 
squirrel myocardium to anoxia. 

We thank Dr Milton Landowne for support and advice, 
and Garth Bullock for technical assistance. 
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Myoneural Junctions in the Connective 
Tissue Sheath of a Molluscan Ganglion 


NERVE and muscle cells have been described in the 
connective tissue sheath which surrounds the ganglia and 
peripheral nerves of the molluscan nervous system’ *. In 
Aplysia no morphological evidence has been obtained for 
functional contact between the two types of cells’. In the 
investigation reported here, an electron microscopic 
analysis of the fine structure of the osphradial ganglion 
of the freshwater pulmonate snail, Planorbarius corneus L., 
showed the presence of numerous myoneural junctions 
in the ganglion sheath. The junctions are similar to those 
described in the heart of Achatina fulica® and the penis 
retractor of Helix pomatiat—two other pulmonate snails. 
The osphradium of Planorbarius consists of a blindly 
ending ciliated canal opening to the exterior of the 
animal and a basal ganglion of several hundred nerve cell 
bodies®. There is an outer sheath of connective tissue 
which forms a continuous layer over the whole organ 
and, in the ganglion region, an inner layer which separates 
the basal region of the osphradial canal epithelium from 
the cells of the ganglion. Occasional strands of connective 
tissue connect the inner and outer components of the 
ganglion sheath. Certain aspects of the structure and 
function of the pulmonate osphradium have been con- 
sidered elsewhere*:* and the techniques for removal of the 
organ and preparation of the material for examination in 
the electron microscope are as previously described’. 
The osphradial connective tissue contains nerves, 
muscle cells and blood vessels, the walls of which consist 
of myoendothelial tissue. Similar cell types were deseribed 
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Fig. 1. Electron micrograph of a myoneural junction in the connective 
tissue ca e of the osphradial lion of Planorbarius corneus L, The 
osmium-fixed tissue was embedded In ‘Araldite’, sections cut at 600- 
A and stained with lead citrate in the conventional manner. m, 
Smooth muscle fibre; ne, nerve ending; s, synaptic cleft. 
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by Coggeshall in the visceral ganglion of Apiysia’. Myo- 
neural junctions have been observed in all components of 
the connective tissue sheath. In Fig. 1 the nerve ending 
closely follows the folds of the muscle surface. The width 
of the synaptic cleft varies from 200-300 A. The muscle 
fibre consists of two types of myofilament—-thick ones of 
diameter about 200 A and thin ones of diameter about 
50 A. The nerve ending contains a number of mito- 
chondria and one lies close to the synaptic membrane. 
The main body of the axonal cytoplasm is filled with 
_ granules and vesicles. These granules possess a dense core 
and are of the type commonly described as “elementary 
neurosecretory granules”. This type of granule has been 
described in the cell bodies and axons of many mol- 
 dusest-+78, and occurs in morphologically identified 
aynaptic regions?:*:*, The granules are often assumed to 
represent neurosecretory material or synaptic trans- 
‘mitter substance, although there is no specific evidence 
for this in molluscs. They are known to be secreted from 
the Golgi apparatus of snail central nervous neurones’. 
The vesicles vary in diameter from 150 to 300 A and are 
similar to those described in the myoneural junction of 
Helix pomatia penis retractor’. 

Strumwasser® showed that electrical stimulation of pre- 
synaptic nerve fibres to the visceral ganglion of Aplysia 
caused a marked shortening of other nerves leading from 
the ganglion, and Rosenbluth? concluded that muscle 
fibres present in the connective tissue sheath were 
responsible for this movement. It is possible that this 
response is mediated through myoneural junctions which 
have not yet been observed. The osphradium of Planor- 
bariws is capable of locally organized contractions which 
are stimulated by the addition of inert particles 5y in 
diameter to the mouth of the osphradium', or by the 
addition of 10-3 M glutamate (buffered at pH 7-0). It is 
presumed that muscle fibres within the connective tissue 
of the osphradium are responsible for this ‘‘clearing 
response” and it is probable that glutamate is acting on 
the myoneural junctions described earlier. Kerkut et al." 
have shown that glutamate is a probable neuromuscular 
transmitter in molluses. 
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Spectral Response of Single Neurones 
recorded in the Optic Lobes of 
the Housefly and Blowfly 


SoME initial results of an investigation of insect colour 
vision carried out by recording the activities of second 
and higher order neurones are reported here. They are 
relevant to the question of sensitivity to red light in the 
Diptera. 
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Fig, 1. Spectral responses of neurones recorded in the lobula/obuia plate 
region of the optic lobe of the housefly Musca domestica, +, Wild type, 
whole eye ithiminated; x, white eyed mutant, whole eye illuminated. 


The responses of motion sensitive neurones were re- 
corded in the lobula/lobula plate region of the optic lobe 
of the fly'?. The visual fields of these units are mon- 
ocular, non-uniform and extend over the entire acceptance 
angle of the compound eye. Only units with contralateral 
fields were used, because the activities of those with ipsi- 
lateral fields cannot be recorded for a sufficiently long 
time. All the units reported here responded maximally 
to motion horizontally from the back toward the centre 
of the head. These neurones (class II of ref. 3) were 
chosen for spectral sensitivity studies because their steady 
state average firing rate in response to a moving striped 
pattern contains information that correlates so well with 
behavioural studies made in similar conditions of stimu- 
lation that these neurones roust be part of the system 
which effects the optomotor response’. 

The preparation of the animal and the recording tech- 
nique have been reported before'?, Data reported here 
are from adult red (wild type) and white eyed mutant 
Musca domestica and red and white eyed (chalky mutant) 
Calliphora erythrocephala (pupae given by Drs H. Autrum 
and H. Langer), all 5-14 days postemergence and all 
female. As far as is known, the white eyed mutants are 
anatomically identical to the wild type and differ only in 
that they lack pigments which shield the ommatidia frorn 
each other. Light pulses of equal quantum value were 
presented to the contralateral eye at several wavelengths 
in the range 400 to 661 my. The spot of light was focused 
to cover the eye, or a small portion of it, as indicated in 
the text. Placement of the light was observed with a 
binocular dissection microscope to ensure that only the 
contralateral eye, and not the ocelli, was stimulated. 
After the electrode had been placed, the animals were 
dark adapted for 20 min or longer*. The animal then 
remained in the dark except when 0-1 s light pulses were 
presented in groups of three approximately 20 s apart. 
The data were recorded on photographie film and the 
average number of neurone discharges in 0-5 s introduced 
by the light pulse was taken as a measure of the response 
of the system to light of a given wavelength. 

The response to a single pulse of light was a burst of 
activity lasting as long as or longer than the pulse of light, 
and displaced in time from it. The number of neurone 

* There is some doubt about the rapidity of dark adaptation in Diptera 
(for example, ref. 4). All these units have a spontaneous activity that is 
directly proportional to light intensity, but which continues in the dark at a 


rate of two to ten per second. This ievel is attained within 2-5 min in the 
dark; thus a 20 min dark adaptation period is sufficient. 
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Fig. 2. Spectral responses of neurones recorded in the lobula/icbula pae 

region of the optic lobe of the blowfly Caliphora erythroce pian. {a} x, 

Wild type, whole eye illuminated: @, same animal, small spot Mumin- 
ated; (b) chalky mutant, whole eye illuminated. 


discharges per light pulse varied approximately 10 per 
cent from pulse to pulse. 

Typical spectral responses to single pulses presented to 
the compound eye of red eyed and white eyed Musca 
domestica and Calliphora erythrocephala are shown in 
Figs. 1 and 2. In every case two peaks were found in 
the range of wavelengths presented. The locations of 
these peaks differed from animal to animal and fell into 
the range 500-550 my and 600-640 mu. Between 400 
and 600 my the curves are similar to those reported by 
other authors for the electroretinogram (ERG) and 
retinula cell generator potential’, 

Mazokhin-Porshnjakov?* argued from the ERG response 
to rapid substitution of different wavelengths that a red 
receptor (620 mu) exists in Calliphora and Musca. The 
red peak, however, was not observed in the ERG of white 
eyed mutants of Calliphora, nor in intracellular retinular 
cell measurements on the chalky mutant; it was observed 






was E per off. ae “Gold j; 
vestigated the ERG of red and white eyed M 
concluded that his data on Musca, as well as those - of 
other authors on Musca and Calliphora, can be exp ined 
as being a result of leakage of red light tbrough the 
shielding pigment: a peak appears m the ERG response 
in the red because a larger number of ommatidia are 
stimulated and not because a red receptor is present. 
This effect should not be observed (and was not) if the 
size of the light spot is small enough that most of the 
ommatidia contributing to the response are directly 
illuminated or if no shielding pigments are present. By a 
similar argument a red peak would be measured m the 
retinula potential change for cells of red eyes which are 
illuminated off-axis, and not in those which are directly 
laminated. 

Autrum and Burkhardt*°-" found that in the visible 
regions of the spectrum the single response peaks of the 
retinula cell generator potentials of Calliphora erythro- 
cephala fell into three different groups (statistically 
significant) in the region 425-550 mu. Neural interactions 
among neurones with overlapping spectral sensitivities 
could lead to the production of a red peak in the responses 
of neurones at higher centres "4, Goldsmith suggested 
that this is not the case in Musca because adaptation 
with blue light enhanced and did not shift the 620 mu 
peak in the ERG; this result is unexpected with the 
simple model of interaction between an inhibitory mech- 
anism and excitatory mechanism with peaks in the blue 
and green, respectively. 

Although Goldsmith's arguments strongly support the 
screening pigment hypothesis and detract from the red 
pigment or neural interaction hypotheses, the presence 
of a red peak in the spectral sensitivity of higher order 
neurones reopens the question of red sensitavity m the 
Diptera. 

In the spectral region of interest Burkhardt shows 
retinula cell data only at two points; that is, at approx- 
imately 610 my and 645 my. Measurements taken at 
closer intervals are needed. 

Unfortunately there are little directly applicable data 
available about dipteran behaviour and photopigm 
but what there is suggests a red sensitivity. The photo- 
tactic responses of both red and white eyed Drosophila 
melanogaster show a broad hump in the region. 2 
610 mp and 680 mu. The single microspe 
metric measurement of the extinction of single - 
domeres of chalky Calliphora erythrocephala" has a peak 
at approximately 630 mu 

This work was suppor by a grant from the National 
Institutes of Health, US Public Health Service. 
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Hyperphagia caused by Cerebral 
Ventricular Infusion of Phloridzin 


We report here an experiment which seems to provide 
definite proof that the hypothalamic feeding mechan- 
ism contains glucoreceptors controlling satiety. That 
such glucoreceptors exist, and are different meta- 
bolically from other brain tissue, had been suggested 
indirectly by studies relating hunger and gastric contrac- 
tions to the utilization of glucose? and by work on gold- 
_ thioglucose. Single injections of this compound cause 
lesions in the ventromedial area of the hypothalamus*. 
The action is specific chemically: glucose and not similar 
metabolites has to be a part of the molecule*, It is specific 
anatomically: induced weakness of the blood-brain barrier 
in other cerebral areas does not increase permeability to 
this compound‘. Goldthioglucose destroys cells the axons 
of which connect the ventromedial area to the lateral area‘, 
- and cells at the origin of Schultze’s bundle—a structure 
which links the hypothalamus to the roots of the vagus‘. 
The former gives an anatomical basis for the known 
physiological relation between the “satiety” area and the 
“feeding” area, the latter for the physiological role of the 
ventromedial area in inhibition of gastrice contractions by 
glucagon’ and stimulation of gastric secretion by insulin’. 
The action of goldthioglucose is blocked by analogues of 
glucose® and by alloxan diabetes’, the latter confirming 
the postulated dependency of the glucoreceptors on 
insulin. Anand has also shown that the electrical activity 
of the ventromedial area is increased when the utilization 
of glucose is increased and vice versa, while the lateral 
area shows the opposite pattern”, 

In our experiment, phloridzin, a known inhibitor of 
giucose uptake in a wide variety of tissues (though not 
known, until now, to mhibit any neural tissue), was tested 
for similar effects in hypothalamic glucoreceptors in rats. 
A cerebral lateral, ventricular infusion of a 1x 10° M 
solution at a rate of I to 2 ul./min for 50 to 90 min resulted 
in marked hyperphagia (up to 30 g of Purina chow a day 
for 250 g females—double the normal intake) and gain 
in weight (up to 15 g/day). 

The hyperphagic effect was transient (approximately 
48 h) when the rate of infusion was 1 ul./min and the 
animals gained 15 to 30 g during this interval. It lasted 
for at least 2 weeks when the rate was 2 ul./min and the 
animals gained up to 5 g/day. Intraperitoneal injec- 
tions of doses of phloridzin, two to four times greater than 
those injected into the ventricle, had no effect on food 
intake. (The amount of phloridzin infused is too 
small to have any detectable systemie effect.) The data 
confirm the existence of cerebral glucoreceptors which 
are involved in the regulation of food intake. The pre- 
sumption that they are identical to the hypothalamic 
receptors previously identified is being tested experi- 
mentally. 
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Implications of Hyperglycaemia and 
Cataract in a Colony of Tuco-tucos 
(Ctenomys talarum) 


SPONTANEOUS diabetes mellitus occurs rarely in domestic 
animals'~*, It has been found in more than 10 per dent of 
individuals in captive colonies of the Egyptian sand rat 
(Psammomys obesus)’, the Israeli spiny mouse (Acomys 
cahtrinus)*, the Philippines tree shrew (Urogele everetti)’ 
and the squirrel monkey (Saimiri sciureus)®. 

A colony of tuco-tucos of unknown age from a restricted 
locality in the province of Buenos Aires, Argentina, was 
established at the Wellcome Institute of Comparative 
Physiology. The tuco-tuco (Ctenomys talarum) is a small 
(120 mm) burrowing hystricomorph rodent. The forty 
males weighed 85-210 g (mean 166 g). Many of the 
seventy-six females (95-190 g, mean 127 g) were pregnant. 
After pregnancies lasting at least 3 months, twenty-seven 
litters of one to six young were born. This F, generation 
was weaned when 4 weeks old, and housed like the parent 
colony, one male to three females, in 0-25 in. wire mesh 
cages, 22 in. long, 17 in. wide and 8 in. deep. Room 
temperature was maintained at 20°C; room lights were 
on from 08.00 h to 20.00 h and skylights provided natural 
dayhght. Initially, each animal consumed approximately 
5g of compound diet pellets (Dixon, Diet 86), 10g of 
hay, 10g of carrot, 5g of cabbage and 2g of sunflower 
seeds daily. 

Dense lens opacities were first observed in members of 
the F, generation at the age of 3 months and some animals 
appeared to be obese. The first complete eye and blood 
sugar assessments were carried out on all members of this 
generation after 2-5 months on the diet. The animals 
were then subdivided randomly into two groups: two- 
thirds received hay, sunflower seeds and pellets daily, 
together with cabbage and carrot three times weekly 
(diet A), and the remaining one-third were fed similarly, 
but were deprived of pellets (diet B). One month later, 
the eyes and blood sugar concentrations of the parent 
colony were assessed. 

Qualitative and quantitative reagent strips and tablets 
(Ames: ‘Clinitest’, “Albustix’ and ‘Acetest’) were used for 
analysis of urine. A retro-orbital bleeding technique’ was 
used to obtain 50 ul. aliquots of blood which were analysed 
by a modified microferricyanide method with a Technicon 
autoanalyser®, Bleeding was carried out under brief, light 
halothane anaesthesia by a “‘bell-jar’’ technique which 
has been shown not to produce transient hyperglycaemia’. 
Blood samples were all collected between 11.00 h and 
13.00 h witheut food withdrawal. Both eyes of each 
animal were examined by direct ophthalmoscopy with or 
without mydriasis, using 1 per cent tropicamide (“Myd- 
riacyl’). The observer (J. M. H.) was unaware of the blood 
sugar status of the animals. Representative lesions were 
photographed with a Kowa IT medical camera. 

A change of refractive index at the lens equator, seen 
only after mydriasis, was the most minor sign of lens 
abnormality. Other changes included vacuolation (Fig. 
la and b), discrete opacities (Fig. ic) and complete 
opacification of the lens (Fig. 1d). In some animals, the 
changes appeared sequentially. One to two months later, 
regressive changes were seen in some lenses (Fig. le). 

In the F, generation of forty-seven animals, nineteen 
(40 per cent) had one or more of these lens changes, and 
the distribution of blood sugar values according to lens 
appearance in the least affected eye of each animal is 
shown in Fig. 2. The blood sugar concentration (mean 
+8.D.) for the group with the normal lenses was 101 + 34 
mg per cent, compared with 150+ 30 mg per cent for the 
group showing vacuoles (t=279, 0-001<P<0-01) and 
174+58 mg per cent for the group with more advanced 
cataractous changes (t= 5-79, P=0-001). There was a 
highly significant correlation between blood sugar level 
and weight at the time of sampling (r=0-61, P=0-001), 
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Fig. 1. Lasionsin the lens of the tuco-tuco. a, Peripheral vacuoles; b, central, scattered vacuoles; c, posterior polar opacity; d, dense diffuse 


cataract; ¢, regressing dense diffuse cataract showing peripheral water clefts. 
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Fig. 2. Distribution of blood sugar concentrations in the F, generation 

of tuco-tucos according to lens appearance. (The brackets enclose a 

group of tuco-tucos which had been fed a 2 week regime of compound 

diet pelleta only, 8 weeks before sampling, and had lost excessive weight 

during this period. If these animals are excluded the mean blood sugar 
level for the cataractous group was 220+ 31 mg per cent.) 


but not between 
0-05 < P <01). 

In the parent colony fewer lens opacities were found 
than in the offspring (twelve out of sixty-five, compare 
nineteen out of forty-seven; %*=5473, 0-01< P < 0:05). 
Blood sugar concentrations were significantly lower in 
animals fed the more restricted diet B (91 +9 mg per cent) 
compared with diet A (114+38 mg per cent), t=2-66, 
P=0-01, although weight differences were not significant 
(147+18g, compare 161+30g, P=0-1). Blood sugar 
concentrations of mothers in the parent colony were 
positively correlated with the mean blood sugar levels of 
their respective litters (r= 0-663, 0-001 < P<0-01), which 
suggests a strong genetic component. 

Our results suggest a correlation between hyper- 
glycaemia and cataract, although blood sugar concentra- 
tions in cataractous tuco-tucos are lower than have been 
described in alloxan-diabetic rats with cataract’®. The 
lens changes are similar to those described in the human 
diabetic™ and in the alloxanized rat'*. Younger rats are 
more susceptible to hyperglycaemic cataract induced by 
alloxan??. This may parallel our findings of more lens 
changes in the F, generation. It seems reasonable to 
attribute the cataracts of the tuco-tuco to hyperglycaemia, 


blood sugar and age (r= —0-272, 


(All x 4.) 


although it is possible that other factors, genetic and 
environmental, may also be involved. 

A wide range of pancreatic changes was observed. 
Some animals had islets which were virtually identical 
to those of normal white mice in number and size and in 
the degree of beta-cell granulation. Other animals, known 
to have been hyperglycaemic, had islets of normal size 
with completely degranulated beta-cells or varying 
degrees of hypocellularity and atrophy. Occasional islet 
cell hyperplasia was seen. The changes resembled observa- 
tions in sand rats*, rather than the universal islet cell 
hyperplasia of the spiny mouse’®. Renal histology showed 
occasional glomeruli in which capillary basement mem- 
brane appeared thickened. 

No evidence is available about blood sugar concentra- 
tions of C. talarum in the wild. Cataracts were not noticed 
in the trapped adults (B.J. W.), and no lens changes 
were reported from serial sections of the eyes of wild 
C'. torquatus**. The tuco-tuco is extremely active in its 
natural habitat, and it seems likely that relative inactivity 
together with availability of high calorie food may be 
precipitating factors of the hyperglycaemia. Dietary 
restriction was associated with lower concentrations of 
blood sugars, especially in cataractous animals (Fig. 3). 
The cataracts probably developed during previous hyper- 
glycaemia when the animals were on the full diet. The 
exact relationship between food intake, activity and blood 
sugar is being evaluated. 

All captive wild species which have a high incidence of 
diabetes originate in hot or arid areas. The diabetic 
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Blood sugar (mg per cent) 





Diet A 


Diet B 


Fig. 3. Effect of diet on blood sugar concentrations in cataractous 

(hatched columns) and non-cataractous (white columns) adult tuco- 

tucos (mean + S.E.M.). The difference between the groups on diet A 
is significant (P=0-01). 
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genotype may carry a selective advantage for these species 
in this environment. A possible analogy is seen in the 
Pima Indian tribe of the hot Arizona desert, which has a 
44 per cent incidence of diabetes, possibly related to 
recent rapid civilization". 

The significance of the tuco-tuco and other diabetic 
“models” is probably far reaching. The development and 
apparent reversibility of cataract in the tuco-tuco could 
provide useful material for the study of lens physiology. 
Furthermore, an animal population enables separation 


.. and study of a wide series of normally interacting variables 


which may precipitate hyperglycaemia in genetically 
predisposed species. Such studies may have important 
implications for the care and management of mammals 
in captivity. 
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Influence of an Adrenergic 

Potentiator on the Ocular 

Response to Catecholamines in 
Primates and Man 

THE part played by adrenergic receptors in the regulation 
of intraocular pressure has been considerably clarified 
as a result of recent anatomical, physiological and pharma- 
cological studies. A significant decrease in the rate of 
formation of the aqueous humour which results in a 


venous protriptyline (Fig. 2). 
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lowered equilibrium pressure in the eye can be brought 
about by electrical stimulation of the preganglionic 
cervical sympathetic nerve’. Pharmacologically, a de- 
crease in the mflow of aqueous humour in animals and 
man follows the topical administration of l-adrepaline 
and l-isoprenaline?*, and a decrease in the resistance 
to outflow of the aqueous humour in animal eyes can, be 
induced by /-noradrenaline?. 

In a recent study, Carmel and one of us%M. E. L.) 
investigated the possibility of potentiating the activity 
of endogenously released or exogenously administered 
noradrenaline on the intraocular pressure of animals 
and man. Use was made of the well known property 
of certain tricycle anti-depressants to potentiate the 
peripheral actions of noradrenaline®:*, and it was shown 
that protriptyline had ccular hypotensive and mydriatic 
properties which were dependent on the presence of an 
intact sympathetic nerve supply to the eye. 

This study was made to determine the relative poten- 
tiating action of protriptyline on the ocular response 
to d-adrenaline, /-noradrenaline and l-isoprenaline in 
primates and man. 

Adult rhesus monkeys (Macaca mulatta) weighing 2-0- 
3-0 kg were sedated with 1-2 mg/kg of phencyclidine 
hydrochloride which was given intramuscularly. The 
size of the pupil was measured to the nearest 0-25 mm. 
The intraocular pressure was measured with a standard 
Schiotz indentation tonometer after anaesthetization of 
the cornea with one drop of 0-5 per cent proparacaine 
solution; the tonometer was calibrated manometrically 
on the same group of monkeys. Twenty ul. of the solution 
of the experimental drug in physiological saline was 
instilled into one eye, and the contralateral eye served as a 
control. After topical application of 0-5 M J-adrenaline 
bitartrate, a marked dilatation of the pupil was noted, 
together with a moderate decrease in intraocular pressure 
which lasted for about 6 h (Fig. 1). When intravenous 
protriptyline was given at the same time as the adrenaline, 
the pupillary dilatation and pressure decrease were en- 
hanced in both degree and duration (Fig. 1). The potenti- 
ating effect of protriptyline on the response of the eye to 
noradrenaline was more striking; 0-5 M noradrenaline 
applied topically had a moderate ocular hypotensive and 
mydriatic effect which was strongly augmented by intra- 
Sumilar experiments with 
0-5 M J-isoprenaline, a beta-active adrenergic amine, 
caused a decrease in intraocular pressure which was 
virtually uninfluenced by protriptyline. No mydriasis 
was observed in this series of experiments. 

The intravenous injection of protriptyline (5 mg/kg) 
without topical application of catecholamines caused no 
pupil dilatation and no decrease in intraocular pressure. 
Potentiation of the adrenaline and noradrenaline effects 
on the eye could also be determined by the topical applica- 
tion of 0-05 per cent solution of protriptyline. Blockade 
of the potentiating activity of protriptyline was observed 
when the a-adrenergic antagonist, phenoxybenzamine. 
was injected intravenously (5 mg/kg) before administra- 
tion of protriptyline and catecholamines. 

In seven normal human subjects the topical application 
of 0-05 per cent solution of protriptyline was found to 
potentiate the influence of a 1 per cent solution of nor- 
adrenaline on pupil dilatation and intraocular pressure 
(Table 1). When 50 ul. of 1-0 per cent noradrenaline was 
applied to normal eyes, no change in intraocular pressure 
or in pupil diameter occurred, whereas 50 ul. of 1-0 per 
cent noradrenaline and 0-05 per cent protriptyline brought 
about both a decrease in intraocular pressure and pupillary 
dilatation. The outflow facility of aqueous humour was 
found to be significantly higher in eyes which were treated 
with noradrenaline and protriptyline than in eyes treated 
with noradrenaline. The decrease in intraocular pressures 
caused by a combination of noradrenaline and protripty- 
line was small, but this represents a significant fall in 
the outflow pressure gradient, that is, Po — Pp, where P, 
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Fig. 1. The average responses of the pupils (a) and intraocular pressure (¢) of six monkeys to 20 pl. of 05 M solution. 
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Fig. 2. Average responses of the pupils (a) and intraocular pressure (c) of six monkeys to 20 al. of 0-5 M solutionot ; 
l-noradrenaline applied topically at 7'=0,5 and 10min. (©) Untreated; (@)treated eyes. Band d show the elf 
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Table 1. COMPARISON OF THE EFFECTS OF NORADRENALINE (E,) AND A 
COMBINATION OF NORADRENALINE AND PROTRIPTYLINE (E,) ON PUPIL 
DIAMETER, INTRAOCULAR PRESSURE, AND FACILITY OF SEVEN NORMAL 
SUEJECTS* 
Time E,-E, 
(h) E; E, difference 
1.0.P. (mm Hg) 0 11:6 +07 11-5407 -01400 
6 1151-0 9:509 -20 +04 
24 12707 10-9 +07 -1:8 +05 
Outflow facility (ul. min- 
mm Hg) 6 0-31+0-03 0-46 + 0-03 0-14 + 0-03 
24 0-23 + 0-04 0-36 +0-12 0-13 +0°21 
Pupil size (mm) 0 44401 44 +01 0-0+0-0 
2 47203 74+0-6 2:7 +05 
6 48+0-2 7T1+05 2-4+0-4 
24 43+0-2 4470-2 0140-1 
* 50 ul. of either the solution of 1-0 per cent noradrenaline or 1:0 per cent 
noradrenaline plus 0-05 0, 2 and 


per cent protriptyline was applied at T= 
4 min and repeated at 7'= 120, 122 and 124 min. 


The potentiating activity of protriptyline on the re- 
sponses of the iris and intraocular pressure to adrenaline, 
noradrenaline and isoprenaline is consistent with recent 
studies on the rates of uptake of catecholamines into 
postganglionic sympathetic neurones and the ability 
of protriptyline to inhibit the re-uptake mechanism’, 
The observation that noradrenaline in the presence of 
protriptyline produced an ocular hypotension lasting for 
more than 3 days requires clarification, however, for it 
seems improbable that freely diffusible noradrenaline 
would remain within the eye for several days. Indeed, 
the fact that the pupil recovered within 24 h suggests 
that either protriptyline or unbound noradrenaline de- 
creased to zero within this period. It seems therefore 
that the ocular hypotension is not readily reversed. A 
similar dissociation of the time courses of the pupil 
dilatation and ocular pressure has been observed after 
the intravitreous injection of adrenaline and noradrenaline, 
and also after cervical ganglionectomy*. 
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Effect of Inhibition of Adenosine 
Triphosphatase Activity on the Fine 
Structural Organization of the Brain 
Capillaries 

ACCORDING to Torack and Barrnett! the activity of 5- 
nucleoside phosphatase in the brain capillaries is localized 
in the basement membrane of the capillary wall and in the 
surface membranes of the glial end feet surrounding the 
capillaries. Thus with respect to the fine structural 
localization of the activity of adenosine triphosphatase 
(ATPase) the capillaries of the brain differ markedly 
from those of other tissues in which ATPase activity is 
located in the pinocytotic vesicles of the endothelial 
cytoplasm. By means of a sensitive method based on the 
fluorescence of trypan blue it has previously been shown? 
that when ATPase is inhibited the permeability of the 
haematoencephalie barrier is enhanced. Thus it seems 
that the activity of ATPase in the brain capillaries does 
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not indicate the site of accelerated transport—as Barrnett 
suggested*. The activity of this enzyme is, however, in 
close correlation with the specific functions of the blood- 
brain barrier. 

I have examined the fine structure of the brain apil- 
laries by electron microscopy after inhibiting the activity 
of ATPase using nickel chloride. ý 

Kaye has stated* that the inhibition of ATPase by 10 M 
nickel chloride is to a large extent specif®. I first 
attempted to establish whether ATPase is also inhibited 
in the vessels of the brain after intraperitoneal administra- 
tion of nickel chloride. Ten rats were injected intra- 
peritoneally with nickel chloride (0-25 g/kg dissolved fn 
physiological saline), and were killed after 30-60 min or 
3, 6, 12 and 24 h. For histochemical demonstration of _ 
ATPase activity Padykula’s method’ was used. Be- 
tween 30 and 60 min after the administration of nickel 
chloride 20—50u areas of capillary walls showed no ATPase 
activity. Between 3 and 6 h after nickel chloride has been 
given, the vessels of the brain can no longer be demon- 
strated by this histochemical ATPase technique. After 
12 h, enzyme activity can be detected in parts of the capil- 
lary wall and after 24 h ATPase activity in the capillaries of 
the rats given nickel chloride is practically the same as 
that of the control group. The activity of non-specific 
alkaline phosphatase* did not show any alterations; thus 
nickel chloride seems to inhibit specifically only ATPase. 

Electron microscopie investigations revealed the 
changes in the fine structure of brain vessels after the 
inhibition of ATPase by nickel chloride. The enzyme was 
inhibited as described. Samples were fixed, by Millonig’s 
method‘, in buffered osmic acid and embedded in ‘Dureu- 
pan’ (Fluka) after gradual dehydration with aleohol. 
Thin sections were stained by Reynolds’s’ procedure, and 
for inspection and photography of the sections a Tesla 
242 D table type electron microscope was used. 

Thirty minutes after administration of the enzyme 
inhibitor I found a change in the basement membrane of 
the capillary wall. This membrane which covers the 
endothelial cells with a continuous single layer lost its 





wall of rat cerebellum 30 min after adminis- 
tration of 0-25 g/ke of nickel chloride. On the site marked with an 


Fig. 1. Section of capil 


arrow the basement membrane forms glove-finger-like processes. 
L, lumen of the capillary; M, mitochondria in the cytoplasms of the 
glial end feet; BM, basement membrane. ( 45,000.) 
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characteristic features and formed fingerlike processes 
0-5-2u long. These labyrinth-like formations were most 
pronounced on sites where basement membrane was in 
contact with glial cytoplasm (Fig. 1). In material 
examined 12 h after the administration of the enzyme 
inhibstor the labyrinth-like formations gradually disap- 
peared (Fig. 2) and the basement membrane became 
thiek and looser in structure. This looseness in the fine 
structure of the basement membrane could be a result of 
exudation.” Twenty-four hours after nickel chloride had 
been given (Fig. 3) the basement membrane was still 
thick (0-25-1-2u on average), but the looseness had 
djsappeared, so that the membrane formed a thick homo- 
genous wall around the capillaries. 

According to Torack and Barrnett! and our earlier 
observations®*"", the activity of ATPase and cholinesterase 
in the brain capillaries is important in the regulation of 
the permeability of the barrier between blood and brain. 
After inhibition of ATPase activity with nickel chloride 
the permeability of the haematoencephalic barrier has 
been found to be enhanced*. I have now found profound 
changes in the fine structure of the capillaries. The 
labyrinth-like structure of the basement membrane made 
the brain capillaries resemble capillaries of the brain areas 
outside the blood-brain barrier™. In that the widening 
of the basement membrane is associated with an enhanced 
permeability our data agree with observations that 
when the permeability of the glomerular filter is enhanced 
the glomerular basement membrane of the kidney 
thickens!* 13, 

It seems therefore that normal ATPase activity is 
important not only in the regulation of capillary perme- 
ability in the brain, but also in the maintenance of the 
normal submicroscopic organization of the basement 





Fig. 2, 
the structure of the basement membrane. 
extrusion of the external part of the basement membrane. 


Twelve hours after inhibition of ATPase looseness is visible in 
The arrow points to an 
RBC, red 


blood cells; ex, exudate; GI, glial cytoplasm. (= 45,000.) 


MA 





Fig. 3. Twenty-four hours after administration of nickel chloride the 

thickened basement membrane surrounded the endothelial cytoplasm. 

L, Lumen of the i BM, basement membrane; pf, parallel 
bres. (x 45,000.) 


membrane. Thus the thickening of the basement mem- 
brane of the capillaries in the brains of humans suffering 
from different neurological diseases can be explained as a 
result of the inhibition of ATPase. Of course, it is still 
possible that the inhibition of ATPase actually affects 
the glial cells, and fingerlike hypertrophy of the base- 
ment membrane could be simply a consequence of dilated 
pericapillary spaces, resulting from the retraction of glial 
end feet. 

I thank Dr T. Varkonyi for help and technical assist- 
ance. 
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Effects of y-Aminobutyric Acid and 
Glycine on Cortical Neurones 


y-AMtNoBUTYRIC acid (GABA) has a strong depressant 
action on neurones in the cerebral cortex!, which is 
associated with an increase in membrane potential and 
conductance**, 
GABA in the cortex has therefore led to the suggestion 
that GABA may be a cortical inhibitory transmitter! 

Studies of the spinal cord have given Werman ef al.*:* 
good reason to believe that glycine rather than GABA 
may be the principal spinal inhibitory transmitter (see 
also ref. 6). It is possible that glycine also plays a signifi- 
cant part in the cortex, although previous tests had 
shown that it has only a weak depressant action’. We 
have therefore re-examined the effects of GABA and 
glycine on individual cortical neurones and have compared 
in particular their relative potencies in increasing mem- 
brane conductance. 

The experiments were performed on cats, either anaes- 


thetized with ‘Dial’ compound or, in the absence of 


anaesthesia, on the cerveau isolé obtained by a preliminary 
section of the mid-brain. The latter preparation was 
used in five experiments to compare the amounts of 
GABA and glycine necessary to block similarly the 
excitation evoked by glutamate; the three amino-acids 
were released by microiontophoresis from different 
barrels of a multibarrelled micropipette. Most of the cells 
tested were much more sensitive to GABA than to 
glycine, as in the earlier experiments on animals under 
barbiturate anaesthesia’. Some cells, which were readily 
depressed with GABA, could not be fully depressed even 
with the largest doses of glycine available. Much stronger 
iontophoretic currents of glycine were usually needed to 
cause a comparable depression of firing: the mean ratio 
of equipotent currents was 4-0. This is probably an 
underestimate, because the large anodal currents used to 
release glycine have a substantial depressant effect. 

An even more revealing comparison was made with 
a twin system of electrodes, measuring changes in mem- 
brane potential and conductance produced by the extra- 


The presence of substantial amounts of 
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cellular release of GABA and glycine (compare refs. 2 
and 3). The intracellular electrode was filled with 0-5 M 
potassium citrate, and the double extracellular pipette 
contained, in separate barrels, GABA at pH 4-0 and gly- 
cine at pH 3-5. The membrane conductance was tested 
with rectangular pulses of current (20 ms) fed into the 
recording microelectrode through a bridge circuit. 
tive and negative pulses of various 
applied to obtain voltage-current lines, from which we 
calculated the conductance, allowing for an? degree of 


Posi- 


intensities were 


bridge imbalance remaining after withdrawal of the 
electrode from the cell, 
The effectiveness of GABA varied considerably, 


presumably because of variations in the separation between 
the tips of the electrodes, and some other relevant proper- 
ties of the electrodes. as well as possible differences in cell 
sensitivity. Nevertheless. all the studied in six 
experiments showed that glycine is far less effective than 
GABA. even when applied in much larger doses. 

Some results obtained from one cell in an experiment of 
this type are shown in the figures. Fie. ] illustrates in 
each horizontal row A recorded 
during and after the end of the application of a large dose 
of glycine and two smaller doses of GABA, Each trace 
shows the potential generated by two identical pulses of 
Current: One was given just before and the second during 
synaptic inhibition elicited by a direct shock applied to 
the surface of the cortex, at the time indicated in the first 
trace by an arrow. The smaller amplitude of the voltage 
pulse developed across the membrane during inhibition 


cells 


series of traces before. 


reflects the marked increase in conductance associated 
with inhibition. It is clear that whereas GABA caused 
an even greater increase in conductance, glycine had no 
comparable action. 


The mean values of membrane conductance of this 
cell, calculated from the voltage—current lines, are illus- 


trated in Fig. 2. The basal level of conductance remained 


almost constant during 25 min. The three applications 
of glycine (black columns) were associated with only 
minimal changes in conductance, the maximal! potency 


of glycine being only about 0-2 nmho/nA. In e mtrast, 


Glycine 112 nA 


GABA 84nA 


Fig. 1. 





Each horizontal row shows some effects of GABA and glycine on a cortical neurone 


in anterior sigmoid gyrus, Two identical pulses of intracellular current generated a trans- 


membrane voltage pulse, 


one just before and one during Inhibition evoked by single 


shocks to cortical surface (shock artefact is indicated by an arrow in first record). The 
membrane current is monitored on second sweep, displaced to the right. Upward deflex- 


ions are in positive direction. 


Each series illustrates one record before, two during, and 


one after extracellular microiontophoretic application of amino-acid, 
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Membrane conductance (mho x 10-*) 








12 16 20 24 
Time (min) 

Fig. 2. Membrane conductance of same neurone calculated from 

vo po agian lines obtained by method illustrated in Fig. 1. Stippled 

and black columns indicate conductance changes during applications of 

GABA and glycine respectively; dosesare in nA ofiontophoretic current. 


all applications of GABA (stippled columns) > 7 nA caused 
a large increase in conductance; the maximal potency of 
GABA was close to 4 nmho/nA (at 14 nA). 

The apparent fall in potency associated with high doses 
of GABA is the result of a phenomenon of rapid adapta- 
tion, which follows a strong initial effect. Comparable 
but less pronounced adaptation is observed when testing 
glycine. A similar ratio of potency is seen when the 
initial and the maintained effects of GABA and glycine 
are compared. 

These observations therefore confirm previous evidence 
that glycine is a relatively ineffective inhibitor of cortical 
neurones. 
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Brain Evolution and Archaeopteryx 


Tur brain of Archaeopteryx lithographica, the earliest 
fossil bird, is known from a natural endocranial cast 
exposed in the famous specimen on display at the British 
Museum (Natural History). Edinger: and de Beer? have 

ed that its brain was “similar in type and structure 
to that of reptiles and different from that of all other 
known birds” (ref. 2, page 13). Through the courtesy 
of Dr H. W. Ball, keeper of palaeontology at the museum, I 
have been able to examine a copy of the endocast prepared 
by de Beer. I agree that the brain differed from that of 
known birds, but it seems to me clearly avian in external 
form and intermediate between bird and reptile brains 
with respect to size. The new interpretation of Archaeo- 
pteryx results from the discovery of the true midline 
suture of the skull a few millimetres away from the line 
that has until now been thought to be the midline. 


aligned in railroad fashion, 
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The interpretation is of special importance for studies 
of the evolution of the brain, because it concerns the 
nature of selection pressures acting on the brain. If 
Archaeopteryx had a reptilian brain, its invasion of the 
avian niche would have been accomplished with fair 
success without notable adaptation of its neural control 
system. On the other hand, were its brain avian this 
would indicate an early response to selection pressures 
toward modification of the brain away from the reptilian 
condition, a response perhaps necessary for the successful 
invasion of its new niche. Analogous problems have 
arisen in studies of the human brain. It has been asserted 
that the earliest hominids were still simian with respect 
to their brains and were at a hominid level of evolution 
only with respect to some skeletal and ecological character- 
istics*. A careful look at the evidence from brain size, 
however, indicates that these hominids, the australo- 
pithecines, were probably beyond the simian brain level*:*. 
The issue can be clarified by reference to its resolution for 
the avian brain and Archaeopteryx. 

The evidence for the new interpretation of the brain 
of Archaeopteryx is illustrated in Fig. 1, a dorsal view of a 
copy of the endocranial cast. A half-shell of limestone 
which obscures this view in the original natural cast was 
eliminated in the copy, and the cast has also been tilted 
through an angle of about 40° to present a flat view of its 
dorsal plane. Visible in this view are parts of the bones 
covering the brain, the midline suture and natural casts 
of the right cerebral hemisphere and the right optic lobe. 

The earlier misinterpretation resulted from the incor- 
rect perception as midline of the edge of the right frontal 
bone and its continuation, the edge of the right parietal 
bone. The brain is symmetrical about the midline, so one 
effect of considering the exposed portion of the cerebral 
hemisphere and optic lobe of the natural endocranial 
east as an entire half of the brain is to underestimate 
seriously the size of the brain. This error also results in 
an unusual morphological analysis of the brain of Archaeo- 
pteryx: the forebrain and midbrain must be viewed as 
and the cerebellum would 
have to be behind the midbrain. Such a view is reminis- 
cent of the brain in some reptiles, as suggested by Edinger 
and de Beer. 

With the midline correctly placed, the brain of 
Archaeopteryx is obviously avian, and comparisons with 
brains of living birds may be listed. (i) In Archaeopteryx 
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Fig. 1. Dorsal view of the endocranial cast and some cranial bones of 

Archaeopteryx lithographica. Accompanying sketch indicates major 

landmarks: CL, cerebellar region; CR, natural cast of the right cerebral 

hemisphere (forebrain); ERF, edge of the right frontal (continuing 

posteriorly as the right parietal) bone, previously mistaken for the 

midline: FD, fracture depression, an artefact in the fossil; M, midline 
suture correctly identified; OL, optic lobe ( midbrain). 
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Fig. 2. Relation between brain and body weight in living birds and 

reptiles and in Archaeopteryx (A in square). Polygons enclose brain: 

body data on adult reptiles (twenty species) and birds (fifty-two species) 

reported by Crile and Quiring®, Angles of polygons are at limiting data 

points; for example, left extreme of bird polygon is hummingbird 

(brain=0°2 g; body=4-8 g) and right extreme of reptile polygon is 
alligator (brain = 14 g; body = 205 kg), 


the cerebral hemispheres, though similar in general con- 
tour to those of living birds, were significantly narrower. 
(ui) The optie lobes of Arehaeopteryx were somewhat 
medial to and below the forebrain (cerebrum) as they are 
in living birds, but were also narrower than in living 
birds. (11) As im living birds, the cerebellum was probably 
dorsal to the optie lobes and in contact with the posterior 
edge of the cerebrum. (iv) In general appearance, the 
endocranial cast of Archeopteryx is avian rather than 
reptilian simply because it looks like a brain. To clarify, 
it should be noted that in reptiles the brain does not fill 
the cranial cavity; for example, an endocranial east from 
a reptile does not show the cleavage between forebrain 
and midbrain’. This cleavage is quite clear in Archaeo- 
pteryx, as it is in endocranial casts of living birds. 

The final point concerns the size of the brain in 
Archaeopteryx compared with birds and reptiles. The 
comparison is possible only if one takes body size into 
account, and for this purpose it is necessary to estimate 
both brain and body size in Archaeopteryx. From the 
endocranial cast, using a method of numerical double 
integration’, the weight of its brain was estimated as 
0-9 g. Its body size, estimated from reconstructions, 
was about 500 g. These are compared in Fig. 2 with data 
on living birds and reptiles. 

The polygons in Fig. 2 are the smallest convex polygons 
that can enclose the brain and body weights of the adult 
reptiles and birds collected by Crile and Quiring*. The 
form of the polygons and their separation shows that the 
association of brain and body size is orderly, the orderliness 
is mapped by Fig. 2, and there is no overlap between living 
birds and reptiles mapped in this way. (The polygon of 
living mammals is approximately congruent with the bird 
polygon, and that of fish is approximately congruent 
with the reptilian polygon’. The method of numerical 
double integration models an irregular solid by an elliptical 
cylinder, determining the dimensions of the eylinder 
from projections of the solid on Cartesian coordinate 
planes.) 

Archaeopteryx, shown as A in Fig. 2, was clearly inter- 
mediate between living reptiles and birds in brain size. 
It had thus left the reptilian level of brain evolution with 
respect to size as well as shape; it was on its way but had 
not yet achieved the lower limits reached by living birds. 

The implication for the evolution of the brain is that the 
invasion of new niches is generally reflected in adaptations 
of the brain just as it is in adaptations of other organ- 
systems. If living birds show an adaptation involving 
characteristically shaped brains and larger brains than 
their reptilian cousins foc a given body size, we should 
expect a similar adaptation in ancestral birds occupying 
avian niches, The older view of the brain of Archaeo- 
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pteryx would have been an exception to this rule for both 
size and shape. In correcting that view we find that the 
brain of this upper Jurassic bird of perhaps 150 million 
years ago showed an intermediate stage of evolution, 
clearly non-reptilian, more or less avian, but not modern. 
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Fine Structure of the Respiratory 
Surfaces of an Air-breathing 
Fish, the Climbing Perch Anabas 
testudineus (Bloch) 


THREE principal surfaces are used for respiratory gas 
exchange in the anabantoid fish: (1) secondary lamellae 
of the gills; (2) plates of the labyrinthine organs lying 
dorsal to the gills; and (3) the respiratory membrane 
lining the suprabranchial cavity which contains the 
labyrinthine organs. Secondary gill lamellae are the sites 
of exchange between the blood and water, but the 
labyrinthine plates and respiratory membrane function 
during exchange between blood and the air contained 
within the suprabranchial chamber. 

As expected from light microscope studies’, the 
secondary lamellae with their characteristic pillar cells 
(Fig. 14) have a similar fine structure to that of other 
teleosts? The water/blood pathway is thicker than a 
typical fish but is made up of the same three basic layers: 
epithelial layer (184), basement membrane (0-6y), flange 
of pillar cell (0-62); all measurements given are average 
values. This increased thickness is chiefly due to the 
multilayered epithelium which, together with the appar- 
ently greater size of the columns supporting the pillar 
cells, is an adaptation to restrict the collapse of the 
secondary lamellae when the fish is out of water. 

The detailed nature of the respiratory surfaces of the 
labyrinthine plates and the respiratory membrane has 
been uncertain, but several authors have directed atten- 
tion to the similarity between the appearance of these 
capillaries and the blood channels of the secondary 
lamellae. Thus Rauther? considered that the finest 
vascular endings beneath the epithelial surfaces showed 
the presence of supporting cells (= pillar cells) in their 
typical condition, and Henninger* had previously thought 
them to be only “connective tissue rods” which penetrate 
between the finer blood capillaries and serve the purpose 
of providing the blood vessels with an investment of flat 
endothelial cells. 

Munshi! in a light microscope study reported that the 
minute blood capillaries are simple endothelial tubes 
which are further supported by pillar cells, but he was 
sceptical of their true nature. He directed attention to 
the similar relationships of the supporting cells and the 
plain muscle cells of the minute arterioles. | 

Electron microscopy has now clearly established that 
the so-called pillar cells of the respiratory islets of the 
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Fig.1. Anabas testudineus. Diagrams based on electron micrographs of the respiratory surfaces. A, Section of a secondary 

lamella from a filament of the first gill arch. Notice per (PL) cells separating blood spaces (BS), two-layered basement 

membrane (BM) and multilayered respiratory epithelium (RE). B, Section of the surface of a respiratory islet showing 

region where an endothelial (END) cell forms a pillar within the blood channel, Notice the infolding of the basement mem- 

brane (stippled). C, Transverse section of labyrinthine plate. Vascular capillaries are separated by intucked supporting 
epithelial cells (SZ) enclosed by basement membrane. 


labyrinthine plates are tucked-in epithelial cells (Figs. IC of endothelial cells arranged in a row and enclosing a 
and 2) so that the blood channels are true infra- vascular space in their outer portion. Each such cell 
epithelial capillaries composed of regularly arranged contains a prominent round nucleus and cytoplasm rich 
endothelial cells. Each capillary is made up of a series in mitochonriad. Externally, the endothelial lining is 
extremely thin and on the outside it is 
bounded by a thin basement membrane 
which is overlain by a single or double- 
layered epithelium, The basement mem- 
brane continues around the sides of the 
endothelial cells but is not present at their 
base (Fig. 1C). The capillaries with endo- 
RBG | thelial lining are very closely arranged, 
much like those of the secondary gill 
lamellae. In this system, however, the 
capillaries are separated from each other 
by thin epithelial cells which may be either 
single or many rolled into a single bundle 
(Fig. 2). The basement membrane is on 
the inner surface of the epithelial cells and 
therefore completely encloses the intucked 
cell bodies. Thus it is clear that the 
epithelial cells together with the basement 
membrane on each side form the supporting 
pillars which separate the blood channels. 
The epithelial cells thin out where they 
cover the external surface of the capillaries 
and bear microvilli. Desmosomes are 
encountered at the junction of the epithelial 
cells. 

The interface between air and blood is 


Fig. 2. Transverse section of labyrinthine plate of Anabas. Electron micrograph showing thus composed of a single or double layer of 
the structure of a vascular capillary, respiratory epithelium and the pillar-like epithelial epithelial cells (0-18), a non-struet ural 


cells that support adjacent capillaries. Symbols the same asin Fig. 1, and CT, connective = ; 
tissne cell; RBC, red blood cell. basement membrane (0-05u) and the thin 
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flange of an endothelial cell (0-Olu). Total thicknesses 
measured range from 0-12 to 0-3u. 

The fine structures of the endothelial vascular channels 
of the respiratory islets in the suprabranchial chambers 
are essentially similar (Fig. 1B). Once again, they consist 
of endothelial-lined channels separated by a thin base- 
ment membrane (0-05) from an outer epithelial layer 
(0-22) which has intucked cell bodies. These epithelial 
cells once more are surrounded by basement membrane 
and have a pillar-like function. There is, however, a 
significant modification in the nature of the endothelial 
vascular channels. At regular intervals along their 
length the endothelial cells divide each channel into a 
system of ring-like spaces (Fig. 1B) and here they function 
much like pillars. The endothelial cells of the labyrinthine 
organs and the respiratory membrane are also provided 
with tongue-like processes which may act as minute 
valves regulating the flow of blood along the channel. 
Abundant fibre-like material has been encountered in 
these processes. 

The hypothesis that the labyrinthine organs and the 
respiratory inlets of the suprabranchial chamber represent 
modified gill capillaries was based on the presence of the 
characteristic pillar cells in all three structures. It is now 
clear that this view must be modified because higher 
magnification has revealed that the pillars of the air 
breathing organs do not have the same relationships as 
the pillar cells but are modified epithelial cells. Appar- 
ently we are dealing with analogous rather than homo- 
logous structures. The convergence between them is very 
striking and shows how different types of material have 
been used to serve the same function of supporting the 
contiguous vascular units which make up these respiratory 
organs. Such a supporting function is clearly important 
in structures which, during evolution, have been selected 
to provide surfaces with a minimum diffusion barrier 
between the blood and respiratory medium. This barrier 
is much thinner at the interface between air and blood 
than that previously measured for the gills of fishes. 
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Daily Growth Banding in the 
Shell of the Cockle, Cardium edule 


Tee current interest in periodicity structures in fossil 
invertebrate skeletons has been related primarily to the 
geophysical information they provide’. As Neville 
has pointed out, however‘, experimental work on recent 
forms has been minimal. This report describes the shell 
periodicity structures shown by the common British 
eockle Cardium edule from the Burry Inlet, South Wales. 
Analysis of the daily increment periodicity in these cockles, 
grown during 1963-1966, shows that the effects of many 
changes in the physical environment can be recognized 
in the shells and that these can be correlated with the 
tidal and weather records for the South Wales area. This 
work gives experimental support for many of the con- 
clusions of Barker’. 
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Mr A. C. Simpson of the Ministry of Agriculture and 
Fisheries, Burnham-on-Crouch, provided the shells for 
this study; they were collected systematically by Dr D. A. 
Hancock as part of his study on the population dynamics 
of the cockle community at Burry®7. The cold winter of 
1962-63, the coldest for 250 yr*, resulted in the de&th of 
most of the previous cockle population. A new spatfall 
during the summer of 1963 led to a successful recolonfiza- 
tion which is now at maturity. Shells wege collected 
on May 14, 1964, June 12, 1964, January 1965 and 
November 1966. They were cut along the maximum 
radius from the umbone, between ribs and then highly 
polished, etched, and acetate peels were prepared by the 
usual methods for optical and electron microscopy”. 
Enlarged photographs formed the basis for the measure- 
ment of the daily increments. 

The result of the counts of the banding seen in shells 
killed at suceessive dates is to show conclusively that 
most fine banding is daily (Fig. la). The increments 
vary in maximum shell radius from less than 5u to 250u, 
and measurements of daily increments for four of the 
specimens killed are illustrated here (Fig. 2). For techni- 
cal reasons, and in part because of abrasion of the umbonal 
region of the shell during life, the earliest twenty to thirty 
increments could not be measured, but could be estimated. 
It is clear that for the specimens studied the spatfall 
established itself in late July or early August 1963. 
Measurement of inerements presented little difficulty, 
apart from the winter growth where resolution was 
sometimes a preblem, and this problem recurs in the third 
and later years of growth where increments are very 
small. The figures plotted on the graphs have not been 
“corrected” in any way, and the agreement with the 
environmental data and the dates when the specimens 
were killed is an indication that counting errors are 
minimal, even for winter growth. <A daily increment 
seen on the acetate peels consists of a narrow and a wide 
band (Fig. 1b). The interpretation of this will not be 
developed here, but specimens killed late in the day in 
summer show that the broad area is that most recently 
deposited. The narrow band may therefore correspond 
to night deposition. There is often a finer irregular 
layering within the supposed areas of day increment, 
which appears to be similar to the structures Barker’ 
called fifth order layers, related to the opening of the shell 
and to daily tidal rhythms. We have not been able to 
confirm this, but there are too many “layers” to be corre- 
lated with ordinary tidal changes. 

The daily increments vary in thickness, and correlation 
with records of the physical environment shows that 
external factors exert considerable influence on shell 
growth. Recognizable factors are: temperature, which 
results in restricted winter growth and the well known 
winter ring on the shell surface: tides, which exert their 
greatest. influence in early life when shells are small and 
occupy a shallow position in the sediment; and storms 
and gales, with which some irregular disturbances of 
growth can be correlated. These are now discussed further. 

For all the shells we studied, growth was most rapid 
during the first 2 months after settlement (August and 
September 1963), when rates as high as 250u/day were 
attamed. This represents the maximum rate of growth 
reached in the entire life span of the shells and is not 
exceeded even by the early surnmer peak of 1964 (Fig. 2). 
The rate of growth diminished sharply in October, 
November and December, the curves becoming asympto- 
tic about February 1964, corresponding to the minimum 
sea temperature of winter. During the shells’ first 
winter, growth was reduced to less than 5u/day for a 
prolonged period, often more than a month, but there is 
little evidence for complete cessation of growth. In one 
case (Fig. la) a dark line could be seen extending from the 
shell margin into the outer shell layer marking an invagina- 
tion of the periostracum, but counting was still possible 
across the whole of the region produced in winter. 
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Fig. 1. 
the Burry Inlet: growth from right to left. 
autumn and winter of 1963 with daily banding 


b 
Photographs of acetate peels taken from polished and etched radial sections of Cardium edule from 


a, Specimen killed 
grou 
growth ring of 1963-04 shows as an indentation of 
peel from a specimen killed in May 1964 showing 


e outer shell surface. (x 40.) 
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in November 1966 showing the shell of the 
into 29 day tidally controlled cycles; the winter 
b, Enlargement of a 


the daily increment pattern and growth diminution 
(right) associated with the spring tides about December 2, 1963. (x 200.) 
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Variation in daily growth increments for four specimens of Cardium edule from the Burry Inlet. 


against calendar scale based on the date of killing of the specimens, 


During the spring of 1964, shells showed different 


growth characteristics (Fig. 2). Growth was substantially 


less during the summer of 1964 for all shells examined, 
falling sharply in June, rising slightly in July and dropping 
to values of only 10u/day during August. For one speci- 
men (Fig. 2) total growth was only slightly greater in 
August than in December. The rate of growth tended to 
increase in early September, remaining stable until the 
winter slowing in December; rates did not correlate 
exactly with sea temperatures. A possible explanation 
of the summer growth anomaly is that spawning activity 


may bring an associated decline in growth, as in Pecten 
irradians™, where an external ring is formed on the shell. 
Other shells are known not to show this association; 
for example, Crassostrea virginica’. Another cause of 
the summer growth anomaly might be high summer 
temperature, perhaps combined with reduced food supply, 
as Walne has described for Ostrea edulis™. 

During the winter of 1964-65 there was again no evid- 
ence of any cessation of growth and there is no dark 
periostracal band in the specimen which had such a band 
the previous winter. This might imply a milder winter, 
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but the weather records* show that the winter of 1964-65 
was on average colder, and had more ground frosts and 
more gales, than the winter of 1963-64. Some more subtle 
explanation is required, and this might lie in the ecological 
fact that the cockles were by this time more deeply 
burrowed and less subject to hostile environmental 
influences. 

Certain parts of the growth curves, especially for the 
autumn of 1963, show a regular bunching with a frequency 
of 29 days, suggesting some sort of tidal control. When 
plotted against the tidal data!? for the Burry Inlet 
(Fig. 3) there is a very close correlation between spring 
tide maxima and growth minima in all shells. The 
“suppressed” spring tides seem to have had little influence 
on the growth of shells except for the near equinoxial 
mid-October tides. This suggests an alternative to 
Scrutton’s* explanation of breeding cycles for periodicity 
in corals. This 29 day cycle is better shown by one 
specimen than others (Fig. 2A), but even in this case tidal 
influence is only convincingly shown in the autumn of 
the first year. On general grounds some indication of 
the spring and autumn equinoxial tides would be expected 
in the record for 1964, but this is not shown. Again, this 
is presumably connected with depth of burrowing. 

The reason why growth is minimal during spring tides 
rather than neaps may be related to the fact that the Burry 
specimens from the Llanrhidian Sands show greatest 
density several feet above mean sea level (M.S.L.)*. 
Usually cockles around British coasts lie a few feet above 
low water spring tides (L.W.S.T.). Thus the Burry 
cockles are subaerially exposed to a far greater degree 
than is normal, the surface of the mud-flats being dry 
at least 66 per cent of the day on average. 
Furthermore, the tidal range in the Burry 
Inlet is much greater than at other cockle 
producing areas such as Southend (mean 
springs 27:1 and 18:3 feet respectively"), 
These factors may perhaps explain why 
cockles from elsewhere do not often show 
this tidal effect, even in their first year of 
growth. 

There are other fluctuations in the growth 
curves which appear to be random. Weather 
records are available for Mumbles Head?, 
less than 10 miles from the Burry Inlet, and 
these shed some light on certain of the 
fluctuations. The very sudden disturbances 
about September 26 and October 30, 1963 
(Fig. 2), correlate with recorded gales: these 
are recognizable on all shells and the latter 
is most striking. Similarly in two shells 
(Fig. 2A and B) there was a marked drop 
in growth rate on about June 1, 1964, 
apparently related to winds which reached 
56 knots at Mumbles Head. Later in 1964 
marked disturbances were very rare, there 
being only one of note, on about October 
23, and this affected only specimen A which 
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Cacao and Acanthosyris, 11 months old, growing in the same container. 
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showed greatest s@nsitivity throughout. It is perhaps 
significant that here the combined effect of strong gales 
coupled with a spring tide maximum were necessary to 
affect noticeably the pattern of shell growth. Presumably 
the cockle had become less subject to the changing environ- 
ment through deeper burrowing. x 
This microstructural work shows that a great deal of 

information about the contemporary physical environ- 
ment is preserved in incremental periodicity patterns in 
the cockle shell. This technique may provide a means 
for more critical study of actual shell growth rates in 
both living and fossil shells. The environmental record 
which may be elucidated could provide a new methodefor 
the geophysical and palaeoecological interpretation of 
past communities. 

M. R. House + 

G. E. Farrow 
Department of Geology, 
University of Hull. 
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Die-back and Death of Cacao Trees 
caused by a New Species of Parasitic 
Tree 


FARMERS in the cacao region of the State of Bahia have 
known for some years of a peculiar tree which has a 
detrimental effect on the cacao trees which grow nearby. 
This tree is locally called “mata-cacau” (cacao-killer), 
and has recently been identified as a new species of 
Acanthosyris (A. paulo-alvimii Barr.), of the Santalaceae 
family’, 





Left, 
without root contact, showing normal development. Right, with root contacts, showing 
die-back of the cacao plants. 





Fig. 2. Haustorium of Acanthosyris, penetrating the cacao tap root. 


According to Reis*, cacao planted near this tree in- 
variably shows typical symptoms of die-back, that is, 
defoliation and drying out of terminal branches, and 
eventually dies. We have, however, seen some cacao trees 
growing at relatively short distances (8-10 feet) from 
Acanthosyris which showed no typical symptoms of die- 
back, although the plants were never very vigorous. 

The Santalaceae is a widely distributed family of 
about 400 species, most of them semi-parasitic on other 
plants, being in most cases attached to their host plant 
by means of haustoria. Root parasitism has never been 
reported in Acanthosyris, of which there are only three 
species in Latin America. To find out whether root 
parasitism was involved in the relationship between 
Acanthosyris and cacao, a simple experiment was carried 
out in greenhouse conditions. The two plants were grown 
together in metal containers (kerosene cans) of 20 |. 
capacity filled with soil. These containers were divided 
in two longitudinally by means of a board nailed to their 
walls from top to bottom. Two germinated seeds of 
Acanthosyris and two seeds of cacao were planted in each 
container. In twelve containers the two species were 
separated from each other by the dividing board, so as to 
avoid direct contact between their roots. In another 
twelve containers, the two species were planted side by 
side on both sides of the containers, thus allowing root 
contact. 

During the first three or four months, the Acanthosyris 
seedlings grew much more slowly than the cacao seedlings, 
but the two species had reached about the same size at 
about 6 months old. At this stage,"however, there was no 
remarkable difference between plants receiving the two 
treatments. When the plants were about 8 months old, 
some of the cacao seedlings growing side by side with 
Acanthosyris started to show symptoms of die-back. In 
the other treatment the cacao plants were apparently 
normal. 

The number of leaves, the number of cacao plants 
showing die-back, and the number of dead cacao plants 
were counted when the seedlings reached the age of 9 
months and again when they were 11 months old. The 
results (Table 1) showed that die-back and death of cacao 
only occurred when the seedlings were grown side by side 
with Acanthosyris. It is worth noting also that there were 
fewer leaves on cacao plants grown with Acanthosyris 
than on cacao grown separated from Acanthosyris. Fig. | 
illustrates the differences between the effects of the two 
treatments. 

By carefully uprooting the plants and washing away 
the soil, it was possible to observe that the Acanthosyris 
roots formed minute haustoria which penetrated the 
cacao roots. Apparently such haustoria are only formed 
when the roots of Acanthosyris come into contact with 
the tap root of cacao. No haustoria were found when 
contact was made with other types of roots. Fig. 2 is a 
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Table 1. EFFECT OF Acanthosyris ON THE NUMBER OF LEAVES, DIB-BAOK, 
AND DEATH OF CACAO SEEDLINGS, NINE AND ELEVEN MONTHS AFTER PLANTING 
Without 
Acanthosyris Acanthosyris 
(a) 9 months old 
Ave No. of leaves per plant 11-9 16:8 
No. of plants with die- 11 0 
No. of dead plants 0 0 
(b) 11 months old 
Average No. of leaves por ea 9-8 19-1 
No. of plants with die-back 11 0 
No, of dead plants 4 0 


Twenty-four plants were given each treatment, 


photomicrograph of a typical haustorium. It seems thas 
the haustoria penetrate only as far as the phloem region 
and never reach the xylem. 
We thank C. Stevenson and F. I. Moraes for assisting 
in the greenhouse experiment. 
Pauto DE T. Atv™ 
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Brazil. 
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Virus Diseases of Conifers in 
Great Britain 


Virus diseases have been recorded in Picea excelsa L. 
(=P. abies (L.) Karst.) by Cech et al.', and in Pinus 
sylvestris L. by Schmelzer et al*. (Scots pine mosaic) and 
by Jancarik and Blattny* (Scots pine bushy stunt virus). 
This communication records for the first time the presence 
of similar diseases in Great Britain and the occurrence of 
a previously undescribed virus in a five needled pine, 
Pinus monticola Doug. 

Sap exudates were obtained from 3-5 mm diameter 
stems of coniferous species by applying hydraulic pressure 
of about 5 kg/em*. The first drop of sap exuded was 
collected on a carbon-coated celloidin electron microseope 
grid and washed with about 100 drops of chloroform to 
remove gums and resins'. Grids were negatively stained 
with 2 per cent (w/v) uranyl acetate, and examined with 
an AEI 6B electron microscope. 

Exudates from Picea sitchensis (Bong.) Carr., which 
showed symptoms of needle chlorosis and defoliation, 
contained three distinct rod-shaped virus-like particles 
(Fig. 1). The diameters of these particles were 18 mg, 
25 my and 34 my, and all three had very wide size-distri- 
bution curves with maximum lengths of about 5u, 2p and 





Fig. 1. 


Virus-like particles of three different diameters from Picea 


ensis. (x 24,000.) 
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Pig. 2. Virus-like particles from Pinus monticola. Note variation in 
particie length. (x 24,000.) 


5u, respectively. These particles were probably distinct 
from those described by Čech et al.’ from P. abies which, 
although having a similar wide size-distribution curve, 
had a diameter of 49 mu. No such particles have been 
observed in sap exudates from trees without apparent 
symptoms. 

Virus-like particles have been obtained from sap exu- 
dates of 4 yr old seedlings of Pinus monticola growing at 
Kennington Nursery, Oxford (Fig. 2). These rod-shaped 
particles, with a diameter of about 36 mu, were of very 
variable lengths up to a maximum of about l-5u. Some 
of the seedlings showed a severe stem necrosis resulting in 
defoliation and death of the shoot, but virus-like particles 
were present in all seedlings inspected. Defoliation of the 
first formed needle fascicles of the current year’s growth 
had occurred on all these plants, however, so this may be 
a symptom of the virus infection. 

Virus infections were also recorded in Pinus sylvestris. 
Symptoms of Scots pine mosaic? were noted on many 
trees in north-east Scotland. Sap exudates from these 
trees contained low concentrations of rod-shaped particles 
with rounded ends. These had a diameter of 60 mu and 
a length of 420 my, and showed a distinct cross-banding 
suggesting a helical or stacked disk structure with an 
axial repeat every 8 mu. 

Scots pine with multiple leaders similar to those described 
by Jancarik and Blattny* as Scots pine bushy stunt virus 
were noted in Bernwood Forest near Oxford. Rod-shaped 
— 25 my diameter and of variable length, with a 

ensely staining central core were isolated from these 
trees. No particles were seen in sap exudates from 
apparently healthy trees. 
P. G. BIDDLE 
T. W. TINSLEY 
Department of Forestry, 
Commonwealth Forestry Institute, 
University of Oxford. 
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Auxin Transport in Roots 


THE movement of 3-indolylacetic acid (LAA) may play an 
important part in the regulation of growth, development 
and geotropic curvature in roots, as well as in shoots. It 
is therefore important to establish the characteristics of 
the transport system for molecules of this general con- 
figuration in plant tissues. The movement of TAA in 
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shoot tissues is strictly polarized in a basipetal direction?-?, 
but the characteristics of its movement in root tissues are 
less well established. It has been reported that in some 
roots more IAA moved basipetally than acropetally?, but 
that in others more IAA moved acropetally than basipet- 
ally*-*. Other investigators have reported transport of 
IAA in both directions’, or no evidence for an active 
transport system at all*. In the light of the conflicting 
evidence we have re-examined the movemeft of radio- 
active IAA in roots of a number of different genera. 

Seeds of Zea mays, Avena sativa, Triticum vulgare, 
Pisum sativum and Helianthus annuus were germinated 
in darkness at 25°C and when the primary root was 
20-30 mm long, a 6 mm segment was excised | mm behind 
the apex. Twenty segments were placed vertically with 
either their apical or basal ends on a 1-5 per cent agar 
block (donor) containing 3-indolyl (acetic acid-1-"C) at 
a concentration of 1 uM, and a block of plain 1-5 per cent 
agar (receiver) was placed in contact with their opposite 
ends. These manipulations were carried out in either 
green (510-530 nm) or white light. Figs. 1 and 2 show the 
amount of radioactivity, corrected for both self-absorption 
and background, transported into the receiver through 
twenty root segments during the 4 or 6 h transport period 
in darkness, 

Experiments with Zea mays roots were set up under 
green light. Fig. 1 shows the amounts of radioactivity 
moving acropetally and basipetally for the two varieties, 
‘Burpee Snowcross’ and ‘Giant Horse Tooth’. Each column 
in the groups of four shows the data for an individual 
sample of twenty roots. In both varieties 70-88 ¢.p.m. 
was found in the apical receivers after 4 h, whereas the 
amount of radioactivity reaching the basal receivers in 
this time was 6-10 ¢.p.m. for the ‘Burpee Snowcross’ 
variety and 1-3 ¢.p.m. for the ‘Giant Horse Tooth’ variety. 
There is therefore a marked acropetal polar flux of radio- 
activity through the root segments when they are supplied 
at one end with TAA-1-"C. The ratios of acropetal to 
basipetal movement are 37 and 10 for the ‘Giant Horse 
Tooth’ and ‘Burpee Snowcross’ varieties respectively. 

In the ‘Giant Horse Tooth’ variety, chromatographic and 
autoradiographic analyses have shown that the only radio- 
active molecule in the apical receiver is IAA”, In this 
variety, at least, the movement of radioactivity therefore 
reflects the movement of LAA. 

Fig. 2 shows the acropetal and basipetal movement of 
radioactivity through 6 mm root segments of Avena, 
Triticum, Helianthus and Pisum after 4 and 6 h. Because 
these roots are small, segments were excised and supplied 
with donors and receivers under white light. In Avena, 
Triticum and Helianthus there was a marked acropetal 
polarity in the movement of radioactivity through the 
roots, rather similar to that found in Zea. The amount 
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Fig. 1. Polar movement of radioactivity into agar receiving blocks at 
the apical (A) and basal (B) ends of twenty 6 mm root segments of the 
two varieties of Zea mays, ‘B Snowcross’ and ‘Giant Horse Tooth’, 
when supplied at their opposite ends with an agar block containing radio- 
active TAA (1 uM). Four replicate samples are shown in each group of 
columns. Transport period: 4 hin darkness at 25° C. 
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‘ig. 2. Polar movement of radioactivity into agar receiving blocks at 
the apical (4, black columns) and basal (B, white columns) ends of 
twenty 6 mm root segments of Avent sativa var. ‘Victory’, Triticum 
vulgare var, ‘Kioks’, Helianthus annuus Var. ‘Bismarkianus’ and Pisum 
sativum var. ‘Alaska’ when supplied at their opposite ends with an agaf 
block containing radioactive TAA (1 gM). Movement has been monitored 


after transport periods of both 4 h and 6 h, in darkness at 25° C. 


of radioactivity found in the apical receiver increased with 


the longer transport period whereas that found in the : 


basal receiver never exceeded 2-3 ¢.p.m. The ratios of 
acropetal to basipetal movement after a 6 h transport 
period are 21-0, 7:8 and 9-0 for Avena, Triticum and 
Helianthus respectively. 

The root segments of ‘Giant Horse Tooth’ variety of 
Zea are frustums in which the ratio of the areas of basal 
and apical cut surfaces is 2-47 (ref. 10). The ratio of acropetal 
to basipetal movement of LAA into the receiver is, how- 
ever, 37. The root segments of Avena, Triticum and 
Helianthus were virtually cylinders. The polar flux of 
radioactivity through the segments thus seems to bear no 
relationship to the relative areas of the apical and basal 
cut surfaces. 

In Pisum, little radioactivity moved through the root 
segment into the receivers, regardless of whether the re- 
ceiver was at the apical or basat end. There was no 
evidence of a polarity in the movement of radioactivity 
in these experiments during transport periods of up to 6h. 

On the basis that the movement of radioactivity reflects 
the movement of LAA, which is certainly the case for the 
Giant Horse Tooth’ variety of Zea mays’, our data show 
that roots of a number of genera of monocotyledonous 
and dicotyledonous plants essentially transport TAA in 
only one direction along their long axis. The strictly 
acropetal flux in roots thus contrasts with the strictly 
basipetal flux found in shoot tissues. 

We thank Miss Judith Evans for assistance, and the 
Royal Society of London for a grant toM. B. W. to purchase 
a Nuclear-Chicago counting system. T. K. 5. was sup- 
ported by a research status grant from Oberlin College. 
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Effect of Phosphorus-32 on the Sur rival 
of Spermatogonia and Oocytes in Mice 


EXTENSIVE work by Oakberg'*, confirmed by Monesi’*, 
has shown that very low doses of X and gamma-rays oF 
fast neutrons greatly reduce the population of late type 
A, intermediate and type B spermatogonia. This reduc- 
tion was detectable with doses as low as 3 rads of Co 
gamma-rays, 2 rads of 2-5 MeV neutrons and 1-5 rads of 
14-1 MeV neutrons. Oakberg and Clark’ have demon- 
strated a cellular system in oocytes which prevents or 
repairs a part of the radiation damage, The survival 
curves of both types of cells indicated multiple hits with 
a shoulder in the dose range 3 to 10r. 

Parallel studies have not been carried out with mter- 
nally administered radioisotopes because the radiation is 
chronic until the element transmutes. We have investi- 
gated the radiation hazards of internally administered 
2p, Phosphorus is a universal cell constituent and is 
abundant in actively proliferating tissues and is also 
used as a therapeutic and diagnostic agent. It ia conceivable 
that even small doses of radiation affect the cellular 
dynamics of sensitive tissues. 


Table 1. SURVIVAL FRACTIONS OF TYPE A AND B SPERMATOGONIA AND RES 
Experimentai/contro! 





(aCi) A 3 RPS Probability 
0-02 0-9938 0-9033 0-9858 
0-04 G-815 09712 0O78 £ 
0-06 0-9815 0-9356 O-O548 0 
0-08 0-9692 0-9135 0-9499 0 
0-1 09539 0-9046 6-499 : 
6:2 68-9510 RTL 0-383 4 
0-3 0-9477 0-8559 0-8358 -ü 
0-4 @-O414 08426 69833 6 
0-5 0-7661 0-8204 0-8738 l 
0-6 9-7589 08305 9-8890 a; 
T 0-7281 0-7803 0-8285 -i 
1 9-7076 07173 GRATI i 
2 0-6430 CAPIR MELIG Zi 
5 04677 G-5565 07709" 7 
10 0-3815 0-4723 0-6489" <0 
15 0-2985 0-3681 0-4030 ~f 
20 0-2677 g2902 0-3389 A 
25 0-2554 0-1951 0-2816 -0 
30 0-2431 0-1506 02043 -d 
40 0-1816 0-0777 0 1608* 
50 0-1600 0-0487 09-1344* Ü 
75 9-1015 90243 Q-O7RT* 4 
150 06-0492 9-0088 mi ee 
250 0-0215 Sa jaie e 


5-75 pCi and the 









spermatogonia; RPS. sensitivity ofe Ha irradiated as A, im spermatogonia. oe 


CBA male mice, 8 weeks old, were injected imira- 
peritoneally with **P in physiological saline (the total 
volume was 05 ml, and doses of *P were 0o02, O04, 
0-06, 0-08, 0-1, 0-2, 0-3, 0-4, 0-5, 0-6, 8, 1, 2, & 10, 15, 
20, 25, 30, 40, 50, 75, 150 and 250 uCij). Control mice 
received only physiological saline. After 72 h the animals 
were killed and testes were fixed in Zenker-formal solution. 
Sections (3p. thick) were made and stained by the periodic 
acid-Schiff technique with haematoxylin as a nuclear 
stain. The frequency distribution of different stages in 
100 tubule cross-sections from control and experimental 
mice was noted. Round tubules with regular cell layers 
were selected and cell counts—of spermatogonia of type | 
A, type B and preleptotene spermatocytes of stage VII 
tubules (resting primary spermatocytes (RPS}}——were 
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scored. From these. scores experimental to control ratios 
were obtained, as explained before by Oakberg*. 

CBA females, 6 weeks old, were treated with HP in 
physiological saline (doses were 0-05, 0-1, 0-15, 0-2, 0-25, 
«03, O4, 0-5, 0-6, O8, 1, 2, 3, 5, 10, 20, 25, 50, 75 and 

135 aCi). Control mice received only physiological 
saline. Seventy-two hours after injection all the females 
o were killed and the ovaries were fixed in 10 per cent 
formalin. Serial sections, 3u thick, were prepared and 
stained with haematoxylin and eosin. Oocytes of stage I 


_.. (with a few associated follicle cells) and stage II (with a 
_. single layer of flattened cells} were counted in every 
eleventh serial section of the ovary. The mean numbers of 
100 oocytes per mouse (stage I and stage IL) were found and 


converted to ratios of experimental to control as described 
by Oakberg and Cla. rk?, 


‘Table 2. SURVIVAL FRACTIONS oF ETAGE I AND STAGE IT OOCYTES 
Experimental /control 


Dose (nh) Stage I Stage IT Probability 
O05 0-9966 9842 P8070 
Oy 0-O837 0-9807 0-90-0-80 
O15 0767 IERI 0-90-0980 
2 PHOS 0-9636 0:90-0:80 
0-25 0348 506 PSO-O-70)- 
0-3 1-348 (9226 0-90 
+4, 0331 9124 0-70-50 
0-5 0-8277 OS714 0:30~-0-29 
O-6§ 8493 O8658 800-70 
PS (S212 08527 0-50--0-30 
I S173 08406 70-0-50 
2 6556 O-7791 002-0 HI 
3 646] 05797 010-005 
5 0-6200 0-3042 < 9001 

10 8077 3773 < HGL 
15 0-5905 0 2870 < 001 
20 O-4744 0-2460 < 0-001 
25 03865 L743 < 0-001 
50 03463 0:1743 < 0-001 
79 02365 1277 <6 O01 
135 O 1556 H0745 <0-001 


z 5 ; oe One mouse was given 0-2 and 0-5 #CL, the other doses were each given to 


-Awo mice, The probability of the zë value with 1 d.f. based on observed cell 
counts is less than 0-001. 


The sensitivity spectrum which shows a marked 
variation among the three cell types when given different 
doses can be visualized from the levels of significance of 
their differences, shown in the last column of Table l. 
Similarly, Table 2 shows that stage II oocytes are more 
_ sensitive than stage I oocytes when given doses greater 
than 3 pCi. Figs. 1 and 2 respectively show the survival 
curves for spermatogonia and oocytes up to 2 uCi. These 
clearly indicate a multi-hit phenomenon. 
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Fig. 1. Survival fractions of type A (MR) and type B CA) spormatogonia 


and preleptotene spermatocytes of stage VII tubules (@) with various 
. doses of “P, 
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Fig. 2. Survival fractions of stage I (@) and stage II (©) oocytes with 


various doses of 3P, 


The differential sensitivity of cell types treated with 
2P differs markedly from that obtained when X and 
gamma-rays and neutrons are used’. Differences in 
sensitivity may also result because different concentrations 
of P are incorporated into the cells. 
gamma-rays and neutrons the late type A and B spermato- 
gonia and RPS show 


for the variation in the response of type A spermatogonia 
might be that different subpopulations have resistant 
(post DNA synthesis} stages of different duration. 

The smallest dose of radiation given externally, such 
as X and gamma-rays, that drastically reduces the 
population of spermatogonia results in little or no death 
of spermatocytes, whereas mammalian oocytes are highly 
sensitive to these doses. Both stages of oocyte develop- 
ment show the same sensitivity to doses of up to 3 uC, 
but with larger doses stage II is more sensitive. This 
sensitivity spectrum is the reverse of that seen with 
gamma-rays, when stage I is more sensitive in 10 day 
old mice’. The reason why primary oocytes in adult 
females are less sensitive or resistant may be that the 
repair process is more efficient. 

The A, spermatogonia (RPS) and oocytes are destroyed 
even by small doses of P with a half life of 14-3 days. 
By its incorporation or by its presence in the nucleus th is 
isotope can cause cell damage by emittin g beta radiation 
of energy 1-71 MeV and with a maximum range of 0-7 em 
in soft tissues. Even a dose of 91 x10- uCi/e of body 
weight in males and 25x 10-4 uCi/g of body weight in 
females reduces the gonial as well as the oocyte population. 

Varela et al.® found a dose of 0-1 uCi/g of body weight 
to be ideal for the treatment of polycythaemia vera in 
humans. If the effect of injected +P were the same in 
humans as in mice, such a dose would produce about 7 per 
cent death in the gonial and oocyte populations. 

Furthermore, P is a potent mutagen and produces 
dominant lethal mutations in mice’, A dose of 50 uC, 
which produces 15 per cent mortality in 4 weeks, more 
than doubled the mutation rate. _ 

These investigations point out possible hazards of using 
“P in human medicine, either as a therapeutic or diag- 
nostic agent, before or during the child bearing age. 
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Influence of Thymosin on Immunological 
Competence of Lymphoid Cells from 
Thymectomized Mice 


THE preparation and partial purification, from calf 
thymic tissue, of a soluble product termed thymosin has 
been reported’. This factor when administered in vivo 
to normal CBA mice stimulates lymphocytopoiesis with 
an increase in the weight of lymphoid tissue, an augmented 
rate of incorporation of *H-thymidine into the DNA of 
lymphoid cells, and a peripheral absolute lymphocytosis. 
In addition, thymosin administration accelerates lym- 
phoid tissue regeneration in CBA mice exposed to whole 
body X-irradiation (unpublished results of A. L. Goldstein, 
S. Banerjee, T. F. Dougherty and A. White). The prop- 
erties of the purified lymphocytopoietic fraction suggest 
that activity is associated with a relatively heat stable 
protein. The product therefore does not seem to be 
identical with any of the previously described thymic 
preparations*-’. 

Here we report an experiment designed to test the 
capacity of thymosin to restore an immunological deficit 
in thymectomized mice, using the sensitive graft-versus- 
host reaction as an assay. Thymectomy at birth leads 
to immunological defects in the mouse and in other 
rodents. Failure of normal body growth with subsequent 
death and a striking depletion of small lymphocytes 
from the blood and lymphoid tissues is also charac- 
teristic of thymectomy in certain strains of mice, par- 
ticularly in the C57Bl strain we used. The immunological 
defects are principally of those reactions mediated by 
lymphoid cells such as delayed hypersensitivity, Arthus 
reaction and homograft rejection of normal tissues or 
tumour cells. 

The thymosin preparation used was that previously 
designated fraction 3 (ref. 1). Thymosin was injected 
subcutaneously into 1 week old mice of the C57Bl/KaLw 
strain thymectomized at birth. Injections were continued 
three times a week for 4 weeks. The concentration of 
thymosin was 20 mg/ml. of 0-15 M NaCl and injections 
were based on protein concentration, 1 mg being given 
per mouse per injection. Fresh thymosin preparations 
were made weekly and kept at 4° C. Splenic extracts 
were prepared in a manner previously demonstrated?’ 
to be satisfactory for the preparation of active thymic 
extracts from syngeneic donors. The splenic extracts 
served as an additional control because they were shown 
to be ineffective, in contrast to thymic extracts, in restoring 
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the immunological capacity of neonatally thyme: 
C57BI mice®. The splenic extract was given, in O-b mui. 
volume, subcutaneously and immediately after prep- 
aration to thymectomized C57Bl mice, beginning when 
the mice were 1 week old and continuing three times a 
week for 4 weeks or a total of twelve injections. 

At 5 to 6 weeks of age, four groups of mice, namely, 
splenic extract treated, thymosin treated, untreated 
thymectomized C57Bl litter mates, and intact. mice, 
were killed and suspensions of viable dissociated celis 
from the spleens prepared by the method of Billingham”. 
Medium 199 was used as suspending fluid. After washing, 
the cells were suspended in a volume of 0-04 to ml 
to give a concentration of 5x 10° cells for each injection. 
In all cases tissue was removed from the upper medi- 
astinum of thymectomized and thymectomized treated 
mice and checked histologically for thymic remnants. 
In one thymectomized mouse and two thymosin treated 
mice, remnants were found; these were disearded from 
the experiment. 

5x 10° splenic cells from each of the four donor types 
were administered intravenously, by way of the orbital 
branch of the anterior facial vein, to BALB/c An recip- 
ients less than 18 h old. Litter size was standar ae A 
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did not show signs of poor growth or diarrhoea were 
considered in the results. BALB/c recipients were exam- 
ined daily and body weights recorded weekly. _ 

The graft-versus-host reaction is severe in the com- 
bination C57Bl (H-2>)--BALB/c (H-24) and acute signs 
of the graft-versus-host reaction occur with as few as 
1 x 10¢ cells from intact donors”. The capacity of 5x 10° 
dissociated cells obtained from the spleens of the four 
donor types to initiate graft-versus-host reactions is shown 
in Table 1. Lymphoid cells from thymectomized OBST BL 
donors failed to produce graft-versus-host reactions 
whereas cells from seven of the eleven donor C57B1 
thymosin treated mice produced an acute lethal graft- 
versus-host reaction. The frequency and latent period 
of graft-versus-host here was not too dissimilar from 
that produced by lymphoid cells from intact donors 
or from thymectomized C57Bl mice reconstituted with 
syngeneic thymic grafts or restored by thymic extracts 
from syngeneic donors’. Lymphoid cells from mice 
receiving splenic extract did not elicit the graft-versus- 
host reaction. 


Table 1. GVH REACTIONS IN BALB/e (H-24) MICE RECEIVING DISSOCIATED 
SPLENIC LYMPHOID CELLS FROM C67 Bl (H-2) DONORS 
No. with graft- Death from 
No. litters Versus-host — graft-versus- 
Group No.donors inom __! reaction  -hostreaction 
Total No. in dave (range) 
Tatact 5 5 18/20 (89%) 15-8 (18-30) 
Thymectomized 5 Š G/18 ome 
Thymectomized + 
splenic extract 12 15 0/41 -l 
Thymectomized + 
thymosin 11 138 27/46 (60%) 17-8 (9°37) 


The graft-versus-host reaction is known to be a homo- 
graft reaction on the part of the inoculated allogeneic 
spleen cells against transplantation antigens of the host, 
Thymosin as used in this experiment did restore the 
immunological competence of spleen cells of thymecto- 
mized mice to evoke a graft-versus-host reaction. Whether 
this effect represents a specific factor obtainable only 
from calf thymic tissue remains to be determined. 
Thymosin-like activity, as reflected in the stimulation 
of lymphocytopoiesis in CBA mice, has been obtained 
from thymic tissue of several other species". 

The C57Bl thymectomized mice treated with thymosin 
showed approximately the same frequency of failure 
to gain weight and mortality at 5 weeks (9/25 or 40 per 
cent) as their thymectomized litter mates. Although 
no striking overt lymphoid regeneration was found 
in the lymphoid organs of treated mice, the absolute 
leucocyte count (6,950/mm*) and lymphoeyte count 








resulting from thymectomy at 
mental conditions. 
e with thymosin beginning 

: fieantly reduce the mortality rate (unpublished results 


electrophoresis proved that the preparation of thymosin 
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(3,61 5/mom#) were similar. to intact mice and the ; yield 
of viable associated- lymphoid cells from the spleens 
of the treated donor- mice (40x 10* per spleen) was 


ai approximately twice that of thymectomized mice but 


only half that of intact. controls. Thus not all deficiencies 
me birth were corrected by 
the thymosin preparation used here in these oxperi- 
Studies in progress in neonatally 

mice indicate that treatment 
postoperatively does signi- 


thymectomized CBA 


Asanuma, A. L. Goldstein and A. White). Gel 


used in these studies contains several proteins. Further 
studies with more highly purified fractions are needed 
to establish whether or not the lymphocytopoietie 
activity and the immunological potency are attributable 
to a single substance. 
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US National Science Foundation, the American Cancer 


o C Soeiety, and the National Cancer Institute, US Publie 
Health Service. 


= Luoyp W. Law 
National Cancer Institute, 


ue l _ National Institutes of Health, 


Bethesda, Marvland. 


ALLAN L. GOLDSTEIN 
; ABRAHAM WHITE 
Department of Biochemistry, 
Albert Einstein College of Medicine, 
Yeshiva University, New York. 
Received Jnly 11, 1968. 
' Goldstein, A. L., Slater, F. D., and White, A., Proe. US Nai. Acad. Sei., 56, 
ms 1010 (1966). 
 * Roberts, S. and White, A., J. Biol. Chem. ,178, 151 (1949), 
3 Nakamoto, A., Acta Haematol., Japan, 20, 187 (1957). 
t Jankovic, B. D., Isakovic, K., and Harvat. J., Nature, 208, 356 (1965). 
* Bezssonoff, N. A., and Comsa, J., Ann. Endocrinol, Paris, 19, 222 (1958). 
“Metcalf, D,, Brit. J. Cancer, 10, 442 (1956). 
? Trainin, N., Bejerano, A., Strahilavitch, M., Goldring, D., and Small, Mo 
Israel J. Med. Xei., 2, 549 (1966). 
* White, A.. and Goldstein, A, L., Perspectives in Biol and Med.,11 (1 968). 
> ee a and Agnew, H. D., Proc. Soe. Exp. Biol. and Med., 127, 953 
o Billingham, R, E., Wistar Inst. Press, Philadelphia, Pa. (19613. 
“Klein, J, F., Goldstein, A. L., and White, A., Ann. NY Acad. Sei., 135, 
485 (1966). 


GENERAL 


Utility of a Distribution 
Ler U(G|F) denote the utility of the assertion that the 
distribution of a random vector x is G when it is really F. 
Although the utility must depend on the context it is 
interesting to consider what form the functional U 
might take if it is some form of generalized expectation of 
v(x,y), defined as the utility of asserting that the value 
of the random vector is y when it is really x. We assume 
that (x,y) <v(x,x). Natural axioms are (i) if a constant 
is added to v then the same constant is added to U; 
(ii) additivity for mutually irrelevant vectors 
O(GG*| FF*)=U(G|F)+ U(G*| F*) 

(iii) Invariance under non-singular transformations of 
x: U(G|F) is unchanged if a non-singular transformation 
x=(xX’), y=¢(y’) is made, subject to the obvious desider- 
atum that the transformed form of v is v(p(x’), bly’). 

A doubly infinite system of functionals satisfying these 
conditions is 


Uai(Q|F) = = log f AF(x) [ Jews day) 
Y 


where 0 <a <œ, 0<y<œ. When y—0 we obtain 
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Ua(G|P)= — JaFix) log f eey) dG{y) 
which was suggested previously! but without published 
jastifieation. ; 
If it is required further that (iv) U(F|F) > U(GPF) for 
all F and G we must let «>œ and when G has a density 
function g we obtain “up to a linear transformation” 
(irrelevant for utility measures) 


+ 
Uar(G|F) = Ux(G|F)= f log {g(x)|A(x)|-}d F(x) (1) 
where 


WX, | 
t Oy; Oye iy =x Jj,k=1,2,... 


If also F has a density function f, 

Ua(FIF) = f f(x) log (f(x) | A(x) 3}dax (2) 
This can be regarded as minus an “invariantized” entropy 
and equation (1) as an invariantized ‘“‘eross-entropy”’. 

When there is “quadratic loss’, that is, when v is a 
quadratic form, the factor involving A(x) can be ignored 
and equation (1) reduces to an ordinary cross-entropy 
which was called by Kerridge? the “inaccuracy” of G 
when F is true. 

The formulae could be used in the design of experiments 
and in the summarizations of their results. Another 
interpretation can be given if there is a density function 

o(X} proportional to |A(x)|!/*. Then U.(F|F) can be 
minimized by taking F to have the density function 
fo 80 that, with this utility measure, fẹ is the “least favour- 
able” initial density. It is thus the minimax initial 
density*. The principle of selecting the least favourable 
initial distribution may be called “the principle of least 
utility”. For diserete x it leads to the principle of 
maximum entropy‘ if v(x,x) is constant, and for con- 
tinuous x if | A(x)| is constant. Otherwise, for continuous 
x it leads to a principle of maximum invariantized 
entropy. 

Suppose that x is the parameter in the distribution of 
another random vector z. In the Jeffreys—Perks invariance 
theory®:*, the initial density is taken as the square root 
of the determinant of the information matrix 


e* log t(z | x) 
j jk = 1, 2,... 


This comes to the same as using the principle of least 
utility with v defined in terms of the “expected weight of 
evidence” 


f- J izix) 


dT(z| y) 
for distinguishing the true from the assumed distribution 
of z. This formula follows at once from equation (1), 
quite irrespective of the minimax interpretation, for we 
must have by definition 
ux, y)=Uo(T(z|y)| T(z) x)) 

if the only use of x is to serve as a parameter in the distri- 
bution of z. Hence A(x) is equal to Fisher’s information 
matrix. Here v and A are defined for the “random 
variable” x and should not be confused with the corre- 
sponding functions for z. Further details will appear 
elsewhere’. 


v (XK, X) — v(x, y)= J log d7(z |x) 
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‘BOOK REVIEWS 


MEANING OF MYTH 


Les Mythes chez les Selk’nam et les Yamana de la Terre 


de Feu 
By Mireille Guyot. 
Mémoires de l'Institut d’Ethnologie, No. 75.) 
(Institut d’Ethnologie: Paris, 1968.) 50 frances. 


(Université de Paris Travaux et 
Pp. 220. 


THe Selk’nam and the Yamana of Tierra del Fuego 
offer in dramatic effect a continental parallel to the 
inhabitants of Easter Island, as representatives of peoples 
at the furthest extremity of human migration. Their 
ultimate isolation gives a special value, historical and 
theoretical, to their civilization; and the moral impact 
of their situation is grievously intensified bv the irreparable 
circumstance that they are now practically extinct. Our 
knowledge of them derives mainly from the researches 
carried out in the early nineteen-twenties by Martin 
Gusinde, who presented his findings in German publi- 
eations which are not readily accessible everywhere. The 
present work, by a Swiss anthropologist in the service of 
the Société des Américanistes de Paris, comprises trans- 
lations into French of the 50 Selk’nam and 61 Yamana 
myths recorded by Gusinde, accompanied by commen- 
taries and a new classification of content and theme. The 
volume is most efficiently supplied with maps, illustra- 
tions, bibhography and mdexes. 

This useful enterprise is well prepared for by the current 
revival of interest, on the part of social anthropologists, 
in the analysis of myth, a movement most prominently 
inspired and exemplified by the impressive extent of 
Lévi-Strauss’s recent volumes, Mythologiques, on South 
American mythology. (Only the third in his series, 
L Origine des Maniéres de Table, resorts to the same mater- 
ial, however, and then only briefly alludes to one myth.) 
The situation is of methodological importance, also, in 
that although they are contiguous the Selk’nam and the 
Yamana are physically, linguistically and economically 
distinet; the former are hunters of land game, the latter 
subsist on marine life. There is sufficient evidence on 
modes of livelihood and other matters to permit a compre- 
hension of the myths in local terms and to make analysis 
possible. It is only to be regretted, because there is no 
telling what narrative detail may not prove crucial to an 
interpretation, that it has been found necessary to repro- 
duce the myths in abridged form. 

Mile Guyot sees both collections of myths as falling 
into two main classes, one dealing with order and the 
other with disorder. Myths in the former class have to 
do with the origin of men and of animals, the destruction 
of monsters, the fabrication of weapons, the introduction 
of fire, the sharing out of territories, and so on; the latter 
class deals with the power of shamans, rivalry, dissimu- 
lation, cannibalism and deception. Taken together, the 
thirteen “schemes” thus distinguished can be assorted 
into five “groups” comprising topics from both classes, 
with certain residual schemes concerned with animals and 
fire. The author attempts to relate the topics which 
constitute each group by means of “transformations” 
calling upon oppositions like life/death, sickness/initiation, 
and organized by such relations and operations as sym- 
metry and inversion. It is suggested that the Selk’nam 
have a better articulated conception of time and space 
than have the Yamana. There is an interesting section 





on the function of laughter, in both myth and social life, 
which resorts again to a dyadic analysis, this time in terms 
of noise and silence and the significance of the ambiguous. 
The study concludes by outlining the close relationship 
between the myths of the Selk’nam and the Yamana, 
though there are said to be differences of philosophical 
cast: the former appear as virile and realistic, preoceupied 
with struggle, whereas the latter are found to be less 
brutal and more poetic. 

The exactitude and objectivity of Mile Guyot’s method 
of analysis might be argued, but her translations and her 
painstaking investigation have undeniably made a valuable 
contribution to the study of myth. They alse render a 
moving tribute to the wretched and desperate human 
beings whose vanished world of meaning these enigmatic 
tales commemorate. RODNEY NEEDHAM 


OLDENBURG’S CORRESPONDENCE 


The Correspondence of Henry Oldenburg 

Vol. 4, 1667-1668. Edited and translated by A. Rupert 
Hall and Marie Boas Hall. Pp. xxv +0144 plates. 
(University of Wisconsin Press: Madison, Milwaukee 
and London, 1967.) 119s. 


THe excellence of the first three volumes of this great 
enterprise of the Halls has been made clear already 
by previous reviewers, and its continued value and 
success might be taken for granted. 

We should not, however, let volume 4 find its way onto 
the shelves without saying something more about it, 
even if we do no more than underline the fact that there 
is always something new to be discovered about the 
community of which Oldenburg made himself the hub. 
To the historian of science who frets at the negleet of 
regions such as late 19th century technology or the unread 
manuscripts of Arabic alchemy, the meticulous editing 
of the correspondence of a man who lived in a period 
which seems overwritten, who was neither experimen- 
talist nor theorist, might seem a misdireetion of talent. 
This would be to misunderstand the purpose of the 
project. It is not as if the Halls were capable only of 
multiplying minutiae. Each has shown, elsewhere, an 
ability to take a wide view of wide movements in science. 
The very fact that they find it necessary to divide their 
energy between general works of interpretation and this 
specialist record of the Oldenburg correspondence should 
suggest to us that there is a balance in the exercise of 
scholarly talent which it is possible to maintam and 
ought to be sought. 

It is easy enough to accept that Oldenburg’s corre- 
spondence could be a key to the origins of science as we 
know it, but when we do in fact turn the key we find that 
he knew, and his contemporaries knew, & science in many 
ways different from what the myth-makers of science 
would have us believe was 17th century science. It is 
often said that each generation rewrites history for itself. 
This is only true when new material is used. Much of what 
is still said about the origins of science in the 17th century 
in new textbooks is merely paraphrase of the old, based 
on too little source material. A modern rewriting of the 
history of the science of the 17th century must come from 
the enlargement of detailed knowledge of the people 
directly involved. When we look at the Halls’ work in 
this light, we can see dimly beyond it the new works by 
other authors which will be greatly in its debt. 

This volume covers a period of great activity the 
detail of which needs careful re-examination. The many 
reports of blood transfusions, for exarnple, make it clear 
that where subjects survived, no effective transfer took 
place. Clarke’s remarks on the microscopy of the testis, 
Beale’s touching praise of the new optical aid for his 
failing vision, Wren’s description of a new building for 
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the Royal Society, are characteristic fragments of a 
self-portrait of an era. And although this is a work for 
consultation and reference, hardly a refuge for pleasure, 
one is delighted by the occasional sign that these writers 
were like us in the ordinary things, as when Fairfax 
ends a letter “I am forced to be as short in what I write 
as I have been long ere I set about it”. 

One can envy the Halls a little for the pleasure it must 


_ have given them to work close to the lively minds of 
=- long dead men, so much better company than many of 


our contemporaries. So many modern scientists have 
become dreary and pompous and unfunny that it is no 
surprise to anyone with a spark of humour that there is 
a student flight from science. If we can regain some of 
the vivacity of these early amateurs, science may yet 
brighten its tarnished image. In its own way The Corre- 
spondence of Henry Oldenburg is serving science at large. 
FRANK GREENAWAY 


TROPICAL DEVELOPMENT 


Economic Development in the Tropics 


By B. W. Hodder. Pp. xiv+258. (Methuen: London, 
1968.) 35s. 


THis is a refreshing study of a much discussed and difficult 
problem—the correct assessment of the major issues to be 
faced in the economie development of tropical countries. 
Among the several notable merits of the book are that it 
has an unusual interdisciplinary approach, it stresses the 
significance of natural and human resources as well as the 
political and economic frameworks, and the author has 
first-hand experience of the tropics in Asia, Africa and 
the Americas. 

Dr Hodder begins by analysing the significance of 
natural resources such as water, vegetation, soil, 
minerals and power potential, and such phenomena as 
climate. Somewhat surprisingly he considers man’s 
ability to acquire any considerable degree of acclimatiza- 
tion to tropical climates is now generally doubted. The 
human resources are next examined in their qualitative 
and quantitative aspects. He considers birth control: 
“the recent upsurge of interest in birth control as a means 
of inducing economic growth in developing lands is 
perhaps a rather dangerous trend because birth control 
seems to be becoming accepted as the latest and most 
fashionable of a series of panaceas. In a sense, however, 
to reduce the rate of population growth, while undoubtedly 
desirable, is simply to apply a negative solution, for by 
itself a declining birth rate can do nothing to increase 
production. An excessive preoccupation with how to 
reduce the birth rate is thus concentrating attention on 
the wrong thing”. 

Types of agriculture are described before examining 
methods of intensifying, extending or improving pro- 
duction, and there is a good defence of fallow farming. 
Case studies of Trinidad, Uganda and Malaya lead on to 
weighing the merits of agricultural rather than industrial 
development, or a balance of both. Likewise, the relative 
places of labour or capital intensive and of large versus 
small scale industries are examined, and supported by case 
studies of India, Venezuela and Nigeria (about which he 
is somewhat pessimistic unless there is more unity). 
Transport, marketing, development plans, capital re- 
sources and international aid are also discussed, with an 
unusual stress on the significance of understanding the 
mechanism of internal marketing. 

This book should be required reading for all students of 
the tropics, and for those concerned with economic 
planning and development there. They would acquire a 
balanced view of the many facets of the problems, and 
would be excellently served by a very full bibliography. 

R. J. Harrison CHURCH 
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BIOLOGICAL PRODUCTIVITY 


Problémes de Productivité Biologique 

Edited by M. Lamotte and F. Bourliére. (Publication 
sous les auspices du Comité Français du Programme 
Biologique International.) Pp. vi+246. (Masson: Paris, 
1967.) 65 francs. ‘ 
Tms book is based on French and Belgian eontributions 
to an International Biological Programme (IBP) collo- 
quium in Paris in 1966. After an introductory chapter 
concerned with primary production and the subsequent 
transformations of matter elaborated by plants, together 
with the flow of energy in biological systems, terrestrial 
primary production is considered in detail with some 
reference to grazing and the cycle of important inorganic’ 
nutrients. Grassland ecology is deseribed with special 
reference to the interactions between ruminants and 
pasture plants. Next, the energetics of inland waters are 
described, followed by descriptions of rhythmical changes 
in the physicc-chemical and biological regimes of certain 
brackish waters. The article on small mammals first 
describes the problems involved in estimating production 
by rodents and then gives an actual example of how a 
balance sheet for production by Microtus arvalis can be 
made. Production by dragonflies (Aeschna and Anaz) is 
discussed on the basis of estimations of natural populations 
and those reared in the laboratory. In chapter 8, grazing 
arthropods are considered. It is not their production 
which is estimated, however, but the reduction in the 
potential for primary production they cause. Finally, 
an outline is given of the complex interrelationships 
between parasites, hyperparasites and predators which, 
in turn, make the task of estimating production so 
difficult. 

Books based on colloquia and like meetings rarely 
produce as coherent an account as the titles suggest. 
This one is no exeeption to the rule. Nevertheless, 
thanks to the French National Committee, we have a 
lively and interesting addition to the IBP library. The 
wish expressed by the editors that it will be of value to 
younger workers and interest them in IBP should be 
realized. The specialist in any of the aspects of IBP may 
also welcome an insight into the problems with which 
he is not familiar. The book is well produced technieally. 
The writing usually is clear, but some of the figures do 
not have satisfactory explanations attached to them and 
some of the technical terms used by specialists are not 
defined. J. W. G. LUND 


DEVELOPMENTAL PATTERNS 


Methods in Developmental Biology 
Edited by Fred H. Wilt and Norman K. Wessells. Pp. 
xiv +813. (Thomas Y. Cromwell: New York, 1967.) $18. 


Tars is a book about materials and methods used in the 
experimental analysis of plant and animal development. 
The editors, themselves actively engaged in research, 
have assembled fifty-one articles focusing on three aspects 
of the subject. The first section, almost half the book, 
contains discussions on an array of organisms, including 
a number of potential use for developmental study as well 
as those of proved value. Emphasis is laid on their 
procurement and maintenance in the laboratory together 
with information on their basic biology and many experi- 
mental techniques. Representatives from all the verte- 
brate classes are considered, with the exception of reptiles. 
Perhaps the lack of a “domesticated” variety is a sufficient 
deterrent. There is an interesting chapter on annual 
fishes. These animals are characterized by their location 
in isolated bodies of fresh water which dry up each season, 
leaving only the eggs to ensure population survival. A 
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unique developmental pattern involving dispersion and 
reaggregation of blastomeres and the occurrence of dia- 
pause at three distinct stages invites many questions on 
morphogenesis and the control of differentiation. The 
section is continued with chapters on selected inverte- 
brates,” ahd plants ranging from angiosperms to slime 
moulds. Choice of biological material is an important 
decision and this section is a much-needed addition to the 
literature. a 

The second section deals with culture methods for cells, 
tissues, organs and embryos in vitro, diffusion chambers 
and insect imaginal disks in vivo, and includes a chapter 

_onethe grafting of embryonic rudiments, mainly to the 
chick embryo. 

The third section contains a wide range of other tech- 
miques currently used in developmental biology; plant 
growth regulator assay, organelle isolation, protein and 
nucleic acid determination in embryonic cells, surgical 
techniques in plants and animals, cell marking and fixation 
procedures for electron microscopy. There is also a discus- 
sion of lighting systems for controlled plant growth, and 
some experimental techniques for eggs and embryos of 
marine invertebrates. 

The whole volume makes up a well-balanced source- 
book with the chapters carefully edited to prevent undue 
repetition. Although the practical aspects are emphas- 
ized throughout (including some previously unpublished 
techniques) and references (up to 1966) are freely quoted, 
the text remains immensely readable. It is inevitable in 
such a central disciplinc that the book contains a certain 
amount of information available elsewhere. This applies 
especially to the section on culture methods which 
competes with at least half a dozen books on this subject 
published in the past three years. Nevertheless, the 
value of in vitro culture in contemporary developmental 
biology justifies bringing together a wide range of such 
techniques under one cover. In places there is evidence 
for the long gestation period often incurred in the produc- 
tion of a book with numerous contributors. In particular, 
some of the techniques described for nucleic acid determ- 
ination have now been modified and supplemented. 

Apart from a personal aversion to the double-column 
page, the format is very pleasing: the text illustrations 
have a welcome simplicity and clarity (even the gravity 
defying culture chamber in Fig. 6, page 391, printed 
upside-down). Minor criticisms include the photographie 
reproduction, particularly of the electron micrographs, 
which is not of the highest standard, and occasional 
variation in the density of the print. 

There is a wide range of organjsms and techniques 
currently available to the developmental biologist and 
here is a book embodying a good deal of this information 
at a reasonable price. The editors hope that it might 
be used by existing and intending researchers in the field 
and by teachers looking for new material. Their optimism 
should be well rewarded. W. D. BILLINGTON 


ORIGIN OF THE AMPHIBIA 


The Origin of Terrestrial Vertebrates 

By I. I. Schmalhausen. Translated from the Russian by 
Leon Kelso. Edited by Keith Stewart Thomson. Pp. 
xxi+314. (Academic Press: New York and London, 
1968.) 140s. : 


In his early work, Schmalhausen published a number of 
papers on the appendages of lower vertebrates and on 
the phylogeny of the auditory ossicles. In 1950, at the 
age of 65, he again became interested in the problem of 
the transition between the fish and the Amphibia. During 
the next ten years he carried out a series of investigations 
on the development of urodele amphibians. These studies, 
together with a survey of much relevant palaeontological 
information, are incorporated in the present volume. 





Aspects of urodele development take up nearly half o 
the book. This certainly provides the first account in 
English of a large and important volume of recent research 
by several Russian workers. Nevertheless, ib appears only 
occasionally to be relevant to the problem of the evolution 
of the Palaeozoic amphibians from the fish—unless it is 
assumed, without real justification, that the living and 
the Palaeozoic Amphibia were closely alike in details of 
development, soft-part anatomy and physiology. Because 
of illness, Schmalhausen was unable to include a similar 
section on anuran development. It is therefore not even 
possible to gain an understanding of the comparative 
ontogeny of these two modern groups. Such a compara- 
tive account would have been useful in view of the current 
reconsideration of the possible monophyly or polyphyly of 
the modern Amphibia. Furthermore, though Williams's 
important 1959 paper on the development of modern 
amphibian vertebrae is included in the bibliography, his 
results and views are neither mentioned in the text nor 
taken into account. 

The remainder of the book, dealing directly with the 
evolution of the Amphibia, is well written and frequently 
stimulating and original. For example, Schmalhausen 
demolishes the idea that early amphibians could have per- 
ceived sound vibrations travelling from the ground via the 
limbs to the inner ear, and points out that the new adap- 
tive features of the labyrinthodont middle ear imply that 
a new method of hearing (that is, through the air) was now 
being used. He also notes a number of similarities be- 

















tween the microsaurs and the Urodela and Apote, and a 4 
suggests that the microsaurs may be the ane -of 


these living groups. Schmalhausen, however, also accepts 
the view that the Anura are only distantly related to the 
Urodela and Apoda, having evolved from the labyrinth- 
odonts. He therefore believes that the features found in 
both the Anura and the Urodela are themselves evidence 
of the monophyletic origin of the Amphibia as a whole. 

This question of the monophyly or diphyly of modern 
amphibians is one of a number of subjects on which 
Schmalhausen’s views will seem a little dated to those 
familiar with the papers by such workers as Carroll, 
Panchen, Parsons and Williams, Romer, Szarski and 
Thomson, published in the last few years. It should be 
remembered, however, that the Russian edition of Schmal- 
hausen’s book appeared in 1964, and his views- orm ji 
bian history were originally published in 1957, also t 
Russian. Therefore, though this is for most Western 
workers their first opportunity to read an extended account 
of Schmalhausen’s theories, these do in fact predate aH 
these recent publications, and have in many cases mi- 
fluenced them. Though many workers would disagree with. 
various aspects of his views, Schmalhausen’s p Joes 
contain a coherent and self-consistent theory of th Sa 
in which the vertebrates may have solved the many 
problems involved in the most difficult ecological trans 
sition in their history. 

The translation and editing are so good that one 1s 
hardly ever aware that one is reading a book in trans- 
lation. On the other hand, even though the book is well 
produced and contains 165 figures, its price does seem 
somewhat high. Barry Cox 

















ESTUARINE ANIMALS 


Biology of Estuarine Animals va 
By J. Green. (Biology Series.) Pp. x +401. (Sidgwick sad ` 
Jackson: London, 1968.) 21s. 


THE series in which this work is the latest title is intended 







to provide broad accounts of subjects not covers 
quately in basic textbooks; Dr Green's contri a 
fulfils this intention admirably. He defines estuaries 
broadly enough to include brackish or inland seas and 
hypersaline lagoons, and takes as many examples from 
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the rest of the world as from NW Europe. The first two 
chapters not only bring together a variety of extremely 
useful material on their physico-chemical characteristics 
which is not readily available elsewhere; but also present 
it in a clear, practical and biologically relevant manner. 
They will prove particularly informative to biologists 
lacking a background of physical geography. Chapter 3 
gives an account of saltmarsh and shore vegetation which, 
although necessarily brief, nevertheless mentions man- 
groves and fungi as well as Salicornia and Spartina; it is 
followed by elassifications of habitats and their faunal 
components. 

The main body of the book deals with the planktonic, 
benthic and pelagic fauna more or less in taxonomic 
order, giving particular consideration to the salinity 
tolerance and other appropriate adaptations of the animals 
selected as examples. Species of marine origin prepon- 
derate amongst these examples as they do in the habitat 
itself, but the author devotes a chapter each to animals 
of freshwater and terrestrial origin and to estuarine birds. 


This is both gratifying and useful to one who has prev- 


iously found estuaries mentioned only in works on marine 
biology. The book closes with a chapter on parasites and 
epibionts, and a short account of estuarine food webs, 

With such a wide field to cover, the over-critical 
reader is certain to find omissions in the sections dealing 
with his own speciality. More could have been said about 
pollution and, having referred to the spread of Elminius 
by shipping, fouling and wood-boring problems might 
also have been touched on. Limnoria and Teredo are not 
mentioned, nor is there any indication that Mercierella 
occurs m British as well as African estuaries and can be 
troublesome there, I should have liked more pictures of 
the animals; 105 figures in just under 350 text pages 
seem fewer than they sound when some occupy more 
than half a page in illustrating a single animal. In some of 
the more obscure groups the nomenclature is rather 


erratic, and the systematic approach occasionally causes 


one to lose sight of the ecology of estuaries as a whole, 
although for ease of reference there may be much to 
recommend it. Dr Green gives clear definitions of his 
technical terms and these are readily found through the 
very complete single index ; his bibliography is equally full, 
containing well over 500 references. The book will be 
very useful to workers in the field, whether sixth formers 
or postgraduates. An undergraduate studying any 
course with a marine bias should not only be required to 
read it but ought to enjoy the experience; at such a 
reasonable price he might well be expected to buy his 
own copy. A. NELSON-SMITH 


ANIMAL HOUSES 


The Design and Function of Laboratory Animal Houses 
Edited by Ronald Hare and P. N. O’Donoghue. (Labor- 
atory Animal Symposia, No. 1.) Pp. 141. (Laboratory 
Animals: London, 1968.) 22s. 6d. 


Tas volume shows the increasing interest in the accom- 
modation of laboratory animals, and should be read by 
anyone considering designing a new animal house or 
redesigning an old one. It is very interesting to have 
the comments from the architects and service engineers. 
It is perhaps a pity that the discussion was not included, 
and in general the approach is based on what has been 
built, rather than what is possible in the future. More 
emphasis might be placed on time and motion studies on 
caging and layouts. Among the contributions are ones on 
the accommodation for primates, radioactive experiments, 
infected animals and gnotobiotics. Dawson and Hadley 
suggest a new approach to the ventilation of animal 
rooms and stress the almost complete lack of data on 
heat production by laboratory animals. One chapter 
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considers the impoftance of designing the unit round the 
central services, including cage washing and sterilization. 

Some of the views are rather personal, and I doubt if 
there would be general agreement for the suggestion that 
lights should be left on permanently (page 59). 

This volume can be recommended as a generdl intro- 
duction to anyone designing an animal house, but the _ 
necessary detailed information is best obtained by veiting 
an animal unit; this also shows the design ip use and the 
effects of wear and tear. 

The authors and editor are to be congratulated on the 
promptness of publieation. M. C. LANCASTER 

è 


VOLUME OF REPRINTS i 
The Mind 


Biological Approaches to Its Functions. 
Wiliam C. Corning and Martin Balaban. 
(Interscience (John Wiley): 
1968.) 117s. 


üdited by 
Pp. ix +321. 
New York and London, 


Ir is impossible to disagree with a preface which asserts 
that brain research is a subject of great significance, and 
that it is currently receiving considerable attention. It is 
also, however, an area in which knowledge is advancing 
at such a rate that no purpose is served by reprinting 
articles first published in 1959 and 1960. This is true 
even of so seminal a paper as that by Lettvin et al. 
on the behaviour of single units in the frog visual system. 
Not only is this widely familiar, thanks to repeated 
citations in later work, but it has been made available 
before in collections of reprinted papers. 

The articles which have not appeared previously else- 
where are diverse in content, and it is difficult to see any 
special reason for their association into a single volume’ 
beyond the fact that most are based on a single series 
of lectures given at Michigan State University. The three 
by Corning, Schmitt and McConnell do form a natural 
group. All illustrate only too clearly the tendency to 
imitate older and better established sciences which has 
bedevilled psychology. In Hulls day it was physics; 
today for some psychologists it is molecular biology. 

The theories and data discussed appear to be reducible 
to three possible phenomena. Firstly, increased RNA 
content following neuronal activity of a type involved 
in learning may reflect increased protein synthesis needed 
for structural and chemical changes at synapses and 
elsewhere. Clearly tpis is only an extension of the classic 
structural theory of the engram. The second possibility 
is that memories are coded into complex molecules, and 
are transmissible as molecular extracts. No mechanism 
which would enable such a code to be translated into 
patterns of neuronal activity is suggested at any point. 
Thirdly, membrane specificities with, naturally, a mole- 
cular basis, may be involved in the establishment of 
appropriate connexions between neurones during develop- 
ment. It is not clear that this has any relation to engram 
formation. All three phenomena are confused together 
te a greater or lesser extent throughout the articles 
under discussion. 

The most interesting article is certainly that of Kilmer 
et al. on a computer model of the reticular formation. 
Much of the most interesting material is in the appendices 
and will no doubt become more accessible when the work 
is published in extended form. The oddest article, on the 
other hand, is by Driver, who feels that the adverse 
treatment of On Aggression (by Lorenz) at the hands of 
Barnett, Schneirla and others is so unfair (and, apparently, 
disrespectful) as to indicate a division of ethology into 
two sciences, only one of which, the Lorenzian, can be 
considered true ethology. No scientific arguments ad- 
vanced by either side are discussed, so that I can only 
comment that, in my opinion, On Aggression was a mis- 
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leading and, in many ways, & bad Book, and that the 


fact, advanced by Driver in its favour, that non-bio- 
logists like Koestler and Mead received it enthusiastically 
merely emphasizes the importance that the criticisms of 
its theses by other ethologists should reach as wide an 
audien®e &s possible. R. J. ANDREW 


ULTRA-HIGH VACUA 


The Physical Principles of Ultra-high Vacuum Systems 

and Equipment 
By Norman W. Robinson. Pp. ix +270. (Chapman and 
Hall: London, 1968.) 75s. 

‘Ix the “High Vacuum Series” of books edited by Dr L. 
Holland and published by Chapman and Hall, there has 
been possibly more overlap of material between the various 
volumes than is ideally desirable. Though this has been 
inevitable to some extent, it is welcome to see that this 
new volume in a useful series contains very largely new 
data not found in the previous works. A consequence of 
this is that Dr Robinson’s book demands of the reader a 
fairly extensive preliminary knowledge of the theory and 
practice of the production and measurement of low pres- 
sures. It is therefore most suitable for the postgraduate 
student and the research scientist. Indeed, it can be 
regarded as indispensable reading for the growing number 
of investigators engaged on all kinds of experimental 
work involving a gaseous environment at pressures below 
10-8 torr. 

Dr Robinson was for many years head of the Vacuum 
Physies Research Laboratories of Mullards Ltd, at Sal- 
fords in Surrey. His book not only reflects the wide 
experience he has gained; it also contains records of 
several of his own original investigations and evinces an 
excellent command of the most relevant theoretical 
aspects of kinetic theory, gas discharge phenomena at 

. very low pressures, and surface phenomena. 

Dr Robinson, as the title of his book denotes, is essen- 

tially concerned with physical principles. In general, 
oa beginner would not find here technical details about 
how to erect actual ultra-high vacuum systems. Presum- 
ing he had this “know-how” he would find most valuable 
information in the first two chapters on the performance, 
characteristics, correct use, calibration and problems 
associated with the use of devices for measuring both 
total and partial pressures in the ultra-high vacuum 
range, data on ion gauge pumping, getter-lon pumps, 
sorption pumping and the princigles of cryogenic pumping. 
Chapter three is about mechanical appliances such as 
demountable and permanent seals, bakable plastics 
(for example, polyimide), bakable metal closure valves 
and means of imparting motion to a mechanism in vacuo. 
Chapter four is devoted to “mass spectrometry”, with 
emphasis on principles, and includes magnetic deflexion 
instruments, cycloidal types, the omegatron, radio fre- 
quency and time-of-flight mass spectrometers, the quad- 
rupole and monopole devices and the mass synchrotron. 
The following chapter is on the “Principles of Leak Detec- 
tion”. Chapter six, “Residual Gases in Ultra-high Vacuum 
Systems”, is an excellent survey of the important theory 
and essential data on various relevant materials as also 
is the sueceeding chapter seven on ‘‘Adsorption Phenom- 
ena”. The final two chapters are about “Transfer of Gases 
at Ultra-high Vacuum” and ‘‘Degassing Phenomena and 
the Preparation of Clean Surfaces”, 

The style is sophisticated and cogent, the text is up to 
date and with references to selected books and papers up 
to 1966. Occasionally the author is insufficiently explicit: 
as one example. he gives an account of Kornelsen’s work 
on the trapping of inert gases by tungsten on pages 45 
and 46, but the uninitiated could not readily relate this 
to the graphical results on thermal desorption spectra 
_ described briefly on page 49. J. Yarwoop 






MASS SPECTROMETRY 


The Mass Spectra of Organic Molecules a 
By J. H. Beynon, R. A. Saunders and A. E. Willams. 
Pp. ix+510. (Elsevier: Amsterdam, London and New 
York, 1968.) 235s. 

THE appearance of a book on mass spectrometry by such 
well known and accomplished practitioners in the field ‘ 
is a noteworthy occasion. Following the success of 
Beynon’s earlier comprehensive text, published in 1960, 
a companion volume was obviously desirable by 1968. 
In the new work The Mass Spectra of Organic Molecules, 
the subject matter begins with a short but essential 
description of the machinery of mass spectrometry followed 
by a summary of types of ions and their formation. The 
main section of the book is devoted to a description of the 
fragmentation pathways of classes of organic compounds 
beginning with alkanes and ending with compounds con- 
taining the less commonly encountered elements of boron, 
phosphorus, and silicon. The final chapter contains 
examples of structure determination with the help of 
mass spectrometry and at the end of the book is a list of 
547 references. 

The reviewer's copy of the book was printed partly on 
glossy and partly on matt paper which, if general, is 
quite inexcusable in such an expensive book. Indeed, 
its high price will cause many potential private buyers 
to examine its usefulness very carefully. From the items 
discussed and the long list of references, 1t seems apparent 
that either the manuscript was essentially completed 
in 1965-6 or, incredibly, the authors have not read the 
chemical literature since then. Considering the book has 
been published in 1968 it is quite remarkable that there 
is only one reference to a publication in 1967 (to a book} 
and only about twelve references to works in 1966 (four 
of these to books). There have been many significant 
advances in mass spectrometry between 1965 and 1968 
and, although there must be delay between the final 
preparation of a manuscript and its appearance in print, 
for such a book to be published two to three years out 
of date gives it a decided disadvantage over ibs more 
up to date, cheaper and equally extensive rivals. 

There are some mistakes in the book such as describing 
eovalent bonds of strength 10 eV. The section on re- 
arrangement processes is inadequate and the reader is 
not cautioned about the effect of such processes on element ; 
mapping. It is also perhaps unfortunate that one of the = 
prominent examples chosen for this section shoul i airaa 
fact erroneous. Appendix 1, an attempt to corr 
commonly encountered m/e values with molecular str 
ture, is presented with some warning as to its use, Dr 
could well be extremely misleading to a novice in ma 
spectrometry and is of no use to the expert. | | 

One sincerely hopes the authors are even now preparing- 
an up to date version of what could be an extremely 
useful book. R. A. W. Jounsrone 











ORGANIC PHOTOCHEM 


Preparative Organic Photochemistry ae 
By Alexander Schönberg. In cooperation with Günther — 
Otto Schenck and Otto-Albrecht Neumiiller. Second 
completely revised edition of Préparative Organische 








Photochemie by A. Schénberg and G. O. Sehenck. Pp. 
xxiv +608. (Springer-Verlag: Berlin and New York, S 
1968.) 148 DM.; $37. — Š 


Durna the decade which separates the two editions of = 
this book organic photochemistry has expanded to + 
an extent that most of the references in the secon 
which includes those up to the end of 1965, are 
period. It is intended in the future that supplerm 
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volumes will be issued in order to xeep this work up to 
date. The author suggests that organic photochemistry 
may be divided into three parts—theory, instrumentation 
and preparation—-and, except for the final chapter (22 
pages) by G. O. Schenck on light sources and light filters, 
he chooses to confine himself exclusively to the last of 
these. This is the major limitation of the book because 
there is an almost complete lack of any mechanistic dis- 
cussion nor is any guidance given on the theoretical and 
practical requirements necessary for carrying out pre- 
parative organie photochemistry. 

This edition of the book, like its predecessor, is basically 
an uncritical catalogue of reported photochemical pre- 
parations of a wide variety of organic compounds arranged 
in a systematic manner. The layout is admirable and at 
the end of each subsection experimental details are given 
for selected compounds as in the original references. The 
first seven chapters deal with photoisomerization of various 
compounds including unsaturated hydrocarbons, alde- 
hydes, ketones, esters, aldoximes and heterocyclic com- 
pounds containing oxygen and nitrogen atoms. There are 
three chapters which describe photodimerization, two 
which report photolysis leading to eycloadditions and 
retro-cycloadditions and four chapters on photodehydro- 
genation in one form or another, for example, photo- 
chemical dehydrodimerization by oxygen, carbonyl 
compounds and by dyes. Photochemical addition 
reactions feature strongly in at least four chapters inclu- 
ding reactions of 1,4 and 1,2-quinones, aldehydes and 
ketones. Chapters 26-36 are about photochemical re- 
actions of nitrogen containing compounds including N -halo- 
genated amines, organic nitrites, diazoalkanes, diazirines. 
diazoketones, quinone diazides, iminoquinone diazides, 
diazonium salts, azides, pyrazolines, 1,2,3-thiadiazoles, 
p-benzoquinone diimine, N,N-dioxides and compounds 
containing unsaturated nitro groups. Other chapters de- 
scribe the photochemistry of deoxybenzoin derivatives, 
furans, carboxylic acids, organie sulphur, organophos- 
phorus, organoarsenic and organometallic compounds with 
an emphasis on both formation and reactions. Photohalo- 
genation and photochemical conversions of organic halides 
are the titles of other chapters. 

This list of contents illustrates the wealth of information 
available in this book which makes it a reference book 
which synthetic chemists are likely to find most useful 
and to which most organic photochemists will want ac- 
cess. Information retrieval is rendered easy by the exten- 
sive author, reaction and compound indexes as well as 
by the references given at the end of each short chapter. 

F. WILKINSON 


CHEMICAL PROCESSING 


Chemical Process Development 
Part 1. By Donald G. Jordan. {Interscience Library 
of Chemical Engineering and Processing, Vol. 6.) Pp. 
xxiii +404. (Interscience (Wiley): New York and London, 
1968.) 255s. 
Tuts is the first part of a two part volume in which it is 
intended to discuss problems of chemical process develop- 
ment, ranging from research planning, economic appraisal 
and scale up to the unit operations and the physical 
properties of the materials processed. The first part 
considers the general problems of research and develop- 
ment, problems in the design of reaction vessels such as 
residence time, and the choice and design of reactors, 
and ends with a chapter on vapour-—liquid equilibrium. 
The second part, not yet published, will deal with such 
topies as distillation, absorption, solvent extraction, 
crystallization and filtration, and will contain the 
index. 

The author addresses a somewhat limited audience. 
He says that the book is not intended as a textbook, nor 


is 
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at directed at the academie worker or the professor; 
rater it is designed for the practical worker in the labora- 
tory or pilot plant. He also says that “the emphasis is on 
small-scale work: large scale designs are set aside as 
being the provinee of the plant designer”. 

_ It is clear that the author is anxious to passon the 
benefit of his experience and to show his wide reading of 
information published in the English language. Unfor- 
tunately, this often leads to statements familiar in annual 
reviews, for example, “a more recent treatment . .. 


given by”, or “ . . . has written two““excellent articles. 


discussing these matters. The illustrations are particu- 
larly good... ”, e 

I suppose, however, that the purpose of the book is to 
bring to the notice of the development chemist the 
things he must consider if a process is to be brought 
successfully to full scale production, and to give him 
guidance on the problems of scale-up so that he can direct 
his small scale studies to fruitful ends. The first chapter, 
for example, discusses the general] problems of research 
and development, the techniques of economic appraisal 
and the scale up problem. It introduces “venture. 
worth” and ‘discounted cash flow”. 
that the first step in calculating costs is an engineering 
flowsheet from whieh the materials balance is developed: 
most people would start from a materials flow diagram. 
In fact the flowsheet approach is so important that more 
should have been made of it. 

I fear the criticism outweighs the praise, but there are 
some shrewd observations; for example, underlying the 
chapter on vapour-—liquid equilibrium must be some bitter 
experiences. 

I found the book interesting to read but I could not 
see it as a working tool. Moreover, by any standards 
it is an expensive book, even allowing for dollars at 2-4 
to the pound sterling; and I believe that most people in 
process development would prefer Perry’s Chemical 
Engineering Handbook as a better and more useful buy, 
even though the fourth (1963) edition is a little dated now. 

A. 8. WHITE 


LINEAR ALGEBRA 


Linear Algebra 
By R. R. Stoll and E. T. Wong. Pp. x £326. (Academie 
Press; New York and London, 1968.) 79s. 4d. 


Tuts book is designed to meet the needs of those students 
who are preparing for advanced study in mathematics, as 
well as of those students gvhose interest will eventually be 
in the application of fhe theory. This objective is sought 
for by adopting the abstract point of view from the 
beginning while stressing non-trivial computation and 
techniques. Ineluded in this book are the standard 
properties of vector spaces, inner product spaces, linear 
transformations, matrices, algebraic properties of linear 
transformations such as characteristic values, bilinear 
forms and quadratic forms and decomposition theorems 
for normal transformations. In the final chapter some 
appheations of linear algebras are given to economics, 
chemistry and physics. 

This book would be suitable for a third year under- 
graduate course but would be too difficult for a first year 
course. Part of this difficulty is because the authors con- 
sider infinite dimensional veetor spaces in part for which 
Zorn’s lemma is used. This and the abstract style makes 
the book difficult to read and because no hints or answers 
to questions are given it would be virtually impossible 
to teach oneself from this book without attending -a 
lecture course which followed from the book. The appli- 
cations at the end are a novel feature and will help 
convince students that linear algebra is worthwhile. 

There are misprints on pages 137 and 239, (aT, aT) 
should read (aT, 3T) and exercise 1-9 should read fly,a)< 
0. Rocer FENN 
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PROGRAMMING LINGUISTICS 


A Comparative Study of Programming Languages 
Monographs.) 
Pp. v + 164. (Macdonald: London, 1967.) 45s. 

THs is thie first work in a welcome new series of computer 
monographs which are being pu blished under the general 
editowship of Professor Stanley Gill; this particular 
monograph ig about programming languages. An intro- 
duetory chapter considers an Algol-like language which is 
used for illustraffe purposes at various points in the 
text, and a set of criteria is then laid down which, hope- 
fully, will be satisfied in a ‘good’? computer language. 
The next chapter is entitled “Nature of Language m 
General’, and its main sections deal with natural and 
artificial languages, syntax and semantics, communication 
of algorithms, nature of computation, and classification 
: It ends with a brief discussion, on the role 


Chapters 3 and 4 are relatively short and respectively 
treat the topies of recursion and polish notation; they 


then goes on to consider actual computer languages. A 
chapter is devoted to Strachey's general purpose macro- 
generator-——macrogenerators form an important topic 
which is frequently neglected in books on programming 
languages. The content of the next chapter is well 
exemplified by its title, “From Machine Code to Fo rtram’’, 
and this is followed by chapters on Cobol, Algol and list 
processing languages, the latter considering IPLY, 
LISP1.5, WISP, ALP, CPL and PLI. 

A penultimate chapter on the thorny problem of input 
and output brings us almost to the end of the book; it 
contains some interesting comments about the IFIP and 
ACM input-output proposals in Algol. It seems to me 
unfortunate that these proposals have not been more 
widely used in teaching texts on Algol. 

The last chapter treats various topics including new 
facilities in languages; for example, environmental 
enquiries, open gnded enquiries and a final section on 
Ross’s algorithmic theory of language. The book is 
written in a pleasing style and undoubtedly helps to fill 
a gap in the literature. Further titles in the series will 
be awaited with interest. E. B. SPRATT 


LONDON EXHIBITION 
BLESSED BAUHAUS 


50 Years Bauhaus. German exhibition at the Royal 
Academy of Arts, Burlington House, London W1, 
until October 27. 
Tux rapturous liberal who returned from Russia in the 
early thirties with the exclamation “I have seen the 
future and it works” should perhaps have waited a bit. 
But the phrase is a good one and can be applied, with- 
out a trace of irony, to the Bauhaus exhibition now at 
the Royal Academy. There one can see the future, 
fifty years old. It is a humbling experience to walk 
past the handiwork of a group of artists, architects 
and designers who gathered in Weimar, Dessau and 
Berlin for 14 years until the Nazis drove them out and 
to realize that the whole look of the modern western 
world—from skyscrapers to shopping bags, from factor- 
ies to coffee pots—bears their stamp. 

Bauhaus means building-house. The architect 
Walter Gropius gave it as a name to the school which he 
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founded in Weimar in 1919 as an expression of his belief 
that “the complete building is the final aim of the 
visual arts’. Yet Gropius had other fundamental 
beliefs—that art and industry should work together, 
that art itself is indivisible and not chopped up into 
watertight compartments of painting, sculpture and 
architecture, and that every artist is primarily & crafts- 
man. Bauhaus might have been a cult, and in a way à 
it was. The family of Bauhausler gathered around the 
Christmas table, with Papa Gropius handing each his 
gift, and there were debates over which was superior: 
triangle, square or circle. 











A shelf designed by Gropius in 1923. 


Yet Gropius and his laboratory, school or workshop, 
whatever one calls it, had a firm grasp on the realities 
of the modern industrial world. More than anything, 
Bauhaus contributed a method of teaching based on 
Gropius’s belief that there is no essential difference 
between the artist and the craftsman. Although 
Gropius in 1919 was already a well established architect, 
he put no architects on the staff. (Architecture was 
not taught formally for about ten years.) There were 
painters in plenty, but they did not teach painting: . 
Kandinsky gave classes in murals, Klee in weaving, _ 
and Moholy-Nagy in metal working. The Bauhaus _ 
method, which has set the direction for the- aching: = 
of architecture and art the world over, part: Ye 
in the United States, is the antithesis of the kind of = — 
professional caste consciousness which in Britain separ- oe 
ates architects from builders, solicitors from barristers, 
and which produces scientists who do not know hew 
to adapt or repair their laboratory equipment. 

The exhibition at the Royal Academy is a great 
pleasure, although perhaps more intellectual than 
visual, apart from the superb paintings. A lot of 
space is given to explaining the Bauhaus courses, and 
much of what is good to look at stems from work done 
by members of the Bauhaus group after they bad fled 
from Germany. The really moving works are, how- 
ever, those which bear the stark, clean yet somehow: 
unsophisticated mark of the early twenties—the 
austere teapots, the geometric and ballet costumes 
which reduce the human figure to simple geomet 
shapes, and the toys. It is all very impressive, espe = 
ally the worn “modern” furniture. “Look how tatty 
it is,’ observes the sophisticated teenager who knows 
that you can get the same Breuer chair, with no scratches 
at all, in the King’s Road. BRENDA Mappox 
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€d Regular World Day (RWD) 


Day of Solor Eclipse 


2, Day with unusual meteor shower activity, 
Northern Hemisphere 


7] Day with unusual meteor shower octivity, 
Southern Hemisphere 


PRWD  QWD RGD 
15 1, 8 15, 22, 29 
12 5, 12, 19, 26 
i9 19 5, 12, 19, 26 
16 2, 9% 186 23, 30 
14 7, 14, 21, 28 
18 18 4, 13, 18, 25 
16 2, 9, 16, 23, 30 
13 6, 13, 20, 2 
10 10 3, 10, 17, 24 
15 1, 8 18, 22 29 
19 5, 12, 19, 26 
17 17 3, 10, 17, 24 31 


Special Equatorial Interval March 7 to April 4. 
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[4 World Geophysical Interval (WGI) 


<P Quarterly World Day (QWD) 
also g PRWD and RGD 


® Priority Regular World Day (PRWD) 
AN Regular Geophysical Day (RGD) 


, 5 _ Special Equatorial interval: 


TABLE OF WORLD DAYS MARKED ON THE CALENDAR 


WGI ECL. METEORS 
6-19 3, 15 
19-23 18. 
2099 
4-6 
9-22 8-10, 13-14 
27-31 
10-14 
8-21 71 . 
20-22- 
7 
8-21 4-6, 12-18 
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International Meetings ; 
October 3-5, * Electrochemical Sensors, Veszprém 
(Imeko Secretdriat, Budapest 5, POB 157, Hungary). 


“October 7-11, Legal Problems of Maritime Carriage 
Substances, Monaco (European Nuclear 


hi 


Octobar 14-18, Performance of Electrified Railways, 
London (Institution of Electrical Engineers, Savoy Place, 
London WC2). 

October 19, Medicaland Scientific Aspects of Obesity, 
London (Dr A. N? Howard, University of Cambridge, 
Department of Pathology, Tennis Court Road, Cambridge, 
Great Britain). 

Qetober 20-23, Electrical Insulation and Dielectric 
Phenomena, Pennsylvania (Colonel Robert A. Cliffe, 
Conference on Electrical Insulation and Dielectric Pheno- 
mena, National Academy of Sciences, 2101 Constitution 
"e Avenue, NW, Washington DC 20418, USA). 


October 21-27, Description of the Earth’s Magnetic 
Field, Washington DC (Dr Leroy B. Alldredge, Inter- 
national Association of Geomagnetism and Aeronomy, 
c/o Essa/IER, Institute of Earth Sciences, Boulder, 
Colorado 80302, USA). 

October 27-31, Rock Mechanics, Leipzig (Professor 
Bilkenroth, Inselstr. 12, 102 Berlin, Germany). 


October 28-30, Biology of Amphibian Tumours, 
Louisiana (Dr Merle Mizell, Department of Biology, 
Tulane University, New Orleans, Louisiana 70118, USA). 
October 28-31, ` nstrument Automation, New York 
(Public Relations Department, Instrument Society of 
America, 530 William Penn Place, Pittsburgh, Pennsy!- 
vania 15219, USA). 

November 1-3, Plasma, Gatlinburg (Mr D. D. Cowen, 
PO Box X, Oak Ridge, Tennessee 37830, USA). 


November 4-7, Fluidics, London (Secretary, IFAC 
London Fluidics Symposium, c/o Royal Aeronautical 
Society, 4 Hamilton Place, London W1). 


November 4-8, Hydraulics, Buenos Aires (Professor J. S. 
Gandolfo, Departmento de Hidraulica, Facultad de 
Ingenieria, Paseo Colon 850, Buenos Aires, Argentina). 
November 6-8, Reliability of Electronic Components, 
Grenoble (Centre d’Etudes Nucleaires de Grenoble, BP 
269, 38-Grenoble, France). 

November 10-15, Constructive Uses of Atomic Energy, 
Washington DC (G. E. Brown, fn» Atomic Industrial 



















































Forum, Inc., 850 3D Av., New York, NY 10022, USA). 
November 11-13, Microelectronics, Munich (Inter- 


nationaler Elektronik-Arbeitskreis, Theresienhohe 15, 


8000 Munich 12, Germany). 


November 13-15, Reinforced Plastics, London (British 
. Plastics Federation, Reinforced Plastics Group, 47-48 
Piceadilly, London W1). 

“November 15, Aspects of Diazochemistry, Leeds 
(Assistant Secretary, Society of Chemical Industry, 14 
Belgrave Square, London W1). . 
Novembgr 15-24, Obstetrics and Gynaecology, Singa- 
pore (Asian Congress of Obstetrics and Gynaecology, c/o 
f Kgndang Kerbau Hospital, Singapore 8). 


November 17-21, Magnetism and Magnetic Materials 

and Exhibits, New York (Mr J. C. Suits, IBM Watson 

i Research Center, Box 218, Yorktown Heights, New York 
10588, USA). 


January 2-3, Radio and Microwave Radiations : 
Applications and Potential Hazards, University of 
Surrey (Dr D. S. Allam, Department of Chemical Physics, 
_ University of Surrey, Stag Hill, Guildford). 














1401 


FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the public) 





m Monday, September 30 


ROYAL SOCIETY OF MEDICINE, LIBRARY (Scientific Research) SECTION (at 
1 Wimpole Street, London, W1), at 2 p.m.--Symposium on “The Trepact of 
Television on Medicine”. 

INSTITUTION OF MECHANICAL ENGINEERS, PROCESS EXGINERRING GROUP 
(at 1 Birdeage Walk, Westminster, London, 5W1), at 6 p.m. Disciasion m 
meeting on “Project Measurement-— Effective Co-operation between perat- 
ing Companies and Design and Engineering Organizations”. 

Society OF ENGINEERS (at the Geological Society, Burlington House, 
Piccadilly, London, Wh), at 6 p.m.—Mr H, J. Burgess | “Timber Engineer- 
ing”. 

_ Socrery or CHEMICAL INDUSTRY, FOOD GROUP (at 14 Belgrave Syans, 
London, SW1), at 6.15 pm.——-Jolnt Symposium with BFMIRA on “New 
Techniques in Food Research”’. 


Monday, September 30—-Wednesday, October 2 


INSTITUTION OF ELECTRICAL ENGINEERS, ELEUTRONICS Paviston; INSTI- 
TUTION OF ELECTRONIC AND RADIO ENGINEERS; and the: INSTITUTE OF 
ELECTRICAL AND ELECTRONICS ENGINEERS (at the Institution of Electrical 
Engineers, Savoy Place, London, WC2}—Conference on ‘“Tropospheric 
Wave Propagation”. 


Tuesday, October | 


INSTITUTION OF MECHANICAL INEERS, AUTOMATIC CONTROL GROUP 
(at 1 Birdcage Walk, Westminster, London, SW1), at 6 pum-~Diseussion 
meeting on “What we Don't Know About Adaptive Control”, 


UNIVERSITY of LONDON, DEPARTMENT OF EXTRA MURAL STUDIES; and 
the LINNRAN SOCIETY OF “LONDON (at the Linnean Society, Burlington 
House, Piceadilly, London, W1), at 6.30 p.m.--Profeasor D. M., Bahame: 
“Aristotle and the Beginnings of Zoology”. (First of twelve lectures on 
“The Historical Background to Modern Zoology’’.) 





Wednesday, October 2 


PALAEONTOLOGICAL ASSOCIATION (at the Geological Society of London, 
Burlington House, Piccadilly, Londen, Wih at 6.40 pmr- Profesor E. 
Voigt (University of Hamburg): ‘“Palaechistological Studies on the Soft 
Parts of Fossil Animals from the Eocene Lignites of the Geiseltal, near 
Halle (Saale)’’. 

SOCIETY OF ENVIRONMENTAL ENGINEERS, CONTAMINATION CONTROL 
Group (in the Mechanical Engineering Depariment, Imperial College, 
London, SW7), at 6 p.m.—Discussion on “Draft Standard for Clean Room 
Laminar Flow Devices and HEPA Filters”. 

Puiastios Instrrurs (at the Wellcome Building, Easton Road, London, 





ie 





NW), at 6.30 p.m.—Mr $. F. Pritchard: ‘Structural Foame”. 
SOCIETY FOR ANALYTICAL CHEMISTRY (in the Department of Mecha 
Engineering, Imperial College, London, SW7), at 7 p.me--Dr -G 
(Max-Planck-Institut ffir Metallforsehung, Stuttgart): “The Limite of 
Elemental Chemical Analysis Using Small Samples—-Yesterday and Today”. 


nica! 










Thursday, October 3 


SOCIETY FOR ANALYTICAL CHEMISTRY, CHROMATOGRAPHY AND. PLRCTRO>. 
PHORESIS GROUP (at the Mid Herts College of Further don, “The 
Campus, Welwyn Garden City, Herts), af 11 acm.—-Me coon “The 
Applications of Chromatography in Pharmaceutical Analysis”. 

INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
at 5.30 p.m.—~Professor J, M. Meek: President’s Inaugural Address. 

INSTITUTION OF MECHANICAL ENGINEERS, INTERNAL COMBUSTION ENGINES 
Grour (at 1 Birdcage Walk, Westminster, London, SW), at 6 tiie 


7 


Discussion meeting on ‘‘Gas Turbines Versus the Diesel for Road ‘Transport’. 

SOCIETY OF CHEMICAL INDUSTRY, ROAD AND BUILDING MATERIALS GROUP 
(at 14 Belgrave Square, London, SW 1), at 6 pan.—-Mr J. P. Procter: “lars 
in Buildings”. 






Friday, October 4 

UNIVERSITY OF LONDON (at the London Hospital Medical College, Ashfesd 
Street, London, El), at 5 p.m.~-Professor 8. Welln (University of Lama}: 
“The Radiological Detection of Early Carcinoma and Pre-Malignant — 
Lesions’ .* 

SOCIETY OF CHEMICAL INDUSTRY, FINE CHEMICALS GROUP (ai 14 Beler 
Square, London, SW), at 6.30 p.m-—Professor A. Korner: ““Moechar 
Protein Biosynthesis”. E 












Monday, October 7 a is 


INSTITUTION OF ELECTRICAL ENGISEERS (at Savoy Place, London, WU), 
at 2 p.m.—Discussion meeting on “The Protection of High-Voltage Erap 
mission Systems” opened by Mr J. H. Naylor, Mr J. E. Waf, Mr P.G. 
Colbrook and Mr. J. ©, Whittaker. 

SOCIETY or CHEMICAL NDUSTRY, PESTICIDES Group (at Woodstock 
Agricultural Research Centre, Sittingbourne, Kent), at § pane Ee HH, 
Hurtig: “A Commentary on Pesticides and Perspective”. 


ROYAL SOCIETY or MEDICINE, LIBRARY (Scientific Research) SECTION ot 
1 Wimpole Street, London, W1), at 5.30 p.m.—Mr Glyn Evans: “Develop 
ment ofan Automated Periodicals System at the Royal Society of Medicine”. 


INSTITUTION OF MECHANICAL ENGINEERS, THERMODYNAMICS AND FLOID 
MECHANICS GROUP (at 1 Birdcage Walk, Westminster, London, SW), at 
6 p.m.—Discussion meeting on ‘“Nucleate Boiling and Cavitation”. 


SOCIETY OF CHEMICAL INDUSTRY, LONDON Soriow (at 14 Belgrave 
Square, London, SW1), at 6.380 p.m.—-Professor G. Wilkingon, FRS: Hom 
geneous Hydrogenation and other Reactions of Olefing using Platinum 
Metal Catalysts”, is 
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= APPOINTMENTS VACANT 


APPLICATIONS are invited for the following a 
dates mentioned: ; 

RESEARCH ASSISTANT (graduate in mathem r geronantical engineer- 
ing and interested in studying problems connected with the theongtical 
investigation of flow fields) IN THE DEPARTMENT OF MatTuEMatics—The 
Registrar, University of Salford, Salford, quoting Ref. MA/69 (October 1). 

RESEARCH ASSISTANT (with experience and qualifications in physies or 
botany preferably relating to acoustics, electronics or plant physiology) IN 
PLant PuysioLogy to work with Dr J. A. Milburn on a oject involving the 
detection of sap cavitation in forest trees by audioamplification techniques— 
in ee Botany Department, University of Glasgow, Glasgow 

detober 3). 

READER IN MATHEMATICS at the University of Queensland, Brisbane, 
Australia-—The Association of Commonwealth Universities (Branch Office), 
Marlborough House, Pall Mall, London, SW1 (London cand Brisbane, 
October 11). 

TECHNICAL. 
radioactive i 


intments on or before the 











CER (physicist or chemist, preferably with experience in 
Beuum techniques) IN THE ISOTOPE LABORA TORY—The 
Secretary, ‘The versity, Dundee (October 12), 

SCTENTIFIC ORMATION OFFICER (with a degree in science or modern 
languages, an interest in information science and a knowledge of German) 
for abstracting, indexing, editing and Hterature searches—-The Director. 
Commonwealth Forestry Bureau, South Parks Road, Oxford (October 15), 

SENIOR LECTURER/LECTURER IN ANATOMY af the University of Hong 
Kong--The Askociation of Commonwealth Universities (Branch Office), 
Mall, London, SWi; or the Registrar of the 


CHAIR OF BOTANY (Ref. 68/27/1): and CHAIR or ZOOLOGY (Ref. 68/26/71 }—- 
«the University, Leeds, 2, quoting appropriate 


‘Bs 


Ref. No. (October 31). $ 






ee) to develop techniques for the 
mis ated and semi-automated equip- 
ment-—-The Secretary, Rothamsted Experimental Station, Harpenden, 


Hong Kong-—The Association of Commonwealth Universi ties (Branch Office), 
or the Registrar of the 


LECTURER IN ASTRONOMY at the University of Cape Town—The Secretary- 
General, Association of Commonwealth Universities (Branch Office), Marl- 
borough House, Pall Mall, London, SWI; and The Registrar, University of 
Cape Town, Private Bag, Rondebosch, Cape Town , South Africa (October 81). 

Roscoe CHAIR OF CHEMISTRY—-The Secretary, The University, Dundee 
(November 4), 

PROFESSOR OF PHiiGsopHY (Second Chair) at La Trobe University, Mel- 
bourne—The Seeretary-General, Association of Commonwealth Universities 
(Branch Office), Marlborough House, Pall Mall, London, SW1, or The 
Registrar, La Trobe University, Bundoora, 3083, Victoria, Australia (Novem- 

ber 18). 

bare TECHNICIAN (preferably with experience in zoological techniques 
and able to give evidence of considerable administrative ability) IN THE 

DEPARTMENT OF ZooOLOGy-—Professor R, Dennell, Department of Zoology, 

The University, Manchester, 13. 

Heap or Puysics—-The Headmaster, School House, Tonbridge, Kent. 

RESEARCH ASSISTANT (With a goed honours degree in anima] physiology 
or zoology or an equivalent qualification and preferably an interest in bio- 
chemistry) IN THE PAYSIOLOGY DEPARTMENT for an investigation of blood 
levels of oxytocin in relation to reproduction and lactation--The Secretary, 

National Institute for Research in Dairying, Shinfield, Reading, Berkshire, 

quoting Ref. 68/46, 

RESEARCH STUDENTS to undertake research leading to a higher degree in 
the Department of Mathematics—Professor D. S. J ones, Department of 
Mathematies, The University, Dundee, 

SCIENTIFIC ASSISTANT to assist experimental research work on chemical 
applications of tritium-~Professor V. Gold, Chemistry Department, King’s 

College (University of London), Strand, London, WC2. 


REPORTS and other PUBLICATIONS 


Great Britain and Ireland 


Ministry of Health. Reports on Public Health and Medical Subjects. No. 
1417: Tronin Flour. Pp. vii+ 63. 7s. net. No. 118: A Pilot Survey of the 
Nutrition of Young Children in 1968, Pp. vili+-80. 6s. 94, (London: HLM. 
Stationery Office, 1968.) [39 

British Medical Bulletin, Vol. 24, No. 3 (September 1968): Computing in 
Medicine. Pp. 187-276. (London: The British Council, 1968). 40s, [89 

Wye College (University of London). Annual Report of the Department 
of Hop Research from Ist April, 1967, to 3ist March, 1968, Pp. iv +64. 
(Near Ashford, Kent: Wye College, 1068.) 6s. i59 





HOW TO BUY NATURE 


Volumes start in January, April, July and October, but subseriptions 
may begin with any issue. 
The direct postal price per subscription for one copy of NATURE 
each week is: 

*12 MONTHS (52 issues and 4 indexes) 











Great Britain and Eira... £14.0.0 each 
United States of America........ (by air freight)... 000... $48 each 
CARNAGE iy de cutis ranean aa. (by air freight).......... $52 each 
Elsewhere overseas by surface mail......... ara e £14.0.0 each 






7 (Charge for delivery by air mail on application) 
D ?Shorter periods pro rata. (Minimum three months.) 






| v. 
NATURE, VOL. 219, SEPTEMBER 28, 1968 


The New University of Ulster. Report of the ere Planning Board, l 
s x 


k Bai 
aoe P elice Teday. Pp. 31. (London: Office of Health ne ee x 


- . 99 
The Nuffield Foundation. Twenty-second Report, 1966-1967. (Report 


B7.) a- 


Ba. 





[119 
port and Aceounts for the year. 
(London: H.M, Stationery oige 





Other Countries 


The Western Australan Museum. Annual Report, 1965-66. Pp, 47. @ 
(Perth: Western Australian Museum, 1968.3 [26% 
_ Population Profile (July, 1 368); Do Roman Catholic Countries have the 
Highest Birth Rates? Pp, 7, (Washington, D.C.: Population Reference 
Bureau, Ine., 1968.) [268 
International Atomic Energy Agency. Annual Re port of the Board of > 
Governors to the General Conference, 1 July, 1967-~30 June, 1968, Pp 
iv+58. The Agency’s Budget for 1060 ang Programme for 1969-74, Pr, - 
V+182. (Vienna: International Atoniic Energy Agency, 1068.) [268 . 
New Zealand: National Roads Board. Road Research Unit. RRU 
Bibliography No. 4: Liguids and Soils: a Bibliography for Engineers (AK 
Alphabetical Author Index), 1960-1967, Compiled by E. B, Swinbourn. 
o i (Wellington: Road Research Unit, National Roads Boards, 
1 Je à F278 
New Zealand Meteorological Service. The Climate and Weather af the 
Otago Region, New Zealand, By J. Fede Lisle and M, L, Browne. {Reprk 
from National Resources Survey, Part ¥—Otago Region, com plied by the 
and Country Planning Branch, Ministry of Works.) Pp. 21. (Wellix 
ee oa of Civil Aviation, New Zealand Meteorological’ Ser oF 
A) . tee 73 
International Atomic Energy Agency, Technical Reports Series, No. 6: 
Rice Breeding with Induced Mutations. (Report of an FAO/TAEA Research 
Co-ordination Meeting on the Use of Induced Mutations in Rice Breeding. 
held in Taipei, Republic of China, 5-9 June 1967 Je.Pp. 155. 91 Austrian | 
schillings; 293. 2d.; $3.50. No. 87: Design and Operation of Evaporators | 
for Radioactive Wastes, Compiled by Y, Yamomoto, assisted by N, Mitsuishi | 
ands, Kadoya. Pp.115. 45 Austrian schillings: 208.10d.; $2.50, 
ime Atomic Energy Agency: London: 
Geological Survey of New South Wales. Geological Survey Re port N i, 50; 
The Wild Cattle Creek Antimony Deposit, Dorrigo, N.S.W. . 



































The Carabid Beetles of New Cuinea. 


; 808 

Field Museum of Natural History. Fieldiana: Geology. Vol. 16, No. @ 
Occurrence of Radiolaria in the Mississippian of Arkansas, 

Pp. 255-268, (Chicago: 
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